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Lowering Postdialysis Plasma Sodium (Conductivity) to Increase

Sodium Removal in Volume-Expanded Hemodialysis Patients: A Pilot
Study Using a Biofeedback Software System

Jaimi Manlucu, MD, FRCPC, Kerri Gallo, RN, CNS, Paul A. Heidenheim, MSoc, and
Robert M. Lindsay, MD, FRCPC, FRCP(Edin), FRCP(Glasg)

Background: Extracellular fluid expansion is common in hemodialysis patients. Aggressive fluid
removal may lead to intradialytic complications. High dialysate sodium concentrations may lessen
complications, but may increase extracellular volume. We hypothesized that decreasing plasma sodium
concentration during dialysis will increase sodium removal and decrease extracellular volume.

Study Design: Pilot clinical trial.
Setting & Participants: 16 patients with end-stage kidney disease treated using thrice-weekly

hemodialysis at a university teaching hospital hemodialysis unit.
Intervention: Stepwise decrease in postdialysis plasma sodium level (calculated as end-of-session

plasma conductivity) over 4 phases effected by dialysate conductivity measurement cells and a
biofeedback software system (Diacontrol; Hospal, www.hospal.it) that allowed alteration of dialysate
inlet conductivity and calculation of plasma conductivity.

Outcomes: Decrease in postdialysis plasma sodium (conductivity) levels, sodium removal, redistribu-
tion of body water, and effect of these on interdialytic weight gain and blood pressure.

Measurements: Plasma sodium and conductivity values (the latter measured in millisiemens per
centimeter); ionic mass balance (sodium removal); bioelectrical impedance analysis measurements of
body-water compartments and phase angle; interdialytic weight gain; and blood pressure.

Results: Plasma sodium concentrations at the end of dialysis were decreased from 137.8 (phase 1)
to 135.6 mmol/L (phase 4) and end-of-session plasma conductivity values were decreased from 14.0
(phase 1) to 13.5 mS/cm (phase 4; all mean values). Ionic mass balance increased from 383 to 480
mmol. Extracellular water was significantly decreased, phase angle was increased, and blood pressure
and interdialytic weight gain were decreased. Plasma sodium levels correlated significantly with plasma
conductivity; thus, changes in postdialysis plasma sodium levels can be inferred from changes in
end-of-session plasma conductivity values.

Limitations: Small number of patients. No information for dietary sodium intake.
Conclusion: To decrease extracellular volume, it may be necessary to add diffusive to convective

sodium losses.
Am J Kidney Dis 56:69-76. © 2010 by the National Kidney Foundation, Inc.

INDEX WORDS: Plasma conductivity; sodium balance; body-water compartments; blood pressure;
interdialytic weight gain; hemodialysis.
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alt and water balance influences outcomes of
patients with chronic kidney disease on

aintenance hemodialysis therapy.1-3 Persistent
alt and volume overload limit quality of life and
nfluence cardiovascular morbidity and mortal-
ty. Unfortunately, aggressive removal of interdia-
ytic sodium and water load may result in intra-
ialytic hemodynamic instability.4-6 Dialysate
odium concentration has a major influence on
he mass of sodium removed. Currently, com-
on clinical practice is to prescribe universal

efault dialysate sodium for all patients despite
ariability in individual patient’s sodium intake.

urthermore, “high” sodium dialysate levels of-

merican Journal of Kidney Diseases, Vol 56, No 1 (July), 2010: p
en are used to provide hemodynamic stability
uring treatments.7 However, these may be of a
odium concentration greater than the patient’s
wn plasma water sodium concentration, caus-
ng sodium diffusion into the patient. During the
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Manlucu et al70
ime this state persists, net sodium loss is ef-
ected solely by convection and is dependent on
he volume of ultrafiltration possible. These fac-
ors help maintain a long-term state of sodium
nd fluid excess. Individualized dialysate sodium
oncentrations may be a solution.

