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Abstract Hyponatraemia, defined as
a serum sodium concentration

<135 mmol/L, is the most common
disorder of body fluid and electrolyte
balance encountered in clinical prac-
tice. Hyponatraemia is present in
15-20 % of emergency admissions to
hospital and occurs in up to 20 % of
critically ill patients. Symptomatology
may vary from subtle to severe or even
life threatening. Despite this, the man-
agement of patients remains
problematic. Against this background,
the European Society of Intensive Care
Medicine, the European Society of
Endocrinology and the European Renal
Association—European Dialysis and
Transplant Association, represented by
European Renal Best Practice have
developed a Clinical Practice Guide-
line on the diagnostic approach and
treatment of hyponatraemia as a joint
venture of three societies representing
specialists with a natural interest in
hyponatraemia.
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1 Introduction and methodology

Hyponatraemia, defined as a serum sodium concentration
<135 mmol/L, is the most common disorder of body fluid
and electrolyte balance encountered in clinical practice.
Hyponatraemia is present in 15-20 % of emergency
admissions to hospital and occurs in up to 20 % of criti-
cally ill patients [1]. It can lead to a wide spectrum of
clinical symptoms, from subtle to severe or even life
threatening [2, 3] and is associated with increased mortality,
morbidity and length of hospital stay in patients presenting
with a range of conditions. Despite this, the management of
patients remains problematic. The prevalence of hypona-
traemia in widely different conditions and the fact that
hyponatraemia is managed by clinicians with a broad variety
of backgrounds, has fostered diverse institution- and speci-
ality-based approaches to diagnosis and treatment.

Against this background, the European Society of
Intensive Care Medicine (ESICM), the European Society
of Endocrinology (ESE) and the European Renal Asso-
ciation—European Dialysis and Transplant Association
(ERA-EDTA), represented by European Renal Best
Practice (ERBP) have developed this Clinical Practice
Guideline on the diagnostic approach and treatment of
hyponatraemia as a joint venture of three societies rep-
resenting specialists with a natural interest in
hyponatraemia. In addition to a rigorous approach to
methodology and evaluation, we were keen to ensure the
document focused on patient-important outcomes and had
utility for clinicians involved in every-day practice.

The ERBP methods support team searched The
Cochrane Database of Systematic Reviews (May 2011),
DARE (May 2011), CENTRAL (May 2011) and MED-
LINE (1946 to May, week 4, 2011) for both questions on
diagnosis and treatment. To identify limits for the
increase in serum sodium concentration above which the
risk of osmotic demyelination starts to rise, they searched
MEDLINE from 1997 onwards under the assumption that
earlier reports would describe more dramatic increases
and would not contribute to helping us set an upper limit.

A member of the ERBP methods support team screened
all titles and abstracts to discard the clearly irrelevant ones.
All members of the guideline development group completed
a second screening. All abstracts that did not meet the
inclusion criteria were discarded. Any discrepancies at this
stage were resolved by group consensus. The methods sup-
port team retrieved full texts of potentially relevant studies
and two reviewers examined them for eligibility indepen-
dently of each other. The reviewer duos always included one
content specialist and a methodologist of the ERBP methods
support team. Any discrepancies were resolved by consen-
sus. If no consensus could be reached, the disagreement was
settled by group arbitrage. The evidence for outcomes on
therapeutic interventions from included systematic reviews
and randomised controlled trials was presented using the

‘Grading of Recommendations Assessment, Development
and Evaluation (GRADE) toolbox’ developed by the inter-
national GRADE working group (http://www.gradeworking
group.org/).

The guideline underwent external peer review before
publication.

This condensed version of the Clinical Practice
Guideline on Diagnosis and Treatment of Hyponatraemia
focuses on recommendations on diagnosis and treatment
of hyponatraemia, the full version of the guidelines,
additionally covering conflict of interest, purpose and
scope, methods of guideline development and pathophy-
siology of hyponatraemia, is available as electronic
supplemental material (ESM).

2 Diagnosis of hyponatraemia
2.1 Classification of hyponatraemia

2.1.1 Definition of hyponatraemia based on biochemical
severity

We define ‘mild’ hyponatraemia as a biochemical
finding of a serum sodium concentration between 130
and 135 mmol/L as measured by ion specific electrode.

