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Cardiovascular disease is the main cause of the high
mortality of dialysis patients and is largely due to poor

control of blood pressure. Establishing and maintaining
normal extracellular volume (ECV) is required to achieve
normotension. The dry weight concept links ECV and blood
pressure by a simple clinical relationship. Dry weight is the
ideal postdialysis weight that allows a constantly normal
blood pressure to be maintained without using antihyper-
tensive medications.

Maintenance of normal ECV requires control of salt
intake to reduce interdialytic weight gain ( i.e., saline
overload) combined with the diffusive and convective
removal of salt and water from the body during dialysis
sessions.

Several problems are to be faced when using the dry
weight method. Clinical evaluation must take into account
the following confounding factors: weight varies with
nutrition, clinical symptoms are unspecific and sometimes
discordant, and there is a lag time between ECV and blood
pressure changes. On the other hand, achievement of dry
weight is hampered by dialysis times that are too short (and
weight gains that are too high), by antihypertensive
medications, and by poor heart conditions. A longer session
time allows for a slower, easier, and more comfortable
ultrafiltration.

(Hemodial Int, Vol. 4, 68–74, 2000)
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Introduction

Cardiovascular (CV) disease is the primary cause of mortality
in maintenance hemodialysis (HD) patients. Poor control of
hypertension is, in great part, responsible for this situation.
Several factors are involved in the pathogenesis of hyper-
tension, but the main one is extracellular volume (ECV)
overload. The achievement of an optimal fluid status, as
expressed by “dry weight” (DW), should allow for controlling
blood pressure (BP) in the large majority of HD patients.

Sodium and water balance

Extracellular volume is about 15 L; sodium is the most
prevalent cation in ECV. Physiologically, urine is the only
exit route for sodium. When the kidney fails, no alternative
route compensates for the lack of sodium output and it
accumulates, thereby increasing body osmolality. Subsequent
increased thirst and water ingestion results in the accumulation
of isotonic saline in the ECV. In renal failure and HD, the
patients who cannot restrict sodium in their diets develop a
significant saline excess between dialyses. Conversely, when
a dialysis patient loses too much ECV through vomiting or
diarrhea, he develops saline depletion. The frequently used
term, “dehydrated,” to describe a patient with salt and water
loss is inadequate. One should instead use the term “saline-
depleted” because it accurately describes the disorder and
implies the correct therapy.

In chronic renal failure (CRF), ECV increases [1] even if
the overload is not such that edema is obvious. Patients with
advanced CRF are particularly sensitive to sodium load [2].
Hypertension appears, even with a relatively low normal
sodium intake. This peculiar sensitivity to sodium load
increases as CRF progresses [2].

Dialysis professionals, as well as patients themselves, are
often confused about the difference between the effects of
restricting fluid versus restricting sodium intake on weight
gain between dialyses. There is no reason to convince the
patient to tolerate thirst and to restrict fluid intake to reduce
the interdialytic weight gain, because excess dietary sodium,
not fluid, is the real culprit [3]. For each 9 g sodium chloride,
the patient’s serum osmolality increases and stimulates thirst
enough to drive a 1-L fluid intake.

In the early days of dialysis, a low sodium diet was
systematically prescribed to avoid fluid overload. This simple
requirement has been widely forgotten [3]. A low salt diet is
the most important tool to reduce interdialytic weight gain
[4,5]. When end-stage renal disease makes it impossible for
the kidney to adjust the ECV, the dialyzer must do this.
Evaluation of ECV is the essential initial step for the treatment
plan and requires the gathering of several pieces of data:

1. Clinical circumstances and symptoms are paramount. The
absence of circumstances leading to salt depletion
(diarrhea, vomiting, laxative or diuretic abuse) or excess
(excessive salt intake) makes diagnosis of these conditions
highly unlikely.

2. The main clues in assessing ECV are changes in BP and
weight. An increase in predialysis BP is the main sign of
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saline overload. Low BP postdialysis or an orthostatic
hypotension persisting more than a few hours suggest
saline depletion. Short-term weight variations allow for
the quantitative estimation of changes in ECV.

