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Abstract
Introduction: Hyponatraemia is associated with increased 
mortality in patients undergoing maintenance haemodialy-
sis. In anuric patients, hyponatraemia development depends 
on the water-sodium ratio in retained fluid within the inter-
dialysis interval (IDI). Objective: This study aimed to calcu-
late the retained sodium-retained water ratio in patients on 
maintenance haemodialysis and make a differential diagno-
sis of hyponatraemia according to these data. Methods: The 
amount of retained water was determined as body weight 
gain (ΔBW) within the IDI. Sodium retention was calculated 
using our formula: eRNa+ = ΔBW × (SNa+)t2 − total body wa-
ter (TBW)t1 × ([SNa+]t1 − [SNa+]t2), where TBW represents the 
calculated volume of the total body water and (SNa+)t1 and 
(SNa+)t2 represent the sodium concentration at the begin-
ning and at the end of the IDI, respectively. We performed 89 
measurements in 32 anuric patients on maintenance hae-
modialysis. Results: Hyponatraemia was detected in 13 mea-
surements at the end of the IDI. The ΔBW had no statistically 

significant difference between normonatraemic and hypo-
natraemic patients. Hyponatraemic patients had significant-
ly lower levels of retained sodium. The retained water-
retained sodium ratio facilitated in differentiating dilution 
hyponatraemia, nutritional hyponatraemia, depletion hypo-
natraemia, and dilution hyponatraemia associated with so-
dium wasting or malnutrition. Conclusion: The composition 
of retained fluid during the IDI may be hypotonic, hyperton-
ic, or isotonic in relation to the extracellular fluid. Most of the 
hyponatraemic patients had hypotonic fluid retained during 
the IDI because of dilution as well as gastrointestinal sodium 
loss and/or malnutrition. © 2021 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hyponatraemia is a serious complication in patients 
on maintenance haemodialysis, with an incidence rate of 
approximately 6–29% [1]. Generally, it is a result of exces-
sive oral water intake within the interdialysis interval 
(IDI), causing sodium dilution in the extracellular fluid. 
In fact, it is associated with increased mortality [2–4]. Ac-
cording to the MONDO study, hyponatraemia is associ-
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ated with malnutrition and inflammation and can also 
develop in patients without excessive interdialysis weight 
gain [5]. In anuric patients, predialysis serum sodium 
concentration (SNa+) depends on water and sodium oral 
intakes and extrarenal water and sodium losses during 
the IDI, and it is largely determined by the final body wa-
ter-and-sodium balance (water/sodium ratio).

The differential diagnosis of hyponatraemia in pa-
tients on maintenance haemodialysis is, amongst other 
criteria, based on the estimated dietary sodium intake, 
which can be calculated from the dietary salt intake. Un-
fortunately, nutritional counselling is difficult to imple-
ment daily. Inaccuracy of patients’ food reports and vari-
able sodium content in foods can make sodium intake 
assessment challenging [6].

However, estimating the retained water and sodium 
during the IDI is crucial for the differential diagnosis and 
adequate treatment of hyponatraemia in anuric patients. 
Hence, our study aimed to develop an algorithm to esti-
mate the amount of retained sodium during the IDI ac-
cording to sodium concentrations and hydration status.

Methods

Study Population
We included 32 anuric (diuresis <100 mL/24 h) patients, with 

a mean age of 69 (42–93) years, in a regular haemodialysis pro-
gramme at the Fresenius Medical Care Haemodialysis Centre in 
Motol, Prague. These patients had been on maintenance haemo-
dialysis for a mean of 7.7 (0.6–27.7) years. Furthermore, 14 of them 
were male.

The individualized treatment of all study patients conformed 
to the anaemia, bone metabolism, hypertension, and sodium and 
water dietary intake guidelines [7–9]. The causes of end-stage kid-
ney disease were vascular nephropathy (37.4%), diabetic kidney 
disease (18.8%), tubulointerstitial nephritis (15.6%), polycystic 
kidney disease (12.5%), glomerulonephritis (6.3%), and other ne-
phropathies (9.4% including unknown causes). All study patients 
were treated with haemodiafiltration with postdilution or mixdilu-
tion on the FMC 5008 or FMC 5008 CorDiax dialysis machine, 
with the FX 600 CorDiax HDF dialysator.

