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It is difficult to say what is impossible,
for the dream of yesterday is the hope of
to-day and the reality of to-morrow.

ROBERT H. GODDARD



FOREWORD TO THE THIRD EDITION

BELDING H. SCRIBNER

The foreword to this edition is more difficult for me to write
than that for the first edition because we are just entering a
new erain the use of hemodialysis to treat end-stage kidney
disease. This new era results from a substantial increase in
our knowledge of the pathophysiology of renal failure and
its therapy (see below). Consequently, I feel I must become
bolder in my speculations.

Last spring (1987), the second patient to enter the Seattle
hemodialysis program which began in 1960, died suddenly of
a myocardial infarction on a golf course in Palm Springs,
California, He was in his 28th year of renal replacement
therapy, having received a transplant from his mother in
1968. Patient #5 of the original Seattle group remains on
dialysis and is beginning his 27th year. Dr. Robin Eady, an
academic dermatologist in London, began dialysisin Seattle

in February of 1963. After 25 years on dialysis, he recent .

had his first renal transplant at Oxford. He had waited fo
and one-half years for a negative cross match. Since h.
reacted to 100% of the test panel, this successful transplant
exemplifies the great advances being made in transplant
immunology.

These three patients are among the several hundred
worldwide who have survived more than 20 years on renal
replacement therapy. Based on the unexpectedly long sur-
vival of these original patients and considering the fact that
by today’s standards their dialysis therapy during the first 5
years was terrible, one can entertain the following important
prediction: A patient with end-stage renal failure who is in
the 20 to 50 year age range and is otherwise well who starts
renal replacement therapy in the 1980’s should have a nearly
normal life expectancy. There are, however, two caveats
that must be fulfilled: 1) circulatory access must be main-
tained and 2) hypertension must be controlled beginning
with the onset of chronic renal failure.

The subject of control of hypertension raises immediately
my concern over the long-term effects of so called ‘high flux’
dialysis. That term, from the patients’ perspective, trans-
lates into less time on dialysis which accounts for the current
‘enormous popularity worldwide and its enthusiastic promo-
tion by the manufacturers of the numerous-devices needed
to provide the required technology. On the plus side, I must
admit that I am amazed that urea can be removed at these
high transfer rates without causing CNS complications. Af-
ter all, the neurosurgeons used to use urea to shrink the
brain. Nevertheless, very high urea clearances and dialysis
times as short as 120 min seem to be well tolerated with less
post-dialysis morbidity. The latter benefit could be due to

the fact that the membranes used for high flux dialysis cause
less immunologic insult as discussed below.

The down side of high flux dialysis lies in two areas. The
first is a concern over the increase in morbidity and mortality
that seems inevitable as a result of placing the required ‘high
tech’ equipment in inexperienced hands. Any time you push
a system toward its technological and physiological limits,
the chance of malfunction increases dramatically. I fear that
such malfunction may increase as the use of high clearance
dialysis becomes widespread. Of even greater concern is the
adverse effect that shortening dialysis time has on extracel-
lular fluid removal and hence adequate control of blood
pressure. In the February 1983 issue of Nephron, Bernard
Charra and his colleagues presented a classic paper that is
yet to be fully appreciated. They showed that by using long,
siow ‘low flux’ dialysis, blood pressure control was excel-
lent, toxic anti-hypertensive drugs could be eliminated, and
the risk of accelerated atherosclerosis was reduced to near
zero. High flux dialysis represents the opposite end of the
spectrum. One simply cannot remove enough fluid to
achieve good control of blood pressure in so short a time,
especially in patients who have poor compliance with a low
salt diet. The net result is either poor control of blood
pressure or high doses of anti-hypertensive medication or
both, which in my view, in the long-term represents a dan-
gerous trend. 3

The above prediction of a nearly normal life expectancy
for patients on renal replacement therapy, evenifit is overly
optimistic, has important implications for the future.

