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W

hile nephrologists wait for the ideal, non invasive, inexpensive, precise, and reproducible tool to evaluate
extracellular volume (ECV), they need to exert their clinical
acumen in the quest of that holy grail, dry weight (DW).
Estimation of DW using a clinical approach based on
blood pressure (BP) and ECV is feasible and reliable as
shown by successful experiences in various dialysis modes
over more than three decades. But a need still exists to resolve difficulties associated with accurate assessment of BP
(methods and circumstances of measurement, and the confounding effects of antihypertensive drugs) and ECV (evaluation of weight changes unrelated to ECV, lack of specificity
and sensitivity of clinical symptoms, lag time, confusion in
terminology). An essential point in clinical assessment of DW
is that a normal BP is at the same time the target and the
crucial index of DW achievement. For this reason, a trialand-error “probe” process has to be used at intervals to make
sure that the dry weight target point is correctly estimated.
The various “non clinical” methods proposed for dry
weight assessment increase the complexity and the cost of
hemodialysis. They are, in the present state of things, more
clinical research than practice tools. They do not replace
clinical judgment.

In chronic renal failure (CRF), a progressive increase in
ECV affects both interstitial space and plasma volume. As
shown by Guyton [4] in uremic dogs, a sodium load results—
through transient increase of cardiac output and total peripheral resistances—in an increased BP, which turns on the
natriuresis. The increased natriuresis brings ECV back to almost normal within a few weeks. This process explains how
CRF leads to hypertension (HT) without obvious saline overload, and especially without edema. It is of note that when
implementing a strict DW policy, residual diuresis and natriuresis shut off almost completely within the first few weeks
of long dialysis.
Owing to the intermittent nature of hemodialysis (HD),
the patient oscillates between a “wet”, saline-overloaded state
just before the session and a “dry” state just after. During the
few hours of ultrafiltration (UF) during an HD session, the
plasma volume is reduced to a low point. Refilling [5] from
the interstitial space lags some hours behind [6], so that, just
at the end of the session, the patient is hypovolemic. A transient orthostatic hypotension is not abnormal at that time; it
disappears within a few hours when refilling is complete.
Owing to the delay in refilling, any method that bases ECV
estimation on plasma volume at the end of the session [for
example, vena cava diameter, atrial natriuretic peptide (ANP),
cyclic guanosine monophosphate (cGMP)] systematically
overestimates the ultrafiltration and underestimates the actual ECV value.
The new trend toward more frequent dialysis will reduce problems associated with the rapid removal of ECV,
because the amount of ECV to be removed is so much less
[7,8].

(Hemodial Int., Vol. 5, 42–50, 2001)
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Introduction

Determining and maintaining dry body weight is often reported to be the thorniest clinical problem in maintenance
hemodialysis [1,2]. The opinion that “better methods of determining dry weight are required” [3] is shared by many
nephrologists. Expecting the ideal, non invasive tool, which
would give a “one-glance” assessment of the extracellular
volume (ECV) is, by our experience, an unrealistic hope. Finding and maintaining dry weight (DW) requires clinical skills
and judgment without which nephrologists cannot achieve
DW and thereby control blood pressure (BP) in their dialysis
patients.

What is dry weight?

Intermittent dialysis substitutes for the native pressure–natriuresis system [9], whereby, from the analysis of BP and ECV,
the physician (or person in charge of the dialysis) evaluates
the sodium and water extraction needed to return ECV to
normal.
Many definitions of DW have been suggested since
Thomson et al. [10] initially proposed the term.
Several definitions of DW are based on the presence [11]
or absence of symptoms of hypovolemia or hypervolemia [12].
But a wide weight and ECV gap exists between these two
symptomatic extremes. Therefore, DW is better defined as
the body weight achieved at the end of dialysis at which the
patient remains constantly normotensive until the next dialysis without antihypertensive medication [13].
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How is ECV assessed?