Advancements in dialysis technology now
ake this feasible. Software in dialysis machines

quipped with conductivity measurement cells
as the ability to alter the dialysate inlet conduc-
ivity and can measure effective ionic dialysance
a surrogate for effective solute clearance) and
onic mass balance (a surrogate for sodium loss
r gain).8,9 Plasma conductivity (a surrogate for
lasma sodium concentration) also can be deter-
ined when ionic dialysance, dialysate inlet and

utlet conductivities, and dialysate and ultrafiltra-
ion flow rates are known. Through serial plasma
onductivity monitoring and appropriate adjust-
ents in dialysate conductivity, the Diacontrol

Hospal, www.hospal.it) version of such soft-
are makes it possible for a physician or nurse to

et desired postdialysis plasma conductivity.
With the use of Diacontrol, we carried out a

ilot study to examine the potential efficacy and
afety of individualized serial decreases in post-
ialysis plasma conductivity and their effects on
onic mass balance, interdialytic weight gain,
lood pressure control, and body-water distribu-
ion between intra- and extracellular compart-
ents. We hypothesized that progressively de-

reasing postdialysis plasma conductivity to
evels less than those found at the start of the
ialysis treatment will increase ionic mass bal-
nce (implies sodium removal) by adding a diffu-
ive component to removal by convection (ultra-
ltration). This may be sufficient to decrease
xtracellular volume, interdialytic weight gain,
nd blood pressure.

METHODS

etting andPatients

Sixteen patients with end-stage renal failure receiving
aintenance out-patient hemodialysis treatments 3 times
eekly at the Adam Linton Dialysis Unit, Victoria Hospital,
ondon Health Sciences Centre, London, Canada, were
tudied. All had a well-functioning dialysis blood access
arteriovenous fistula, graft, or cuffed tunneled central cath-
ter). All were chosen because of known stability during
ialysis treatments and the ability to give informed consent.
o patient was enrolled in another research study that
equired a set hemodialysis regimen. Demographics of these w
atients are listed in Table 1. This study was approved by
he University of Western Ontario Research Ethics Commit-

ee (no. 12008E). All patients gave signed informed consent.

ntervention

Each patient was followed up over a 7-week period in
hich target postdialysis (end-of-session) plasma conductiv-

ty gradually was decreased in the following stages: (1)
hase 1 (week 1): no target set; patients dialyzed against a
tandard default dialysate sodium concentration of 140
mol/L throughout; (2) phase 2 (weeks 2 and 3): end plasma

onductivity targeted to equal the first plasma conductivity
alculated using Diacontrol software (18 minutes into dialy-
is); (3) phase 3 (weeks 4 and 5): end plasma conductivity
argeted to be 0.1 mS/cm less than the first value (measured
t 18 minutes); and (4) phase 4 (weeks 6 and 7): end plasma
onductivity targeted to be 0.2 mS/cm less than the first
alue (measured at 18 minutes).
In choosing these postdialysis conductivities, patient safety

Table 1. Demographics of Study Patients With Number
of Antihypertensive Medications Used

Characteristic No. of Patients

ex
Men 11
Women 5

ause of ESRDa

Diabetic nephropathy 5
Hypertensive nephrosclerosis 3
Glomerulonephritis 1
Renovascular disease 1
Immunoglobulin A nephropathy 1
Multiple myeloma 1

o. of BP medications prescribedb

prestudy
0 3
1 7
2 4
3 2
4 0

o. of BP medications prescribedb

poststudy
0 3
1 8
2 2
3 2
4 1

Note: Average age of study patients was 63 � 11 (SD)
ears.
Abbreviations: BP, blood pressure; ESRD, end-stage

enal disease.
aCause missing for 4 patients.
bNumber of antihypertensive medication pills per day

er patient.
as the first consideration. By phase 4, the target could lead

http://www.hospal.it
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Salt Removal by Hemodialysis 71
o a postdialysis plasma sodium level of approximately 135
mol/L. In previous studies, Lambie et al10 and Selby et al11

ad safely decreased postdialysis plasma conductivity to
imilar levels. The study protocol determined that if intradia-
ytic hypotension requiring intervention occurred in any
atient, that individual would have the postdialysis plasma
onductivity target increased by 0.1 mS/cm and remain at
hat level for the study duration.

Dialysis was conducted using Integra Dialysis Machines
Gambro Inc, www.gambro.com) fitted with the Diacontrol
ystem. All machines were capable of downloading data to
he Exalis data retrieval system (Gambro Inc). Exalis re-
orded all plasma conductivities, dialysate conductivities,
onic mass balances, and machine parameters during the
ourse of each dialysis treatment. Data recorded manually
rom dialysis records included pre- and postdialysis weights
kilograms); interdialytic weight gain (kilograms); predialy-
is systolic, diastolic, and mean arterial blood pressures
millimeters of mercury); intradialytic events (eg, hypoten-
ion [decrease in systolic blood pressure �20 mm Hg),
ramps, etc) requiring intervention (eg, stopping ultrafiltra-
ion, placing patient in Trendelberg position, and/or giving
ntravenous saline); and changes in antihypertensive medica-
ion.

