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Short Dialysis is Short Sighted

Emil Paganini, M.D.,
Cleveland Clinic

I would like to thank the Society for inviting me,
and I would like to thank my teacher, Dr. Nakamoto,
our guest; all of the people involved; all of our new
friends in Japan. I hope that our message is clear for
you and I would like to start, if we can, with the first
slide.

We know that the dialysis in 1973 to the dialysis in
1991 has many changes. There are new membranes. ..
(interruption by Dr. Nakamoto) We have been using
bicarbonate high sodium dialysate; and there are new
medicines that had been used — Vitamin D, DFO, and
erythropoietin have all helped in improving the pa-
tient.

I have no idea what this says (laughter)... In the
United States, we have a certain number of people per
dialysis station. The national average is about four pa-
tients per station, but many times, we have almost six
patients per station to as little as only two patients per
station. We have seen an increase in the size of the dial-
ysis unit from 1982 to 1990, with the size being in-
creased in every single type of dialysis unit, whether it
be for profit, not for profit, hospital-based, or a trans-
plant center. During the same period, we have seen a
reduction in the dialysis time; we have seen a reduc-
tion in the staffing in the dialysis unit — nursing techni-
cal, and other staffing such as a dietitian — have been
reduced despite larger number of patients. The age of
patients has grown older, as in Japan. However, we
have a much older population so that now in 1991 we
are close to an average age of 61 years old. The num-
ber of hospital admissions for dialysis patients has in-
creased also. Please note that the older the patient at
the onset of the first dialysis service, the higher the
number of admissions per year. However, the time
that people stay in the hospital is less; notice that they
are coming into the hospital more but staying less. The
reasons for admission seem to have been more for the
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fistulae, or for problems with congested heart failure
or fluid control. If we look at our long-time life expec-
tancy on dialysis in the United States, and compare
that to the general population at two ages on ad-
mission to dialysis — the first at 40 years old, the sec-
ond at 59 years old. At 40 years old, the patients on di-
alysis in the United States can look forward to 9.3
years if there was nothing else but 40 years old — no
other disease —, those patients can live almost 38
years longer. Patients with cancer of the colon at 40
years old would only live about 4 and a half years. If we
now look at patients that are 59 years old and we com-
pare them to normal 59-year-olds, the normal 59-
year-olds will live 20 years longer. The dialysis patient
will only live about 5 years. Patients at 59 years old
with cancer of the colon will only live 4.3 years. So di-
alysis at 59 is no better than having cancer of the colon
at 59. If we look at how we dialyze people, we dialyze
people accroding to what has been suggested by the
National Cooperative Dialysis Study, which was done
in the late *70s and early *80s. It showed that patients
may well have inadequate dialysis if they fall in the
upper triangle; adequate dialysis if they fall in the
middle; and such a thing as excessive dialysis, if this
ever exists, if they fall in this area. And what people
look at are the middle-weak BUN; the Kt/V pres-
cribed or delivered — and we will speak about the dif-
ference a bit —, and the protein catabolic rate. When
you put three against each other, the patients will fall
in one of these areas. The target area is this area here,
according to the National Cooperative Study. We
know that the dialysis prescription and delivery are
described by the Kt/V urea. We also know that the
protein catabolic rate is described by the return of the
BUN from the end of the dialysis to the beginning of
the next dialysis. And we also know that the time from
here to here, and we average the amount of urea that
exists over that time, is known as the time-averaged
urea. And that seems to be better ifit’s low; worse if it’s
high. There has been a very strong movement in the
United States to reduce the time on dialysis. That has
been able to be done with high-efficiency dialysis,
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high-flex dialysis, hemodiafiltration, or hemofiltra-
tion. The interests are predominantly economic; there
seems to be some competition among centers because
patients may move to a center which has less time on
dialysis, and the center may increase the number of pa-
tients per dialysis station if they do faster dialysis. It is
something new in dialysis, and therefore it must be
good. And the patient frequently requests that less
time on dialysis is given. I must tell you I believe short
dialysis is like snakes. All of the dialysis studies on
hemodialysis, hemofiltration, or hemodiafiltration
havelooked at urea and some middle molecules and at
V-12 and are shown to fall well within a Kt/V urea of

around 1.8 to 1. Some studies show an improvement;
some studies show a worsening, but they all seem to be
scattered around that one area. Very few studies show
improvement or non-improvement in various num-
bers as they increase the Kt/V urea or increase the V-
12 (B12?) dialysis index.

