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Hyponatremia as Marker

of Poor Outcome in Hemodi-

alysis Patients

P
redialytic hyponatremia is a
marker that has been associated

with poor outcome in dialysis pa-
tients in several recent studies.1,S1

In brief, hyponatremia is a proxy
of a hypotonic extracellular condi-
tion reflecting relative free water
excess and intracellular hyper-
hydration. Even though, Edelman
discovered that serum sodium
concentration does not depend only
on total body sodium and total
body water, but on the ratio of total
body solutes (e.g., total body so-
dium and total body potassium) to
total body water.S2

In this context, Fujisaki and
colleagues2 bring a new light on
this issue with this retrospective
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study using the Japanese dialysis
national registry that has explored
clinical outcomes associated with
predialytic hyponatremia as well as
plasma sodium changes occurring
during hemodialysis session (post
to predialysis plasma sodium con-
centration). For this purpose, they
performed a cross-sectional analysis
in 178,114 prevalent hemodialysis
patients across the year 2008 that
were then followed for the next 2
years. Predialysis plasma sodium
concentrations were categorized in
quintiles considering threshold
values for the lowest as #136 mM/l
and the highest as >141 mM/l.
Traditional Cox regression and
survival analyses were performed
to calculate hazard ratio for mor-
tality (all-cause, cardiovascular, ce-
rebrovascular, infection) according
to clusters of predialysis natremia
(pNa) and plasma sodium (DpNa
post-to-pre) changes. Dialysate so-
dium prescription was relatively
homogeneous across the cohort
relying on a sodium concentration
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of 140 mmol/l in 85.9% of patients
(>140 in 4.5%; <140 in 8.9%,
unknown 0.7%). In brief, the main
findings of the study are the
following. First, the category with
the lowest predialysis plasma so-
dium concentrations is then further
increased by the magnitude of the
intradialytic plasma sodium con-
centration changes. Second, cause-
specific mortality indicated that
hyponatremia was associated with
both an increase in cardiovascular
as well as infection-related mortal-
ity. Third, the patient profile land-
ing into the lowest hyponatremic
quintile is significantly different
(older, higher prevalence of past
history of cardiovascular disease,
higher interdialytic weight gain).
Furthermore, penalized spline
regression analyses were used to
explore the relationship between
mortality and plasma sodium con-
centration disorders (pNa and
DpNa) as continuous variables. The
hazard ratio for mortality and pNa
followed a negative sigmoidal rela-
tionship with an inflexing point at
140. The hazard ratio for death and
DpNa followed also a sigmoidal
relationship presenting with an
inflexing point at zero correspond-
ing to isonatremic condition. An
intradialytic increase in pNa above
zero was associated with an
increased risk of death and a
decline appeared to be protective.
Interestingly, low pNa increased
the risk for ischemic stroke, limb
amputation, and hip fracture but
not for myocardial infarction
Put New Findings

in Perspective

This study confirmed hyponatremia
as a marker of poor outcome in
hemodialysis patients, even in view
of the low crude annual mortality
rate (4.75%) reported in this Japa-
nese dialysis cohort. Low pNa
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Figure 1. Clinical meaning of hyponatremia with the most likely link with hypotonic hyper-
volemia in hemodialysis patients. ECV, extracellular volume; ICV, intracellular volume.
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levels were also associated with an
increased risk of relevant
morbidity. Furthermore, correction
of hyponatremia during a dialysis
treatment has no protective effect.
Although, given that a dialysate Na
concentration of 140 mmol/l was
used in the great majority of cases,
the magnitude of DpNa is likely
mainly related to predialytic natre-
mia, the combination of both a low
pNa and a large change in post- to
predialysis pNa tended to aggravate
mortality risk. The deleterious ef-
fect of intradialytic DpNa may
reflect cyclic changes of brain
structure (swelling and shrinking)
following osmotic changes induced
by dialysis.

Another striking finding is
that hyponatremia (defined as
pNa #136 mmol/l) was highly
prevalent, affecting 19% of
Table 1. Interpreting hyponatremia in hemodialy
No. HD characteristics

1 Hemodialysis patient represents a closed system with 2 mai
compartments (intracellular volume/extracellular volume)

2 Lack of kidney function (anuric)

3 Free water excess is quite unlikely in
HD patient

4 Fixed dialysate sodium concentration is used
in general practice

5 Interdialytic weight gain is a marker of fluid and
sodium accumulation
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patients in this large hemodialy-
sis cohort. Even though this
figure tends to be at the upper
range, it is still in agreement with
the prevalence reported (median
value 12%, min-max [6–29%]) in
a recent review by Rhee et al.3

The association of low pNa with
risk factors such as low serum
albumin and high C-reactive
protein levels suggests that
hyponatremia may reflect the
presence of an underlying disease
or a severe comorbid condition,
rather than a primary fluid or
osmotic disorder due to inade-
quate dialysis treatment. In this
report, fluid status of patients
presenting with hyponatremia
was not measured, meaning that
it is impossible to elucidate
further on the root cause of this
problem. However, interdialytic
sis (HD) patients from a mechanical perspective
Pathophysiologic e

n Law of mass conservation applies to fluid and sodium
imbalance (in/out) in the patient-HD system

Exclude all causes referring to decrease of free water
excretion (vasopressin, cortisol, tubular defect)

Or

Except in case of excessive thirst (i.e., hyperglycemia,
angiotensin II) or potomania (mental disorders)