Adequate haemodialysis dose was achieved by individualised 
intradialytic conditions. A patent vascular access was ensured in 
all patients to allow an extracorporeal blood flow (Qb) of 400–500 
mL/min. Dialysate flow (Qd) was regulated by the incorporated 
AutoFlow function at AF 1.0–1.2 (Qd/Qb). All patients met the 
high-volume haemodialfiltration adequacy criteria [10].

The dialysate composition (Na+, K+ and HCO3- concentra-
tions) was adjusted monthly according to the laboratory results 
and clinical status of each study patient. The dialysate temperature 
was maintained within 35.5–36.5°C. A sodium control software 
controlled the dialysate sodium concentrations according to the 
repeated intradialytic measurements of sodium concentrations in 
all patients [11].

Moreover, dry weight was evaluated once monthly by the bio-
electrical impedance analysis (FMC Body Composition Monitor 
device) and was adjusted in concordance with the clinical hydra-
tion status and blood pressure control [12]. We also considered the 
maximum tolerable rates and volumes of ultrafiltration. In cases of 
discrepancy between the bioelectrical impedance analysis and the 
clinical hydration status, the inferior vena cava diameter and extra-
vascular lung water were measured via ultrasonography [13, 14].

Assessment of Water and Sodium Retention
The amount of retained water was determined as body weight 

gain (ΔBW) within the IDI. We worked up the following approach 
to assess sodium retention. We considered sodium distribution 
volume as the total body water (TBW) volume that could reflect 
the fluid and sodium shifts between the extracellular and intracel-
lular compartments. TBW was calculated from the body weight 
(BW), specifically 50% of BW in women and 60% in men [15]. The 
amount of total body sodium (TBS) at the beginning of IDI (TBSt1) 
was calculated by multiplying the TBW at the beginning of IDI 
(TBW)t1 and the serum sodium concentration at that time (SNa+)t1, 
that is, TBSt1 = TBWt1 × (SNa+)t1.

The TBW at the end of IDI (TBWt2) was calculated by adding 
the TBWt1 and the body weight change (ΔBW), that is, TBWt2 = 
TBWt1 + ΔBW. The TBS at the end of IDI (TBSt2) was calculated 
by multiplying the TBWt2 and the serum sodium concentration at 
the end of IDI (SNa+)t2, that is, TBSt2 = (TBWt1 + ΔBW) × (SNa+)t2.

Changes in the TBS within IDI corresponded with the sodium 
retention within IDI (RNa+). To calculate the estimated sodium 
retention within IDI (eRNa+), we derived the following formula by 
using the abovementioned values:

eRNa+ = ΔBW × (SNa+)t2 − TBWt1 × [(SNa+)t1 − (SNa+)t2]

In patients with no shifts in the sodium concentration within 
the IDI, the [(SNa+)t1 − (SNa+)t2] part of the equation approxi-
mated the zero value. In such cases, eRNa+ = ΔBW × (SNa+)t2 ap-
plied. In patients with shifts in the SNa+, the full formula must be 
used. The eRNa+ value represents the dietary sodium intake in an-
uric patients whose extrarenal sodium losses have been excluded.

We performed 89 sodium and water interdialytic assessments 
(t1 + t2) within 14 months between October 2015 and December 
2016. We measured the shifts in sodium and water parameters 
during 3 IDIs in 25 patients (i.e., 75 t1 + t2 measurements in total) 
and during 2 IDIs in 7 patients (i.e., 14 t1 + t2 measurements in 
total). The fixed time frame of IDI was 67 h.

The SNa+ values at the beginning of IDI [(SNa+)t1] and at the 
end of IDI [(SNa+)t2] were obtained from the dialysis vascular ac-
cess 60 min after finishing the dialysis, that is, in a postdialysis 
equilibrium state, and immediately before initiating the next di-
alysis procedure, respectively. The SNa+ values were determined 
electrochemically by ion selective electrodes through the dilution 
method on the Modular Analyser (Roche Diagnostics).