3. Intravascular volume can be assessed by examining the
jugular veins in the supine patient or by central venous
pressure measurement. Edema can be present in advanced
stages of saline overload, but a severe saline overload can
also exist without any edema.

4. Cardiothoracic ratio on x ray, and changes in hematocrit,
total protein, and serum albumin may be of great help in
evaluating ECV changes.

Defining euvolemia from clinical criteria is a rather
difficult task. Few groups have analyzed the clinical method
of evaluating ECV [6,7]. Even frequently repeated evaluations
may miss ECV changes. The mean change in dry body weight
needed for hypovolemia correction is about +940 g, whereas
a mean reduction in postdialysis weight of 2400 g is necessary
in the case of saline overload [6]. This suggests a systematic
bias of clinical evaluation to overestimate dry body weight.

Concept of dry weight

Although the term sounds simple, DW is a concept of relative
complexity. That BP regulation in HD patients depends first
on ECV, has been recognized since the early days of
maintenance dialysis [8]. Nevertheless, it was 7 years before
Thomson et al. coined the term “dry weight,” stating, “It was
presumed that the reduction of blood pressure to hypotensive
levels during ultrafiltration and unassociated with other causes,
represented the achievement of a ‘dry weight’ status.” [9].
The term has been given many definitions since then. Our
own is “that body weight at the end of dialysis at which the
patient can remain normotensive until the next dialysis without
antihypertensive medication” [7].

Dry weight is not the actual postdialysis weight. It is the
ideal postdialysis weight allowing for a normal BP. The
patterns of euvolemia are mandatory because normotension
per se does not exclude saline overload, and hypotension
during dialysis does not necessarily indicate that the patient
has reached DW. It would, of course, be helpful to have a
direct reading of ECV. Indeed, several nonclinical methods
[inferior vena cava diameter, atrial natriuretic peptide (ANP)
and guanosine monophosphate (GMP) serum levels,
bioimpedance, blood volume monitoring] have been proposed
to replace clinical assessment of DW, which is often reported
to be unreliable, insensitive, or inaccurate. But the clinical
method is cheap, immediate, and universally available at the
patient’s bedside. Furthermore, there is no necessity in the
clinical day-to-day practice to know the absolute value of
ECV. All we really need is to achieve the ECV value at which
the patient is without signs of dehydration or fluid overload
and remains normotensive without antihypertensive
medications. A weight scale and a BP cuff are usually all we
need for that.

Pathophysiology of dry weight

As opposed to the normal kidney that functions 24 hours
per day, HD is discontinuous, a few hours every 2 or 3 days,
leading to a peak-and-valley situation. The patient gains
one to several liters of ECV during the interdialytic period.
At the initiation of each HD session, the patient is saline
overloaded, or “wet.” He needs to lose the weight gained
during the interdialytic period to return to the last
postdialysis weight. If this weight has been found to be
too high, the planned ultrafiltration (UF) must be increased.
If it has been found to be too low, the planned UF must be
decreased.

The water and salt subtraction from the plasma volume
creates a disequilibrium situation between the plasma and
interstitial spaces. At the end of the HD session, plasma
volume reaches a nadir. Refilling from interstitial (and
intracellular) spaces has started but is not yet completed (it
takes about 4 hours). At disconnection the patient is
hypovolemic, or “dry,” and may have an orthostatic BP drop
that will disappear within a few hours.

Plasma volume preservation during UF is linked to the
initial interstitial volume status. The higher it is, the faster
the refilling [10]. During the session, as the patient gets less
and less volume overloaded, his refilling capacity decreases
and the hazard of hypotension increases. Blood pressure
usually remains stable during the first two thirds of the
session. In some patients, hypotension, rather than being
compensated by an adequate hemodynamic response, may
be complicated by a vasovagal syncope [11]. In fact, several
factors modulate cardiovascular compensation, including
extracorporeal temperature, dialysate buffer, and calcium
concentration.

More than anything else, the heart’s compensation for an
acute volume change is impaired by reduced left ventricular
compliance, which is very common in HD patients. Ventricular
wall stiffness leads to an amplified volume–pressure response.
Hypotension occurs more easily when ECV decreases, and
even a moderate volume overload can result in elevated
pressure, including, eventually, backward failure, pulmonary
congestion, and edema [12].

