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Abstract

Background: Fluid overload in patients on conventional hemodialysis is a frequent complica-
tion, associated with increased cardiovascular morbidity and mortality. The dialysate sodium
prescription is a potential modifiable risk factor. Our primary objective was to describe asso-
ciations between dialysate-to-serum sodium gradient and parameters of fluid status. A sec-
ondary objective was to evaluate the 6-month risk of hospitalization and mortality in relation
to sodium gradient. Methods: We performed a cross-sectional study of 110 prevalent con-
ventional hemodialysis patients at a single center. The associations of sodium gradient with
interdialytic weight gain index (IDWG%), ultrafiltration (UF) rate, and blood pressure (BP) were
analyzed. Results: The mean serum sodium gradient was 4.6 + 3.6 mEq/L. There was a direct
correlation between sodium gradient and IDWG% (r = 0.48, p < 0.01) as well as UF rate (r =
0.44, p < 0.01). In a logistic regression model, a 1 mEqg/L higher sodium gradient was associ-
ated with increased risk of IDWG% >3% (OR 1.33, p < 0.01) and increased risk of UF rate >10
mL/kg/h (OR 1.16, p = 0.03), but there were no associations with intradialytic hypotension,
intradialytic hypertension or BP. No significant differences were found with 6-month hospi-
talization or mortality risk in relation to sodium gradient. Conclusion: A higher sodium gradi-
ent was associated with significant increases in IDWG and UF rates, known to be associated
with poor outcomes, but was not associated with intradialytic hypotension. Individualizing the
dialysate sodium prescription to minimize sodium gap may lead to less fluid overload in con-

ventional hemodialysis patients. © 2017 The Author(s)
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Introduction

It is estimated that up to one-third of patients on conventional hemodialysis and peri-
toneal dialysis are volume overloaded [1, 2]. Reasons for this are multifactorial and include
limitations of physical examination and current dialysis technologies to accurately diagnose
volume overload, patient indiscretion with diet, and dialysis sodium prescription [3-6]. It has
been demonstrated that patients who are >2.5 L volume overloaded at the start of hemodi-
alysis have a hazard ratio (HR) of 2.1 for mortality and this is independent of blood pressure
(BP) [2]. Several mechanisms have been proposed to explain how volume overload leads to
increased mortality in the dialysis population, mostly linking volume overload to left
ventricular hypertrophy with associated cardiovascular events and more recently, to inflam-
mation which in turn leads to accelerated atherosclerosis [2, 7-9]. Interdialytic weight gain
(IDWG) is often used as a surrogate marker for fluid overload and studies have shown that a
higher IDWG% (ratio of IDWG to dry weight) predicts cardiovascular events (IDWG 3.0-3.9%
and HR 1.80 [95% CI 0.95-3.41]; IDWG >4.0% and HR 1.93 [95% CI 1.02-3.64]) [10]. In
addition, higher ultrafiltration (UF) rates of >10 mL/kg/h have also been shown to increase
mortality [11]. Higher UF rates and IDWG may also lead to more frequent episodes of intra-
dialytic hypotension, which can be linked to vascular access complications, and inadequate
dialysis, but most importantly increased cardiovascular morbidity and mortality [12, 13].

The dialysis prescription and particularly the dialysate sodium concentration are critical
to maintain a euvolemic state. While various dialysate sodium concentrations have been used
throughout the history of dialysis, recent studies have shown that the potential benefits of
using a higher dialysate sodium with regard to hemodynamic stability are outweighed by
increased thirst, higher IDWG, and higher pre-dialysis blood pressure (pre-BP) [14-16].
Furthermore, frequently used sodium modeling algorithms which typically involve tapering
a high dialysate sodium concentration during hemodialysis can lead to greater IDWG and
higher pre-BP [14]. The optimal dialysate sodium concentration, however, still remains
unclear. Many dialysis centers around the world use a standard dialysate sodium concen-
tration for all patients; a recent DOPPS report showed that 57% of hemodialysis facilities use
a standard dialysate sodium prescription [17, 18]. However, multiple studies have suggested
that each dialysis patient may have a unique osmolar set point for plasma sodium and,
therefore, dialysate sodium needs to be individualized [19-23]. More recently, there has been
growing evidence that the sodium gradient (dialysate sodium minus predialysis serum
sodium) is important to minimize in hemodialysis patients as it positively correlates with
changes in BP during hemodialysis and IDWG [16, 19-25], with a sodium gradient of >3
mEq/L particularly associated with adverse outcomes [24, 25].

