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Abstract

Background—~Patients on in-center nocturnal hemodialysis therapy typically experience higher
interdialytic weight gain (IDWG) than patients on conventional hemodialysis therapy. We
determined the safety and effects of decreasing dialysate sodium concentration on IDWG and
blood pressure in patients on thrice-weekly in-center nocturnal hemodialysis therapy.

Study Design—~Quality improvement, pre-post intervention.
Settings & Participants—15 participants in a single facility.

Quality Improvement Plan—Participants underwent three 12-week treatment phases, each
with different dialysate sodium concentrations, as follows: phase A, 140 mEqg/L; phase B, 136 or
134 mEq/L; and phase A", 140 mEg/L. Participants were blinded to the exact timing of the
intervention.

Outcomes—IDWG, IDWG/dry weight (IDWG%), and blood pressure.

Measurements—Outcome data were obtained during the last 2 weeks of each phase and
compared with mixed models. The fraction of sessions with adverse events (eg, cramping and
hypotension) also was reported.

Results—IDWG, IDWG%, and predialysis systolic blood pressure decreased significantly by 0.6
+ 0.6 kg, 0.6% = 0.8%, and 8.3 £ 14.9 mm Hg, respectively, in phase B compared with phase A (P
< 0.05 for all comparisons). No differences in predialysis diastolic and mean arterial or
postdialysis blood pressures were found (P > 0.05 for all comparisons). The proportion of
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treatments with intradialytic hypotension was low and similar in each phase (P = 0.9). In phase B
compared with phase A, predialysis plasma sodium concentration was unchanged (P > 0.05),
whereas postdialysis plasma sodium concentration decreased by 3.7 £ 1.9 mEg/L (P < 0.05).

Limitations—Modest sample size.

Conclusion—Decreasing dialysate sodium concentrations in patients undergoing thrice-weekly
in-center nocturnal hemodialysis resulted in a clinical and statistically significant decrease in
IDWG, IDWG%, postdialysis plasma sodium concentration, and predialysis systolic blood
pressure without increasing adverse events. Prolonged exposure to higher than required dialysate
sodium concentrations may drive IDWG and counteract some of the purported benefits of “go-
slow” (longer session length) hemodialysis.

INDEX WORDS

Nocturnal hemodialysis; interdialytic weight gain; sodium gradient; dialysate sodium; sodium set
point; hypertension

Excessive fluid retention measured as higher absolute interdialytic weight gain (IDWG) or
IDWG indexed by the estimated dry weight (IDWG%) is associated with increased
morbidity! and mortality.2-® Fluid retention in patients on conventional hemodialysis
therapy often is attributed to the inability to achieve target (dry) weight owing to the rapid
ultrafiltration rates typically required during a 3- to 4-hour session length, complicated by
intradialytic hypotension. Among the purported benefits of “go-slow” (extended session
length) hemodialysis is the ability to provide lower ultrafiltration rates, in theory facilitating
volume removal without associated intradialytic hypotension. Interestingly, patients
undergoing nocturnal hemodialysis (typically prescribed for 6-8 hours) have been observed
to upregulate IDWG over time®7 to levels higher than those seen with conventional
hemodialysis.8 The drifting upward of IDWG in patients on nocturnal hemodialysis therapy
generally has been attributed to more liberal fluid intake in response to the greater capacity
for ultrafiltration. In the cycle of IDWG and nocturnal hemodialysis, the “chicken and egg”
question of which comes first has not been disentangled.

Volume overload in patients on hemodialysis therapy is caused primarily by excessive
sodium intake. However, the importance of intradialytic sources of salt, such as higher than
required dialysate sodium concentrations, has been underappreciated.® Sodium is removed
during hemodialysis by both diffusion and convection (ultrafiltration). The contribution of
diffusion and the direction of sodium transfer depend on the difference between dialysate
and plasma sodium concentrations, the so-called sodium gradient.1.11 |f the sodium
gradient is positive, plasma sodium concentration after hemodialysis generally will
increasel? due to a diffusive flux of sodium to the patient.