Unfortunately, the economic implications head the list.
Longer survival means that the total number of patients on
renal replacement therapy (dialysis plus renal homografts)
will continue to increase for several more decades. At the
same time, the percent of the gross national product devoted
to health’ care continues to increase, at least in the United
States, despite serious efforts to reverse the trend. A conflict
between these two trends appears inevitable and will not be
easy to resolve. One possibility is a return to ‘do it yourself’
home hemodialysis but with easy to use, fully automated
equipment. Home peritoneal dialysis with on-line prepara-
tionof the dialysis fluid at the bedside, may become another
good alternative.

The implications of long survival for a patient’s chances of
obtaining a kidney transplant are more difficult to predict.
On the one hand, longer survival translates into more de-
mand for grafts. On the other hand, as Dr. Eady’s case
demonstrates, improvement in transplant matching and im-
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munotherapy undoubtedly will increase the number of suc-
cessful grafts as well as their longevity. decreasing the need
for second transplants. Therefore. the situation probabty
will remain indefinitely as it is today, namely, a chronic
shortage of renal homografts. Hence. various forms of dialy-
sis will continue to carry the major burden.

A NEW ERA FOR DIALYSIS THERAPY

About 20 vears after the discovery of insulin, the various
degenerative complications of diabetes became manifest. It.
therefore, is an interesting historica! parallel that beginning
in 1980 as we passed the 20-year mark for the use of dialysis
to treat end-stage renal disease. several problems began to
emerge that were new and unexpected. Two have been
particularly worrisome. The first. chronic aiuminum intoxi-
cation, is covered in depth in this edition, and shows promise
of being prevented in the future. The second, dialysis amy-
loid syndrome. first was de cribed by Laurent and col-
leagues in 1981. This complication also 1s dealt with in detail
herein. However. we are ‘just beginning to understand the
possible relationship between this disease and the hemaodia-
tysis process itself. Indeed, a whole new area of investiga-
tion. the immunologicimpact of the hemodialysis process. is
just now being investigated -and much of the early work is
covered in this edition.

1 am not an immunologist, so T will try to summarize the
current situation as 1 understand it in clinical terms because 1
believe the implications for the future are very greatindeed.

Each time a patient undergoes hemou.alysis. the immun-
ologic systems are stimulated by at least three factors: 1)
blood-membrane interaction, 2) acetate infusion and 3) py-
rogens in dialysis fluid. The . ¢ may be additional factors as
yet unidentified. The consequences of this stimuiation in-
clude the familiar sequestration of leukocytes in the lung,
increased production of 3, microglobulin and a newly -dis-
covered severe catabolic reaction in skeletal muscle. This
catabolic reaction was described by Jonas Bergstrdm in a
landmark presentation at the International Congress of Ne-
phrologyin London last summer (1987). Bergstrom and his
colleagues demonstrated that sham dialysis in normal indi-
viduals caused destruction of skeletal muscle. The effect
occurred at the end of the 2h sham dialysis and persistec for
at least 2 additional hours: it could account for the post-
dialysis fatigue svndrome. This catabolic effect-was prevent-

ed when dialysis membranes that do not stimulate the im-
mune system were substituted for cellulose membranes.

Closely related to Bergstrom’s observation are the unpub-
lished data from Seattle of Robertson and Ahmad. They
have demonstrated a remarkable muscie weakness in even
the healthiest dialysis patients. Using the maximum exercise
test, they showed that muscle weakness was the limiting
factor to exercise, unlike normal individuals for whom car-
diac output is limiting. Furthermore, they found that curing
the anemia with erythropoietin did not fully correct exercise
ability, providing further confirmation of the marked degree
muscle weakness of the he modialysis patient.

Since the factorsin a di.. /sis that are known to stimulate
the immune response are all amenable to correction, they
will be altered in the future provided costs per dialysis can be
kept down. Thus, using compatible membranes that do not
stimulate the immune system will help reduce f, microgio-
bulin production and also. unlike cellulose membranes, will
remove some f3, microglobulin with each dialysis. These new
membranes also will reduce the catabolic effect of each

«dialysis on skeletal muscle. Switching to bicarbonate dialy-

sate and making it pyrogen-free also may further reduce the
immune response to a dialysis.