C
intr

Dialysate Na prescription ranges between 135 and
142 mM/l

H
co

Hyponatremia may be used to quantify free water excess
(hypotonic fluid imbalance) and reflect combined ECF and

ICF excess

N

weight gain/loss expressed in
percentage of body weight is
significantly higher in the hypo-
natremic group, suggesting that
these patients were fluid over-
loaded. Now, the major question
is to understand why predialytic
hypotonic hyponatremia is asso-
ciated with poor outcome in he-
modialysis patients.
How to Interpret Hypona-

tremia in Hemodialysis

Patients

In the absence of circulating os-
motic substances (i.e., glucose,
fructose, sucrose, ethanol, meth-
anol, glycol), hyponatremia is
indicative of hypotonic condition
reflecting free water excess and
intracellular hyperhydration, as
depicted in Figure 1. However,
hypotonic hyponatremia in he-
modialysis patients should be
interpreted in this specific
context with a more mechanistic
approach.4 This is summarized in
Table 1.

In brief, predialysis hypotonic
hyponatremia should be best
considered by clinicians as a
marker of excess of free water
globally associated with sodium
and potassium mass imbalance.
Although hyponatremia may occur
independently from extracellular
fluid overload, the association with
interdialytic weight gain suggests
that hypervolemic hyponatremia
xplanations

Input: diet intake, endogenous production
Output: hemodialysis system (Role of residual kidney

function is quite limited and most likely absent)

ients toward free water excess intake or compartmental
translocation

ombined fluid disorders (extracellular fluid [ECF] and
acellular fluid [ICF] excess) are most likely to be present

yponatremia is unlikely reflecting low dialysate sodium
ncentration except with technical failure or human error

ormonatremia suggests isotonic accumulation of fluid
with predominant ECF expansion
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Figure 2. Clinical algorithm proposed for managing hyponatremia in hemodialysis patients.
VA, vascular access.
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may have been present in a sig-
nificant percentage of patients.5

How to Manage Dialysis

Patients Presenting With

Hyponatremia

Occurrence of hypotonic hypo-
natremia should be perceived
not only as free water excess in
hemodialysis, but as a clinical
indicator that deserves clinical
attention and precise manage-
ment as presented schematically
in the algorithm of Figure 2. In
this section, we briefly review
the different steps that should
be performed to address this
issue.

As a first step, a precise
assessment of extracellular fluid
volume status should be per-
formed to quantify degree of
fluid overload.6 This relies on a
stepwise approach consisting of
searching for clinical symptoms
(i.e., dyspnea, edema, hyperten-
sion, lung crackles) that may be
complemented by instrumental
measures (e.g., vascular refilling
capacity and ultrafiltration
tolerance, multifrequency bio-
impedance, lung ultrasound,
inferior vena cava diameter) and
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dosing cardiac biomarkers (i.e.,
brain natriuretic protein, N-ter-
minal pro-brain natriuretic
protein).

As a second step, based on
the assessment described in the
previous paragraph, fluid vol-
ume control by dry weight
reduction might be planned by
adjusting hemodialysis treatment
schedule and conditions (i.e.,
extended or extra dialysis ses-
sion, additional isolated ultrafil-
tration).7 Stepdown dry weight
adjustment can be probed over a
period of a few weeks with pe-
riodic reassessment for tolerance
and efficacy.S3

As a third step, the search for an
underlying cause is indicated.
Clinical algorithm relies on the na-
ture of onset of hyponatremia
(acute, chronic), severity (moderate,
severe), and cause as frequentist
probability will be useful in this
approach. Acute onset of hypona-
tremia may occur due to an acute
intercurrent event (i.e., systemic
infection, pulmonary disease, car-
diac disease, or dysregulated dia-
betes mellitus).8 Chronic onset of
hyponatremia should prompt car-
diac assessment to exclude chronic
heart failure. Malnutrition and
inflammation are other frequent
causes of hyponatremia that should
be investigated, and their origin
identified. Chronic diseases also
may be encountered in hemodialy-
sis patients revealed by chronic
hyponatremia, such as liver disease,
lung disease (chronic obstructive
pulmonary disease, fibrosis), severe
protein-energy wasting (cachexia),
or even cancer. According to pa-
tient complaints and associated
symptoms, a more specific investi-
gation could then be launched
The Take-Home Message

As discussed in this study com-
mentary, hyponatremia is a reli-
able indicator of poor
cardiovascular and infectious
outcome in hemodialysis patients
that should be carefully moni-
tored on a regular basis. Hypo-
tonic hyponatremia acts may be
associated with fluid overload,
but also with inflammation,
malnutrition, or underlying dis-
eases. Regarding the highly rele-
vant clinical value of this
biomarker, one may consider
monitoring predialysis natremia
more frequently in the future. As
recently reported, natremia may
be monitored on every session
based on an automated embedded
sodium control module embedded
in the hemodialysis machine.9

Validation of this concept de-
serves further long-term clinical
studies. Given that hyponatremia
may be associated with extracel-
lular fluid overload correspond-
ing to a hypervolemic
hyponatremia state, hypona-
tremia should encourage clini-
cians to assess and manage more
precisely extracellular fluid vol-
ume status and then subsequently
to work up on the root cause
search of this disorder rather than
trying to correct by adjusting
dialysate sodium prescription.
Kidney International Reports (2021) 6, 248–251
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