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SUMMARY

The past has seen the evolution of hemodialysis from a very complex
operation to a systematized approach which allows the procedure to be
instituted by minimally trained individuals. The first big advance in the
application of hemodialysis to the problem of chronic renal insufficiency
came in 1960 when a permanently implanted arteriovenous plastic fistulae
was established. Improvements in dialyzer design and the logistics of
hemodialysis since then have resulted in expansion of hemodialysis
facilities. There is still a deficit between facilities available and suitable
patients in need of therapy. Closure of this gap will depend upon a cheap,
small, disposable dialyzer which most patients can operate themselves.

In addition, an improvement in kidney transplantation results will re-
move many patients from the pool of those needing hemodialysis. It is
likely that other medical applications of hemodialysis will be discovered
in the future.

It is of some interest to consider a notorious attempt to save the life of
a notorious Pope, Innocent VIII, as perhaps the beginning of the notion
that blood from an ill person can be purified to restore health. Cross
transfusion of blood from three healthy donor boys to Pope Innocent VIII
in 1492 ended in death of the participants, and the physician who initiated
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this ill-fated therapy had to flee for his life [1]. Although this avant-garde
therapeutic maneuver was poorly conceived, since nothing was known of
the properties of blood incompatibilities at the time, it remains a mile-
stone as the first recorded event marking an attempt to cleanse the blood of
a sick individual by cross transfusion through a healthy individual. Further-
more, the concept remains one step removed from the idea of circulating
the blood of a sick patient through an artificial kidney machine. It is of
further interest that replacement transfusion was preferred to hemodialysis
for the treatment of renal insufficiency by several authors up to the early
1950’s [2-5].

The first experimental attempt to use an artificial kidney was under-
taken by Abel, Roundtree, and Turner in 1912 [6]. Their construction
led the blood of a living animal to circulate through self-made collodion
tubes that acted as a semipermeable membrane. These workers also
extracted hirudin from leech heads for use as an anticoagulant. A saline
solution circulated around the outside of the blood-filled collodion tubes
and it was demonstrated that such foreign substances as blood salicylates
could be recovered. There were many technical difficulties involving the
dialysate solution, and by fractionation of the dialysate solution various
nonprotein blood constituents were identified. The preparation of the
collodion membranes, the availability of a suitable anticoagulant, and
inadequate sterilization all combined to discourage clinical application but
work continued on the Abel, Roundtree, and Turner principal of “vivi
diffusion” as they called it.

Numerous investigators sought animal membranes as substitutes for the
collodion membrane of Abel, Roundtree, and Turner. Fish bladders, rat,
rabbit, turkey, and chicken intestines as well as peritoneal membranes
[79] were selected; the latter (Goldbeater’s skin) was used successfully
to isolate a humeral gastric secretory factor [10]. Although Thalhimer
described the use of cellophane in 1938 [11], it was not widely used in
artificial kidneys until the late 1940’s.

After Able, Roundtree, and Turner’s original description, the next
30 years saw a number of investigators try to improve on design but
their various erratic attempts were not of much practical value. During the
same period peritoneal dialysis was undergoing investigation. Early reports
were made by Starling in 1894 [12] about the exchange of solutes across
the peritoneum, but Ganter in 1923 was the first to report on peritoneal
dialysis to treat renal insufficiency [13]. Subsequently several investigators
demonstrated prolonged survival in uremic animals through peritoneal
dialysis [14-16] . The optimal dialysis solution composition was defined [17]
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and the two major techniques, intermittent and continuous lavage, were
described. By 1948 a total of 101 patients who had undergone peritoneal
dialysis were listed in the medical literature [18]. Prior to the introduction
of the Kolff kidney, peritoneal dialysis was the only effective method of
eliminating waste production in oliguric renal failure and although its value
seemed self-evident, it was not widely practiced for at least 30 years fol-
lowing its introduction in 1923. In fact, peritoneal dialysis probably
underwent a decline in usage in the decade 1945-1955 when clinical
activity in artificial kidneys increased. The developmental periods of arti-
ficial kidney and peritoneal dialysis were contemporary to each other and
they both reached the period of application at about the same time.