The problems with fast dialysis or short dialysis are
many. The first is an independent time variable. In the
cooperative study, there were two end points: death,
or withdrawal from therapy; or death, withdrawal, or
hospitalization. The aim of the study was to provide no
more dialysis than necessary. I tell you that there must
be more dialysis, not less dialysis, so that to describe
that least amount of dialysis is a mistake. The groupsin
the National Cooperative Study were a normal group;
ahigh BUN group; a low-time, low BUN group; and a
low-time, high BUN group. And these were all looked
one against the another. The results showed that
against normalized protein catabolic rates in each of
the four areas — the long, low BUN; the long, high
BUN; the short low; and short high — please note that
in each of these, the time seemed to be independently
giving a higher probability of failure within each of
these groups if looked at by itself, so that time inde-
pendently carried with it a short-time, a high prob-
ability of falilure.

In a very recent study by Levin and Held in the
JAMA, we notice that most of the patients who had
problems were in the short dialysis population and

that those who had less problems were in the long dial-
ysis population, or in the conventional dialysis popu-
lation. We also have extrapolated our Kt/V from that
dialysis population. The original study allowed only
those who ate appropriately, and who were dialyzed
appropriately, and did not gain much weight. In
Cleveland — I will show you a slide later —, only about
one-third of our patients could have been entered into
that study, which means that two-thirds of the patients
were not studied at all by the cooperative study. To
extrapolate the data from that one-third of patients to
the larger two-thirds of patients, I believe, is a mistake.
There are many times, many ways of looking at dialysis
prescription — dialysis index, Vitamin B,, clearance,
or urea kinetics. Now, urea kinetics has been the basis
for all dialysis prescription, but there are three types of
models. There is a fixed-volume, single-pool urea
kinetics; there is a variable-volume, single-pool urea
kinetics; and there is a varied volume, double-pool
urea kinetic model. As you go from slow dialysis to fast
dialysis, the kinetic model must change. The faster the
dialysis, the more you become a variable volume
double pool. This has yet to show any outcome data
that shows Kt/V improvement in this model that it is
linked with outcome, and it is very difficult to calcu-
late. There had been many attempts at the delivery of
dialysis, realizing that what is prescribed and what is
delivered may well be quite different; a very important
piece of information. Here are four simple ways of
looking at delivery of dialysis and their formulas. The
best way is the direct dialysis quantification method
which actually measures that urea removal directly by
analyzing all of the spent or wasted dialysate. This cal-
culation will allow us to look at the effective dialyzer
clearance for that particular run and not be affected by
the blood flow rates or the dialysate flow rates, or the
hypotensive episodes of the patient, requiring volume.
When one uses this method, one actually sees a posi-
tive correlation with ultrafiltration, so that the urea
space, or volume, is bigger in patients having large
ultrafiltration, and is smaller in patients having shorter
dialysis so that frequently, those that have longer



dialysis — that is, dialysis at four hours —, tend to have
a 10 percent larger urea pool than the calculation of
those at two hours. Therefore, a Kt/V in a short dialy-
sis of one may well may not be equivalent to a Kt/V of
onein along dialysis. And the two may be quite differ-
ent because of the mathematics, and the kinetics of
urea. Looking at those possible errors in going from
prescribed to delivered dialysis, clearance errors can
be seen with recirculation, poor blood pump calibra-
tions, partical dialyzer clotting, inadequate dialyzer
reprocessing. These will all decrease the clearance so
that what you prescribe for that blood flow may not be
the same. Time may decrease. Frequently, patients are
taken off of dialysis after three hours but they did not
receive three hours of dialysis; just three hours of time
past. There may be interruptions during dialysis due to
low blood pressure or other technical problems that
are not compensated for. There may be errors in the
urea and the BUN drawing — again, with fistulae re-
circulation or laboratory errors. I tell you that as time
decreases, each of these components become larger
and larger so that at short times, it may well be next to
impossible to deliver appropriate dialysis except when
the patient, the staff, the machines and everything do
everything perfect for that period of time the patients
are on dialysis. If that is not the case, then you will fall
short in your dialysis; and the shorter the time, the
higher the difference may be. So, short time dialysis
may open itself up to major problems if all of the pres-
cribed dialysis is not delivered even for short periods
of time when short dialysis is performed.