The most significant determinant of hypotension on
dialysis remains UF. The incidence of hypotension has
increased from less than 10% of the session in long HD to
20% – 50% of shortened sessions. Blood volume monitoring
devices have been developed to detect rapid drops in plasma
volume early and predict hypotensive episodes. They can be
included in biofeedback loop systems adjusting the UF rate
to the refilling capacity of the patient [13].

That hypertensive patients have a higher ECV than
normotensive patients has been established using different
techniques of ECV evaluation: dilution, inferior vena cava
measurement, ANP, GMP, and bioimpedance [14–17].
Normotension can be achieved in 90% of patients by
controlling ECV without antihypertensive medications by
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using a long dialysis three times per week or by using daily
dialysis [18,19]. A recent report [20] shows that it is also
possible with a conventional 3 × 4-hour HD associated with
a low salt diet and a strict UF policy.

What is the relationship between BP and ECV as measured
by weight? A crucial point is that it is the average level of
sodium in the body, that is, the average weight — which
correlates with BP in HD patients — not the change in weight.
The postdialysis weight is a fixed reference point of volume
that can be tuned during the session, whereas predialysis
weight varies according to the length of the interdialytic period
and the ingestion of salt.

The lag phenomenon

Figure 1 shows the evolution of ECV as reflected by body
weight and mean arterial pressure (MAP) in 712 patients
during their first year of dialysis. Postdialysis weight drops
sharply during the first month to achieve its lowest value, but
average predialysis MAP decreases slowly and progressively,
achieving its plateau only after 1 year or so.

The observed delay probably corresponds to the auto-
regulation response described by Guyton [21]. This lag time
of some weeks has also been described at the start of dialysis
[22] as when using diuretics to treat hypertension [23]. It is
of particular importance that the medical team and patient be
aware of the existence of this lag time. It is discouraging for
the patient to be ultrafiltered down to a point where he gets
cramps or hypotension without becoming immediately
normotensive in return. The patient must understand that a
delay between UF and reduction of ECV and BP “response”
is usual and normal.

The probe for dry weight

The DW method of BP control includes two separate
processes. We call the first one “the probe” for DW. It is used
for all patients at the beginning of treatment, and for some
patients during maintenance HD when the physician is
confused and needs to plot the position to figure out where he
stands. The second and simpler process is a daily prescription

of postdialysis weight before each session to maintain
normotension and patient comfort.

Key variables

Sodium intake must be reduced to the lowest level possible
during the probe. The period of dialysis initiation needs the
restriction to be especially tight. If the patient is followed in
the clinics before HD start, the growing difficulty in
controlling ECV and BP as CRF worsens is a good opportunity
to show him the benefit of a low salt diet. When starting
dialysis, the lower the weight gain, the easier it is to reduce
the ECV to the level required to achieve normotension. It is
easier to ask this effort of the patient at the start of dialysis
when he is looking for a rapid improvement of his status.
Usually, at this stage, a strict low salt diet excludes dry cheese,
regular bread, and preserved or canned food. Typically, after
some weeks, BP is back to normal and the low salt diet can be
alleviated somewhat. Usually the patient has already lost in
part his taste for salt, but this diet attenuation is usually quite
appreciated.

Dialysate sodium activity, rather than concentration,
governs its diffusion during HD. In practice, to achieve a
neutral balance, due to the Donnan effect, dialysate sodium
should be about 5 mmol/L lower than in plasma water [24].
Paradoxically, with shorter dialysis session duration, it has
become usual to increase the dialysate sodium concentration
in order to reduce intradialytic hypotensive episodes and
cramps. In short-session HD, the simultaneous need to achieve
a very high UF and to avoid intradialytic morbidity is one of
the most evident limits of the method. Recent clinical papers
[4,5] have pointed out the effectiveness of reducing dialysate
sodium for BP control.

Ultrafiltration is quantitatively the most powerful tool at
hand to control volume and BP. A few decades ago UF was
difficult to achieve and monitor. Today the limiting factor is
no longer the technique but patient tolerance. As long as
refilling needs some hours, UF is necessarily time-limited and,
therefore, dependent on session length and frequency.