The first clinically successful application of an artificial hemodialyzer
was reported by Kolff {19] who described the treatment of a young woman
who suffered rapidly progressive nephritis and malignant hypertension. This
woman was treated in Kampen, Holland during World War II when Holland
was occupied by the Germans. The kidney’s membrane surface was
approximately 20,000 sq cm of cellophane tubing wound around a rotating
drum suspended in a tank of dialysis solution (Fig. 1). The patient was
bled into a buret which then filled the kidney. The buret received the
blood after passage through the kidney and returned it to the patient
through the same vein. Later Kolff added a blood pump on the venous
return line [20]. His first patient underwent 12 dialyses over a period of
50 days. Although Haas of Germany had conducted a series of studies in
the 1920’s on the human application of an apparatus constructed of
collodion tubes, similar to the instrument of Abel, Roundtree, and Turner,
he felt that such an instrument was ineffective to relieve uremia {21]. He
was unable to significantly lower the nonprotein nitrogen in his patients
and he concluded that the technique was inadequate. The report of
Kolff from Holland was a striking success because it clearly showed the
ability of his artificial kidney to clear urea. At the same time, workers
in Sweden and in Canada [22, 23], each group pursuing an independent
course and unaware of the other, constructed and applied an artificial
hemodialyzer to humans (Fig. 1). This lack of awareness was no doubt in
part due to the war but it illustrates how novel human endeavors can
occur simultaneously, yet independently, across the world.

Alwall’s [22] original artificial kidney consisted of a tube of cellophane,
1000 X 3.2 cm, wound tightly between two wire mesh cylinders, one
contained within the other. These were immersed in an agitated dialyzer
bath. Arterial blood was passed through the coils and returned to the
patient via a peripheral vein. The Murray [23] kidney was described in
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Fig. 1. Upper left shows Kolff’s original dialyzer; upper right, Alwall’s; lower
left, Murray’s; lower right, Skeggs-Leonard. Reprinted by permission from
Refs. 19, 22, 23, and 24.

1947 as a cellophane tube of smaller diameter than that used by either
Alwall or Kolff but wrapped around a wire mesh cylinder and held in place
with wooden staves. Blood was pumped out of a large vein and returned to
another vein after passage through the cellophane coil which was immersed
in a dialysis bath. Their description of a clinical case of post abortal renal
insufficiency suggests that the Canadian kidney, which was used several
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times, kept this woman alive until she recovered. Then in 1948, Skeggs
and Leonards [24] reported on a plate-type dialyzer where a flat sheet of
cellophane were compressed between two rubber pads with finely grooved
surfaces, The grooves on one of the pads served as blood channels, the
grooves on the other pad, on the opposite side of the cellophane sheet,

as dialysate channels to allow passage of dialysate solution in the opposite
direction. Practically all dialyzers subsequently applied clinically were
derived from one of the original types described above (Fig. 1).

During World War II four Kolff kidneys were made in Holland to en-
courage clinical application. After the war they were donated to medical
centers in London, Montreal, New York, and one disappeared behind
the Iron Curtain. These historic instruments will undoubtedly become
important museum pieces as monuments to bold ingenuity and the be-
ginnings of artificial organ development.

Following these original reports, a proliferation of artificial kidneys
occurred. Twelve new kidneys were reported in the medical literature
between 1944 and 1951 [26-37] but each was simply a modification
of either the plate-type dialyzer or the coil. It became apparent that
although most of the types of artificial dialyzers were capable of cor-
recting the deranged chemical imbalance measurable in uremia, the
execution of artificial hemodialyzers required a considerable amount of
time and energy on the part of a hospital’s staff. Two excellent summaries
of dialysis activities appeared in 1952 and in 1945 by Merrill [38] and
Kolff [39], respectively. Merrill emphasized the necessity to institute
hemodialysis early before the patient is terminal, and Kolff pointed to
the importance of transfer of uremic patients to the care of a staff having
access to hemodialysis equipment.

