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Abstract

Chronichemodialysis sessions, as developed in Seattle in the
1960s, were long procedures with minimal intra- and inter-
dialytic symptoms. Over the next three decades, dialysis du-
ration was shorten to 4, 3, even 2 h in thrice weekly sched-
ules. This method spread rapidly, particularly in the United
States, after the National Cooperative Dialysis Study sug-
gested that the time of dialysis is of minor importance as
long as urea clearance multiplied by dialysis time and scaled
to total body water (Kt/Vy.ea) equals 0.95-1.0. This number
was later increased to 1.3, but the assumption that hemodi-
alysis time is of minimal importance remained unchanged.
However, Kt/V .o measures only the removal of low molecu-
lar weight substances and does not consider the removal of
larger molecules. Nor does it correlate with the other impor-
tant function of hemodialysis, namely ultrafiltration. Rapid
ultrafiltration is associated with cramps, nausea, vomiting,
headache, fatigue, hypotensive episodes during dialysis,
and hangover after dialysis; patients remain fluid overload-
ed with subsequent poor blood pressure control leading to
left ventricular hypertrophy, diastolic dysfunction, and high
cardiovascular mortality. Kt/V e, should be abandoned as a

measure of dialysis quality. The formula suggests that it is
possible to decrease t as long as K is proportionately in-
creased, but this is not true. Time of dialysis should be ad-
justed in such a way that patients would not suffer from
symptoms related to rapid ultrafiltration, would not have
other uremic symptoms and most patients would have
blood pressure controlled without antihypertensive drugs.
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The evolution of hemodialysis duration and various
measures of dialysis adequacy has recently been reviewed
[1-3]. This article will provide a synopsis of these reviews,
updated with recent Dialysis Outcomes and Practice Pat-
terns Study (DOPPS) data, strengthening the notion that
longer hemodialysis duration and slower ultrafiltration is
associated with reduced mortality and better treatment
tolerance of hemodialysis patients [4]. A short discussion
of volume-dependent hypertension and the ‘lag phenom-
enon’ will be also included.

Evolution of Dialysis Duration

In the early 1960s chronic hemodialyses were long
procedures, usually 20-40 h/week on standard Kiil dia-
lyzers in-center [5] or 8-10 h three times weekly at home
[6]. The first trials of shorter dialysis duration were at-
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tempted in the late 1960s. Schupak and Merrill [7] indi-
cated that shorter dialysis sessions (total duration of 12—
16 h/week with the use of coil dialyzers) achieved bio-
chemical control similar to that achieved on Kiil dialyzers
with longer dialysis durations.

The tendency to shorten dialysis duration continued
in the 1970s. The major incentive was the need of more
intensive utilization of dialysis centers because the num-
ber of candidates for chronic dialysis markedly exceeded
the availability of treatment facilities [8, 9]. In the late
1970s, an increasing number of centers in Europe and in
the US followed this trend. Short dialysis had a tremen-
dous appeal to the patients once they were told that the
results were not worse than those with long dialysis.

Justification for Short Dialysis

Three factors were necessary for the widespread ac-
ceptance of short dialysis: economic incentives, technical
feasibility, and medical/scientific justification [10]. Eco-
nomic incentives were demonstrated by early proponents
of short dialysis. In the meantime, very efficient dialyzers
had been designed and their values demonstrated in
short-term studies [11, 12]. Nevertheless, short-term
studies would not be sufficient for the widespread use of
short dialysis. Some scientific support and a mathemati-
cal formula were needed to define an adequate dose of
dialysis and justify short treatment duration.