The probe for dry weight

Three main sources of information are used in ECV evaluation. First, conditions leading to ECV excess (usually excessive salt intake) or depletion (usually excessive loss) and
symptoms (dyspnea, headache or dizziness, fatigue, cramps)
need to be identified by detailed history. Second, current clinical signs are, of course, essential. The BP (with postural
changes) is critical to a DW evaluation. It gives a direction
and an estimate of the ECV change that weight change confirms and measures more accurately. One must also look for
edema and evaluate the neck veins with the patient lying flat
[or measure central venous pressure (CVP) if the patient’s
blood access is a deep vein catheter]. Third, an x-ray evaluates the heart size (cardiothoracic ratio) and lung density.
Hematocrit, total protein, and serum albumin provide information on the relative hemoconcentration or dilution.
Symptoms are not always reliable in ECV assessment. A
patient can be saline overloaded and yet experience cramps
and hypotension during dialysis if the ultrafiltration rate exceeds plasma refilling capacity. The patient may be normotensive or hypotensive while saline overloaded if in heart
failure or, in some cases, even without heart failure [14]. On
the other hand, the patient can be hypertensive with a low or
normal ECV (for example, high renin state, white-coat effect, or hypercalcemia). Symptoms also lack sensitivity, as
they occur relatively late when the patient is hypovolemic,
and very late when the patient is hypervolemic.
The only systematic prospective study of symptoms in
relation to ECV in HD, by Wizemann et al. [15], showed
that, to correct symptoms of hypovolemia, the dialysis target
weight had to be augmented by a mean of 940 g. To correct
the symptoms of hypervolemia, a mean reduction in target
weight of 2409 g was needed. These corrections leave a wide,
clinically mute fluctuation zone of approximately 3.4 kg
around the ideal DW. Therefore, in DW evaluation, one should
not wait for clinical manifestations of ECV overload or depletion, but check ECV systematically and regularly.
The frequency of systematic ECV (DW) evaluation is a
crucial issue, although it is seldom mentioned in the literature. Besides, the ideal frequency of DW evaluation is variously appreciated by various authors. Some recommend an
evaluation when volume [15] or hypertension [16] is not controlled; others advise a monthly [17] or even less frequent
evaluation. In Tassin, DW is re-evaluated after each and every session by the physician or the person in charge of the
patient.
The clinical DW method consists of using the ECV indicators together with BP values to estimate the DW. If BP is
normal throughout the interdialytic cycle and the patient is
comfortable, that patient is probably at DW. But only “probing” for DW will turn the clinical estimate into a reasonable
certainty [13]. At the start of HD, and often during the maintenance phase, whenever one cannot determine the patient’s
ECV, one must use the “probe” for DW.

The probe consists of a systematic, step-by-step, progressive,
trial-and-error lowering of post-HD weight to reach the point
where hypotension appears. During the probe, intense, carefully monitored ultrafiltration, combined with a strict low
sodium diet, permits a gradual reduction in pre-dialysis weight
over several sessions. The actual rate of decrease is determined strictly by trial-and-error, governed by the patient’s
tolerance, to reduce to a minimum episodes of muscle cramps
and hypotension. The occurrence of hypotension at the end
of dialysis is the major proof that the patient has achieved a
low-normal or low ECV. When this point has been reached,
the target post-dialysis weight must be increased by a few
hundred grams.
The clinical practice of routinely and deliberately bringing the patient to the edge of hypovolemia and to hypotension is questioned by some authors on the basis that patients
who become hypotensive on dialysis may be intravascularly
hypovolemic, euvolemic, or hypervolemic. This discrepancy
between the interstitial and plasma compartments is explained
by the fluid kinetics between the two compartments. The transfer of fluid from the interstitium to the plasma is delayed for
a few hours. The shorter the dialysis and the higher the UF
rate, the less the ability of plasma refilling to catch up with
the speed of ultrafiltration. It is, therefore, true that hypotension on dialysis is not, per se, evidence that the patient has
achieved DW. In practice, to distinguish DW achievement
from hypotensive episodes due to rapid ultrafiltration, postdialysis weight must be reduced progressively over several
sessions.
Practical implementation of clinical DW assessment

In practice, the clinical DW method requires a dialysis log
chart that summarizes the pre- and post-dialysis weight, BP
values, and intradialytic events. These data are summarized
on a single line for each dialysis (Appendix: Table I). Browsing through three or four weeks of HD data gives a one-glance,
dynamic picture of the weight/blood pressure (WT/BP) relationship. This picture cannot be achieved using separate HD
flow sheets that one must shuffle through, or a dialysis book
that one must flip through. The lack of such a comprehensive
display of recent dialysis data makes the use of the clinical
DW method almost impossible; but, a BP/WT flow sheet as
part of the current bedside record is an essential tool in maintaining DW.
Long-term relationship between ECV and BP