Bioelectrical impedance analysis (BIA) measurements of
ody composition were made during weeks 1 and 7 using a
ingle-frequency analyzer (Bioelectrical Body Composition
nalyzer Quantum II; RJL Systems, www.rjlsystems.com).
IA is based on the measurement of resistance and reactance
hen a constant alternating electrical current is applied to a
atient. Empirical equations are used to predict total-body
ater from resistance and total-body cell mass from the ratio
f resistance to reactance. Measurements were made before
he dialysis treatment with patients recumbent for at least 10
inutes before measurement. Parameters of interest in-

luded total-body water volume, extracellular water volume,
xtracellular water as a percentage of total-body water, and
he ratio of extracellular water to intracellular water volume.
he BIA system software provided both actual and “desired”
alues based on resistance and reactance values measured
sing body electrodes. Phase angle also was measured using
IA. This, an estimate of cellular health, is measured as the

inear relationship between resistance and reactance. A high
hase angle value represents large quantities of metaboli-
ally active cells and lean body mass, which are highly
onductive (low resistance) because of high levels of water
nd conducting electrolytes.

Blood samples were obtained before dialysis, at 18 min-
tes, and at the end of dialysis from the dialysis arterial
lood tubing for the laboratory measurement of plasma
odium on 1 of 3 dialysis treatments in phase 1 and 2 of 6
ialysis treatments in phase 4. These were drawn to compare
lasma sodium levels with plasma conductivities (thereby
onfirming the accuracy of the ionic dialysance monitor
Diascan, Hospal]) and assess plasma sodium profiles across
ialysis during these phases.

bjectives andEndPoints

The primary objectives of this study were determining
hether a decrease in postdialysis plasma conductivity (so-

ium): (1) can be achieved using Diacontrol and whether it d
s associated with increased ionic mass balance (ie, sodium
emoval) by dialysis; (2) is related to redistribution of body
ater by examining extracellular water as a percentage of

otal-body water volume and extra- to intracellular water
olume ratio; and (3) is related to a change in phase angle (a
IA-derived variable related to body cell mass).
The primary end points were postdialysis plasma conduc-

ivity, ionic mass balance, extracellular water as a percent-
ge of total-body water volume, extra- to intracellular water
olume ratio, and phase angle.
Secondary objectives were to examine: (1) the effects of

iacontrol use on blood pressure control and interdialytic
eight gain and (2) the safety of Diacontrol use.

tatisticalMethods

Initially, descriptive statistics were run on all parameters
o identify outliers, patterns of missing data, and the skew-
ess of the distributions of variables measured at the interval/
atio level. No extreme outliers were found. One patient died
uring the course of the study and consequently was missing
he bulk of follow-up data; this patient was excluded from all
urther analysis, leaving a sample of 15. Several variables
ere highly skewed; hence the decision to use nonparamet-

ic statistical methods when appropriate.
Comparisons between study phases were performed using

oth paired-samples t test and nonparametric Wilcoxon test.
orrelational analyses used the Pearson bivariate correlation
oefficient and rank-order correlations, and regression anal-
sis was a linear regression using the block-entry method.
raphical analyses were achieved using a scatter plot, and a

luster error bar graph was used to illustrate selected phase
omparisons.

All analyses were performed using Statistical Package for
he Social Sciences (SPSS), version 15.0, release 15.0.0
SPSS Inc, www.spss.com).