The dialysis membrane is very important. Here we
see two types of membranes, a PAN-type membrane
and a cellulose type membrane. The Kt/V is quite dif-
ferent for urea, but the protein catabolic is not differ-
ent. If we look at Lindsay’s studies, certain mem-
branes, given a certain Kt/V, will produce a certain
type of protein catabolic rate; other membranes may
not. So Kt/V urea alone is not the only indicator for
dialysis, but the type of membrane is important.

Here we have anemia — remember, this study for
the National Cooperative Study was done when
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patients were quite anemic. We now have the fortune
of having erythropoietin and patients are not anemic,
so the clearance against the same BUN, the same
blood flow or the same dialysate flow, the urea will
drop by about 4 percent but creatinine and other
middle molecular substances may actually drop more.
Therefore, all of the calculations based on urea as urea
being the surrogate marker of dialysis may not be ac-
curate because it has lost its relationship to other mole-
cules in the non-anemic patient. Also, in the non-
anemic patient, potassium and phosphorus are not
removed as well, and as the hematocrit rises, there will
be an increase in the thickness of the blood. Thus,
when one attempts to remove large volumes of fluid
over short periods of time, the blood itself may be very,
very thick and make it impossible to remove that vol-
ume. Once again, we see what may happen to urea.
And here, you’ll see what happens to the relationship
between urea and creatinine in the anemic, and in the
non-anemic patient. The BUN has lost its relationship
with creatinine and many other things, because urea
can move rather freely across membranes, whereas
many other molecules do not. So we have built an en-
tire state of looking at dialysis efficacy around urea,
but there are so many other things that we should be
looking at to judge dialysis adequacy, not just the re-
moval of urea. In our own laboratory, we are looking
at LTa, which is an indicator for survival and in fact
seems to change with aggressive dialysis despite what
urea kinetics may show. So there are many problems
with fast dialysis; some of the problems may be in
looking at the control of fluid. Here we have patients
on anti-hypertensive medications when they were on
short, and these same patients were switched to long
dialysis and the amount of anti-hypertensive medica-
tions came down; the admission to the hospital on
short were mostly for pulmonary congestion. Again,
here, now it’s more in the long dialysis because of the
fistulae problem. Here again, systolic pressure came
down when they were switched from short to long; and
the number of anti-hypertensive medicines were re-
duced. And the better the dialysis — and I think that
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both Dr. Collins and I will agree that the better the di-
alysis, the longer the survival, in all age groups. So in
1991, there is better technology, but not to shorten di-
alysis, but to give better dialysis; not the same dialysis
in short time.

There is also education that is very much needed.
This is 2,000 patients that were subjected to a post-
marketing study by the Emjin Corporation. And this

study concluded is still ongoing, but this phase of the
study concluded in March 31, 1992. Please note that
the surface area for these 2,000 patients are shown for
you here. The types of membranes that were used are
shown for you here. Most of it was cupraphane mem-
brane, some cellulose acetate, PSN, PAN, and
PMMA membranes. The blood flows in the United
States in these 2,000 patients averaged 363 ml/min.,
some having 500 or greater, some having 200 to 299;
most having 300 to 400 blood flows. However, the
length of dialysis delivered to patients in these 2,000 —
please note that less than 2 hours were 3 percent of
these people; from 2 to 2 and a half hours, 11 percent,
from 2 and a half to 3 hours, 48 percent, or 62 percent
were less than 3 hours. If we assume in just the 45 per-
cent of those patients that received cupraphane-based
dialysis with the average 1.3 meter square, and an
average blood flow and time, the average time was 3
hours, with an average patient weight in this popula-
tion of 72 kilos calculated urea pool, 43.2 meters, the
Kt/V urea measured 0.89. And this was what was
prescribed, not delivered. Therefore, the education of
physicians is an important piece of any dialysis but can
you imagine that prescribing 0.89 and delivering only
70 percent of that? Therefore, practice guidelines to
help in the practice of dialysis are needed.