The predialysis plasma sodium concentration trends toward hyponatremial? and varies from
patient to patient, but appears to be stable over time within patients.13-17 In the early years
of maintenance hemodialysis therapy, dialysate solutions contained <130 mEg/L of
sodium.17:18 With advances in dialytic technology, session lengths were shortened and
dialysate sodium concentrations often were increased to =140 mEq/L,17:18 resulting in
positive sodium gradients in most patients. Unintentionally, the increase in prescribed
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dialysate sodium concentration may have been triggering a vicious cycle, with larger IDWG
due to thirst stimulation by higher postdialysis plasma sodium concentrations.12:16.17

Patients in our in-center nocturnal hemodialysis program typically were treated with
dialysate sodium concentrations of 140 mEqg/L, as were patients on conventional
hemodialysis therapy. As others have reported, we noticed that IDWGs were drifting
upward over time and consistently were higher, patient by patient, compared with each
patient’s experience on conventional hemodialysis therapy. Because of concerns about the
negative effects of higher dialysate sodium concentrations, we decided to institute a unit-
wide quality improvement project in the 16 prevalent patients on in-center nocturnal
hemodialysis therapy. We hypothesized that decreasing the dialysate sodium concentration
to achieve a sodium gradient <2 mEg/L would result in lower IDWG, IDWG%, and blood
pressure without increasing the frequency of adverse events in patients undergoing thrice-
weekly in-center nocturnal hemodialysis.

METHODS

Quality Improvement Plan

All prevalent patients with dialysate sodium prescriptions 2140 mEg/L were included.
Participants were aware that changes in dialysate prescription would be made, but were
blinded to the timing to avoid bias in reporting symptoms or in IDWG. Intradialytic blood
pressure was monitored more frequently to protect patients’ well-being. The project was
approved by the dialysis provider’s clinical leadership, medical director of the facility, and
all treating nephrologists. It is important to emphasize that this quality improvement project
was implemented to address an important clinical problem, increased IDWG, observed in
the in-center nocturnal hemodialysis patients. Because the intervention, decreased dialysate
sodium concentration, was not a new approach but rather a reintroduction of a well-
established dialysate sodium prescription routinely used in the past, this project was not
considered human subject research.

Each patient underwent 3 consecutive 12-week treatment phases in the following order: A,
B, and A*. In phase A, all except one participant dialyzed with a standard dialysate sodium
concentration of 140 mEg/L (one participant dialyzed with 145 mEqg/L). In phase B, the
dialysate sodium concentration was decreased to 136 mEqg/L. In 3 participants with plasma
sodium levels <135 mEqg/L, dialysate sodium concentration was decreased further by 1
mEg/L biweekly until reaching 134 mEg/L. In phase A*, dialysate sodium concentration
was changed back in all participants to the standard prescription of 140 mEg/L to evaluate
whether changes induced by altering dialysate sodium concentrations would reverse or
persist (Fig 1).

We dialyzed all participants with Fresenius F-180 or F-200 dialyzers, using Fresenius
2008K dialysis machines (Fresenius Medical Care North America, www.fmcna.com). We
used automated internal blood pressure modules, model TM2910FR (Fresenius Medical
Care North America), and Tronix floor scale model 6102 (Scale-Tronix, www.scale-
tronix.com). The standard nocturnal hemodialysis prescription included session length of 8
hours 3 times per week, with a blood flow rate of 300 mL/min, dialysate flow rate of 500
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mL/min, and dialysate solution containing the following concentrations: sodium, 140
mEq/L; bicarbonate, 35-40 mEg/L; potassium, 1-3 mEg/L; calcium, 2.5 mEg/L; and
magnesium, 1.0 mEg/L. A dialysate glucose concentration of 200 mg/dL was used during
the entire phase A and the first 4 weeks of phase B. It was then decreased to 100 mg/dL due
to a company-wide introduction of 100-mg/dL glucose dialysate. All participants received
dietary counseling to limit salt intake to <5 g/d according to the facility’s standard of care.
Dietary intake was not measured or estimated. Participants were evaluated by the treating
physician and dietitian at least monthly, more frequently if IDWG was >4% of dry weight.
Dry weight was prescribed and determined by the participant’s treating nephrologist, and
changes were allowed as clinically indicated.