We define ‘moderate’ hyponatraemia as a biochemical
finding of a serum sodium concentration between 125
and 129 mmol/L as measured by ion specific electrode.

We define ‘profound’ hyponatraemia as a biochemical
finding of a serum sodium concentration <125 mmol/L
as measured by ion specific electrode.

2.1.2 Definition of hyponatraemia based on time
of development

We define ‘acute’ hyponatraemia as hyponatraemia that is
documented to exist <48 h. We define ‘chronic’ hyp-
onatraemia as hyponatraemia that is documented to exist
foratleast48 h. If the hyponatraemia cannot be classified,
we consider it being chronic, unless there is clinical or
anamnestic evidence of the contrary (Tables 1, 2).

2.1.3 Definition of hyponatraemia based on symptoms

We define ‘moderately symptomatic’ hyponatraemia as
any biochemical degree of hyponatraemia in the pre-
sence of moderately severe symptoms of hyponatraemia
(Table 1).

We define ‘severely symptomatic’ hyponatraemia as any
biochemical degree of hyponatraemia in the presence of
severe symptoms of hyponatraemia (Table 1).
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Table 1 (Table 5 of the online document): classification of

symptoms of hyponatraemia

Severity Symptom

Moderately severe Nausea without vomiting
Confusion

Headache

Vomiting

Cardio-respiratory distress
Abnormal and deep somnolence
Seizures

Coma (Glasgow Coma Scale <8)

Severe

The guideline development group wants to underscore that these
symptoms can also be induced by other conditions. Clinical and
anamnestic data should be taken into account when assessing the
causal relation between the hyponatraemia and a certain symptom
(i.e. to assess whether the symptom has been caused by the hyp-
onatraemia or the hyponatraemia by the underlying condition/
symptom). The less pronounced (e.g. mild) the biochemical degree
of hyponatraemia, the more caution should be taken when con-
sidering that the hyponatraemia is the cause of the symptoms. This
list is not exhaustive, and all symptoms that can be signs of cerebral
oedema should be considered as severe or moderate symptoms that
can be caused by hyponatraemia

Table 2 (Table 8 of the online document): drugs and conditions
associated with acute hyponatraemia (<48 h)

Postoperative phase

Post-resection of the prostate, post-resection of endoscopic uterine
surgery

Polydipsia

Exercise

Recent thiazides prescription

3,4-Methyleendioxymethamfetamine (MDMA, XTC)

Colonoscopy preparation

Cyclophosphamide (intravenous)

Oxytocin

Recently started desmopressin therapy

Recently started terlipressin, vasopressin

e Why did we choose to set definitions?

Hyponatraemia can be classified based on different
parameters. These include serum sodium concentration,
rate of development, symptom severity, serum osmolality,
and volume status. For this guideline, we wanted the
classification to be consistent and clear so all users would
have a correct understanding of the terminology used. We
also wanted to make the classification directly relevant for
patient management. However, treatment strategies can-
not be adequately classified with reference to a single
criterion. Hence, treatment strategies have been classified
according to combinations of these criteria.

o What are these definitions based on?

Classification based on serum sodium_concentration
Authors mostly use the terms ‘mild’, ‘moderate’, and

‘severe’ [4-6]. We have chosen to replace ‘severe’ by
‘profound’ to avoid confusion with the classification based

on symptoms, for which we have reserved the term ‘severe’.
The definitions of mild, moderate and profound hypona-
traemia in published research are variable; especially the
threshold used to define profound hyponatraemia for which
values have ranged from 110 to 125 mmol/L [7, 8]. Several
studies report that when serum sodium concentrations drop
below 125 mmol/L, symptoms become more common [1, 4,
9-13], and the correction to normonatraemia necessitates
careful monitoring to avoid overly rapid correction [14].