The dry weight probe as carried out in Tassin

What typically happens during the first month of dialysis is
shown in Fig. 2. Intense, carefully monitored UF and a strict
low sodium diet permit a gradual reduction in predialysis
weight of about 2 kg over the first month. The actual rate of
decrease is strictly by trial and error, governed by the patient’s
tolerance. The occurrence of hypotension at the end of dialysis
is the major proof that the patient has been brought to a low
normal ECV. When this ECV low point has been achieved,
the target postdialysis weight is re-evaluated by a few hundred
grams. During this period antihypertensive medications are
withdrawn. Failure to do so makes it almost impossible to
achieve DW. The probe for DW represents a difficult transition
for patients. This transition must be carefully explained to
them and ongoing support from physicians and staff is
essential.

FIGURE 1 First hemodialysis (HD) year. Evolution of postdialysis weight
(with SEM) and predialysis mean arterial pressure (MAP) (with SEM).
HT = hypertension.



71

Hemodialysis International, Vol. 4, 2000 Charra et al.

During this first month patients’ appetites gradually
improve. They become anabolic and begin to put on real body
weight. This change complicates the problem of determining
postdialysis weight. “In the initial period of dialysis the
nephrologist like Janus is a double-faced gatekeeper; willing
to decrease weight of ECV to normalize BP, yet prepared to
increase weight to compensate for lean and fat body mass
anabolic build-up” [25].

Remarkably, many patients maintained at DW have an
even lower BP level than normal controls [26]. In this respect,
they are similar to uncultured populations who habitually
ingest a very low sodium diet [27]. To reduce cardiovascular
morbidity, the target BP should be lower than usually
recommended [28]. It should not exceed 120/70 mm Hg as
suggested for the nonuremic population [29].

Some authors question the clinical practice of deliberately
bringing the patient to the edge of hypovolemia and
hypotension. Indeed, hypotension on dialysis, per se, is not
sufficient to allow the conclusion that a patient has achieved
DW, but orthostatic hypotension at the end of the session is a
necessary condition to assert that a patient has achieved DW
using the probe. In practice, one must reduce the weight very
progressively over several sessions in order to distinguish DW
achievement from a hypotensive episode resulting from a too
rapid UF rate.

Maintaining dry weight on a day-to-day basis

Starting from clinical information collected at the bedside,
one can guess where the patient stands in terms of ECV and
prescribe a target postdialysis weight. When BP is normal
both before and after dialysis, and no disturbing orthostatic
symptoms occur after a few hours, the patient is probably at
DW. If BP is elevated even slightly, DW is reduced by a few
hundred grams. If, on the other hand, the patient experiences
an orthostatic hypotension that persists more than a few hours
after disconnection, then postdialysis weight is increased. The
trial-and-error process can be alleviated by ambulatory BP
measurement, which gives a more objective view of the real
BP than intermittent measurements.

The use of weight as the practically quantifiable surrogate
of ECV is rendered more difficult by the lean and fat body-

mass fluctuations. During or after catabolic events (surgical
procedure, hospitalization, etc.) the patient loses lean and fat
body mass; therefore, prescribed DW must be lowered to
maintain a steady ECV. The opposite situation of anabolism
is usually less apparent. When a patient’s food intake improves
and lean and fat mass increase, he often fails to notice or
mention it. Appetite and food intake must be regularly and
systematically assessed.

Causes of failure of the dry weight method

In many reports, a large proportion of patients are reported to
be hypertensive in spite of being at their “dry weight.” This
is, in almost all cases, due to the fact that either the DW has
been overestimated, or that the correctly estimated DW could
not be achieved.

Problems may occur in clinical evaluation of DW. Four
main points must be kept in mind when using weight as the
mirror of ECV:

1. Dry weight is a mobile target. Because weight is used as
the surrogate of ECV, any factor of weight variation must
be identified and measured when evaluating DW. Dry
weight must be readjusted on a regular systematic basis
because appetite and nutrition keep changing all the time
and food intake is difficult to appreciate.