We used the electronic medical record to retrospectively collect data for demographics,
vintage (time since initiation of dialysis therapy), nocturnal vintage (time since starting the
nocturnal hemodialysis program), urine volume, dialysis access, dialysate sodium
concentration, antihypertensive medications, blood pressure (predialysis, intradialytic, and
postdialysis), and pre- and postdialysis weight. We also collected data for the administration
of normal (0.9%) or hypertonic (3%) saline solution and the occurrence of symptoms,
including headache, cramps, nausea, and vomiting.

Blood samples were collected before the first weekly treatment (Monday or Tuesday)
according to the standard protocol for monthly laboratory monitoring and processed at
Satellite Laboratory Services (www.ascendclinical.com). Laboratory tests included pre- and
postdialysis plasma sodium (measured by indirect ion-selective electrode), glucose, albumin,
and serum urea nitrogen. Pre- and post serum urea nitrogen values were used for formal urea
kinetic modeling, which included estimated total-body water and normalized protein
equivalent of nitrogen appearance.

We estimated IDWG as the difference between predialysis weight and postdialysis weight of
the previous hemodialysis session, calculated as the average of the last 6 interdialytic
periods in each phase. IDWG% was calculated as IDWG divided by the target weight and
multiplied by 100. We calculated dry weight for each phase as the average postdialysis
weight from the last 6 sessions, whereas dry weight at baseline corresponds to the first day
of the study. Blood pressure was calculated as the average sitting blood pressures from the
last 6 hemodialysis sessions in each phase. Adverse events included intradialytic
hypotension, defined as a decrease in systolic blood pressure >20 mm Hg requiring the
administration of normal or hypertonic saline solution with or without the presence of
symptoms, and cramps, defined as severe enough to promote the provision of normal or
hypertonic saline solution. We calculated mean pre- and postdialysis plasma sodium
concentrations by averaging monthly predialysis plasma sodium concentrations available in
each phase. We calculated sodium gradient as the lowest dialysate sodium concentration
minus the mean predialysis plasma sodium concentration from each phase.
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Statistical Analysis

RESULTS

Continuous variables are summarized as mean = standard deviation or median with
interquartile range. Categorical variables were expressed as proportions. We used Pearson
correlation coefficients to evaluate relationships among sodium gradient, IDWG, IDWG%,
and blood pressure. To minimize the possibility of a carryover effect, we analyzed data from
the last 2 weeks of each study phase, with one exception (in one participant who moved,
only the last 1 week of phase B was included). We used linear mixed models to compare
differences in dependent variables (IDWG, IDWG%, and blood pressure) by study phase
(fixed factor) accounting for repeated participant observations (random effect). Different
covariance structures were explored to obtain the best fitted model based on the smallest
akaike information criterion value. When P was <0.05, further analysis was performed with
Dunnett post hoc test for multiple comparisons, setting phase A as the reference period. We
used generalized estimating equations to compare the proportion of treatments with
intradialytic hypotension and cramps during the last 2 weeks of each phase, adjusting for
within-patient correlation. We also reported data from the first 2 weeks and the entire phase
B to evaluate the temporal effect of decreasing dialysate sodium concentration. We
considered P < 0.05 to be statistically significant. We conducted statistical analyses with
SAS EG, version 4.2 (www.sas.com).

We enrolled 16 participants in the thrice-weekly in-center nocturnal hemodialysis program.
One participant died of sudden cardiac death before completing phase B. This patient was
found dead at home after being discharged from a 3-day hospitalization for uncontrolled
diabetes. She was last dialyzed in the in-center nocturnal program 6 days before her death.
We report results from 15 participants in phases A and B and 14 in phase A* because one
participant relocated.