The question of wh. her or not reducing the immune
response to dialysis ‘wili ielp in the long run to prevent the
amyioid problem, improve muscle strength and perhaps
benefit the patient in other as yet unidentified ways will

undoubtedly be answered in the pages of the 4th edition of

this book. However, other developments of thisnew dialysis

-era already are underway and are sure to improve the qual-

ity of life of the dialysis patient by -correcting hormonal
deficiencies of chronic renal failure. The first of these. the
mntroduction of 1,25—(OH), vitamin D5, which has so greatly
improved management of renal osteodystrophy is covered in
detail in this edition. The second more recent development,
the introduction of the renal hormone, erythropoietin, will
have a major impact on patients’ well being, as described in
the chapter by Eschbach. As this volume goes to press, the
magnitude of thatimpact is not yet fully appreciated because
so little time has elapsed since human recombinant erythro-
poietin became available. Suffice it to say that the combined
impact of all these developments of this new dialysis era
could be so beneficial to the quality of life of dialysis patients
that the decision to go for a transpiant. especially a second
transplant. could become very difficult indeed.
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BELDING H. SCRIBNER

The year was 1942 and William Kolff was hard at work
perfecting the device that would not only revolutionize the
treatment of renal failure, but more importantly point the
way to the development of the entire field of extracorporeal
devices in general and cardiac bypass devices in particular.

The enormity of the impact that Kolff’s contribution was
to have on medicine was revealed retrospectively to me
when I recalled that in that same year, 1942, I was a second
year medical student at Stanford University, taking among
other things, P.J. Hanzlik’s required course in pharmacol-
ogy. I have two memories of that course. One was the
requirement that we students learn to recognize 64 old time
drugs by appearance, smell and taste. For better or worse,
almost all of the 64 have disappeared from the scene. The
other memory is.the more pertinent one. I can-still visualize
the scene in the small classroom in the attic of the old red
brick Stanford Lane building at Webster and Sacramento
‘Streets. Professor Hanzlik had a pigeon for a ‘patient’ and
had planned a dramatic demonstration. I can still hear him
command one of my fellow students to ‘Seize the patient!’,
which the student did in fear and uncertainty as the poor bird
struggled againstits fate. Hanzlik then proceeded with great
flair and ceremony to inject some drug intended for in-
travenous use into the poor pigeon, where upon the bird
promptly expired and Hanzlik drove home the point that
intravenous therapy of any kind was dangerous and should
be avoided at all costs. This ‘conservative’ attitude was quite
consistent ‘with that prevailing throughout the practice of
medicine in that era. If intravenous therapy was dangerous,
then a device for extracorporeal circulation must be an
invention of the devil! Indeed. for the decade after the first
clinical dialysis in Europe and Canada, acceptance was pain-
fully slow and often resisted by all the usual techniques of
those in power. During the early 60's, we-encountered ex-
actly the same Kind of resistance to the concept of chronic
dialysis. But as has happened over and over again in all of
science, the heresy of one decade becomes the practice of
the next —a phenomenon that the young heretics among the
third generation readers of this volume should not forget.

And so, today Drukker, Parsons and Maher have success-
fully undertaken the very difficult task of bringing together
in one volume all the diverse elements of dialysis therapy.
The size of the volume reflects not only the magnitude of the
interdisciplinary effort that brought about the technical and
clinical advances, but also the - many clinical and other ram-
ifications of dialysis therapy.