It seems as if the mid-fifties represented a period of stalemate for
artificial kidney development and application, in spite of the fact that
during this period Kolff [40] developed a disposable coil kidney and
Baxter Laboratories manufactured this kidney and successfully marketed
it to hospitals throughout the world (Fig. 2). In fact, most institutions
found the disposable dialyzer convenient enough to discontinue the use
of existing equipment. This “twin coil” disposable kidney consisted
of two parallel lengths of cellophane tubing enveloped by a Fiberglas
screen support and wrapped as a coil. Dialysis solution is pumped
through the Fiberglas network supporting the coil while blood is pumped
through the coiled cellophane tubes. It was unnecessary to build an
artificial kidney for each treatment since the unit could be purchased
already sterilized and assembled.
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Fig. 2. Kolff’s disposable twin coil dialyzer is placed in a cannister through

which dialysis bath is circulated from the large tank. This type of artificial

kidney was commonly available and widely used in the decade 1956-1965.
Reprinted by permission from Ref. 19.

Another significant development in 1955 was the formation of the Ameri-
can Society for Artificial Internal Organs on June 5, 1955 [41]. Though
this organization was not exclusively formed for artificial kidney specialists,
they comprised a major proportion of the group and the meetings were an
effective sounding board for the stimulation of new ideas. The reason for
the aforementioned stalemate was the fact that most hospitals did not use
the artificial kidney often enough to make its application an easily executed,
smoothly operated, and successfully terminated procedure. And so the
technique of peritoneal dialysis gained favor because little or no special
equipment was required, it could be executed by a nurse with minimal
physician assistance, it was simple to institute, and it was effective even
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though the clearance rate was less than for the artificial kidney. The inter-
mittent peritoneal dialysis technique first described in detail by Grollman
[42] and popularized by Doolan [43] and by Maxwell et al. [44] became
the preferred method of dialysis therapy. By 1961 Boen was able to point
out that the essential difference between artificial kidney dialysis and
peritoneal dialysis was in the duration of dialysis [45]. The same chemical
concentration of sodium, potassium, magnesium, calcium chloride, bicarbon-
ate, phosphate, urea, and creatinine was achieved by the two methods except
peritoneal lavage is about four times slower.

Between 1956 and 1960 while many artificial kidney specialists were
in the process of evaluating and developing capability to use Kolff’s dis-
posable mass produced twin-coil dialyzer, the idea of prophylactic
hemodialysis was advanced, largely by Teschan et al. [46] working at
Brooks Army Medical Center in Texas. This group was the first to recom-
mend chronic arterial and venous cannulation so that early, easy, and
repeated access to the circulation could be met. They used both the plate-
type dialyzer and the Kolff twin-coil disposable dialyzer. A team concept
was developed whereby medical technicians who assembled the dialyzers
played a major role in the execution of dialysis under the direction of
nurses and physicians. The significance of Teschan’s work must not be
underemphasized for he introduced two important ideas: 1) Repeated
early dialysis through chronically implanted vessel cannulae, and 2) a
nurse-technician-physician team working in a center geared to execute
hemodialysis. Up to this time most of the artificial kidney therapy had
been highly individualized as a physician-patient oriented type of treat-
ment. Now with Teschan, for the first time, the treatment of patients
with renal failure became more nearly systematized with the physician
making decisions but not playing much of a role in the execution of
hemodialysis.

Teschan concentrated his therapy on patients with acute renal failure,
but in the same year, 1960, Quinton, Dillard, and Scribner [47] reported
on indwelling Teflon arterial and venous cannulae for prolonged hemo-
dialysis of chronically ill patients (Fig. 3). The cannulae were shunted
when not in use and the following year Hegstrom, Murray, Pendras,
Burnell, and Scribner reported on four patients with terminal uremia who
were kept alive 9-12 months by repetitive hemodialysis through their
shunts [48]. In his early reports Scribner was of the opinion that pro-
longed hemodialysis (24 hr per treatment), which he called “continuous
flow hemodialysis,” was necessary to keep patients free of uremia [49].
At first he used a Skeggs-Leonard-type dialyzer but later switched to a
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Fig. 3. In the top panel the original arterio-venous cannulae is seen.
Stabilizers were used to limit motion in the silastic cannulae and a piece
of Teflon shaped like a horseshoe connected the silastic pieces. In the
bottom panel a popular adaptation of the original shunt is shown con-
nected to polyvinyl chloride leading to and from a hemodialyzer. One
link of the silastic is bent to align with the other by a small, straight
Teflon tube between treatment periods. The top panel is reproduced
by permission from Ref. 47.