Demographics and clinical characteristics of subjects are listed in Table 1. Generally,
participants were relatively young, more likely to be men, and of longer vintage than the
broader population of patients cared for at Satellite. All except one participant had no
residual renal function and 4 participants had nocturnal dialysis vintages of 3 months or less.
Per study design, the sodium gradient was decreased by 4.8 mEg/L in phase B. Dry weight
was changed in the 3 study phases (Table 2). In phase B, dry weight was increased by >3 kg
in 3 participants. There was a statistically significant difference in postdialysis plasma
sodium concentration among the 3 phases (P < 0.001; Table 2). Postdialysis sodium
concentration decreased significantly in phase B compared with phase A and was not
significantly different in phases A and A*, but remained higher than the predialysis sodium
concentration in all 3 phases. Predialysis plasma sodium concentration was not significantly
different in phases A and B, but was higher in phase A* (Table 2). Of note, 2 participants in
phase A* who dialyzed through a catheter (locked with gentamycin/sodium citrate) had
unusually high single predialysis sodium concentrations of 145 and 146 mEg/L.

We found a statistically significant difference in IDWG (P = 0.02) and IDWG% (P = 0.03)
among all 3 phases. Compared with phase A, in phase B, both IDWG and IDWG%
decreased significantly by 0.6 + 0.6 kg and 0.6% + 0.8%, respectively (P < 0.05 for both
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comparisons; Table 2). After dialysate sodium concentration was increased to 140 mEg/L in
phase A*, IDWG and IDWG% also increased.

We found a statistically significant difference in predialysis systolic blood pressure among
the 3 phases (P = 0.03; Table 2). It decreased significantly by 8.3 + 14.9 mm Hg in phase B
compared with phase A (P < 0.05; Table 2) and remained lower in phase A* compared with
phase A. No statistically significant difference in predialysis diastolic or mean arterial blood
pressure was noted among the 3 phases. However, they both decreased, by 6.6 + 11.9 and
5.7 £10.8 mm Hg, respectively, in phase B compared with phase A (P > 0.05 for both
comparisons; Table 2) and remained lower in phase A*. No significant differences in
postdialysis blood pressures were found (P > 0.05 for all comparisons; Table 2).

Interestingly, in the absence of changes in antihypertensive drug regimens, 2 participants
(patients 7 and 15) improved their predialysis blood pressures despite increased IDWG or
IDWG%. Two additional participants, both using 3 antihypertensive drugs, experienced

higher predialysis blood pressures (patients 11 and 13) without increasing IDWG (Fig 2).

The number and percentage of treatments with either symptomatic or asymptomatic
intradialytic hypotension were low and similar during the last 2 weeks of each study phase
(P =0.9; Table 3). The number of treatments with cramps was zero. The first 2 weeks after
dialysate sodium concentration was decreased, the number and percentage of treatments
with hypotension or cramps increased to 7 (8%) for both events. Five participants had a
single treatment with adverse events and only one had a repeated episode of both
hypotension and cramps. All adverse events resolved with normal saline solution
administration and none required hypertonic saline solution (Table 3).

Additionally, we found direct correlations at baseline between sodium gradient and IDWG
(r =0.45; P=0.09) and IDGW% (r = 0.76; P = 0.001). We also found a significant direct
correlation between IDWG and predialysis systolic blood pressure (r = 0.52; P = 0.05), but
the correlation between IDWG% and predialysis systolic blood pressure was not significant
(r=0.19; P=0.5).