2. Clinical symptoms are unspecific and sometimes
discordant. For instance, a grossly volume-overloaded
patient may get hypotension and cramps during HD,
especially if the session time is short and the UF rate is
high. Dry weight must not be modified on the basis of a
single symptom or data point, but on a cluster of
information.

3. The lag time of some weeks between change in ECV and
change in BP must be accounted for in the probe for DW.
One should not expect an immediate BP response to
changes in ECV. This is true when DW increases as well
as when it decreases.

4. An important difficulty in clinical evaluation of DW comes
from the common confusion between DW and interdialytic
weight change. Interdialytic weight changes are first-order
oscillations of weight due to the intermittent nature of
HD, but DW is the short-term stable value that allows the
BP to be normal.

Blood pressure is the target of ECV control, but in the
meantime it is an essential factor in assessing ECV. One must
therefore insist on the importance of ECV evaluation criteria,
which must also be met. If a normotensive patient has edema,
he is saline overloaded. If a normotensive patient has shortness
of breath or a high venous pressure (or full jugular veins), or
an enlarged heart on chest x ray, he must be strongly suspected
of being saline overloaded. This capacity for developing saline
overload without hypertension is illustrated in a recent study
[16] showing that a proportion of normotensive Tassin patients
have an increased ECV according to bioimpedance. It may
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FIGURE 2 First hemodialysis month. Evolution of postdialysis weight (with
SEM) and predialysis mean arterial pressure (MAP) (with SEM).
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be due to the reduced salt (or volume) sensitivity with
increasing HD treatment duration [30].

As already mentioned, antihypertensive treatment is a
major source of failure to achieve DW because low BP is
artificially maintained by the medication, even if the patient
is not really “dry,” and because it is a strong impediment to
UF [31].

One of the main potential problems in achieving DW is
insufficient dialysis time, that is, insufficient time allocated
for UF. That a shorter session leads to more hypertension,
and at the same time hypotension, can be understood. When
session time is shortened, UF rate is increased and hypotension
and other intradialytic events become more common. This
has several bad effects. The patient has a poor perception and
acceptance of HD and asks for a shorter session. The nurse
has to cut down the UF rate or give saline, so prescribed DW
is not achieved. The physician wrongly re-evaluates DW.
Often he prescribes a higher dialysate sodium. This, on one
hand, reduces the diffusive sodium drag from the patient and,
on the other hand, leads to increased osmolality, thirst, and
interdialytic weight gain. Altogether the patient does not
achieve DW; he is saline overloaded and more hypertensive.
He therefore needs more UF and eventually antihypertensive
drugs, which further potentiate hypotension. Interdialytic
hypertension and intradialytic hypotension keep amplifying
each other in a vicious cycle. Reducing dialysis time amplifies
BP variations.

Another potential factor in achieving an adequate ECV is
the existence of so-called hypotension-prone patients [32,33].
We have already mentioned risk factors such as left ventricular
hypertrophy (LVH) and impaired diastolic relaxation [33,34].
But in most cases, intradialytic hypotension is multifactorial
and the conditions of dialysis seem more important than patient
characteristics.

Other causes of hypertension in dialysis patients

Other explanations for failure of the DW method to achieve
normotension are the eventual existence of non volume-
dependent causes of hypertension, and inaccurate estimation
of the true BP value.

Some rare causes of hypertension in dialysis (renal artery
disease, hypertension secondary to endocrine causes, hyper-
calcemia) can be unaffected or aggravated by the reduction
of ECV.

Inaccurate estimation of the true BP value is a more usual
explanation of the failure of the DW method to achieve
normotension. There are several reasons for this:

1. The hemodialysis intermittent process superimposes on
the natural time pattern a new rhythm of volume and BP
fluctuations (48- or 72-hour pattern). The importance of
these changes in rhythm and BP variation amplitude are
only starting to be appreciated.

2. Blood pressure is measured before, after, or between
dialysis sessions.

3. A white coat effect has been reported in HD patients [35].
4. Casual and ambulatory BP monitoring measurement

correlation is widely variable. According to the literature,
ambulatory BP monitoring

i. correlates better with postdialysis BP [36], pre-
dialysis BP [37], or does not correlate at all [38];

ii. is the most reliable BP measurement tool [39]; and
iii. shows poorer BP control in HD patients than

expected from casual measurement [40].