based on duration and

Classification speed of
development

Published research suggests using a threshold of 48 h to
distinguish “acute” from “chronic” hyponatraemia. Brain
oedema seems to occur more frequently when hypona-
traemia develops in <48 h [15-18]. Experimental studies
also suggest that the brain needs approximately 48 h to
adapt to a hypotonic environment, achieved mainly by
extruding sodium, potassium, chloride and organic os-
moles from its cells [19-21]. Before adaptation, there is a
risk of brain oedema, because the lower extracellular
osmolality promotes a shift of water into the cells.
However, once adaptation is completed, brain cells can
again sustain damage if the serum sodium concentration
increases too rapidly. Breakdown of the myelin sheath
insulating individual neurons can result in what is called
the osmotic demyelination syndrome [22-25]. Conse-
quently, it is important to distinguish between acute and
chronic hyponatraemia to assess whether someone is at
greater risk of immediate brain oedema than of osmotic
demyelination [26]. Unfortunately, in clinical practice,
the distinction between acute and chronic hyponatraemia
is often unclear, particularly for patients presenting to the
emergency room. It is often unknown when the serum
sodium concentration has started decreasing. If classify-
ing hyponatraemia as acute or chronic is not possible, we
have decided to consider the hyponatraemia as being
chronic, unless there are reasons to assume it is acute
(Table 10). There is a good reason for this approach.
Chronic hyponatraemia is much more common than acute
hyponatraemia and should be managed accordingly to
avoid osmotic demyelination [27, 28].

Classification based on symptoms

We have divided symptoms of hyponatraemia into
‘moderately severe’ and ‘severe’. The distinction is based
on selected observations in acute hyponatraemia; those
who subsequently die more often experience what we
define as severe symptoms than those who live [15, 16].
Moderately severe symptoms caused by brain oedema are
less frequently associated with death. Nevertheless, they
may rapidly progress to more severe symptoms associated
with an adverse outcome.

We have purposefully omitted the category ‘asymp-
tomatic’ as we felt this might create confusion. Patients
are probably never truly ‘asymptomatic’ in the strictest
sense of the word. Very limited and subclinical signs such
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as mild concentration deficits are seen even with mild
hyponatraemia [29].

A classification based on symptoms aims to reflect the
degree of brain oedema and the extent of immediate danger.
It allows matching treatment to the immediate risk, with
more aggressive treatment for symptoms that are more
severe. Nevertheless, a classification based only on symp-
tom severity has several shortcomings. First, symptoms of
acute and chronic hyponatraemia may overlap [29]. Sec-
ond, patients with acute hyponatraemia can present without
clear symptoms, but go on to develop moderately severe to
severe symptoms within hours [15]. Third, symptoms of
hyponatraemia are nonspecific. Consequently, assessment
of symptoms needs to happen with caution. Clinicians need
to be wary that symptoms can be caused by conditions other
than hyponatraemia; by other conditions in combination
with hyponatraemia; or by conditions that cause the hyp-
onatraemia. In general, one should be particularly careful
when attributing moderately severe to severe symptoms to
hyponatraemia when the biochemical degree of hypona-
traemia is only mild (Table 1).

Classification based on serum osmolality

As this guideline aimed to cover the aspects of diagnosis
and treatment specifically of hypotonic hyponatraemia,
we needed to define what distinguishes hypotonic from
non-hypotonic hyponatraemia. Because this distinction is
a necessary first step in the diagnostic evaluation of any
hyponatraemia, we have devoted a separate chapter to this
topic (chapter 8.2). For reasons of completeness, we
briefly mention it here. A measured serum osmolality
<275 mOsm/kg always indicates hypotonic hyponatra-
emia, as effective osmolality can never be higher than
total or measured osmolality. In contrast, if calculated
osmolality <275 mOsm/kg, the hyponatraemia can be
hypotonic, isotonic or hypertonic, depending on which
osmotically active agents are present and whether or not
they are incorporated in the formula [30].

Classification based on volume status

Patients with hyponatraemia may be hypovolaemic, eu-
volaemic, or hypervolaemic [31]. Many traditional
diagnostic algorithms start with a clinical assessment of
volume status [32]. However, it is often not clear if vol-
ume status in this context refers to the extracellular fluid
volume, to the effective circulating volume or to the total
body water. In addition, the sensitivity and specificity of
clinical assessments of volume status are low, potentially
leading to misclassification early in the diagnostic tree
[33, 34]. Therefore, we have used the terms ‘effective
circulating volume’ and ‘extracellular fluid volume’
throughout the text to reduce ambiguity.

e Note of caution

We wanted the classification of hyponatraemia to be
consistent, easy to use and helpful for both differential
diagnosis and treatment. Hyponatraemia can be classified

according to different factors, each with advantages and
pitfalls depending on the clinical setting and situation. We
have prioritized the criteria such that we would obtain a
classification that would be clinically relevant and as
widely applicable as possible.