Square Meter-Hour Hypothesis and Dialysis Index

The first such formula was developed in the early
1970s. Uremic peripheral neuropathy was a common
complication of hemodialysis and very resistant to treat-
ment. This complication was not dependent on urea and
creatinine concentrations, but was rare with 24-27 h
weekly hemodialysis on standard Kiil dialyzers and in
patients on peritoneal dialysis. Based on these observa-
tions, Babb et al. [13] first proposed the idea that toxins
responsible for neuropathy might be in the molecular
weight range of 2,000-5,000 Daltons. They originated
the term ‘middle molecules’ (MMs) and calculated that
their clearance is the product of the overall mass transfer
coefficient and the membrane area. This hypothesis led
to the ‘square meter-hour hypothesis’, which implied that
by doubling the surface area of a hemodialyzer the time
of dialysis could be halved for equivalent MM removal
[13-15]. This was an important step in the justification of
high efficiency, short time dialysis. Ultimately ‘a dialysis
index’, the first quantitative description of adequacy of
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dialysis, was developed [15]. The formula takes into con-
sideration residual renal function, which was omitted in
formulas developed later.

Urea Kinetics

In the late 1970s and early 1980s, short dialysis re-
ceived support from a new measure of dialysis adequacy
based on urea kinetics. Gotch and Sargent [16] recom-
mended that the minimum dose of dialysis (dialyzer urea
clearance, treatment time and frequency) should be suf-
ficient to result in mean predialysis blood urea nitrogen
(BUN) values of 80 mg/dl in patients with documented
protein intakes of at least 1.0 g/kg/day. It is worth noting
that, unlike the MM clearance, the urea clearance is sig-
nificantly influenced by blood and dialysate flow rates,
because urea molecules diffuse rapidly through the mem-
brane and from red blood cells to the plasma. Therefore,
to maintain a high concentration gradient of urea be-
tween blood and dialysate, high blood and dialysis solu-
tion flow rates are required. The National Institutes of
Health (NIH) sponsored the National Cooperative Dialy-
sis Study (NCDS) to establish the objective, quantitative
criteria for the adequate dose of dialysis [17]. Urea kinet-
ics coupled with the monitoring of nutrition was chosen
as the criterion of dialysis dose [18]. It was accepted that
the single measure of dialysis dose should be Kt/ V. ,: the
amount of urea clearance (K) multiplied by time (t) and
divided by urea distribution volume (V). Morbidity was
used to judge the quality of dialysis. Patients with high
BUNSs and short hemodialysis durations were hospital-
ized more often compared to the group with high BUN
but longer dialysis; however, this was statistically insig-
nificant and in the final recommendations, the length of
dialysis was considered as only marginally important
[19]. It is amazing that the length of dialysis was rejected
as an important factor on the basis that p was <0.06 in-
stead of the sacrosanct 0.05. It was forgotten that absence
of evidence is not evidence of absence. However, it was
recommended that ‘short dialysis should be prescribed
with caution in patients who are likely to suffer cardio-
vascular complications’ [20]. In later analysis of the
NCDS, Gotch and Sargent [21] concluded that ‘normal-
ized protein catabolic rate over 1.0 g/kg/day and Kt/V e,
over 1.0 per treatment in hemodialysis is of no apparent
clinical value with the cellulosic dialyzers in thrice-week-
ly treatment schedule’.

The results of this study spurred other studies to dem-
onstrate that dialysis time could be halved by doubling
blood flow and dialyzer surface area [22, 23]. Although
clearances of small molecular substances did not differ
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significantly, the tolerance of dialysis was worse and hy-
potensive episodes were more frequent with shorter di-
alysis sessions particularly in patients without residual
urine output [24]. It is worth mentioning that early stud-
ies indicating benefits of short dialysis were carried out
in patients starting chronic hemodialysis and eo ipso with
substantial residual urine output. In the NCDS study, re-
sidual renal function was not taken into account, but
most patients were of short dialysis vintage, so it is likely
that their residual renal function was significant.