Are there forms of hypertension that are truly refractory
to dialysis? The increased BP readings observed at session
end have been attributed to stimulation of the renin–
angiotensin system [41], but this has not been proven [42].
Several studies have demonstrated that so-called refractory
hypertension is most often due to excessive postdialysis weight
[15].

Other effects of controlling ECV

In addition to its effect on BP normalization, control of ECV
is associated with several other outcomes. Extracellular
volume excess is a direct cause of LVH. In fact, LVH may be
more strongly linked to sodium intake than to hypertension
itself [43]. Fluid overload is a major factor in the development
of cardiac disease associated with renal failure, leading to
increased venous pressure, dilatation of cardiac cavities [3],
mitral and tricuspid regurgitation, and congestive heart failure.

A lower salt intake reduces the incidence of stroke in
nonuremic patients [44]. The correlation between stroke
prevalence/mortality and salt intake is tighter than with BP [45].

Control of ECV is an essential condition for achieving a
normal BP on dialysis. This is, in turn, the first requirement
to reduce cardiovascular morbidity and mortality. The long,
slow, and daily dialysis cumulative experience shows that high
cardiovascular mortality is not the fate of chronic HD patients,
any more than hypertension is an inevitable consequence of
dialysis [46].

Normotension in HD patients may be achieved in-
dependently of the time or dose of dialysis; a significant
proportion of patients dialyzed using “conventional” short HD
do achieve normotension. In units where low salt diet,
reasonable dialysate sodium, and strict UF policy are
implemented, normotension is also obtained in almost all
patients, without antihypertensive drugs. This can be achieved
even if the dialysis time is short [20], but it is then more
difficult than with a long or daily dialysis. More than anything
else, the success of the dry weight method of BP normalization
requires the conviction and determination of the physicians
in charge of dialysis patients.

References
1 Blumberg A, Nelp WD, Hegstrom RM, Scribner BH.

Extracellular volume in patients with chronic renal disease
treated for hypertension by sodium restriction. Lancet.
ii:69–73, 1967.



73

Hemodialysis International, Vol. 4, 2000 Charra et al.

2 Koomans HA, Roos JC, Boer P, Geyskes GG, Dorhout Mees
EJ. Salt sensitivity of blood pressure in chronic renal failure.
Evidence for renal control of body fluid distribution in man.
Hypertension. 4:190–7, 1982.

3 Dorhout Mees EJ. Volaemia and blood pressure in renal
failure: Have old truths been forgotten? Nephrol Dial
Transplant. 10:1297–8, 1995.

4 Donohoe P, Farmer C, Dallyn P, Kingswood JC, Goldsmith
DJA, Sharpstone P. Low-sodium hemodialysis without fluid
removal improves blood pressure control in chronic dialysis
patients (Abstract). Kidney Int. 52:1119, 1997.

5 Krautzig S, Janssen U, Koch KM, Granoleras C, Shaldon S.
Dietary salt restriction and reduction of dialysate sodium to
control hypertension in maintenance haemodialysis patients.
Nephrol Dial Transplant. 13:552–3, 1998.

6 Wizemann V, Schilling M. Dilemma of assessing volume
state — the use and the limitations of a clinical score.
Nephrol Dial Transplant. 10:2114–17, 1995.

7 Charra B, Chazot C, Laurent G, Calemard E, Terrat JC,
Vanel T, Jean G, Ruffet M. Clinical assessment of dry
weight. Nephrol Dial Transplant. 11(suppl 2):16–19, 1996.

8 Scribner BH, Buri R, Caner JEZ, Hegstrom RM, Burnell JM.
The treatment of chronic uremia by the means of intermit-
tent dialysis: A preliminary report. Trans Am Soc Artif
Intern Organs. 6:114–19, 1960.

9 Thomson GE, Waterhouse K, McDonald HPJ, Friedman EA.
Hemodialysis for chronic renal failure. Arch Intern Med.
120:153–67, 1967.

10 Koomans HA, Geers AB, Dorhout Mees EJ. Plasma volume
recovery after ultrafiltration in patients with chronic renal
failure. Kidney Int. 26:845–54, 1984.