Nevertheless, the user should keep in mind that differ-
ential diagnosis of hyponatraemia is difficult and no
classification can be 100 % accurate in every situation. We
emphasize that the different classifications of hyponatra-
emia are not mutually exclusive, and that classification
should always occur with the clinical condition and the
possibility of combined causes of hyponatraemia in mind.

2.2 Confirming hypotonic and excluding non-
hypotonic hyponatraemia

We recommend excluding hyperglycaemic hyponatra-
emia by measuring the serum glucose concentration
and correcting the measured serum sodium concentra-
tion for the serum glucose concentration if the latter is
increased. (1D)

Hyponatraemia with a measured osmolality
<275 mOsm/kg always reflects hypotonic hyponatra-
emia. (not graded)

Accept as ‘hypotonic hyponatraemia’ a hyponatraemia
without evidence for causes of non-hypotonic hyp-
onatraemia as listed in Table 3. (not graded)

Advice for clinical practice

Estimates of the serum sodium concentration corrected
for the presence of hyperglycaemia can be obtained from
the following equations [35]:

Corrected serum [Na"| = measured [Na*] + 2.4
[Glucose (mg/dl) — 100 (mg/dl))
100 mg/dl

Corrected [Na*| = measured [Na*] + 2.4

[Glucose (mmol/L) — 5.5 (mmol/L)]
5.5 mmol /L

where [Na'] is the serum sodium concentration, [Glu-
cose] is the serum glucose concentration.

This translates into adding 2.4 mmol/L to the mea-
sured serum sodium concentration for every 5.5 mmol/L
(100 mg/dL) incremental rise in serum glucose concen-
tration above a standard serum glucose concentration of
5.5 mmol/L (100 mg/dL).

Alternatively, the estimated value of the corrected
serum sodium concentration across a range of serum
glucose concentrations can be obtained from (ESM
Table 10).
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Table 3 (Table 10 of the online document): causes of non-hypotonic hyponatraemia

Setting

Serum osmolality

Examples

Presence of “effective” osmoles that raise
serum osmolality and can cause hyponatraemia

Presence of “ineffective” osmoles that raise serum
osmolality but do not cause hyponatraemia

Presence of endogenous solutes that cause
pseudohyponatraemia (laboratory artifact)

Isotonic

Isotonic or hypertonic

Isotonic or hyperosmolar

Glucose [35]

Mannitol [38]

Glycine [39]
Histidine—tryptophane—ketoglutarate [40]
Hyperosmolar radiocontrast media [41]
Maltose [42]

Urea [43]

Alcohols [43]

Ethylene-glycol [43]

Triglycerides [44]

Cholesterol [44]

Protein intravenous immunoglobulins [45]
Monoclonal gammapathies [46]

2.3 Which parameters to use for differentiating causes
of hypotonic hyponatraemia? (Fig. 1)

We recommend interpreting urine osmolality of a spot
urine sample as a first step. (1D)

If urine osmolality <100 mOsm/kg, we recommend
accepting relative excess water intake as a cause of the
hypotonic hyponatraemia. (1D)

If urine osmolality >100 mOsm/kg, we recommend
interpreting the urine sodium concentration on a spot
urine sample taken simultaneously with a blood sam-
ple. (1D)

If urine sodium concentration <30 mmol/L, we suggest

Consider primary or secondary adrenal insufficiency as
an underlying cause of the hypotonic hyponatraemia.
Kidney disease complicates differential diagnosis of
hyponatraemia. Besides possibly contributing to the
hyponatraemia, the ability of the kidneys to regulate
urine osmolality and urine sodium is often diminished,
much like with the use of diuretics. As urine osmolality
and sodium may no longer reflect the effects of the
regular hormonal axes regulating water and sodium
homeostasis, any diagnostic algorithm for hyponatra-
emia must be used with caution in patients with kidney
disease.