Problems with Short Dialysis (Small t)

Early Reports

In the first paper on shorter dialysis duration, Schupak
and Merrill [7] reported a markedly higher rate of hyper-
tension problems than in the early reports with longer
dialysis [5, 6]. The French Dialysis Registry reported a
gradual decrease in hemodialysis duration during the
1970s and a higher rate of hypotensive episodes [25]. In
1983, the European Dialysis and Transplant Association
reported ‘the proportion of deaths in the Federal Repub-
lic of Germany was twice as high in short dialysis’ [26].

An early warning that a short duration of dialysis was
associated with multiple problems related to water and
sodium retention came in the report by Sellars et al. [27].
Exchangeable sodium was significantly increased with
short dialysis, and more patients required antihyperten-
sive drugs. Another warning came from Germany in the
report by Wizemann and Kramer [28] in 1987. They did
not observe any significant differences in serum bio-
chemistry between short (2.5 h) and long dialysis (4 h),
except for serum phosphate, which was lower during lon-
ger dialysis. However, weight gains were higher, blood
pressure control was worse, and hypotensive episodes
were markedly more frequent with shorter dialysis [28].

High Mortality

In the US, the relative mortality risk was about 20%
higher in patients receiving a dialysis duration of <3.5 h
compared to those with treatment for >3.5 h [29, 30]. The
annual mortality in US patients has increased from 10 to
25% over the last three decades, but has remained stable
at around 10% in Japan [31]. During the period 1982-
1987, hemodialysis mortality in the US was found to be
22% higher than in Europe and 40% higher than in Japan
[32] and the duration of dialysis was 23.5% shorter in the
USA than in Europe and 40% shorter than in Japan [33].
The experience in Tassin, France, clearly indicates that
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longer dialysis (8 h thrice weekly) than is usual in the US
improves patient survival [34]. When comparing the sur-
vival of US patients to those dialyzed in Tassin, it is in the
older age group that the difference is particularly pro-
nounced. While the risk of death is two times higher in
the US in the patients younger than 45 years, it is 12 times
higher in patients older than 65 years [34, 35]. This find-
ing is thus similar to the Japan-US comparison, where the
relative risk of death in the US also markedly increases
with the age of the patients [32].

The results from the Japanese dialysis registry [36, 37]
showed that shorter dialysis increases death rates. In Eu-
rope, Valderrabano [38] reported a lower gross mortality
rate in patients who were dialyzed for more than 12 h/
week as compared to those dialyzed for <12 h/week; the
difference in mortality was particularly considerable in
patients over 65 years old.

A recent DOPPS [4] showed reduced mortality with
longer treatment time. Statistical adjustments were made
for patient demographics, comorbidities, dose of dialysis
(Kt/V), and body size. Every 30 min longer on hemodi-
alysis was associated with a 7% reduced relative risk of
mortality. The association was present in USA, Europe,
and Japan, but was most pronounced in Japan. A syner-
gistic interaction occurred between Kt/V and treatment
time (p = 0.007) toward a mortality reduction. An ultra-
filtration rate of >10 ml/h/kg was associated with 9% in-
creased mortality risk.

Intradialytic Hypotension and Duration of Dialysis

Intradialytic hypotension (IDH) occurs in 25-50% of
short, thrice weekly hemodialysis treatments in the US.
The detrimental effect of IDH is being increasingly rec-
ognized as an important factor in the increased relative
risk of death due to acute coronary syndrome, and ar-
rhythmias [39-41]. Dialysis hypotension occurs because
a large volume of blood water and solutes are removed
over a short period, exceeding the plasma-refilling rate
and the reduction of venous capacity [42, 43]. Short di-
alysis is associated with high-speed ultrafiltration and
rapid removal of small molecules, thus swiftly depleting
plasma volume. In a study by Ronco et al. [44] ultrafiltra-
tion rates of 0.3, 0.4, 0.5, and 0.6 ml/min/kg were associ-
ated with approximate rates for IDH of 8, 15, 26, and 60%,
respectively. In addition to an increased mortality with
rapid ultrafiltration, a recent DOPPS [4] also showed
markedly higher odds of IDH episodes in patients with
an ultrafiltration rate of >10 ml/h/kg.
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Stratagems to Reduce IDH without Prolonging