The long-term relationship between ECV and BP is well illustrated by looking at the entire Tassin experience of patients in their first year of dialysis (Fig. 1). The ECV expressed
by post-dialysis weight drops sharply during the first month
owing both to vigorous UF and to a strict low-salt diet. Antihypertensive drugs are stopped in more than 95% of patients.
Over time, BP continues to decrease progressively; but, after
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With every-other-day dialysis or quotidian dialysis, the
interdialytic interval is shorter; and, with nocturnal dialysis,
the time for ultrafiltration is so long that less dietary sodium
restriction is usually needed.
Convection associated with UF is the most common
method of sodium removal. Technically, it is limited primarily by the plasma refilling capacity of the patient. The increasing entry into dialysis treatment of fragile patients
(elderly, cardiovascular disease, diabetes), who are particularly susceptible [29] to side effects of UF, poses insurmountable difficulties in fluid removal in short dialysis.
Failure of the clinical dry weight estimation

1 Evolution of post-dialysis weight (standard error of mean) and
pre-dialysis mean arterial pressure (MAP; standard error of mean) in first
hemodialysis (HD0) year. HT = hypertensive.
FIGURE

In spite of wide acknowledgment of the importance of DW,
most HD patients in 2001 are hypertensive. One possible explanation of this troubling paradox is that the DW is adequately
estimated, but cannot be achieved owing to too-short HD sessions and poor UF tolerance by patients. Even more often,
this failure seems to be due to inaccurate estimation of
DW. Why?
The difficulty may arise from the use of either (or both)
of the two indexes used for DW assessment, BP and ECV.

two months, weight begins to increase, and weight and pressure curves cross over. The weight gain does not reflect a
change in ECV, but an increase in lean and fat body mass
owing to anabolism. After one year or so, weight and BP
stabilize.
Does ECV control allow for controlling BP in almost all
patients?

BP target assessment

In Tassin, using thrice weekly 8-hour dialysis sessions, the
achievement of DW leads to BP normalization in more than
95% of cases. The cases failing to respond are due either to
the patient’s lack of compliance, or to non volume related
hypertension that may require treatment of the other causative factor of hypertension or the use of antihypertensive
medications. The mean casual pre-dialysis BP in the population (calculated from all values for each patient) is
128/79 mmHg, which is within the normal range according
to the Sixth Joint National Committee on BP evaluation [18].
This result is not a “center effect.” The same good control
of BP without drugs was achieved in 90% of patients in the
late 1960s and early 1970s [19,20] and is still achieved by
those who continue to use long HD [21,22] and also very
often by those who use daily dialysis, whether short [23] or
long [24]. Furthermore, the same goal can be achieved in standard dialysis, but only if the diet is low enough in sodium to
limit interdialytic weight gain [25].
Clinical achievement of DW requires that certain conditions be met. First and foremost, the degree of dietary sodium
restriction must match the time available for ultrafiltration.
Thus, in the case of standard 3 – 4 hour thrice-weekly dialysis sessions, the low-sodium diet must be very strict; however, this restriction is often forgotten today [26].
Dialysate sodium activity, rather than concentration, governs overall sodium balance [27]. Dialysate sodium must be
set so that the movement of sodium by diffusion is either nil
or slightly outward (that is, 138 mmol/L in Tassin). Paradoxically, dialysate sodium has been increasing over the years as
dialysis has been shortened [28]. With a thrice-weekly 8-hour
schedule, these same conditions apply, but to a lesser degree.

To clinically assess DW, we rely mainly on BP. If the BP
value that we use as our guide is wrong, our DW estimation
will be wrong. There are two sources of error.
The first source of error is the BP measurement itself.
There are nowadays so many methods and circumstances of
BP measurement (systolic, diastolic, mean, differential, day,
night, before or after dialysis, pulse pressure, ambulatory blood
pressure, etc.) that it is difficult to know which figure to rely
on, and which measurement correlates best with ECV. Ambulatory BP monitoring is probably the most accurate, but it
has its own limitation (that is, patient acceptance), and it provides many different BP figures (mean, change, variations,
nocturnal, etc.) among which, again, a choice must be made.
In clinical practice, pre- and post-dialysis values are sufficient.
A second source of confusion is the use of antihypertensive medications. If they work, they create a “fake” normotension, owing to vasodilatation rather than to restoration of
adequate ECV. On the other hand, antihypertensive drugs very
often fail to work in the presence of ECV excess, but they
still potentiate hypotension during UF, making achievement
of DW extremely difficult.
ECV target assessment (DW assessment)