The water-loading test is generally not helpful for
differential diagnosis of hypotonic hyponatraemia and
may be dangerous in this setting.

accepting low effective arterial volume as a cause of the
hypotonic hyponatraemia. (2D)

If urine sodium concentration >30 mmol/L, we suggest
assessing extracellular fluid status and use of diuretics to

further differentiate likely causes of the hyponatraemia.
(2D)

We suggest against measuring vasopressin for con-
firming the diagnosis of STADH. (2D)

Adpvice for clinical practice

3 Treatment of hypotonic hyponatraemia

How to use the treatment recommendations

The advice provided in this chapter follows a specific
hierarchy as illustrated in Fig. 2. Individual recommen-
dations and statements can only be correctly interpreted

and implemented if considered within this structure.

e Correct interpretation of laboratory measurements
requires contemporaneous collection of blood and urine
specimens.

e For practical reasons, urine osmolality and sodium
concentration are best determined in the same urine
sample.

e If clinical assessment indicates the volume of extracel-
lular fluid is not overtly increased and the urine sodium
concentration >30 mmol/L, exclude other causes of
hypotonic hyponatraemia before implicating SIAD.
Consider using the diagnostic criteria listed in Tables 4,
5 and looking for known causes of SIAD.

The guideline development group felt that with severe
or moderately severe symptoms, the risk of brain oedema
outweighs the risk of osmotic demyelination syndrome.
They felt it justifies urgent treatment in these conditions,
irrespective of biochemical degree or timing (acute versus
chronic) of hyponatraemia. Conversely, the guideline
development group believed that in the absence of severe
or moderately severe symptoms, there is time for diag-
nostic assessment, and cause-specific treatment is the
most reasonable approach.

For a correct interpretation of the algorithm in Fig. 2,
it is crucial to understand that for correctly classifying
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Fig. 1 (Fig. 6 of the online
document): algorithm for the
diagnosis of hyponatraemia

HYPONATRAEMIA

EXCLUDE HYPERGLYCAEMIA AND OTHER CAUSES

OF NON-HYPOTONIC HYPONATRAEMIA

HYPOTONIC HYPONATRAEMIA

ACUTE OR SEVERE
SYMPTOMS?

Consider immediate treatment
with hypertonic saline
(chapter 7)

URINE OSMOLALITY

<100 mOsm/kg

Consider

- Primary polydipsia
- Low solute intake

- Beer potomania

> 100 mOsm/kg

URINE SODIUM CONCENTRATION

LOW EFFECTIVE ARTERIAL

BLOOD VOLUME

l

If ECF expanded consider

- Heart failure
- Liver cirrhosis
- Nephrotic syndrome

If ECF reduced consider

- Diarrhea and vomiting
- Third spacing
- Remote diuretics

symptoms as ‘severe’ or ‘moderately severe’, there must
be sufficient confidence that the symptoms are caused by
hyponatraemia. If hyponatraemia is mild and symptoms
are severe or moderately severe (Table 5 of the online
document), the guideline development group advises to
only accept causality in exceptional cases. Consequently,
generally, chapters 3.1, 3.2, and 3.3 are not applicable
when hyponatraemia is mild. It is also essential to
understand that the guideline development group

> 30 mmol/L

DIURETICS OR
KIDNEY DISEASE?

Consider If ECF reduced consider
- Vomiting
- Primary adrenal insufficiency

- Renal salt wasting

- Diuretics
- Kidney disease

- All other causes

<« » - Cerebral salt wasting

- Occult diuretics

If ECF normal consider
-SIAD

- Secondary adrenal insufficiency
- (Hypothyroidism)

- Occult diuretics

distinguishes between targets and limits. A target is a
goal one is aiming for; it is the change in serum sodium
concentration that one wishes and expects to achieve
with a particular treatment. In contrast, a limit is a
change in serum sodium concentration one does not
want to exceed and if surpassed, requires prompt coun-
ter-regulating intervention as described in chapter 9.5
(ESM). In addition, the reader should bear in mind that
the absolute numbers provided as ‘targets’ or ‘limits’
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Table 4 (Table 6 of the online document): diagnostic criteria for
the syndrome of inappropriate antidiuresis