RESULTS

All 15 patients tolerated the individualized
radual decrease in postdialysis target plasma
onductivity with very minimal symptoms dur-
ng the 7-week period. There were 4 episodes of
ntradialytic hypotension (decrease in systolic
lood pressure �20 mm Hg) during the entire
tudy period, none of which required interven-
ion. The primary end points of interest were the
ecrease in plasma conductivity, changes in total
onic mass balance, and BIA measurements
quantifying body-water distribution and phase
ngle). Changes in interdialytic weight gain and
lood pressure also were of interest.

lasmaConductivity

Significant decreases in postdialysis plasma
onductivity were noted through all experimen-
al phases. This was most marked in phase 4,

ecreasing by a mean of 0.473 mS/cm in compari-

http://www.gambro.com
http://www.rjlsystems.com
http://www.spss.com
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Manlucu et al72
on to phase 1 (P � 0.001). However, significant
ecreases were not observed in the 18-minute
lasma conductivities until phase 4, decreasing
rom 13.96 � 0.36 in phase 1 to 13.79 � 0.21 by
hase 4 (P � 0.05; Table 2). Moreover, compar-
ng sodium profiles between phases 1 and 4 at
arious points during the course of an average
ialysis session (ie, predialysis, at 18 minutes,
nd postdialysis), mean sodium levels generally
ere lower in all stages, but only statistically

ignificant postdialysis (P � 0.001; Fig 1).
Diascan-measured plasma conductivity values

howed a strongly significant (r2 � 0.69; P �
.001) linear correlation with plasma sodium
evels, as shown in Fig 2.

onicMass Balance

There was a steady increase in total ionic mass
alance during the 4 phases of the study, just
issing statistical significance in phase 3 (P �

.05), but reaching significance in phase 4 (P �

.01; Table 2). This indicates a progressive in-
rease in total sodium removal with each down-
ard increment in postdialysis target conductiv-

ty. By phase 4, nearly 100 mmol more sodium
as removed per dialysis session, with a 0.2-
S/cm decrease in end-dialysis plasma conduc-

ivity compared with baseline (phase 1).

ioelectrical ImpedanceAnalysis

There were no significant differences in total-
ody water or extracellular water volumes ob-
erved during the study period (Table 3). How-
ver, the distribution of water over compartments
as altered significantly. A direct comparison of
hase 1 and phase 4 results showed a statistically

Table 2. Plasma Conductivities and Ionic Ma

1

lasma conductivity (mS/cm)
At 18 min 13.96 � 0.36 13.9
Postdialysis 14.02 � 0.05 13.8

onic mass balance (mmol) 382.60 � 112.66 400.6

Note: Plasma conductivity (millisiemens per centimeter) c
alance represents sodium loss by dialysis.

aPhase 1 versus phase 4, nonparametric Wilcoxon signe
ignificant decrease in the relative volume of
f
(

ater distribution in the extracellular compart-
ent. This is illustrated best by the decrease in

xtracellular water as a percentage of total-body
ater volume (51.8% � 4.72% vs 49.3% �
.31%; P � 0.001) and the extra- to intracellular
ater volume ratio (1.09 � 0.21 vs 0.99 � 0.21;
� 0.001). Also worthy of note is that the

alculated mean “desired” values for extracellu-
ar water as a percentage of total-body water
olume and extra- to intracellular water volume

Figure 1. Mean plasma sodium values obtained before
he dialysis session (pre), at 18 minutes, and postdialysis

ance Values During the Course of the Study

Phase

Pa3 4

23 13.82 � 0.29 13.793 � 0.2086 0.03
11 13.73 � 0.21 13.547 � 0.0516 �0.001

5.08 420.60 � 121.74 480.27 � 145.62 0.005

es with plasma sodium (millimoles per liter) and ionic mass

test.
ss Bal

2

7 � 0.
7 � 0.

0 � 10

orrelat
or dialyses conducted during phases 1 and 4 of the study
n � 142). Error bars are standard deviations.
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Salt Removal by Hemodialysis 73
atios (39.9% and 0.66, respectively) were much
ower than those measured in any phase of the
tudy. This reflects the persistent state of extracel-
ular volume overload in these patients. A statis-
ically significant increase in phase angle was
bserved between phase 1 and phase 4 (3.74° �
.0° vs 4.45° � 1.4°; P � 0.001) without an
ssociated decrease in actual postdialysis weight
r total-body water volume. Phase angles in
ealthy individuals range from 6°-9° (Third Na-
ional Health and Nutrition Examination Survey
NHANES III]).

eightGain

Although no significant patient weight changes
ere detected during the course of the study,

Figure 2. Plasma conductivities versus plasma sodium
oncentrations measured at the same time. Plasma con-
uctivities were obtained from dialyses in phases 1 and 4
f the study; plasma sodium concentrations are those
hown in Fig 1 (n � 142). The regression equation is PC �
.967 � 0.080 � Na, where PC is plasma conductivity and
a is plasma sodium. The proportion of variation in plasma
onductivity explained by serum sodium is 68.8% (ad-
usted).