11 Converse RL, Jacobsen TN, Jost CMT, Toto RD, Grayburn
PA, Obregon TM, Fouad–Tarazi F, Victor RG. Paradoxical
withdrawal of reflex vasoconstrictor as a cause of hemo-
dialysis-induced hypotension. J Clin Invest. 90:1657–65,
1992.

12 Wizemann V, Timio M. Dialysis schedule-related fluid state
and cardiovascular effects. Nephrol Dial Transplant.
13(suppl 6):91–3, 1998.

13 Ishihara T, Igarashi I, Kitano T, Shinzato T, Maeda K.
Continuous hematocrit monitoring method in an extra-
corporeal circulation system and its application for
automatic control of blood volume during artificial kidney
treatment. Artif Organs. 17:708, 1993.

14 Abraham PA, Opsahl JA, Keshaviah PR, Collins AJ, Whalen
JJ, Asinger RW, McLain LA, Hanson G, Davis MG,
Halstenson CE. Body fluid spaces and blood pressure in
hemodialysis patients during amelioration of anemia with
erythropoietin. Am J Kidney Dis. 16:438–46, 1990.

15 Fishbane S, Natke E, Maesaka JK. Role of volume overload
in dialysis-refractory hypertension. Am J Kidney Dis.
28:257–61, 1996.

16 Katzarski KS, Charra B, Luik A, Nisell J, Divinho Filho JC,
Leypoldt JK, Leunissen KML, Laurent G, Bergström J.
Fluid state and blood pressure control in patients treated
with long and short hemodialysis. Nephrol Dial Transplant.
14:369–75, 1999.

17 Fisch BJ, Spiegel DM. Assessment of excess fluid distribu-
tion in chronic hemodialysis patients using bioimpedance
spectroscopy. Kidney Int. 49:1105–9, 1996.

18 Buoncristiani U, Fagugli R, Pinciaroli MR, Kulurianu H,
Bova C. Optimal blood pressure control with daily hemo-
dialysis (Abstract). Perit Dial Int. 16(suppl 2):S99, 1996.

19 Pierratos A, Ouwendyk M, Francoeur R, Vas S, Raj DSC,
Ecclestone AM, Langos V, Uldall PR. Nocturnal hemodial-
ysis: Three-year experience. J Am Soc Nephrol. 9:859–68,
1998.

20 Özkahya M, Töz H, Ünsal A, Özerkan F, Asci G, Gürgün C,
Akçiçek E, Dorhout Mees EJ. Treatment of hypertension in
dialysis patients by ultrafiltration: Role of cardiac dilatation
and time factor. Am J Kidney Dis. 34:218–21, 1999.

21 Guyton AC. Textbook of Medical Physiology, 8th ed.
Philadelphia, PA: Saunders, 1991.

22 Hegström RM, Murray JS, Pendras JP, Burnell JM, Scribner
BH. Hemodialysis in the treatment of chronic uremia. Trans
Am Soc Artif Intern Organs. 7:136–52, 1961.

23 Freis ED, Reda DJ, Materson BJ. Volume (weight loss) and
blood pressure response following thiazide diuretics.
Hypertension. 12:244–50, 1988.

24 Locatelli F, Ponti R, Pedrini LA, Costanzo R, Di Filippo S,
Marai P, Pozzi C. Sodium kinetics across dialysis mem-
branes. Nephron. 38:174–7, 1984.

25 Chazot C, Charra B, Vo Van C, Jean G, Vanel T, Calemard
E, Terrat JC, Ruffet M, Laurent G. The Janus-faced aspect
of “dry weight.” Nephrol Dial Transplant. 14:121–4, 1999.

26 Luik AJ, Charra B, Katzarski KS, Habets J, Cheriex EC,
Menheere PPCA, Laurent G, Bergström J, Leunissen KML.
Blood pressure control and hemodynamic changes in
patients on long time dialysis treatment. Blood Purif.
16:197–209, 1998.

27 Oliver WJ, Cohen EL, Neel JV. Blood pressure, sodium
intake, and sodium related hormones in the Yanomamo
Indians, a “no-salt” culture. Circulation. 52:146, 1975.