Essential criteria

Effective serum osmolality <275 mOsm/kg

Urine osmolality >100 mOsm/kg at some level of decreased
effective osmolality

Clinical euvolaemia

Urine sodium concentration >30 mmol/L with normal dietary salt
and water intake

Absence of adrenal, thyroid, pituitary or renal insufficiency

No recent use of diuretic agents

Supplemental criteria

Serum uric acid <0.24 mmol/L (<4 mg/dL)

Serum urea <3.6 mmol/L (<21.6 mg/dL)

Failure to correct hyponatraemia after 0.9 % saline infusion

Fractional sodium excretion >0.5 %

Fractional urea excretion >55 %

Fractional uric acid excretion >12 %

Correction of hyponatraemia through fluid restriction

Adapted from Schwartz et al. [36] and Janicic et al. [37]

Table 5 (Table 11 of the online document): differences between
SIADH and cerebral salt wasting

3.1.2 Follow up management in case of improvement

of symptoms after a 5 mmol/L increase in serum
sodium concentration in the first hour, regardless
of whether hyponatraemia is acute or chronic

We recommend stopping the infusion of hypertonic
saline. (1D)

We recommend keeping the intravenous line open by
infusing the smallest feasible volume of 0.9 % saline
until cause-specific treatment is started. (1D)

We recommend starting a diagnosis specific treatment
if available, aiming at least to stabilize sodium con-
centration. (1D)

We recommend limiting the increase in serum sodium
concentration to a total of 10 mmol/L during the first
24 h and an additional 8 mmol/L. during every 24 h
thereafter until the serum sodium concentration reaches
130 mmol/L. (1D)

We suggest checking the serum sodium concentration
after 6 and 12 h, and daily afterwards until the serum
sodium concentration has stabilised under stable
treatment. (2D)

SIADH Cerebral salt wasting
Serum urea concentration Normal-low Normal-high
Serum uric acid concentration Low Low
Urine volume Normal-low High
Urine sodium concentration ~ >30 mmol/ >>30 mmol/L
L

Blood pressure Normal Normal—orthostatic

hypotension
Central venous pressure Normal Low

Adapted from Sherlock et al. [47] and Brimioulle et al. [48]

should always be interpreted in the clinical context of
the individual patient.

3.1 Hyponatraemia with severe symptoms

3.1.1 First hour management, regardless
of whether hyponatraemia is acute or chronic

We recommend prompt intravenous infusion of 150 mL
3 % hypertonic saline or equivalent over 20 min. (1D)

We suggest checking the serum sodium concentra-
tion after 20 min while repeating an infusion of 150 mL

3.1.3 Follow up management in case of no improvement

of symptoms after a 5 mmol/L increase in serum
sodium concentration in the first hour, regardless
of whether the hyponatraemia is acute or chronic

We recommend continuing an intravenous infusion of
3 % hypertonic saline or equivalent aiming for an
additional 1 mmol/L/h increase in serum sodium con-
centration (1D).

We recommend stopping the infusion of 3 % hypertonic
saline or equivalent when the symptoms improve, the
serum sodium concentration increases 10 mmol/L in total
or the serum sodium concentration reaches 130 mmol/L,
whichever occurs first (1D).

We recommend additional diagnostic exploration for
other causes of the symptoms than hyponatraemia (1D).

We suggest checking the serum sodium concentration
every 4 h as long as an intravenous infusion of 3 %
hypertonic saline or equivalent is continued (2D).