DISCUSSION

We achieved significant decreases in IDWG (and IDWG%) and predialysis systolic blood
pressure in participants on thrice-weekly in-center nocturnal dialysis therapy with the simple
strategy of decreasing dialysate sodium concentration. These findings are consistent with
previously reported studies of patients on conventional hemodialysis therapy®19 and likely
are attributed to lower postdialysis plasma sodium concentrations achieved by decreasing
sodium gradients,14.16

Improved outcomes in participants on longer hemodialysis regimens compared with those
undergoing conventional hemodialysis have been reported by observational studies in
Europe?0 and recently in a US cohort.8 Higher IDWG or IDWG% has been associated with
morbidity! and mortality?3 in patients on conventional hemodialysis therapy. The higher
IDWG reported in patients on nocturnal hemodialysis therapy®-8 may attenuate potential
benefits of extended session length. Consequently, strategies to restrict intradialytic salt
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influx by decreasing dialysate sodium concentration would be a reasonable adjunct (and
easier in some respects) to moderation of dietary sodium intake.

Under present hemodialysis practices, >80% of sodium is removed by convection and only
15%-20% is removed by diffusion.16:21 To prevent diffusive sodium transport across the
dialysis membrane, a “eunatremic” dialysate sodium concentration of 1.5-5 mEq/L less than
the plasma sodium concentration measured by indirect ion-selective electrode would be
required.?? This could explain why postdialysis plasma sodium concentrations in our
patients during phase B were still higher than predialysis sodium concentrations because the
mean sodium gradient was only —0.6 £ 1.5 mEqg/L.

Unequal sodium concentrations between plasma and dialysate measured by indirect ion-
selective electrode occur because plasma water makes up 93% of the whole plasma volume,
whereas constituting all of the total dialysate volume. In vivo, the Gibss-Donnan effect
compensates for this concentration differencel’ because plasma-diffusible sodium is
decreased by 5% due to binding to negatively charged nondiffusible plasma proteins.16:17
Because these 2 factors tend to cancel each other,23 the exact value measured in plasma was
used to calculate sodium gradient, as has been proposed previously.18 This allows for a
practical and reproducible approach in routine clinical practice. Alternatively, novel
technologies, such as online conductivity monitoring,2124.25 have been proposed to
individualize dialysate sodium composition.

Predialysis blood pressures decreased with lower dialysate sodium concentrations, but were
almost unchanged after increasing dialysate sodium concentrations to 140 mEg/L in phase
A* in the absence of changes in antihypertensive medications. A potential explanation,
particularly given the relatively limited experience with nocturnal hemodialysis in some
participants, is the “lag phenomenon,” which refers to changes in blood pressure
independent of decreases in extracellular volume that have been reported to occur up to 8
months after reaching an arbitrary ideal dry weight.20:26.27 The lag phenomenon has been
linked to low peripheral resistance,28:2% mediated by the release of nonosmotically active
sodium stored in the connective tissue from blood vessels,3 a process that potentially could
take several months.

A few participants in our study showed a decrease in blood pressure with an increase in
IDWG or an increase in blood pressure despite a decrease in IDWG. Previous studies of
patients on conventional hemodialysis therapy31-32 have reported a decrease in either blood
pressure or IDWG with lowering of dialysate sodium concentration, but not in both.
Although we would expect an improvement in both blood pressure and IDWG, any
therapeutic effect could be masked by the severity of the hypertension and incomplete
adherence to antihypertensive medications and sodium restriction. These data also raise the
question of volume-independent effects of sodium exposure on blood pressure. In a recent
analysis of a large cohort of prevalent hemodialysis patients, a 1% increase in IDWG was
associated with just a 1-mm Hg increase in systolic blood pressure,33 suggesting that weight
gain may only modestly affect blood pressure, at least in the short term.
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Clinicians and investigators have raised the concern of provoking intradialytic hypotension
with lower dialysate sodium concentrations. In this quality improvement report, the
proportion of treatments with intradialytic hypotension and the fraction of participants
affected during the last 2 weeks of the low dialysate sodium phase were low and similar
compared with the higher dialysate sodium concentration phases. However, we noted a
higher proportion of treatments with intradialytic hypotension, all responsive to saline
solution administration, the first 2 weeks after decreasing dialysate sodium concentration.
These results could indicate an adaptation period that perhaps could be attenuated with an
even more gradual decrease in dialysate sodium concentration over time or by using
biofeedback systems that modulate blood volume contraction by adjusting the ultrafiltration
and dialysate conductivity.25:34 Other investigators have expressed concern that lower
dialysate sodium concentrations could result in frank hyponatremia. In our patients, after
decreasing the sodium dialysate concentration to reach a sodium gradient <2 mEg/L, mean
postdialysis plasma sodium concentration remained within the reference range. However,
these data need to be confirmed in larger studies.