Four reasons can possibly explain the failure of the DW
method. The first reason may be that DW is a mobile target
that keeps changing. Because weight is the mirror of ECV,
any cause of weight variation (especially changes in lean and
fat body mass) must be taken into account in ECV assessment. Recognition of DW change is easy in specific circumstances, such as catabolism following surgery or intercurrent
disease, or anabolism after HD initiation. But recognizing the
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very common progressive changes in DW is much more difficult. So, clinical circumstances, together with food intake
and physical activity changes, must be monitored in a cautious and systematic manner.
A second possible cause of failure of the clinical DW
method is that clinical symptoms are often discordant, unreliable, or unspecific. They also may lack sensitivity.
The third problematic issue in using the clinical DW
method is the existence of a time lag between ECV and BP
changes [30]. In the first month, ECV drops sharply, achieving its nadir in a few weeks; meanwhile, pre-dialysis mean
arterial pressure (MAP) decreases slowly over months. We
don’t know why BP lags behind the volume change, but the
answer is probably that vascular remodeling [31,32] takes
about that long. It is of utmost importance that clinicians,
nurses, and patients themselves understand the lag time phenomenon, so that they can accept that weight or ECV reduction (accompanied by hypotension or cramps) will not
immediately result in BP normalization, and so that they won’t
become discouraged by the probe process.
The fourth and final difficulty in the DW clinical method
comes from the common confusion between DW and
interdialytic weight change. Reports on the association between pre-dialysis blood pressure and interdialytic weight gain
conflict [33–37]. Findings are biased by the use of antihypertensive medications in most patients [38–40]. In 1962,
Scribner observed [41] that “It is the average level of sodium
in the body over a long period of time that correlates with
blood pressure,” rather than the acute variations of weight. In
other words, interdialytic weight gain does not, per se, directly affect BP; but, when it leads to a progressive increase
in ECV, it results in hypertension. These two quite different
concepts should not be confused.
Acute interdialytic weight changes are highly variable.
First-order ECV oscillations are due to the intermittent nature of HD, while DW is the stable ECV level needed to
achieve normal BP. In our opinion, much energy has been
uselessly devoted toward discussing the relationship between
interdialytic weight and BP. The issue is not the variation of
weight around DW, but the DW itself, which is associated
with good BP control.

before plasma volume rebound is complete. This timing leads
to a systematic overestimate of the UF and an underestimate
of the ECV. Other critics point to the fact that the technique is
operator-dependent and of limited use in heart failure or heart
valve diseases.
The use of serum ANP [64–70] and cGMP [69–71] levels
has also found defenders; but, again, critics point to their unknown low-level values (they detect only overload, and with
questionable sensitivity) and the marked interpatient variability [3,62,72–79].
The first proposals to use bioimpedance analysis (BIA)
[11,43,80–83], and the first criticisms [46], were directed toward the monofrequency mode. Monofrequency BIA is not
able to differentiate intracellular and extracellular compartments [63,84]. Multifrequency (BIA spectroscopy) is able to
differentiate them adequately [85], but multifrequency BIA
has its own limitations. Conductivity is measured on limbs,
ignoring the eventual changes in the central part of the body
[86], leading to an underestimation of fluid removal of up to
30% [86]. Besides, patients’ postural changes profoundly affect the results [87]. This situation has led to the proposal of
segmental BIA [88].
The segmental approach uses the sum of arm, trunk, and
leg measurements. The correlation between BIA and clinical
DW assessed by repeated challenges to achieve a lower DW
is not excellent [89]; a normal Ri:Re ratio (Ri and Re stand
for resistivity of intra and extracellular compartments) does
not exclude fluid excess. The extrapolation of Ri and Re in
volumetric terms has been derived from non uremic populations, so that BIA cannot be considered validated in uremic
patients [63]. Furthermore, short-term and long-term changes
in body composition probably alter the conductivity properties of uremic tissues [90].
Continuous blood volume monitoring (BVM) was initially
designed [91] and used for UF kinetic analysis [92]. It was
then developed as a tool for preventing intradialytic morbid
events [93,94], leading eventually to biofeedback blood volume control loops [95,96]. Because refilling depends on fluid
overload [6,97], BVM has been suggested for use in DW determination—more specifically, in detecting fluid overload
[98,99]. This use has been experimentally verified in patients
considered at their DW on standard clinical assessment
[98,100]. But the value of BV monitoring as a tool for DW
determination has limitations: refilling rates have wide interand intra-individual variability [63,101]. Besides, BV during
dialysis is not an accurate reflection of the entire ECV [102].
None of these methods is perfect, and so a suggestion is
often made to combine two or more of them [71,103,104],
and eventually to associate them with clinical DW assessment [3,63,70]. However, combinations of methods increase
the costs, complexity, and complications of dialysis even more.
In fact, for clinical purposes, we do not really need a very
precise absolute evaluation of ECV. The relative evaluation
provided by clinical estimation suffices, as long as it allows
for the normalization of ECV and of blood pressure. The ad-