3 % hypertonic saline or equivalent over the next 20 min. Advice for clinical practice

(2D)

We suggest repeating therapeutic recommendations

3.1.1.1 and 3.1.1.2 twice or until a target of 5 mmol/L

increase in serum sodium concentration is achieved. (2D)
Manage patients with severely symptomatic hypona-

traemia in an environment where close biochemical and

clinical monitoring can be provided. (not graded)

e Prompt infusion of hypertonic saline may save lives.
However, preparing a 3 % hypertonic saline infusion
takes time and errors may occur in calculating the
required amount of sodium chloride. Therefore, it may
be wise for the pharmacy to store pre-prepared 150 mL
bags of 3 % hypertonic saline. It ensures that solutions
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Fig. 2 (Fig. 7 of the online
document): algorithm for the
management of hypotonic
hyponatraemia (the numbers in
the yellow boxes refer to the
online full guideline document)

Go to chapter 7.1
Hyponatraemia

with severe symptoms

Go to chapter 7.2
Hyponatraemia with
moderately severe symptoms

are prepared under sterile conditions, by either the
pharmacist or the manufacturer, and are available for
immediate infusion without having to prepare them on
the spot.

e Consider using weight based (2 mL/kg) rather than
the fixed 150 mL infusion volumes of 3 % hyper-
tonic saline in case of obviously deviant body
composition.

e Do not expect patients with severe symptoms to
completely recover immediately, as it may take some
time for the brain to fully recover. Be aware that
sometimes it may not be possible to assess an
improvement in symptoms, e.g. because the patient is

SEVERE SYMPTOMS?

MODERATELY SEVERE SYMPTOMS?

ACUTE HYPONATRAEMIA?

Go to chapter 7.3 Go to chapter 7.4.1

Acute hyponatraemia without severe Chronic

or moderately severe symptoms hyponatraemia

REDUCED CIRCULATING VOLUME?

Go to chapter 7.4.4

Reduced circulating volume

EXPANDED EXTRACELLULAR FLUID?

Go to chapter 7.4.2

Go to chapter 7.4.3
SIAD

Expanded extracellular fluid

intubated and sedated. In these cases, we advise to
follow guidance as described under 9.1.2.

Keep in mind that if hypokalaemia is present, correc-
tion of the hypokalaemia will contribute to an increase
in serum sodium concentration.

e To achieve the 1 mmol/L/h increase advised in 9.1.2.1,

the formula of Adrogué-Madias [32] may be used, but

keep in mind that the actual increase may exceed the

calculated increase:

infusate [Na™] — serum [Na™|
total body water + 1

Change inserum [Na*] =
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Change in serum [Na™| =
(infusate [Na™| + infusate [K™|) — serum [Na™|

3.3 Acute hyponatraemia without severe
or moderately severe symptoms

total body water + 1

where [Na™] is the sodium concentration in mmol/L,
[K™] is the potassium concentration in mmol/L. The
numerator in formula 1 is a simplification of the
expression in formula 2, with the value yielded by the
equation in mmol/L. The estimated total body water
(in litres) is calculated as a fraction of body weight.
The fraction is 0.6 in nonelderly men and 0.5 in
nonelderly women; and 0.5 and 0.45 in elderly men
and women respectively. Normally, extracellular and
intracellular fluids account for 40 and 60 % of total
body water respectively.

3.2 Hyponatraemia with moderately severe symptoms

We recommend starting prompt diagnostic assessment.
(1D)

Stop, if possible, medications and other factors that
can contribute to or provoke the hyponatraemia. (not
graded)

We recommend cause-specific treatment. (1D)

We suggest immediate treatment with a single intrave-
nous infusion of 150 mL 3 % hypertonic saline or
equivalent over 20 min. (2D)

We suggest aiming for a 5 mmol/L/24 h increase in
serum sodium concentration. (2D)

We suggest limiting the increase in serum sodium con-
centration to 10 mmol/L in the first 24 h and 8 mmol/L
during every 24 h thereafter, until a serum sodium con-
centration of 130 mmol/L is reached. (2D)

We suggest checking the serum sodium concentration
after one, 6 and 12 h. (2D)

We suggest additional diagnostic exploration for other
causes of the symptoms if the symptoms do not
improve with an increase in serum sodium concentra-
tion. (2D)

We suggest considering to manage the patient as in
severely symptomatic hyponatraemia if the serum
sodium concentration further decreases despite treating
the underlying diagnosis. (2D)

Make sure that the serum sodium concentration has
been measured using the same technique as used for
the previous measurement and that no administrative
errors in sample handling have occurred. (not graded)

If possible, stop fluids, medications and other factors
that can contribute to or provoke the hyponatraemia.
(not graded)