One participant enrolled in this study was found dead at home 1 day after being discharged
from the hospital, where she was admitted for severe hyperglycemia found before a planned
dialysis access surgery. This patient had multiple comorbid conditions, including severe
uncontrolled diabetes, hypertension, ortho-static hypotension, diastolic dysfunction, and
reentrant tachyarrhythmia. She underwent basilic vein transposition with no complications
after controlling her hyperglycemia. Her plasma sodium concentration increased from 131
mEg/L on admission in the presence of a blood glucose level of 488 mg/dL to 134 mEg/L on
the day of discharge. While in the hospital, she underwent 2 conventional hemodialysis
treatments, both with dialysate sodium concentrations of 140 mEg/L. Of note, she was last
dialyzed uneventfully in the in-center nocturnal program with a dialysate sodium
concentration of 136 mEqg/L 6 days before she died. The cause of death was considered to be
unrelated to the nocturnal hemodialysis prescription.

Some researchers have postulated the existence of a stable unique predialysis plasma sodium
concentration for each patient on hemodialysis therapy; the so-called “sodium set-
point.”1314.17 Consistent with this hypothesis, we found no change in predialysis plasma
sodium concentrations after the dialysate sodium concentration was decreased in phase B. In
phase A*, predialysis plasma sodium concentration increased modestly, although this
increase may have been spurious due to inadequate washout of participants’ catheter lock
solution (hypertonic sodium citrate).35

Similarly to previous reported studies of patients on conventional hemodialysis therapy,14.1°
we also found a highly significant direct correlation between sodium gradient and IDWG%.
These data support the strategy of decreasing dialysate sodium concentrations to decrease
sodium gradients, with the clinical goal to prevent thirst stimulation and therefore decrease
fluid intake as previously postulated.16:17

The intervention and results of our study must be taken in the context of a quality
improvement project in a selected and small population that limits our ability to generalize
our results. We could not determine actual sodium balance because we did not measure or
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estimate dietary sodium intake and did not determine the actual sodium concentration in
dialysate or ultrafiltrate. We could not control for the potential effect of variable dry weight
and dialysate glucose concentration in the different study phases. Moreover, we had limited
precision in the measurement of blood pressure. A potential bias owing to the unblinded
dialysis staff and the possibility that participants could have noticed the change in dialysate
sodium concentration on the machines’ screens cannot be excluded. Future studies should
more formally measure or estimate sodium balance and obtain more precise and time-
averaged assessments of blood pressure. Ideally, studies of patients on alternative
hemodialysis modalities (eg, home-based hemodialysis, both thrice weekly and more
frequent, as well as conventional in-center hemodialysis) should be performed. Whereas
decreasing dialysate sodium concentrations in patients treated with conventional
hemodialysis using shorter session lengths (ie, 3—4 hours) also could result in lower IDWG
and blood pressure, the potential risk of increased adverse events (eg, cramping and
hypotension) will need to be evaluated.

In summary, patients on thrice-weekly in-center nocturnal hemodialysis therapy who were
exposed to progressively lower dialysate sodium concentrations experienced lower IDWG
(and IDWG%) and predialysis systolic blood pressure compared with treatment using
baseline dialysate sodium concentrations of 140 mEqg/L. These results are consistent with
several other studies suggesting that higher sodium gradients (differences between
predialysis plasma and dialysate sodium concentrations) contribute to higher IDWG and
potentially to associated complications, such as left ventricular remodeling and heart failure.
Although the optimal target IDWG and blood pressure in patients on hemodialysis therapy
are unknown, modification of dialysate sodium concentration should be considered as a
potential therapeutic maneuver to limit “dialysis-associated weight gain” through
individualized hemodialysis therapy.
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Figure 1.
Study design.
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(A, B) Individual changes in intradialytic weight gain (IDWG) indexed by the estimated dry
weight (IDWG%) and predialysis mean arterial pressure (MAP) throughout the different
study phases. (A) Dashed lines represent participants (patients 15 and 7) with increased
IDWG%, but decreased predialysis blood pressures in phase B. (B) Dashed lines represent
participants (patients 11 and 13) who experienced higher predialysis blood pressures without
increasing IDWG% in phase A.
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Baseline Demographic and Clinical Characteristics