Kiil-type dialyzer [S0]. The Kiil is similar in design to the Skeggs-
Leonard dialyzer but easier to build and somewhat more efficient.
Others subsequently tried the A-V shunting technique of Quinton,
Dillard, and Scribner using the Kolff twin-coil disposable dialyzer [51,
52], and it became apparent that some patients with chronic renal failure
can be maintained in a useful form of existence for a significant period
of time by a regularly scheduled program of hemodialysis.

The next major step in dialysis activities came through the opening
of a community dialysis center in Seattle, Washington in 1962 so that a
large number of patients could be treated simultaneously, by and large,
by technicians and nurses [53, 54].
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In 1964 the U.S. Public Health Service began a program to provide
funds for selected institutions to set up demonstration centers for chronic
hemodialysis. In addition, the National Institute of Arthritis and Metabolic
Diseases established a bureau to stimulate the development of better
equipment by contract research with cooperating industrial and medical
institutions. At first, a series of demonstration centers were established
for chronic hemodialysis but it was soon recognized that the cost of
dialysis remains high even in centers and that perhaps a home dialysis
self-treatment program would be a reasonable alternative for some patients.
Merrill [55] reported the successful use of the coil-type artificial kidney
in the home and the Seattle group [56] began to use the Kiil-type
dialyzer in the home. According to the National Dialysis Registry, as of
June 20, 1969, 826 patients out of 2,369 hemodialyzed patients were
being treated in the home [57]. Although there is no doubt about the
economic advantage of home dialysis, only a minority of patients are
able to successfully execute dialysis at home. And even among those who
dialyze themselves at home there are psychological and. medical problems
which arise that keep the patient dependent on a medical center.

Industrial and academic interest in artificial kidney therapy has in-
creased dramatically within the past 5 years (Fig. 4). At least eight new
type marketable artificial kidneys have been introduced [58-64] and even
a “make it yourself” cellophane coil winding device adaptable to a com-
mercially available washing machine has been used [65]. The National
Institutes of Arthritis and Metabolic Diseases initiated an Annual Con-
tractors Conference on artificial kidney development in January, 1968,
to stimulate further interchange between industry and academic medicine
concerning hemodialysis problems [66] .

In spite of these advances there are still large numbers of patients who
are unable to receive treatment. According to the Report of the Com-
mittee on Chronic Kidney Disease, 35,000 patients per year die of chronic
renal failure and of this group 7,000 per year would be good candidates
for treatment [67]. There is a real lack of medical resources to handle
the problem. The major reason for this lack of resources rests in a
deficiency of knowledgeable and interested medical personnel. The cost
of dialysis is often raised as a crucial element which discourages the
expansion of available facilities. When one considers a 7-year survival
of 58% of the patients receiving treatment along with 7,000 new patients
per year, the imagination staggers at the dimensions confronting society
10 years hence if all were treated.

One solution could come through a cheap, disposable, high efficiency,
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Fig. 4. Three of the most popular type of hemodialyzers in use today. The
Travenol ultraflow coil and the Extracorporeal Medical Specialties EX01 coil
rest to the right and left, respectively, on the Kiil-type hemodialyzer.

portable dialyzer. The patient could then dialyze himself with very little
medical assistance, much like a patient who follows medical advice in taking
medication. Another solution could come through successful kidney trans-
plantation of cadaver organs. Neither of these goals is immediately obtain-
able, but there are indications that continued efforts along the lines
currently being followed will yield both an ideal dialyzer and successful
kidney transplantation. It is important to remember, however, that even if
kidney transplantation is successfully developed, there are still some patients
who cannot receive a transplant because of peculiar anatomical reasons and
therefore hemodialysis would be the only alternative.

Finally, hemodialysis has been directed largely against the problem of
renal failure. Yet, there may well be other applications. Just recently it
was suggested that hemodialysis is an efficient method of treating delerium
tremors and in time medical science will no doubt discover other applica-
tions. The final chapter in the history of dialysis is yet to be written.
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