In 1977, this therapy will cost the United States taxpayer

nearly one billion dollars as the number of dialysis patients
in the United States soars above 30,000, while the projection
of the ultimate number increases from 40,000 to 60,000 and
the cost projection to two billion per year by 1985. Concur-
rently, in the United States, the percentage of patients on
home dialysis has dropped from a high of 41% in 1973 to just
under 15%. This trend away from home dialysis cost the
United States taxpayer an additional 150 million dollars in
1976. In an effort to control costs, the United Kingdom has
increased the percentage of patients on home care to nearly
70% . In addition, the United Kingdom and perhaps other
‘Western countries are beginning to exert subtle but effective
cost control on dialyses by limiting the numbers of dialysis
patients (1). In contrast, in the United Statesin 1977, there is
no cost control on dialysis. What this contrast means tomeiis
that dialysis is having an impact on Western medicine far
beyond its significant impact on the patients, family, physi-
cians and staff who are directly involved.

The nature and enormity of this impact began to become
apparent to me in 1962 when magazine writer Shana Alexan-
der came to Seattle to doa story on the artificial kidney. 1
shall always remember how incredulous I was that she did
not want to see or hear about the patients whose lives had
been saved — no interest there. She wanted to find ‘out all
about the ‘life and death committee’. As a result, her article
on the Seattle Life and Death Committee appeared in Life
Magazine that fall (2) and set off discussion and controversy
that have persisted to the present (3); indeed, the current
British versus American approach to chronic dialysis is but a
dramatic extension to international medicine of the basic
‘who shall live” issue that was raised by the Seattle Life and
Death Committee. I believe that what has happened is that
dialysis has greatly accelerated the process of bringing to the
forefront a basic issue in 'Western medicine that up to now
‘has been kept hidden. That issue is priorities. Can the Unit-
ed States really afford to spend two billion dollars per year
on dialysis? If not, who will decide to curtail expenses, and
‘how will the decision be implemented? Significant curtail-
ment already is being implemented in the United Kingdom
by limiting the dialysis population (1). The question is how
are they able to ‘get away with it’, and if the real truth were
known, could they get away with it?

To put this issue in a different context, I believe the rapid
development of dialysis marks the beginning of the end for
unrestrained expansion of expensive medical technology —
just as surely as the energy crisis tells us that unlimited
expansion of a petroleum based Western civilization is about
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to come to an end. I believe that the energy crisis poses the
greatest threat to democracy that has ever been posed in
peacetime because the basic inability of the democratic pro-
cess to cope with decisions about priorities in times of crises.
Does dialysis and other very expensive technology pose a
similar threat to medical free enterprise as still practiced
mainly in the United States? Unless we put our house in
order, I believe it does.

Let us take a brief look at another example of costly
medical technology that already has overtaken dialysis in
terms of total cost. Coronary by-pass surgery is currently
costing Americans nearly two billion dollars per year. Pres-
ton. in a just published critique of the operation (4), points
out that not only is its efficacy unproven, but he makes a
strong case for the point that the economic incentives of the
free enterprise system rather than medical efficacy explain
why in 1975 the operation was performed on 28 pa-
tients/100.000 population in the United States in contrast to
2:1 patients/100,000 population in Western Europe.

Dialysis doctors can take comfort in the fact that at least
the question of efficacy is not an issue with our expensive
technology. But important and unresolved issues nag at our
conscience with respect to the cost-benefit ratio of dialysis.
These issues are far too complex to be resolved during the
life-time of the first generation of readers of this volume and
pose the ultimate challenge to the younger generations. The

clinical and technological aspects of dialysis must not remain
static at the state of the art level described in this volume
while the demand for costly services increases. Rather. we
must build on the knowledge reviewed in this book to im-
prove the cost-benefit ratio of our services. Meanwhile, we
function as our technological advances create new social
problems. And so my advice to all three generations is to try
and understand and cope with a new responsibility that
dialysis, because of its high cost, has introduced into the
basic doctor-patient relationship. How can each of us fulfill
our basic responsibility to our patients while at the same
time doing everything possible to reduce the overall cost to
society of this very expensive treatment?
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PRLFACE

In this rapidly evolving field it is appropriate to update
frequently our state of the art knowledge of uremia therapy.
Hence, this third edition of Replacemer of Renal Funciion
by Dialysis appears before many of its predecessors have
been destroyed by normal wear and tear over 11 and 6 years
of use, respectively.