The primary objective of our study was to describe associations between dialysate-to-
serum sodium gradient and various hemodialysis parameters of fluid status including BP,
IDWG, and UF rates. A secondary analysis was performed to evaluate the 6-month risk of all-
cause hospitalization and mortality in relation to the sodium gradient.

Methods

We performed a cross-sectional study of all prevalent hemodialysis patients at the McGill
University Health Centre including the Royal Victoria Hospital and Montreal General Hospital
units with an index study date of January 26 or 27, 2015. We included all patients aged >18
years undergoing conventional hemodialysis treatments 3 times per week for >6 months
with residual urine output <150 ml/day. Exclusion criteria were as follows: patients with
dialysis treatment time <3.5 h, missed dialysis treatment in the last 2 weeks prior to index
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study date, inadequate dialysis with spKt/V <1.2, change in target weight in the last 2 prior
weeks, severe hyperglycemia (plasma glucose >15 mmol/L), liver cirrhosis, active infection
or inflammatory disease, and hospitalization of any cause in the 4 weeks prior to the index
study date.

For the predialysis serum sodium, the average of the last 3 monthly values prior to the
index date was used. The sodium gradient was calculated using the prescribed dialysate
sodium minus the average predialysis sodium. For the pre- and post-BP, IDWG, IDWG%
(IDWG/prescribed dry weight) and UF rates, the average of the last 6 hemodialysis treat-
ments prior to the index date was used. A sodium gradient cutoff of 3 mEq/L (<3 vs. 23
mEq/L) was used to categorize patients. The presence of intradialytic hypotension was
defined as follows: in patients with a presystolic BP (pre-sBP) <159 mm Hg, reaching a nadir
of sBP <90 mm Hg, and in patients with a pre-sBP >160 mm Hg, reaching a nadir of sBP <100
mm Hg in at least 30% of treatments. This definition was used as it has been shown to be
associated with cardiovascular outcomes [11]. Intradialytic hypertension was defined as
post-sBP - pre-sBP >0 [26].

Statistical Analysis

Baseline demographics and clinical characteristics are presented as means or medians
and proportions, as appropriate, based on a sodium gradient >3 or <3 mEq/L. Comparisons
were tested using the x? or Fisher exact test for categorical variables, and the Student ¢ test
for parametric variables. Correlations were assessed with the Pearson product-moment coef-
ficient. The associations between sodium gradient and IDWG, UF rates, intradialytic hypo-
tensionand intradialytichypertension were also examined usingalogisticregression analysis.
p values of <0.05 were considered statistically significant. All analyses were performed using
SPSS version 20.0 (IBM Corp., USA).

Results

Atotal of 194 patients were screened for inclusion. After excluding the following patients
(dialysis treatment <3.5 h [n = 16], missed dialysis treatment [n = 8], inadequate dialysis [n =
1], recent change in target weight [n = 2], severe hyperglycemia [n = 11], liver cirrhosis [n =
3], active infection or inflammatory disease [n = 9], and hospitalization in the 4 weeks prior
to index date [n = 34]), 110 patients were included in the analysis.

Baseline Characteristics

The overall mean serum sodium gradient was 4.6 + 3.6 mEq/L with a mean predialysis
sodium of 137.4 + 2.5 mEq/L and a mean dialysate sodium of 142.0 + 3.0 mEq/L. Baseline
patient characteristics are presented in Table 1. There was a higher proportion of males in
patients with a sodium gradient <3 mEq/L compared to patients with a gradient >3 mEq/L
(71.1vs.50.8%, p = 0.05). The mean predialysis serum sodium (139 vs. 137 mEq/L, p < 0.01)
and the mean dialysate sodium (140 vs. 144 mEq/L, p < 0.01) were also significantly different
among patients with a sodium gradient <3 mEq/L compared to those with a gradient >3
mEq/L. Furthermore, there were no patients with a predialysis serum sodium <135 mEq/L
among patients with a gradient <3 mEq/L, whereas they represented 23% of the patients
with a gradient >3 mEq/L. All other baseline characteristics were similar.