Patient BW Was Measured on the Soehnle 7724.01.001 Scale
Statistical data were analysed using the Microsoft Excel 2010 

programme for basic arithmetic calculations, the StatSoft Statistica 
13.2 programme for median and interquartile range calculation 
and the Mann-Whitney U Test for p value calculation (p < 0.05 was 
considered statistically significant). The study obtained informed 
consent from all study participants and was approved by the Fre-
senius Medical Care – DS, s.r.o. ethical commission.
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Results

The predialysis (SNa+)t2 ranged from 116 to 147 
mmol/L in the study cohort. The results from all 89 mea-
surements (t1 + t2 values) were divided into 2 groups ac-
cording to the (SNa+)t2 levels.
1.	 Group 1 (n = 76) includes patients with (SNa+)t2 ≥ 135 

mmol/L (shown in Table 1).
2.	 Group 2 (n = 13) includes patients with (SNa+)t2 < 135 

mmol/L (shown in Table 1).
The (SNa+)t2 defines the groups. Table 1 shows that the 

median values of (SNa+)t2 significantly differ (p < 0.0001) 
between these 2 groups.

Table 1 also demonstrates that the (SNa+)t1 in group 2 
had a significantly (p = 0.0175) lower median value than 
that in group 1. The t1 BW was significantly lower in 
group 2 than in group 1, but the ∆BW did not differ sig-
nificantly between such groups. Table 1 shows that the 
eRNa+ within the IDI had a very significant difference  
(p < 0.0001) between the groups.

The relationship between the ∆BW and eRNa+ values 
(from individual measurements) is depicted in a scatter 
plot (shown in Fig. 1). As shown in the graph (Fig. 1), only 
4 cases from group 2 were associated with the weight gain 
of >2.8 kg/67 h.

In 9 cases in group 2, the eRNa+ values were lower than 
238 mmol/67 h, which represents the dietary sodium in-
take of ≤85 mmol/24 h, that is, 5 g of NaCl/24 h (exclud-
ing the extrarenal losses of sodium). In 4 hyponatraemia 
cases, the eRNa+ values were negative and were associated 
with the weight gain of ≤2.8 kg/67 h in 3 of these cases and 
even with a weight loss in 1 case. These 4 cases represent 
the depletion hyponatraemia, with the presence of extra-
renal sodium losses.

Increased ΔBW of >2.8 kg/67 h along with low 
eRNa+ values of <238 mmol/67 h suggested dilution 
hyponatraemia combined with a very low dietary so-

dium intake. Thus, hyponatraemia etiopathogenesis is 
complex in anuric patients on maintenance haemodi-
alysis.

Discussion

In this study, hyponatraemia was observed in 31% of 
the patients (in 15% of measurements correspondingly), 
consistent with a previous study [1]. Excessive fluid intake 
in the IDI is usually the cause of hyponatraemia in these 
patients [16]. Pathophysiologically, hyponatraemia is de-
termined by not only the absolute amount of retained wa-
ter but also the retained water-retained sodium ratio in the 
IDI [17]. If the sodium concentration in the retained solu-
tion is lower than the physiological value of SNa+, hypo-
natraemia may develop after the mixture of the retained 
solution and extracellular water (ECW) and after the 
equilibration between the intra- and extracellular fluid.

The amount of retained water can be determined by 
measuring the BW difference at the beginning and end of 
IDI (∆BW). Meanwhile, assessing the amount of retained 
sodium in IDI is more difficult [18]. Nevertheless, esti-
mating the amount of retained sodium is fairly easier in 
anuric patients (without extrarenal sodium loss). In our 
study, we estimated sodium retention in IDI by using the 
formula stated in the methodology. This calculation re-
quires readily available SNa+ values before and after di-
alysis. Furthermore, TBW assessment is also difficult. For 
estimation (not accurate measurement), TBW can be de-
rived from BW (TBW = 50% BW in women, 60% BW in 
men). This practice is accepted and recommended in 
contemporary prestigious monographs [15].

Perhaps, bioimpedance would provide a more accu-
rate information about TBW [19]. Considering that TBW 
estimation was used in this study, we referred to the cal-
culated value of retained sodium in IDI as eRNa+.

Table 1. Statistical comparison of parameters – group 1 with normonatraemia versus group 2 with hyponatraemia at the end of the IDI

Group (SNa+)t1, mmol/L (SNa+)t2, mmol/L BWt1, kg BWt2, kg ΔBW, kg/t1–t2 eRNa+, mmol/t1−t2