Table 3. BIA Measurements of Body-Water Com

TBW (L) ECW (L) A

hase 1 43.75 � 11.67 21.85 � 5.31 51.8
hase 4 44.08 � 12.01 21.51 � 4.99 49.3
a 0.2 0.3 0

Abbreviations and definitions: BIA, bioelectrical impedan
ar water as a percentage of total-body water volume; EC
BW, total-body water volume.

aPhase 1 versus phase 4, nonparametric Wilcoxon signed-rank
nterdialytic weight gain was significantly de-
reased by phase 4 (P � 0.05; Table 4). This
orrelated well with the decrease in postdialysis
onductivities and increase in ionic mass balance
Table 2).

loodPressure

Systolic and mean arterial blood pressures
rogressively decreased during the phases of the
tudy, attaining statistical significance by phase 4
Table 4). There were no significant changes in
umber of blood pressure medications or dos-
ges during the course of the study (Table 1).

DISCUSSION

Persistent volume overload in patients with
nd-stage renal failure is common and is one of
he primary determinants of cardiovascular mor-
idity and mortality.1-3,12 This fluid-overloaded
tate is caused by salt and water retention. Unfor-
unately, salt and water removal by hemodialysis
s limited by the rate of intravascular refilling;
hus, cramping and symptomatic hypotension are
ommon.4-6 Shortening hemodialysis treatment
imes and the common clinical practice of univer-
al rather than individual sodium prescriptions
ay be “salt-loading” such patients further. This

ilot study is designed to assess the safety and
fficacy of serial decreases in postdialysis plasma
onductivities using Diacontrol. Diacontrol is
oftware available on Integra Physio dialysis
achines that will allow postdialysis plasma

onductivities to be set by the physician: the
equired dialysate sodium time profile is deter-
ined automatically by a biofeedback loop be-

ween dialysate conductivity (measured continu-
usly) and plasma conductivity measured every

nts During the First and Last Week of the Study

%ECW ECW/ICW

Desired Actual Desired

72 39.80 � 2.66 1.09 � 0.21 0.66 � 0.08
31 39.88 � 2.61 0.99 � 0.21 0.66 � 0.07

0.7 0.001 0.3

ysis; ECW, extracellular water volume; %ECW, extracellu-
, ratio of extracellular water to intracellular water volume;
partme

ctual

1 � 4.
3 � 5.
.001

ce anal
W/ICW
test.
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Manlucu et al74
5 minutes by the Diascan module standard on
he Integra Physio machine.

Lambie et al10 showed that in comparison to a
tandard sodium prescription, serial manual de-
reases in dialysate conductivity were safe and
ell tolerated and resulted in improved interdia-

ytic weight gain and blood pressure control.
hey used Diascan and were able to monitor
lasma conductivity and confirmed that lower
lasma conductivities led to increased ionic mass
alance. They also showed that these values
ere directly reflective of plasma sodium levels

nd total sodium removal, respectively. Lambie
t al10 did not use Diacontrol.

This study of Diacontrol efficacy was able to
how not only that targeted plasma conductivi-
ies could be achieved safely, but also that indi-
idualized serial decreases in this value result in
ncreased total salt removal. This resulted in a
elative decrease in extracellular water volume
nd translated into improvements in blood pres-
ure control and interdialytic weight gains.

A previous study by Selby et al11 also used
iacontrol. They also decreased postdialysis
lasma conductivity to a mean of 13.5 mS/cm in
0 patients in a similarly timed stepwise fashion.
n contrast to our study, they showed no increase
n ionic mass balance by doing so. Furthermore,
here were no changes in blood pressure, interdia-
ytic weight gain, or extracellular water volume
easured using BIA. The reason for the differ-

nces is not obvious. There were differences
etween the 2 studies. The dialysate used by
elby et al11 contained 138 mmol/L of sodium,
nd ours contained 140 mmol/L. Their target