Hemodialysis Characteristics

When hemodialysis characteristics were compared (Table 2), the mean IDWG% was
significantly lower in patients with a gradient <3 mEq/L compared with >3 mEq/L (2.4 vs.
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Table 1. Baseline characteristics
Na gradient <3 mEq/L Na gradient >3 mEq/L p
(n=45) (n=65) value
Mean age, years 67 69 0.44
Male sex, n (%) 32 (71.1) 33(50.8) 0.05
Primary renal disease, n (%) 0.46
Diabetes 16 (35.6) 25 (38.5)
Hypertension 11 (24.4) 13 (20.0)
Glomerulonephritis 6(13.3) 10 (15.4)
Polycystic kidney disease 2(44) 2(3.1)
Other 10 (22.2) 15 (23.1)
Access type, n (%) 0.64
CcvC 22 (48.9) 35(53.8)
AVF 20 (44.4) 28 (43.1)
AVG 3(6.7) 2(3.1)
Mean dialysis vintage, years 6.5 5.1 0.16
Mean dialysis time, h 3.8 3.9 0.53
Mean dialysate sodium, mEq/L 140 144 <0.01
Mean serum sodium, mEq/L 139 137 <0.01
Serum sodium subgroups, n (%) <0.01
<135 mEq/L 0 (0) 15 (23.1)
135-139.9 mEq/L 34 (75.6) 44 (67.7)
2140 mEq/L 11 (24.4) 6(9.2)

AVF, arteriovenous fistula; AVG, arteriovenous graft; CVC, central venous catheter. p values in bold are
significant.

Table 2. Hemodialysis characteristics

Na gradient <3 mEq/L Na gradient >3 mEq/L p

(n=45) (n=65) value
Mean pre-HD sBP, mm Hg 136 139 0.40
Mean pre-HD dBP, mm Hg 64 62 0.44
Mean post-HD sBP, mm Hg 131 134 0.34
Mean post-HD dBP, mm Hg 64 64 0.94
Mean IDWG% - IDWG/TW 2.4 3.5 <0.01
Mean UF rate, mL/kg/h 7.2 9.6 <0.01
Intradialytic hypotension, n (%) 8(17.8) 12 (18.5) 0.93
Intradialytic hypertension, n (%) 12 (26.7) 28 (43.1) 0.08
Mean number of BP medications 1.5 1.4 0.47

BP, blood pressure; dBP, diastolic blood pressure; HD, hemodialysis; IDWG, interdialytic weight gain; sBP,
systolic blood pressure; UF, ultrafiltration; TW, target weight. p values in bold are significant.

3.5%, p < 0.01). Similarly, the mean UF rate was also significantly lower in patients with a
gradient <3 mEq/L (7.2 vs. 9.6 mL/kg/h, p < 0.01). However, there was no difference in terms
of pre- or post-BP, number of BP medication, episodes of intradialytic hypotension or presence
of intradialytic hypertension between patients with a gradient <3 and >3 mEq/L.

KARGER


http://dx.doi.org/10.1159%2F000453674

IRy,

Nephron Extra

B

nephron

DOL: 10.1159/0004°3674

www.karger.com/nne

© 2017 The Author(s). Published by S. Karger AG, Basel

Trinhand Weber: The Dialysis Sodium Gradient: A Modifiable Risk Factor for Fluid

Overload
6
5
L]
4
X
93
5
Fig. 1. Sodium gradient and inter- 2
dialytic weight gain. An increas- °
ing sodium gradient positively 1 . - 048
correlates with increased interdi- o ;: 001
alytic weight gain (expressed as 0 ‘ ‘ ‘ ‘ ‘
ratio of interdialytic weight gain -5 0 5 10 15
to dry weight in percent). IDWG, Sodium gradient
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Table 3. Logistic regression per . .
1 mEq/L increase in sodium Oddsratio  95% CI p value
gradient UF rate >10 mL/kg/h 116 1.02-133 0.3
IDWG >3% 1.33 1.17-1.52  <0.01
Intradialytic hypertension 1.08 0.96-1.20 0.19
Intradialytic hypotension 0.99 0.87-1.14 0.98

IDWG, interdialytic weight gain; UF, ultrafiltration.

Sodium Gradient and IDWG

The mean sodium gradient was significantly lower in patients with an IDWG% of <3%
compared with >3% (3.2 vs. 6.3 mEq/L, p < 0.01). The sodium gradient positively correlated
with increasing IDWG% (r = 0.48, p < 0.01, Fig. 1). In a logistic regression analysis,a 1 mEq/L
higher sodium gradient had an OR of 1.33 (95% CI 1.17-1.52, p < 0.01, Table 3) of >3%
IDWG%.

Sodium Gradient and UF Rates

The mean sodium gradient was significantly lower in patients with UF rates <10 mL/
kg/h compared with >10 mL/kg/h (4.2 vs. 6.0 mEq/L, p = 0.03) and the sodium gradient posi-
tively correlated with increasing UF rates (r = 0.44, p < 0.01, Fig. 2). In a logistic regression
analysis, a 1 mEq/L increase in sodium gradient carried an OR of 1.16 (95% CI 1.02-1.33,p =
0.03, Table 3) for UF rates >10 mL/kg/h.