In short dialysis, there are many nursing concerns.
A variable schedule, late patients, unstable period of
time during dialysis, transfusions, education, instruc-
tion of the patient, and working environment for the
nursing staff.

There are many patient problems as well. There
are those who believe that the short time is better, re-
gardless of symptoms; selection and compliance;

morbidity; and mortality. As I said before, only 37
percent have not found any problem, in our program,
of difficulty in complying with the National Coopera-
tive Study standards. But the rest have had some diffi-
culty to great difficulty in complying. How can we set
up standards based on only one-third of the patients,
and say that that is adequate? And from a patient
point of view, is it just time on dialysis that is pres-
cribed or delivered? Is it the Kt/V that’s delivered? Is
it the hospitalization, or the uremic symptoms, or the
hypotensive episodes during dialysis? Or how long
they have to live? Based on their age, on their disease,
on complications of therapy? All of these have a value
to patients. So patients may want to choose among
these, for their type of therapy.

Iwould like to close with this slide. This is the natu-
ral kidney; and this is what the natural kidney does.
This is hemodialysis, hemofiltratiom. CAPD, and in-
termittent peritoneal dialysis. We do about 10 per-
cent, 12 percent if we’re lucky, of what the natural kid-
ney does. Why are we trying to re-create that 12 per-
cent in less time? Why are we not trying to make that
20 percent? Perhaps we are going in the wrong direc-
tion, and perhaps technology and improvement
should make us make more of our dialysis populations
who are delivered dialysis to get closer to this divine
prototype. Thank you.
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1
Status of Dialysis: 1991

+ Better technology, new medications
+ Older and sicker patients

~ Shorter treatments, high mortality in
United States

» Need for adequacy-of-dialysis monitors
when residual GFR is <2-3 mL/min

BUN

time

For patients in nitrogen balance, protein intake
Is equal to the normalized net protein catabolic rate
(PCRn), the major determinant of the increase in BUN
between dialyses (C; to C,). Kt/V is determined from the
decrease In BUN during dialysis (C, to C;). Time-aver-
aged BUN is the shaded area divided by the total time
interval.
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HIGH EFFICIENCY HEMODIALYSIS

Serum BUN

MG/DL

o End of Dlalysis
100 /

A = L
0 |
0 1 4 8 2 3 4 5 6 7 8 9 10
'l Hours
H.END
> BUN Trend
3
x2

Practice Guidelines

® Eliminate wide variation of practice
¢ Establish norms for reimbursement
¢ Reduce litigation

» Define appropriate service limitations
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Schematic representation of changes of BUN
concentration during 1 week In & hemodlalysis patient.
(A) Repressants actual valuos, while (B) representa the
TAC urea. (Reprinted with permission.?)
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Median Age Among New Patients

by Year

Age (y)

Michigan Kidney
Regislry

Y s 04) s LF% 3 00 R s01;P 00l

[ B3

" 1 i " A
no

Urea space/body weight correlates positively with ultra-
fitration. Urea space is bigger in patients having large amounts ol

ultrahitration.
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Number of Treated Patients With
Diabetic ESRD

80

Patients per million
population
>
o

_| Michigan Kidney
Reglslry
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Kt/V and PCR Values After 6 Months Dialysis by

ANG695 or Cellulosic Dialysis

KyV (urea) PCR
ANG69S (n = 28) 097 +03 1.07 + 0.2
CELLULOSIC (n = 21) 1.20 £+ 0.2 1.02 + 0.1
p = 0.0016 NS
x4