Dry weight assessment: clinical or not?

Based on the fact that clinical determination of dry weight
was judged insensitive [3,11,42,43], unreliable [44,45], or too
difficult [46], several so-called objective methods for measurement of ECV or DW in HD patients have been proposed.
The cardiothoracic ratio on chest x-ray [47,48] and its
more sophisticated form, the electron beam CT scan of lung
density [49], are used to anatomically assess volume status.
Vena cava diameter and collapsibility were first proposed
by Ando et al. [50]. The method has found many advocates
[51–57] because of its simplicity and good correlation with
intravascular volume and CVP, but it has also been criticized
[58–63] because it is measured at the end of the HD session
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vantages of the clinical DW concept are its simplicity, cost
effectiveness, immediacy, and universal availability. We therefore agree with the authors who conclude that the so-called
objective methods can be of help, but that they do not replace
clinical judgment [71,102].
On the other hand, the clinical method of DW assessment
relies heavily on BP measurements. Ambulatory BP monitoring sharpens our estimation of the “true” BP. It is the best
way to diagnose silent hypervolemia [63]. It allows us to recognize the rather common situation in which a patient who is
normotensive throughout the interdialytic period has an elevated BP just before dialysis (lack of resting conditions,
white-coat hypertension). Accordingly, we use it in patients
when the simple pre- and post-dialysis BP approach may be
questioned.
Studies have shown that the best estimate of the BP obtained by 24-hour automated blood pressure monitoring is
given by pre-dialysis BP [2,105], by post-dialysis BP immediately [33] or 20 minutes later [106], or by a mean value of
the latter two [35]. In fact, it seems reasonable to say that
nothing really replaces the full automated blood pressure
monitoring report.

For those who are convinced and who use BP as the primary index of adequate volume, the main difficulty remains
that, in the clinical method, BP is at the same time the index
and the target (normotension). This situation is what makes
the use of trial and error essential and mandatory.
In practice, the problems encountered in achieving DW
using clinical assessment are relieved by simple means: regularly and systematically evaluating appetite and salt intake;
regularly using a dialysis log to summarize several weeks of
dialysis; and accounting for the lag time. Each time confusion arises in DW evaluation, one should use the probe, which
almost always gives the answer.
Clinical assessment of DW is feasible and reliable in dialysis patients. But with standard 3 – 4 hour thrice-weekly
dialysis, it is possible only if the patient restricts salt intake.
Assessment is much easier if the sessions are not too short,
and if the patients are free of antihypertensive drugs.
The main goal in controlling ECV is to achieve BP control. But other conditions are also dependent on ECV, and
independent of BP control: left ventricular hypertrophy
[107,108], congestive heart failure [109,110], and nutrition
[111,112].

Discussion

Appendix

One is amazed by the fact that, in the literature concerning
DW assessment in dialysis, BP control is seldom mentioned
[70]. The invisibility of BP control is especially true for reports of “objective methods” of DW assessment.
For this report, we reviewed 42 papers analyzing DW
assessment tools. Only one quarter of them (10/42) mentioned
BP values, only one third (14/42) mentioned hypertension or
hypotension, and almost half of them (20/42) did not mention BP at all. This divorce between volume control and BP
per se is extremely revealing. Much effort must still be made
to promote the concept that in HD patients, BP is strongly
volume-dependent.