Characteristic Value
Age (y) 51.1+14.0
Men 11 (73.3)
Black 5(33.3)
Diabetes 7 (46.7)
Dialysis vintage (mo) 62 (31; 79)
Nocturnal dialysis vintage (mo) 9(3;10)
Access

Avrteriovenous fistula 10 (66.7)

Arteriovenous graft 2(13.3)

Catheter 3(20.0)
Dry weight (kg) 87.1+22.3
Body water volume2 (L) 36.1+7.7
No residual renal function 14 (93.3)
Glucose (mg/dL) 1275+71.0
Albumin (g/dL) 3.9+0.2
SpKV 3.3+09
nPNA 1.0+0.2
No. with no antihypertensive drugs 2
No. of antihypertensive drugs/participant 21+13

Table 1

Page 14

Note: N = 15. Values are expressed as mean + standard deviation, number (percentage), or median (25th; 75th percentile). Conversion factors for

units: serum glucose in mg/dL to mmol/L, x0.05551; albumin in g/dL to g/L, x10.

Abbreviations: nPNA, normalized protein equivalent of nitrogen appearance; spKt/V, single-pool Kt/V per session.

aMeasured by urea kinetic model.
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Table 2

Plasma Sodium Concentration and Outcomes in Each Study Phase

Phase A (n=15) PhaseB(n=15) PhaseA*(n=14) pa

Dialysate [Na] (mEq/L) 1400 134 or 136 140

[Na] gradient (mEq/L) 42+32 -06+15 29+26

Dry weight (kg) 86.8+21.3 87.9+216 87.2+222

Pre-HD [Na] (mEq/L) 136.2+3.1 136.2+2.1 1371+ 2.6d 0.01
Post-HD [Na] (mEq/L) 142115 138.4 + 158 141115 -0.001
IDWG (kg) 42+08 3.6+ 068 4109 0.02
IDWG% 50£10 4.4+ 128 50+18 0.03

Pre-HD blood pressure

Systolic (mm Hg) 159.0 £ 22.0 150.7 + 24.7¢ 150.3 + 30.2d 0.03

Diastolic (mm Hg) 89.7+11.6 84.0 + 10.6 85.1+154 0.1

MAP (mm Hg) 112.8+13.3 106.2 + 14.0 106.8 + 19.8 0.07
Post-HD blood pressure

Systolic (mm Hg) 128.6 +15.7 126.1+14.6 132.5 + 185 0.5

Diastolic (mm Hg) 776 +11.0 743+11.0 80.9+9.1 0.2

MAP (mm Hg) 94.6 +11.6 91.6+11.2 98.0+11.2 0.3

Note: Measurements are expressed as mean + standard deviation.

Abbreviations and definitions: HD, hemodialysis; IDWG, interdialytic weight gain; IDWG%, IDWG divided by estimated dry weight, then
multiplied by 100; MAP, mean arterial pressure; [Na], sodium concentration; [Na] gradient, dialysate sodium concentration minus the pre-HD
plasma sodium concentration.

aP values represent comparison among the 3 study phases.

bOne participant dialyzed in phase A with dialysate sodium concentration of 145 mEq/L.
cThree participants dialyzed in phase B with dialysate sodium concentrations of 134 mEq/L.
dP < 0.05 comparing phase AT versus phase A.

eP < 0.05 comparing phase B versus phase A.
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