Dialysis Duration

Although the K/DOQI Guidelines [45] and others [39,
42, 43] admit that to avoid IDH the ultrafiltration rate
should not exceed the refilling rate, there is no stress on
the lengthening of dialysis sessions, the simplest way to
avoid the problem. Instead, multiple maneuvers have
been applied to increase the plasma-refilling rate and de-
crease venous capacity such as: isolated ultrafiltration
[46], high dialysate osmolality [24, 47], dialysate bicar-
bonate instead of acetate [48, 49], lowered dialysate tem-
perature [50], and higher dialysate ionized calcium [51].
Rapid lowering of serum potassium during dialysis and
high dialysate magnesium were also considered as factors
augmenting hypotensive episodes [43]. Finally, predialy-
sis withdrawal of blood pressure medications and/or use
ofblood pressure-rising drugs, such as ephedrine, fludro-
cortisone, caffeine, and midodrine have been recom-
mended [52].

The most popular recent method of preventing IDH
was ultrafiltration and sodium profiling. Although a
multitude of approaches has been tried [53], the most
common was application of a high ultrafiltration rate and
high sodium concentration at the beginning of dialysis
with a gradual or stepwise decrease in dialysate sodium
concentrations and ultrafiltration rates throughout the
dialysis session [54]. Whereas short-term studies showed
improvement in the incidence of hypotensive episodes, a
careful study of sodium balance showed that improve-
ment was related to a positive sodium balance, leading to
chronic volume overload, hypertension, myocardial hy-
pertrophy, and increased cardiovascular mortality [55,
56].

Hypertension in Hemodialysis Patients

Hypertension occurs in 90% of patients starting he-
modialysis and persists in 70-90% of hemodialysis pa-
tients in the US [57]. In the large, multicenter Hemodi-
alysis (HEMO) Study, more than 70% of patients were
hypertensive by JNC VI guidelines, and almost 75% re-
quired antihypertensive medications [58]. This is con-
trary to the situation in the late 1960s, when strict control
of true dry body weight was practiced and the majority of
patients did not require antihypertensive agents [59].
There is a consensus that most patients on dialysis have
volume-dependent hypertension. Only a small propor-
tion of patients have vasoconstrictive hypertension re-
quiring bilateral nephrectomy in the past [59] or blood
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pressure medications at present. The problem is how to
achieve normovolemia and control blood pressure with-
out medications.