The computer screen (Table I) presents data from 4 weeks
(12 sessions). From left to right, the columns show the session identification number (column 1), date (column 2), predialysis weight (column 3), post-dialysis weight (column 4),
pre-dialysis BP (column 5), post-dialysis BP (column 6), and
weight loss (column 7). Column 8 summarizes the events
occurring during the session (for example, cramps, hypotension, vomiting, saline infusion) and the comment of the physician on the symptoms and the achieved post-dialysis weight
in relation to the newly estimated DW. This latter figure can
be positive, nil, or negative: that is, +0.3 means that the patient remained 300 g over the estimated DW; –0.8 means that

APPENDIX: TABLE I Tassin dialysis log sheet (computer screen).
(1)
HD #

(2)
Date

(3)
(4)
(5)
(6)
Weight pre-HD Weight post-HD Blood pressure pre-HD Blood pressure post-HD

(7)
Δ W (kg)

(8)
Observations

(9)
Validation (MD )

—
Cramps –0.7
+0.3
–0.3

Dr. C
Dr. C
Dr. C
Dr. C
BC
BC

1097 5/05/94
1098 7/05/94
1099 9/05/94
1100 14/05/94
1101 16/05/94
1102 19/05/94

65.9
65.5
66.9
66.2
65.9
66.9

64.5
64.3
65.3
64.7
64.8
64.0

145/82
128/80
142/82
145/82
136/79
125/82

128/77
90/60
130/80
105/70
124/73
90/60

1.4
1.2
1.6
1.5
1.1
2.9

1103 21/05/94

65.2

64.2

98/50

95/60

1.0

1104
1105
1106
1107
1108

65.5
66.9
66.3
67.0
67.2

65.3
65.5
65.7
65.5
65.5

125/65
125/60
122/70
138/82
138/82

112/65
108/67
110/75
128/77
128/77

0.2
1.4
1.2
1.5
1.7

23/05/94
26/05/94
28/05/94
30/05/94
02/06/94

HD = hemodialysis; ΔW = weight loss during the session.
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Hypotension
NaCl 250 mL –1.5
Vomiting
–1.3
–0.2
+0.2

JCT
JCT
JCT
Dr. C
CC
BC
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the patient lost 800 g too much; and no comment means that
the post-dialysis weight corresponded to the estimated ideal
DW. The physician comment on the achieved post-dialysis
weight made after each session is a vital point. It is taken into
account by the computer program to reset the ideal DW for
the next session. Column 9 identifies the physician who validated the session.
As an example, dialysis sessions #1097 – #1108 for
patient X are reported here (Table I). At the end of session
#1097, the weight is 64.5 kg, and Dr. C makes no comment,
considering 64.5 kg to be the correct dry weight. After the
following session, because the patient had cramps and a low
post-dialysis BP, Dr. C increased the DW by 500 g (DW =
65 kg) by indicating that post weight was 700 g below estimated DW. This DW is maintained for sessions #1099 and
#1100. During session #1101, the patient lost 200 g too much,
but the physician in charge, BC, given the BP figures, considers this weight (64.8 kg) to be the true DW. It therefore
becomes the new DW. The next session, #1102, is marked by
a low post-dialysis BP and by intradialytic hypotensive episodes requiring infusion of 250 mL of saline; BC therefore
increases the DW by 700 g (DW = 65.5 kg) by writing that
the post weight was –1.5 kg below the true DW. Unfortunately, the next dialysis session is again troubled: the patient
vomits and loses too much weight. The physician in charge,
JCT, maintains the DW at 65.5 kg indicating that post weight
was 1.3 kg below DW. At the end of the next uneventful session, #1104, the DW is almost reached (–200 g), and the BP
comes to a correct level. In the four subsequent sessions, the
DW is maintained at 65.5 kg.

10 Thomson GE, Waterhouse K, McDonald HP Jr, Friedman
EA. Hemodialysis for chronic renal failure. Arch Intern
Med. 120(2):153–67, 1967.
11 Kouw PM, Olthof CG, ter Wee PM, Oe LP, Donker AJM,
Schneider H, de Vries PM. Assessment of post-dialysis dry
weight: An application of the conductivity measurement
method. Kidney Int. 41(2):440–4, 1992.
12 Lazarus JM, Denker BM, Owen WF. Hemodialysis. In:
Brenner BM. ed. The Kidney. Philadelphia, PA: W.B.
Saunders Company, 1996; 2424–506.
13 Charra B, Chazot C, Laurent G, Calemard E, Terrat JC,
Vanel T, Jean G, Ruffet M. Clinical assessment of dry
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