Changes in Hemodialysis Therapy

1973-1991

4 New membranes

2 Increased reuse of dialyzers

&

Bicarbonate "high Na" dialysate

» Prescription
— 1,25 vitamin D
— Deferoxamine mesylate

— Recombinant human erythropoietin

12
Vs 053 - UREADECL. x 0.01
R s+ 0.13 ; P = 0.026
" -4
10 o
a a
]
DB o
oy ® J
a g @

2 4 3 3 10
UREA CONC. DECLINE, MMOL/L/MR

12

Urea space/body weight correlates negatively with the
speed of the decline of urea concantration. In fast dialysis. urea

svace 1s smaller.
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Reduction in Dialysis Staffing and Time
1982-1987, Freestanding Units

Reauction (%)

0-
Dialysis RN LPN  Tech MSW RO

lime Unit slalling

Mokl ot al Am J Kidnoy Dis. 1990,15.441.
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nKt/y
1.8
TAC

s mmol/|

3o} 2.4

25} 3.0

20}

15t

10l PCR

9/k9/d
[oX.} o8 10 1.2 14 1‘.6

Change of urea kinctic parameters in 8 patients after
6 months treatment with r-HuEPO. Solid lines: total week Ku/V
values for 2 dialysis sessions per weck (6 patients); broken lines:
) sessions per weck (2 patients). Shaded area: target domain.

See also appendix B for calculations: equations 14 and 1S
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Comparison of Regional Kidney Dis-
ease Program and EDTA

Allan J. Collins, M.D.,
Hennepin County Medical Center

Thank you very much to Dr. Nakamoto and Dr.
Suzuki, and the Japanese Renal Physician’s Associ-
ation for inviting me to Japan to give this presentation.

Asthefirst center in the United States to change an
entire dialysis operation to short high-efficiency ther-
apy, I feel that itis my obligation to represent the entire
experience which the Regional Kidney Disease Pro-
gram has accumulated since 1985 in the treatment of
over 1,700 patients with this form of therapy. Cer-
tainly, there are few other centers which have cham-
pioned this therapy more than ourselves. In addition,
there would be few that would be able to tell you its
limitations other than ourselves.

Let me start by reviewing some basic principles of
how the Kidney Programs decided to change to short-
ened therapy and the principles under which they had
delivered that therapy. I will then compare the results
of the first 1,700 patients to the United States Renal
Data System, to the Canadian Registry, to the Austra-
lian Registry, and to the European Dialysis and Trans-
plantation Registry. I would like to have the first slide.

This slide shows the relationship between failure
from the National Cooperative Study, either by death,
withdrawal, or hospitalization, and the amount of
Kt/V on this axis. As you can see, group 1, 3, 2 and 4
fall on a line which my colleague, Dr. Keshaviah re-
analyzed when Dr. Edward Lowrie presented us with
the edited data form the National Cooperative Study.
You can see that there is a relationship between more
therapy and a lower percent failure in a study that was
only performed for 26 weeks on relatively young pa-
tients that were non-diabetic and had no co-mor-
bidity. The average Kt/V of group 1 is approximately
1.15. The average Kt/V for group 3 in the National
Cooperative Study is about 0.95. Therefore, there is a
difference between group 1 and group 3, and time

alone does not account for that difference. It is the ac-
tual amount of therapy that was delivered. In our own
dialysis program, when we went to shorter therapy, we
carefully matched the amount of therapy the program
had given for the previous 17 years. On this slide, we
compared our own therapy prescription to the Na-
tional Cooperative Study, showing that we gave more
urea clearance per week — it is closer to 4 liters per
week — than group 1 or group 3. So over the spectrum
of solutes, because of the size dialyzers and clearances
utilized, we were delivering more therapy.