1 median (IQR) 137.5 (3.0) 139.5 (3.0) 76.3 (17.6) 79.4 (17.2) 2.5 (1.6) 453.6 (289.9)
2 median (IQR) 135.0 (2.0) 133.5 (6.0) 64.9 (27.0) 65.7 (27.9) 2.2 (1.7) 144.3 (255.9)

p value 0.0175 <0.0001 0.0157 0.0154 0.5458 <0.0001

(SNa+)t1 / (SNa+)t2, serum sodium concentration at the beginning/at the end of IDI; IQR, interquartile range; BWt1/BWt2, body weight 
at the beginning/at the end of IDI; ΔBW, body weight gain during IDI; eRNa+, estimated sodium intake during IDI; IDI, interdialysis 
interval.
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The sodium concentration in the retained water during 
the IDI was calculated from the eRNa+/∆BW ratio. The to-
nicity of the retained fluid during the IDI was compared 
with the physiological parameters in the ECW. Considering 
the results in Figure 1, we can predict a natraemia trend. As 
an example, we demonstrate 3 cases of hyponatraemia.
1.	 eRNa+ = 282.5 mmol, ∆BW 2.1 kg, eRNa+/∆BW = 

134.5 mmol/L, SNat1 = 134.5 mmol/L, SNat2 = 134.5 
mmol/L.

2.	 eRNa+ = 303.2 mmol, ∆BW 2.2 kg, eRNa+/∆BW = 
137.8 mmol/L, SNat1 = 131.0 mmol/L, SNat2 = 131.5 
mmol/L.

3.	 eRNa+ = 262.3 mmol, ∆BW = 3.7 kg, eRNa+/∆BW = 
71.7 mmol/L, SNat1 = 138 mmol/L, SNat2 = 133.5 
mmol/L.

In the first 2 cases, eRNa+ was >238 mmol/67 h (cor-
responding to 85 mmol/24 h and 5 g of NaCl/24 h), and 
the ∆BW did not exceed 2.8 kg/67 h (or 1 kg/24 h). In the 
third case, the eRNa+ was >85 mmol/24 h, and the ∆BW 
was >1 kg/24 h. The value of ∆BW 1 kg/24 h is based on 
the recommendations of expert groups and is associated 
with the optimal value of ultrafiltration rate during hae-
modialysis. It should be a maximum of 13, resp. 10 mL/
kg BW/h [20]. The limit of 2.8 L corresponds to ultrafil-
tration rate of 700 mL/h for 4 h of haemodialysis.

The first patient retained fluid with a sodium concen-
tration equal to the SNat1 during IDI, and the SNat2 did 
not change. The second patient retained fluid with a so-
dium concentration that remains physiological in terms of 
ECW tonicity; during IDI, natraemia minimally increased. 

Fig. 1. Relationship between ∆BW and eRNa+ values (from individual measurements). The graph displays a sym-
bol for each serum sodium concentration at the end of the IDI ([SNa+]t2) and ∆BW measurement with a different 
symbol type for each group (group 1, circle; group 2, square). The vertical line crosses the ΔBW axis at the point 
of 2.8 kg ΔBW/67 h, which represents the optimal ΔBW of 1 kg/24 h [16]. The horizontal line crosses the eRNa+ 
axis at the point of 238 mmol/67 h, which represents the dietary sodium intake of 85 mmol/24 h (i.e., 14 g of 
NaCl/67 h and 5 g of NaCl/24 h). IDI, interdialysis interval; ΔBW, body weight gain; eRNa+, estimated sodium 
retention.
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However, if this trend continued, natraemia would gradu-
ally normalized. In the third patient, excessive water in-
take was noted, thereby significantly retaining hypotonic 
fluid compared with the ECW tonicity. Thus, this initially 
normonatraemic patient developed hyponatraemia dur-
ing IDI because of hypotonic fluid retention.

If normonatraemic patients have low values of 
eRNa+/∆BW, they are at risk for hyponatraemia. The 
eRNa+/∆BW ratio in the retained fluid should be 140 
mmol/L, but it should be at least 135 mmol/L if normona-
traemia is to be maintained. To achieve this goal, patients 
should ingest 8.2 and 7.9 g of salt separately for every 1 L 
of water received. Extrarenal sodium loss should be ruled 
out when interpreting eRNA+/∆BW values. A low or even 
negative eRNA/∆BW value with adequate fluid intake in-
dicates extrarenal sodium loss. This situation was ob-
served in one of our hyponatraemic patients with chron-
ic diarrhoea caused by intestinal amyloidosis.

In conclusion, a differential diagnostic assessment of 
the cause of hyponatraemia is necessary in patients un-
dergoing dialysis. The algorithm shown in Figure 2 could 
aid in the proper classification and treatment of hypona-
traemia.
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