Blood Pressure Control by Dietary Measures and Low

Dialysate Sodium

The possibility of controlling blood pressure in a reno-
prival state by drastic reduction in dietary salt intake was
tirst shown by Kempner [60, 61] in the 1940s. It was sub-
sequently shown that the beneficial effect of the ‘rice diet’
on hypertension was related to the lowering of plasma
volume and extracellular fluid space [62]. In the 1960s it
was considered as mandatory to restrict dietary salt in-
take in hemodialysis patients to control blood pressure.
This restriction was combined with long dialysis sessions
and relatively low dialysate sodium. The achievement of
blood pressure control was very gradual. It was not sur-
prising for the hemodialysis pioneers as this phenome-
non was already observed by Kempner [60, 61] in the
1940s. In the first patient on a ‘rice diet’ containing less
than 500 mg of salt, blood pressure was lowered gradu-
ally from 230/145 to 135/90 mm Hg in 8 weeks [60]. Even
achievement of dry body weight does not lead immedi-
ately to controlling blood pressure because the relation-
ship between extracellular volume status and blood pres-
sure is not simple and linear, but complex because of a lag
of several weeks between the normalization of the time-
averaged extracellular volume and the decrease in blood
pressure (‘lag phenomenon’) [63]. The exact pathomech-
anism of the lag phenomenon is not clear. It is likely that
this may be caused by the retention of circulating factors,
such as asymmetric dimethyl-L-arginine, a potent inhib-
itor of nitric oxide synthesis and Na*,K*-ATPase inhibi-
tors that may remain elevated because of a large volume
of distribution and ineffective removal [64]. Elevated so-
dium may remain in the arterial smooth muscles and be
responsible for vasoconstriction. It may take several
weeks of normovolemia for the intracellular sodium to
escape. Regardless of the mechanism, the normalization
of blood pressure by volume control is tricky, requires
patience and a good understanding of the problem [56,
63, 64]. Several groups have tried to lower extracellular
volume and blood pressure without lengthening dialysis
duration by dietary measures and low dialysate sodium
[65]. In 8 patients Krautzig et al. [66] tried a regime of
gradual lowering of the dialysate sodium concentration
from 140 to 135 mEq/I at a rate of 1 mEq/l every 3-4
weeks and restricting dietary salt intake while maintain-
ing dialysis duration of 4-5 h/session. It is worth stressing
that dialysis duration was longer that practiced in the US.
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The authors reported lowering blood pressure in these
patients with a possibility of stopping blood pressure
medications in 4 patients and only a moderate increase in
the frequency of cramps during dialysis. The control of
extracellular volume by a low sodium diet without pro-
longation of dialysis duration and low dialysate sodium
is difficult; it increases intradialytic symptoms and re-
quires a very strict adherence to an unpalatable diet.

Blood Pressure Control and Duration of Dialysis

Hypertension is less frequent in Europe and Japan
where dialysis time is longer. The lowest mortality related
to cardiovascular causes is reported from the Centre de
Rein artificial, Tassin, France [56], where long duration
hemodialysis is practiced. Long-term mortality in this
center is lower in patients with lower mean blood pres-
sures. In addition, gentle ultrafiltration and proper esti-
mation of dry body weight allows the achievement of
good blood pressure control in the majority of patients
[56]. Hypotension, in patients dialyzed thrice weekly for
8 h, is a strong indicator that the patient weight dropped
below the true dry body weight [56]. With rapid ultrafil-
tration, hypotension is dependent mostly on hypovole-
mia, which occurs long before the dry body weight is
achieved. In spite of clear evidence that short dialysis is
associated with poor blood pressure control, the blame is
commonly put on suboptimal drug therapy, excessive in-
terdialytic weight gains (‘patient noncompliance’), and
the practice of withholding antihypertensive medica-
tions before dialysis [67].

With long-duration hemodialysis sessions, blood pres-
sure could be controlled without antihypertensive thera-
py in 90-95% of patients [56, 68]. These patients have
volume-dependent hypertension. The remaining 5-10%
of patients has ‘refractory” hypertension, treated with bi-
lateral nephrectomy in the past, but nowadays these pa-
tients respond to antihypertensive therapy with convert-
ing enzyme inhibitors [69]. The originator of chronic di-
alysisis Belding H. Scribner, who practiced long-duration
dialysis sessions in the 1960s, and in recent years advo-
cated forcefully departure from short dialysis and better
attention to volume management for blood pressure con-
trol [63, 70-72]. Other groups also advocate longer dialy-
sis sessions for better blood pressure control [73-75]. A
recent randomized crossover study of long (6-8 h) dialy-
sis thrice weekly at home and short (3.5-4.5 h) thrice
weekly in the dialysis center showed much better control
ofblood pressure and a reduction in hypotensive episodes
with longer dialysis sessions [76]. Even moderate prolon-
gation of dialysis sessions from 253 *+ 15t0273 * 25 min
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together with strict control of sodium balance over 3-4
months allowed control of blood pressure in 10 of 16 pa-
tients with ‘dialysis-resistant” hypertension [77].