Let me say at the beginning before anyone can talk
about survival, you must discuss the components
which influence the survival. It is well known that age
has a very large impact on the survival of the patients.
And in fact, age is an exponential factor in survival.
We have also shown as others that primary renal diag-
nosis — diabetes, particularly —, is a very strong risk
factor. But there is a difference between type 1 and
type 2 diabetes, but in addition, hypertension, and all
renal-vascular diseases are very strong risks for survi-
val. In 1982, Dr. Christopher Plag from Northwest
Kidney Center in Seatle, and Dr. Frederick Shapiro
from the Regional Kidney Disease Program showed
that a number of these comorbid conditions impact on
the survival. And to quote Dr. Paul Edgars from the
Health Care Finance Administration, who does their
data analysis, “If you only have age, you have nothing
in your database. If you only have diabetes, you have
nothing in your database. And unless you have co-
morbidity, you are now beginning to get at case mix.”
And I willattempt to show you that therapy is as strong
asany of these factors, and certainly, an additional one
which I would not spend time on, is nutritional status.

From 1976 to 1989, our program treated 1,100
non-diabetic patients, of which had the following ther-
apy prescription and delivery — now let me make sure
that we are clear to understand that back in 1976, we
did not measure a pre-post BUN. Therefore, the only
way to obtain this number, Kt/V, was to go back and
extract from dialysis-run sheets, the actual treatment
time, the actual blood flow rate used, the actual dry



weight, and to calculate this number. This number falls
somewhere between prescribed therapy and delivered
therapy. The best number would be the actual de-
livery. The green bars are all bicarbonate dialysis; this
is all rapid therapy. And you can see overall, more
than 70 percent of our patients that are non-diabetic
would receive a Kt/V greater than 1.2. In the diabetic
patients, during the same interval — once again, the
green bars are bicarbonate-based therapy, which is all
fast therapy, average treatment time, 170 minutes.
Once again, 70 percent of the patients are receiving a
therapy index greater than 1.2.

Now in the first attempt to analyze a large data-
base, it is important to define the baseline population
that you are going to look at for comparison. Here we
took 433 patients who had no co-morbidity, and we
looked at what primary renal diagnosis makes a dif-
ference. This is non-diabetics. And as you can predict,
as the age went up, the risk went up. But what was in-
teresting is that vascular-related renal diseases — that
would be, hypertension is 85 percent of this diagnosis,
as well as all other renal-vascular diseases — incurred a
risk twice the patients who had chronic nephritis as
their primary renal disease. Therefore, any survival
analysis must take this diagnosis into account, besides
diabetes. In addition, paraproteinemias, which in-
clude multiple myeloma, are a very strong risk factor.
That was not surprising, since multiple myeloma is one
of the cancer diagnoses. After adjusting for all the co-
morbidity, hypertension, paraproteinemias, we then
focused on, in the first 600 or almost 700 non-diabetic
patients, splitting the therapy into greater than 1.2; a
Kt/V between 1 and 1.2; and less than 1, to look at the
impact on the relative risk of death. You can see that as
the Kt/V goes down, the relative risk goes up, such
that by the time a patient, non-diabetic, has a Kt/V
under 1, they have a 78 percent higher mortality rate
than the baseline population with a Kt/V greater than
1.2. Now I can give you the relationship within the li-
near range of these numbers: for every 0.1 the Kt/V
goes up, the relative risk of death in a non-diabetic
does down 5 percent. That is among the strongest risk
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factors that we have identified in the last 12 years.

If numbers are difficult to look at, I will show you
survival curves. This is the survival curve of a non-
diabetic patient with no co-morbidty, no vascular or
paraprotein renal diagnoses, under age 45. The blue is
aKt/Vlessthan 1; yellow,Kt/V, 1to 1.2; and green, a
Kt/V greater than 1.2. If you look at the 80 percent
survival, the lowest therapy would give you approxi-
mately 4 years; and in the green, almost 9 years, — a
S-year difference in survival based on the therapy
alone. This would be older patients, age 61 to 75. The
60 percent survival would be approximately 5 years,
and with a higher Kt/ 'V, they are almost out to 8 years
here. So once again, a 3-year difference in survival. If
you look at your patients too early, you cannot tell the
difference in their survival between the different types
of therapy delivered.