Table 4. Patient Weights, Interdialytic Weight Gai

1

redialysis
Weight (kg) 82.03 � 26.40 83
SBP (mm Hg) 146.80 � 26.87 153
DBP (mm Hg) 78.67 � 12.23 80
MAP (mm Hg) 101.38 � 16.19 104

nterdialytic weight gain (kg) 2.77 � 1.63 3

ostdialysis weight (kg) 79.85 � 26.05 80

Abbreviations: DBP, diastolic blood pressure; MAP, mea
aPhase 1 versus phase 4, nonparametric Wilcoxon signe
ostdialysis plasma conductivities were 13.7, u
3.6, and 13.5 mS/cm per 2-week period; ours
ere from 14.0 to 13.5 mS/cm. Thus, it is pos-

ible that our patients were more salt loaded than
heirs at the beginning of the study and hence
ore likely to benefit. Patients in the Selby et

l11 study had pre- and postdialysis extracellular
ater volumes of 0.21 � 0.04 L/kg; ours had a
ean of 0.26 L/kg (calculated from data in
ables 3 and 4), which might support this possi-
ility, accepting that BIA measurements were
ot made using identical methods or devices.
he ionic mass balance values of Selby et al11

ere 390-411 mmol during the course of their
tudy, very similar to our values of 382-420
mol during phases 1 to 3. Only by phase 4 did

ur ionic mass balance increase significantly to
80 mmol. Our study also did not show a de-
rease in actual extracellular water volume, but
id in the distribution of body-water compart-
ents. The major thrust of the study by Selby et

l11 was to compare progressive conductivity
ecreases between Diacontrol and standard dialy-
is. Their findings were that Diacontrol had no
dvantage over standard dialysis. The latter was
ble to decrease extracellular water volume sig-
ificantly by being able to decrease postdialysis
lasma conductivity to 13.2 mS/cm; Diacontrol
as a limit on lower conductivity settings.
The increase in total salt removal (ionic mass

alance) achieved in this study is caused by 2
actors. First, adjusting the dialysate sodium pre-
cription to patients’ initial plasma sodium con-
entration decreases the potential for salt load-
ng, which will occur in individuals presenting
ith plasma sodium concentrations lower than a

Blood Pressures During the Course of the Study

Phase

Pa3 4

9.43 82.11 � 28.05 81.26 � 25.97 0.4
7.17 142.89 � 21.81 135.60 � 18.65 0.02
7.90 75.89 � 7.94 74.93 � 9.29 0.04
0.57 98.22 � 11.90 95.15 � 11.15 0.04

.47 2.73 � 1.20 2.13 � 0.96 0.04

8.59 79.13 � 27.40 79.11 � 25.35 0.8

al blood pressure; SBP, systolic blood pressure.
test.
ns, and

2

.90 � 2

.57 � 2

.57 � 1

.91 � 2

.25 � 1

.77 � 2

n arteri
niversally prescribed dialysate sodium level (of-
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Salt Removal by Hemodialysis 75
en 140 mmol/L). Because of Diacontrol’s inabil-
ty to calculate plasma conductivity before 18
inutes, there may have been an element of salt

oading during that period in our study patients.
econd, decreasing plasma conductivity during

he course of dialysis will cause diffusive clear-
nce of sodium in addition to the usual convec-
ive clearance driven by ultrafiltration.

The increase in ionic mass balance was well
olerated, likely because the decreases in target
ostdialysis plasma conductivity were small
�0.2 mS/cm), gradual (over 2-week blocks),
nd adjusted according to each individual’s
lasma conductivity early in dialysis. The in-
rease in total salt removal (ionic mass balance)
id not reach statistical significance until phase
. However, by this stage, an average increment
f nearly 100 mmol of sodium compared with
aseline was removed per dialysis session, with
nly a 0.2-mS/cm target decrease in plasma
nd-conductivity. This suggests that even more
odium removal may be possible with a longer
tudy period and further decreases in end plasma
onductivities. However, when a target postdialy-
is plasma conductivity is established, ionic mass
alance likely will return to baseline levels (un-
ess dietary sodium changes) and stabilize again.
he increase in the diffusive component of ionic
ass balance caused by the decrease in postdialy-

is plasma conductivity is going to be offset by
he decrease in the convective component of
onic mass balance as interdialytic weight gain
ecreases. The patient thus achieves a new steady
tate with lower total-body sodium levels. How
ong it takes to reach this new steady state is
ncertain from these studies because the ionic
ass balance values listed in Table 2 were de-