The K/DOQI guidelines do not recommend the dura-
tion of dialysis as an independent measure of dialysis ad-
equacy. After discussing all arguments for and against
the importance of dialysis duration, the work group could
not reach a consensus on this subject and did not include
it in the final recommendations [45]. Some work group
members felt strongly that the time of dialysis should not
fall below 2.5 h, but a duration of dialysis of >4 h was not
recommended [45]. However, I see no good explanation
for why duration of dialysis is dismissed as unimpor-
tant.

Problems with High Small Solute Clearances
(Large K)

Blood Flow and Efficiency of Dialysis

Short dialysis with fixed Kt/ V., leads to maximiza-
tion of dialysis efficiency by using higher efficiency dia-
lyzers and high blood and dialysate flows; however, the
influence of blood flow on the efficiency of dialysis is
markedly lower than dialysis time. Removal of MMs (in-
cluding phosphorus) is only slightly dependent on blood
and dialysate flows [13], so compensating shortened di-
alysis time by increasing blood flow is not effective. This
is not only related to the slow diffusion of these molecules
through the membrane, but also to multicompartmental
behavior, i.e., slow diffusion from the extravascular space
to the plasma [78]. This process may be compared to the
poor ‘plasma-refilling rate” of water and sodium in high
ultrafiltration rate hemodialysis. It is worth realizing that
even for removal of small molecules, an increased time of
dialysis is more effective than increased blood and dialy-
sate flows, because spKt/V., (single pool) is directly
proportional to dialysis time, but K is exponentially, not
linearly, proportional to blood and dialysate flows.

High Blood Flow Rates and Retrofiltration

The introduction of ultra-short dialysis treatments
with high blood flow and high flux dialyzers brought
other unexpected, undesirable effects, namely back fil-
tration or retrofiltration of dialysate to the blood com-
partment [79, 80]. Ronco [81] explained that back filtra-
tion (retrofiltration) is particularly pronounced with long
dialyzer and the high flows of blood and dialysate. The
consequence of bacterial product delivery from the dialy-
sate to the blood stream is an acute phase reaction with
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consequent chronic inflammation, protein-energy mal-
nutrition, and accelerated arteriosclerosis constituting
the well-described malnutrition-inflammation-arterio-
sclerosis syndrome [82, 83].

High Blood Flow Rates and Blood Access Problems

According to the DOPPS, in the US the mean dialysis
duration of 213 min is the lowest of the seven nations par-
ticipating in the study and the prescribed blood flow rate
of 401 ml/min is the highest [84]. The requirement of
high blood flow increases demand on blood access. There
are major differences in blood access use between Europe
and the US in both genders, in all age groups, and in pa-
tients with and without diabetes. In addition, survival of
arteriovenous fistulas is better in Europe than in the US
[85]. It is my strong suspicion that the differences are re-
lated, at least in part, to the differences in required blood
flow. For instance, primary arteriovenous wrist fistulae
providing blood flows of 300 ml/min may be considered
adequate in Europe where the mean prescribed flow is
300 ml/min, but are considered inadequate in the US
where the prescribed blood flow is over 400 ml/min [86].
Such fistulae are abandoned and other blood accesses are
created instead in the US. Even fistulae providing blood
flows of 350 ml/min are in jeopardy because of repeated
attempts to achieve higher blood flows using tourniquets
and other maneuvers. With these attempts, the intima of
the fistula is damaged by suction of the inflow needle,
and the survival of the fistula is shortened. Finally, hypo-
tensive episodes suddenly reduce fistula blood flow and
predispose to clotting. If intravenous catheters are used
as blood accesses, large catheter lumens are required to
achieve high blood flows. The large diameter catheter fits
the vein too tightly and predisposes to damage of the vein
wall, vein thrombosis and stenosis [87]. Thus, the re-
quirement of very high blood flow may be a contributing
factor to poor blood access results in the US.