I would now like to turn to the diabetic patients.
Almost 700 that were analyzed in the same way I have
mentioned before. Here you can see that age has a
same effect as in the non-diabetics, with the oldest age
group having the highest risk. Interestingly enough,
patients who have diabetes and hypertension or renal
vascular diagnoses have an increased risk from this di-
agnosis as well. Also of interest is that diabetes type 1
incurs a much larger risk than diabetes type 2. Almost
4 times the risk, compared to twice the risk. Parapro-
teinemias, exactly as you would expect, have a higher
risk.

Here we looked at the impact of the therapy again,
this time, dividing it into four groups, since we were
unable to show a difference in survival in the non-
diabetic patients with a Kt/V greater than 1.4. Here,
we divided it into four groups, with a Kt/V greater
than or equal to 1.4; the mean was 1.6 as the baseline.
You can see that as the Kt/V goes down, and this
number in here is about 1.2, but it is not significant at
this level. As the therapy goes down, the risk of death
goes up. The relationship for diabetic patients for
every 0.1 the Kt/V goes up, the relative risk goes down
7 percent for a diabetic. It appears that diabetics re-
quire more therapy than non-diabetics to improve
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their survival. This is the impact of the different ther-
apies on the survival curves. You can see that at the 60
percent level, that a patient with a low Kt/V diabetic
would only survive approximately 4 years — this is a
type 1 diabetic under age 45, versus out here, would be
almost 6 years. You can see the line in the middle was
where there was no significant difference because
there was not enough patients in this group to yield sig-
nificance.

This is the older diabetic patients, type 2. Same
pattern: at the 50 percent level here, you can see it’s
roughly about 3-and-a-half year survival, compared
to out here, it’s almost 5S-and-a-half years for older pa-
tients, based on the therapy that the patient receives.

Now I have given you data from the Kidney Pro-
gram that centers on the risk factors and impact of the
amount of dialysis a patient received. I will now go
through and show how the Kidney Program Survival
Data compares to the United States as a whole. Here
we have compared age 20 to 44, non-diabetics; the
Kidney Program in Minneapolis versus the United
States Renal Data System. You can see that the survi-
val is significantly better, and the relative risk of death
is 0.28 which is a very strong and very low relative risk
compared to the rest of the United States. This is age
45 to 64, non-diabetics. The relative risk dialyzing at
RKDP compared to the average in the United States is
about 0.6. These are patients age 65 plus, non-diabet-
ics. Once again, the relative risk dialyzing at RKDP
compared to the United States as a whole is 0.62.
Clearly, there is a difference between the way dialysis
is delivered in Minneapolis compared to the United
States as a whole. How about the diabetic patients age
20 to 44, RKDP versus the United States”. Their
relative risk at RKDP is 0.47 compared to the rest of
the United States. With diabetics age 45 to 64, the
relative risk is 0.64 RKDP in Minnesota; average for
the United States. And lastly, for the United States
data over age 65, we can see the relative risk is about
0.7. Now I make this comparison to show that in fact, if
Dr. Paganini and Dr. Held are correct, that the
amount of dialysis prescribed and delivered in the

United States is inadequate, then our own program
substantiates that. But how does our program com-
pare to the rest of the world? Let’s understand that
there are significant differences in acceptance rates
around the world for new patients. In the first com-
parison I will show you, the entrance between the Eu-
ropean Dialysis and Transplant Patient Association
Registry between the years 1982 and 1987, this is the
most current years I've had for analysis. And just to
show you that in Minnesota, between *78 and ’82, we
were accepting almost twice as many patients as the
European countries. And from 1986 to 1991 — this is
all short therapy —, we had accepted almost 3 and a
half times as many patients as the Europeans. I point
this out because the case mix of patients now becomes
an important issue.

Now, the rest of the presentation, I shall focus on
short dialysis only as applied in Minneapolis with aver-
age Kt/V of approximately 1.35, three times a week.
All this data are from 1986 to 1991; 85 plus percent
patients receive a treatment time of 170 minutes. You
can look at non-diabetics, age 25 to 34. This is a Kid-
ney Program in Minneapolis, a little less than 3-hour
therapy; this is EDTA, about 4 and a half hour ther-
apy. This is reuse; in Minneapolis, this is no reuse.