The first two editions of this book were designed to be
integrated comprehensive reviews of the pertinent aspects
of dialysis and related fields with sufficient clarity for the
novice to learn, yet adequate depth for the expert to rely on
them as encyclopedic desk references on renal repiacement
therapy. Based on the favorable readers’ comments and
reviewers’ opinions these editions achieved their goal. The
success of those editions is a tribute to the expertise of the
authors and to the skill and dedication of my coeditors Dr.
William Drukker and Dr. Frank M. Parsons, with whom it
was an honor, an education and a pleasure to associate
(Figure 1). When Dr. Drukker and Dr. Parsons announced
their retirements, [ was somewhat reluctant to undertake
the task of editing this text again, especially without their
capable association. Nevertheless. I felt that it was impor-
tant to proceed with another edition as new information

.

developed. When I did not identify European colleagues
who had the expertise who could expend the time and with
whom [ could work so smoothly, I began alone.

Although I was tempted to ask all the same authors as had
written so-well previously to contribute again, I realized that
the new edition must be revitalized. Accordingly a fraction
of the authors changed, some new topics have been added
and others have been deleted. The multinational character
of authorship has been maintained. Existing chapters have
been rewritten thoroughly. and new authors have provided
as requested a full discussion and bibliography in keeping
with the previous editions.

As previously. the first haif of the book emphasizes the
techniques- and procedures for blood purification, while
clinical considerations of various types follow in the latter
pages. This edition begins with a description of uremia
toxicity and includes the classical chapters on the history of
dialysis, now updated. New chapters dealing with technical
aspects of renal replacement therapy are those on contin-
uous arteriovenous hemofiltration, short treatment, single-
needle hemodialysis and continuous ambulatory peritoneal
dialysis. Other new chapters relate to the complement sys-

Figure 1. Dr. Drukker (standing), Dr. Parsons (sitting right), and Dr. Maher (center) during an editorial meeting in Amsterdam in 1981.
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tem, acid-base homeostasis and pulmonary, gastrointestinal
and oral aspects of renal failure and dialysis. The changing
dialysis patient population can be appreciated by the chap-
ters devoted to long-term survivors of dialysis treatment,
diabetes mellitus, and acquired immunoedeficiency syn-
drome. Importantly, a chapter has been added about the
prevention of end-stage renal failure. Nephrologists should
all strive to prevent uremia, the treatment of which provides
their income.

The editor acknowledges with gratitude the excellent con-
tributions of over 100 distinguished colleagues without
whom the book would not be a reality. Included among the
authors are a group of peers who have enlightened me
considerably about these topics over the past few decades,
as well as some younger colleagues who provide fresh in-
sights. '

The characteristic chromatogram showing peak 7C from
the studies of Dr. Jonas Bergstrom and Dr. Peter Fiirst has
been kept as the symbolic cover illustration. Tt represents
the success of our therapy and advances in our knowledge of
uremia as well as the limitations of our insights and the need
for further research.

The production and publication by Kluwer Academic
Publishers (Martinus Nijhoff) has also been integral to the
success of the book and is appreciated. Mr. B.F. Comman-
deur has been primarily responsible for this effort which has
assisted the editor appreciably.

My colleagues, particularly Dr. P. Hirszel and Dr. E.
Marks, graciously abided the distractions that editing cre-
ated.

I am especially grateful to Mrs. Barbara Fitzgerald who
provided outstanding secretarial assistance throughout the
preparation of this edition.

Finally, adding an editing task to an already full agenda
takes personal time from those who are most giving and
understanding, from family. Thus, the patience, tolerance,
encouragement and devotion of my wife, Marge, is most
appreciated. for without it this publication would not have
occurred.

JOHN F. MAHER
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