ived from the average ionic mass balance value
er patient per dialysis session. The study of
ambie et al10 suggested that this might be as

ittle as 1 week. The baseline (phase 1) ionic
ass balance value of approximately 380 mmol
ost likely is equal to the average sodium di-

tary intake for the period between 2 dialyses,
ssuming the absence of residual renal function.
nfortunately, dietary sodium intake was not
onitored to confirm this, which is a limitation

f the study.
Although no significant changes were ob-

erved in pre- and postdialysis weights through-

ut the study, there was a significant decrease c
albeit small) in interdialytic weight gain de-
ected by phase 4. Mean pre- and postdialysis
eights decreased by 0.77 and 0.74 kg, respec-

ively. This is similar to the mean 0.64-kg de-
rease in interdialytic weight gain. This was
ssociated with the decrease in end plasma con-
uctivities and increase in ionic mass balance,
upporting a direct relationship between weight
presumably primarily water) gain and total-
ody sodium. Because serum osmolality stimu-
ates thirst and is determined primarily by so-
ium, it would be reasonable to infer that the
ncreased salt removal may have led to a de-
rease in water consumption. Some studies have
ound a significant decrease in thirst associated
ith lower dialysate conductivity.13 Our partici-
ants did not volunteer a change in thirst. No
alid objective assessment of thirst was made,
hich is an additional limitation of this study.
Hemodialysis patients previously have been

eported to persistently have expanded extracel-
ular water volumes and increased extra- to intra-
ellular water volume ratios, measured using
IA.14 This clearly is supported by our bioimped-
nce data. The calculated mean “desired” or
ideal” values for these parameters were much
ower than measured values throughout study.
lthough no significant differences in total-body
ater or extracellular water volumes were ob-

erved during the study period, the distribution
f water over compartments was altered. During
weeks, a statistically significant contraction in

elative extracellular fluid volume was noted, as
llustrated by the decrease in extracellular water
s a percentage of total-body water volume and
xtra- to intracellular water volume ratio. This
hows that a modest decrease in individualized
arget end conductivity can significantly increase
otal salt removal and shrink the extracellular
uid compartment during a relatively short pe-
iod. This promises greater outcomes over a
onger study period and perhaps lower target
lasma conductivities.
An intriguing finding was the significant in-

rease in phase angle between the initial and final
hases of the study (3.74° � 1.0° vs 4.45° �
.4°; P � 0.001). Similar values for phase angle
n the hemodialysis population have been re-
orted by Chertow et al,15 who also reported that
ow phase angles are associated with an in-

reased risk of mortality.16 As mentioned, phase
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ngle largely represents the quantity of metaboli-
ally active cells and lean body cell mass, which
ontains large amounts of water and conducting
lectrolytes. Therefore, one possible explanation
or redistribution of fluid between compartments
represented by the decrease in extracellular wa-
er volume without an associated decrease in
ostdialysis weight or total-body water volume)
ay be an increase in body cellular mass. This
ould suggest that individualized sodium pre-

criptions not only may improve clinical out-
omes through the benefits of decreased extracel-
ular fluid volumes, but also may improve cellular
ealth. This concept certainly warrants further
nvestigation.

Associated with the relative contraction of the
xtracellular water compartment, there was a
ecrease in systolic and mean arterial blood
ressures. This reached statistical significance
nly by phase 4. It was not associated with an
ncrease or decrease in blood pressure medica-
ion. Additional larger and longer studies are
eeded to see whether such medication can be
liminated.

In conclusion, salt and volume overload with
ts cardiovascular sequelae plagues the dialysis
opulation, committing patients to a restrictive
ow-salt diet, fluid restrictions, and the need for
ntihypertensive medication. Attempts to re-
ove salt and water using dialysis ultrafiltration
ay lead to intradialytic complications. It is

ikely that “desalting” a dialysis patient using
ltrafiltration (convection) alone is impossible;
odium removal by diffusion is necessary. Our
tudy, along with those of Lambie et al10 and
elby et al,11 suggest that individualized gradual
ecreases in end dialysis plasma sodium concen-
rations may begin to address this issue. Techno-
ogical advances such as Diacontrol may help
ake this clinically feasible and practical. It also

s possible that simply individualizing dialysate
odium concentrations to ensure that diffusion
ccurs may be equally safe and efficacious using
tandard dialysis. Further studies clearly are indi-
ated.
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