Advantages of Long Dialysis (Large T)

From the above discussion, the advantages of long di-
alysis to the patients are obvious: better tolerance of di-
alysis, better control of blood pressure, better removal of
MMs, better rehabilitation, and longer survival. The av-
erage ratio of patients to dialysis personnel is 3-4 to 1 in
the US. Because of better tolerance of dialysis with fewer
hypotensive episodes, the same ratio in Tassin is 6 to 1
[56]. Thus, the financial disadvantage of longer dialysis
may be blunted by a reduced staff requirement. Long di-
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alysis sessions may be performed at home without in-
creased cost to the providers.

Kt/V,eq Should Be Abandoned as a Measure of

Dialysis Quality

The acceptance of this index was based on insufficient
data and their false interpretation. In the NCDS study the
tendency toward lower morbidity with longer dialysis du-
ration was rejected as statistically insignificant because p
was 0.06 instead of 0.05 (sic!). However, the power of this
study was low because of an insufficient number of pa-
tients, short study duration (52 weeks) and disregard of
residual renal function, which must have been substantial
as many patients were of short vintage. It is worth repeat-
ing that the absence of evidence is not the evidence of
absence. Combining dialyzer urea clearance (K), dialysis
duration (t) and urea distribution volume (V) in one for-
mula and accepting this formula as a measure of dialysis
adequacy has brought disastrous consequences. The for-
mula suggests that it is possible to decrease t as long as K
is proportionately increased, but this is not true. For in-
stance, increasing dialyzer urea clearance (K) may com-
pensate for shorter dialysis time (t) regarding urea re-
moval, but it cannot compensate for the dialysis tolerance
depending on the rate of ultrafiltration, nor has it reflect-
ed removal of bigger molecules. A very small urea distri-
bution volume (V) will provide large Kt/Vy;, in mal-
nourished patients, even if their dialysis duration is short
and dialyzer clearances are low. One can imagine that
following only Kt/ V., patients loosing appetite, poorly
nourished, may maintain this index of dialysis adequacy
continuously loosing weight and urea distribution vol-
ume (V) until their demise. The Kt/V formula is mislead-
ing and should be abandoned as a measure of dialysis
quality. Would any aircraft pilot use an altimeter show-
ing the wrong altitude?

Clinical Assessment of Dialysis Quality

One may ask what index of dialysis adequacy should
be used instead of Kt/V.,. It is tempting to give a simple
formula, easy to implement and easy for bureaucrats to
control. If such a formula were really developed, nephrol-
ogists would not be needed in dialysis centers — comput-
er programs and dialysis technicians would suffice. I do
not believe that such a formula will be developed any time
soon as dialysis is a very complex procedure. The use of
rigid, quantitative guidelines (e.g., spKt/V e, of 1.3 per
dialysis) assumes that all patients behave identically in
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response to therapeutic maneuvers, like the mean of the
group, but this is not true [88]. Medicine is still an art, not
exclusively science; the individual approach assumes that
there are differences among patients which require ad-
justment of the dialysis prescription for each patient
based on clinical symptoms and signs. It is better to use
clinical judgment instead of misleading formulae.

During the early years of chronic hemodialysis, the
definition of adequate dialysis was based on the two es-
sential goals of dialysis: eradication of signs and symp-
toms of uremia, and rehabilitation [5]. In the early 1970s,
the definitions were based on a mixture of resolution of
clinical symptoms and laboratory data [68, 89, 90]. This
approach of assessing adequacy is subjective, requires
very careful monitoring of patients, and is time-consum-
ing, but it is relevant for the individual patient. In this
context I would like to cite Ronco’s [91] formula for a gen-
eral approach to dialysis, MDt/P, where MD is the doctor
and t/P is the time spent with the patient.

In the 1970s it was considered obvious that an absence
of uremic symptoms predicted low morbidity and mor-
tality. Does it hold true in the 2000s? The DOPPS found
a strong association between lower scores for the three
major components of health-related quality of life and
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