28 Ritz E. Hypertension and cardiac death in dialysis
patients — Should target blood pressure be lowered? Semin
Dial. 6:227–8, 1993.

29 Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure. The 6th
Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood
Pressure. Arch Intern Med. 157:2413–46, 1997.

30 Matsuoka H, Kimura G, Sanai T, Kojima S, Kawano Y,
Imanishi M, Kuramoshi M, Omae T. Normalization of
increased sodium sensitivity in maintenance hemodialysis.
Am J Hypertens. 3:628–31, 1990.

31 Sulkova S, Valek A. Role of antihypertensive drugs in the
therapy of patients on regular dialysis treatment. Kidney Int
Suppl. 34(25):S198–200, 1988.

32 Degoulet P, Reach I, Di Giulio S, Devries C, Rouby JJ,
Aimé F, Vonlanthen M. Epidemiology of dialysis induced
hypotension. Proc Eur Dial Transplant Assoc. 18:133–44,
1981.

33 Raine AEG. The susceptible patient. Nephrol Dial Trans-
plant. 11(suppl 2):6–10, 1996.

34 Ritz E, Rambausek M, Mall G, Ruffman K, Mandelbaum A.
Cardiac changes in uremia and their possible relationship to
cardiovascular instability on dialysis. Nephrol Dial Trans-
plant. 5(suppl 1):93–7, 1990.

35 Huisman RM, de Bruin C, Klont D, Smit AJ. Relationship
between blood pressure during hemodialysis and ambulatory



74

Volume Control in Hemodialysis Hemodialysis International, Vol. 4, 2000

blood pressure in between dialyses. Nephrol Dial Trans-
plant. 10:1890–4, 1995.

36 Kooman JP, Gladziwa U, Böcker G, Wijnen JAG, van Bortel
LMA, Luik AJ, de Leeuw P, van Hooff JP, Leunissen KM.
Blood pressure during the interdialytic period in
haemodialysis patients: Estimation of representative blood
pressure values. Nephrol Dial Transplant. 7:917–23, 1992.

37 Chazot C, Charra B, Laurent G, Didier C, Vo Van C, Terrat
JC, Calemard E, Vanel T, Ruffet M. Interdialysis blood
pressure control by long hemodialysis sessions. Nephrol
Dial Transplant. 10:831–7, 1995.

38 Rodby RA, Vonesh EF, Korbet SM. Blood pressure in HD
and peritoneal dialysis using ambulatory BP monitoring. Am
J Kidney Dis. 23:401–11, 1994.

39 Pickering TG, Devereux RB. Ambulatory monitoring of
blood pressure as a predictor of cardiovascular risk. Am
Heart J. 114:925–8, 1987.

40 Cheigh J, Bui D, Milite C, Tapia L, Sullivan J, Stenzel K,
Rubin A. How well is hypertension controlled in hemodial-
ysis patients (Abstract). J Am Soc Nephrol. 1:351, 1990.

41 Weidmann P, Beretta–Piccoli B, Steffin F, Blumberg A,
Reubi FC. Hypertension in terminal renal failure. Kidney
Int. 9:294, 1976.

42 Cheigh JS, Noori A, Michel B, Wang J, Sullivan JF, Stenzel
KH, Rubin AL. Mechanism of refractory hypertension in
hemodialysis patients (Abstract). J Am Soc Nephrol. 4:340,
1993.

43 Jula AM, Karanko HM. Effects of left ventricular
hypertrophy on long-term non pharmacological treatment
with sodium restriction in mild to moderate essential
hypertension. Circulation. 89:1023–31, 1994.

44 Beilin LJ. Dietary salt and risk factors for cardiovascular
disease. Kidney Int Suppl. 41(37):S90–6, 1992.

45 Xie JX, Sasaki S, Joosens JV, Kesteloot H. The relationship
between urinary cations obtained from the INTERSALT
study and cerebrovascular mortality. J Hum Hypertens.
6:17–21, 1992.

46 Chazot C, Terrat JC, Charra B, Calemard E, Laurent G.
Hypertension is not a fatality in dialysis (Abstract). Nephrol
Dial Transplant. 7:714, 1992.