Sodium Gradient and BP

The mean sodium gradient was similar in patients with or without episodes of intradia-
lytic hypotension. Moreover, the sodium gradient did not correlate with pre- or postdialysis
BP values. A further logistic regression showed that the sodium gradient was not associated
with increased risk of intradialytic hypertension or intradialytic hypotension (Table 3).
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Patients with Predialysis Serum Sodium <135 mEq/L

When we excluded patients with a serum sodium <135 mEq/L, a positive correlation
between the sodium gradient and IDWG% (r = 0.49, p < 0.01) or UF rates (0.45, p < 0.01) was
still present.

Risk of Death and Hospitalization

With regard to the 6-month risk of hospitalization of all-cause mortality, there were
proportionately more hospitalizations (30.8 vs. 17.8%, p = 0.12) and death (4.6 vs. 2.2%, p =
0.51) in patients with a sodium gradient >3 mEq/L, but these results did not reach statistical
significance.

Discussion

Our study showed that a higher sodium gradient is associated with significant increases
in IDWG and UF rates without an associated difference in intradialytic hypotensive episodes.
We found no significant association between the sodium gradient and BP or number of anti-
hypertensive medications. Thus, it appears that minimizing the sodium gradient is important
given its association with these hemodialysis markers of fluid overload, which, in turn, are
associated with increased cardiovascular morbidity and mortality. Our study suggests that a
sodium gradient <3 mEq/L seems to be associated with favorable IDWG and UF rates.
However, for the subset of patients with lower serum sodium levels (<135 mEq/L), the
optimal sodium gradient cannot be concluded based on our study as all these patients had a
gradient >3 mEq/L. This would particularly be important to investigate further, especially
since lower serum sodium is associated with higher adjusted risk of death and a recent DOPPS
study observed an interesting lower mortality risk in patients with serum sodium <137
mEq/L dialyzed against a dialysate sodium >140 mEq/L [18].

Our findings are consistent with the current literature demonstrating a positive corre-
lation between the sodium gradient and parameters of fluid overload in hemodialysis patients
[15, 16, 19-21, 23, 27, 28]. These associations of a high sodium gradient with fluid overload
are likely explained by a high dialysate sodium concentration leading to an elevated postdi-
alysis serum sodium level with the consequence of increased thirst and fluid intake [29]. Our
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results are in keeping with Munoz Mendoza et al. [16] who also found a direct correlation
between IDWG and sodium gradient with no associations with the frequency of intradialytic
hypotension episodes. Other studies have equally shown that a sodium gradient of >3 mEq/L
is associated with fluid overload and adverse outcomes [24, 25]. Similarly, by decreasing
dialysate sodium concentrations, Munoz Mendoza et al. [15] also demonstrated a significant
decrease in IDWG without associated adverse events in patients undergoing in-center
nocturnal hemodialysis. However, while Movilli et al. [26] showed an independent associ-
ation between intradialytic hypertension and the dialysis sodium gradient, our results did not
show a similar association, which could perhaps be related to our smaller sample size.

There are several strengths of this study. Firstly, at the time of this study, there were 2
different dialysate sodium strategies used at the 2 dialysis units which allowed for a range of
sodium gaps to be studied. Although we did not collect data on the patients’ cardiovascular
status or echocardiogram results (if done), we limited our inclusion criteria to a stable cohort
of prevalent hemodialysis patients. Our study does have some limitations given its single-
institution nature and small sample size. Moreover, the finding of 23% of patients with serum
sodium <135 mEq/L only in the high sodium gradient group suggests possible confounding
by indication which could have contributed to some of the results, especially the lack of differ-
ences in intradialytic hypotension. Patients with lower predialysis sodium may have been
treated with higher dialysate sodium to potentially prevent this occurrence. The actual dial-
ysate sodium was also not measured and others have demonstrated a large difference in the
actual measured versus prescribed dialysate sodium with differences ranging from -13 to +6
mEq/L [30]. We used standard hemodialysis BP monitoring rather than home ambulatory BP,
the latter of which is more accurate in the hemodialysis population [31, 32]. Finally, an
objective measurement of fluid status such as bioimpedance was not available.

Optimal fluid status is crucial in our dialysis population as it has an impact on quality of
life, cardiovascular events, and mortality. Achieving euvolemia in our dialysis patients is
therefore a high priority. Individualizing the dialysate sodium prescription to minimize the
sodium gap may lead to less fluid overload in hemodialysis patients.
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