Here we are, patients age 35 to 44, non-diabetic,
RKDP versus EDTA, and is indistinguishable, the
survival. Age 65 to 74, the much older age group,
which everyone is convinced that they are treating the
same kinds of patients that every one else is; the Kid-
ney Program Survival Data looks slightly worse; but
what I had deliberately done here is to show you this is
a bar which depicts the survival of the no-risk patients
at the top versus the patients that have co-morbidity at
the bottom. And you can see the split here is that about
80 percent of our patients during this interval had co-
morbidity, their survival would have been down here,
and of the 20 percent of the patients who had no co-
morbidity, their survival would have been up here.
Clearly, the case mix will make a difference in this age
group what your survival winds up being.

Now in looking at the diabetic patients, I first have



chosen to show you the entire survival at the Kidney
Program before and after short therapy. So thisis 1976
through 1989. Then I will show you the data from
1986 and forward which is only fast therapy. The
green bars are RKDP; EDTA is the yellow bars. There
are for diabetic patients, and you can see from age 45
to 84, Kt/V is 1.36 versus the EDTA.: still com-
parable, slightly better. And in the age group 65 to 74,
the average Kt/V here is 1.33. The Kidney Program
Survival Data is still better than the EDTA. But you
can say this is a mish-mash of long therapy and short
therapy. So let’s look just at short therapy alone. 1986
to 1991, age 45 to 54 diabetics compared to EDTA.
Here’s the Kidney Program, average Kt/V here is
1.37. Diabetics age 65 to 74, once again, survival is at
least as good, if not better, average Kt/V is about 1.34
in this group.

Now, I would like to switch to the Australian data
which was presented at the Dallas meeting by Dr. Alex
Disney. And here we went to different age groups, age
25 to 34, the average treatment time in Australia dur-
ing this interval, 1982 to 1988, is about four and a half
hours. Average treatment time for the Kidney Pro-
gram between 1986 and 1989 is 170 minutes, and the
survival is indistinguishable. Here we are with the
Australian data, non-diabetics, age 65 to 74 — indis-
tinguishable. There is virtually no reuse going on in
Australia and we are reusing our dialyzers. This is the
diabetics age 45 to 54, same pattern — indistinguish-
able survival. Australian Data for diabetics age 65 to
74, once again, indistinguishable survival. And with
these are not that much difference for the population
although we have more patients — diabetics — up at
this age than they had in the Australian Registry.

Now, finally let me look at just North America,
and compare the Kidney Program which is in the
upper part of the United States, a predominantly Eu-
ropean population with less than 8 percent black pa-
tients, and. only approximately 12 percent Native
Americans, and compare that to Canada and the
United States Renal Data System. And here, we are
going to look at diabetic patients and the deaths per

281

1,000 treatment months. RKDP short therapy, aver-
age Kt/V about 1.3, and I can’t tell you what the other
therapy is. You can see in the young age group, we are
very much the same as Canada, but much better than
the United States as a whole. In the age 45 to 64,
diabetics, we are better than both Canada and the
United States. And age 65 and better, once again, our
death rates are lower with a shorter treatment time,
but a larger amount of therapy compared to the other
North American countries.

Let me spend just a couple of minutes on the data
from France by Drs. Laurent and Charra. This is a fas-
cinating group of patients — on 455 patients — that
was just published in Kidney International in May.
Their average gross mortality rate was 3 percent; and
their average Kt/V in vivo was 1.67, with alow of 1.35
and a high of 1.97. Within this paper, unadjusted
death rates were lower with a Kt/V at 1.93. Butlet me
caution you that this paper was recently re-presented
in Seattle, at the Scribner Conference where a Cox
analysis was now applied to co-morbidity and there
was no difference found between the Kt/V of 1.35
and 1.97. So, therefore, careful consideration of co-
morbidity is mandatory. Let me end by saying that all
of these factors impact on survival and must be taken
into consideration in any large analysis when you look
at an individual therapy. Certainly, within our pro-
gram, we would advocate that a large amount of ther-
apy — whether you doitin a short amount of time, or a
long amount of time —, is what is really making the dif-
ference in the survival of the patients. Thank you very
much.
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