We recommend starting prompt diagnostic assessment,
(1D)

We recommend cause-specific treatment. (1D)

If the acute decrease in serum sodium concentration
exceeds 10 mmol/L, we suggest a single intravenous
infusion of 150 mL 3 % hypertonic saline or equiva-
lent over 20 min. (2D)

We suggest checking the serum sodium concentration
after 4 h, using the same technique as used for the
previous measurement. (2D)

3.4 Chronic hyponatraemia without severe
or moderately severe symptoms

3.4.1 General management

Stop non-essential fluids, medications and other factors
that can contribute to or provoke the hyponatraemia.
(not graded)

We recommend cause-specific treatment. (1D)

In mild hyponatraemia, we suggest against treatment
with the sole aim of increasing the serum sodium
concentration. (2C)

In moderate or profound hyponatraemia, we recommend
avoiding an increase in serum sodium concentration of
>10 mmol/L during the first 24 h and >8 mmol/L during
every 24 h thereafter. (1D)

In moderate or profound hyponatraemia, we suggest
checking the serum sodium concentration every 6 h
until the serum sodium concentration has stabilised
under stable treatment. (2D)

In case of unresolved hyponatraemia, reconsider the
diagnostic algorithm and ask for expert advice. (not
graded)




329

3.4.2 Patients with expanded extracellular fluid Advice for clinical practice

We recommend against a treatment with the sole aim
of increasing the serum sodium concentration in mild
or moderate hyponatraemia. (1C)

e A sudden increase in urine output to >100 mL/h signals
increased risk of overly rapid rise in serum sodium
concentration. If vasopressin activity is suddenly sup-
pressed, as happens when intravascular volume is
restored in hypovolaemia, free water clearance can
dramatically increase, resulting in serum sodium con-
centrations rising more rapidly than expected. If urine
output suddenly increases, we would advise measuring
the serum sodium concentration every 2 h until it has
stabilised under stable treatment. The implicit advice to
monitor urine output does not imply we advise a
bladder catheter solely for this purpose. Most patients
will be able to void spontaneously and collect urine for
output monitoring.

e As a means of increasing solute intake, we suggest
daily intake of 0.25-0.50 g/kg urea can be used. The
bitter taste can be reduced by combining it with sweet
tasting substances. The pharmacist may be asked to
prepare the following as sachets: urea 10 g + NaHCO;
2 g + citric acid 1.5 g + sucrose 200 mg, to be dis-
solved in 50-100 mL water. This will result in a more
palatable, slightly sparkling solution.

We suggest fluid restriction to prevent further fluid
overload. (2D)

We recommend against vasopressin receptor antagonists. (1C

We recommend against demeclocycline. (1D)

3.4.3 Patients with syndrome of inappropriate
antidiuresis

In moderate or profound hyponatraemia, we suggest
restricting fluid intake as first- line treatment. (2D)

In moderate or profound hyponatraemia, we suggest the
following can be considered equal second line treatments:
increasing solute intake with 0.25-0.50 g/kg/day of urea
or a combination of low dose loop diuretics and oral
sodium chloride. (2D)

In moderate or profound hyponatraemia, we recommend
against lithium or demeclocycline. (1D)

In moderate hyponatraemia, we do not recommend
vasopressin receptor antagonists. (1C)

3.5 What to do in case hyponatraemia is corrected too
rapidly?

In profound hyponatraemia, we recommend against

. . recommend prompt intervention for re-lowerin
vasopressin receptor antagonists. (1C) We recommend prompt intervention for re-lowering

the serum sodium concentration if it increases
>10 mmol/L during the first 24 h or >8 mmol/L in
any 24 h thereafter. (1D)

3.4.4 Patients with contracted circulating volume

We recommend discontinuing the on-going active
We recommend restoring extracellular volume with treatment. (1D)
intravenous infusion of 0.9 % saline or a balanced

crystalloid solution at 0.5-1.0 mL/kg/h. (1B)

Manage patients with haemodynamic instability in an
environment where close biochemical and clinical
monitoring can be provided. (not graded)

We recommend consulting an expert to discuss if it is
appropriate to start an infusion of 10 mL/kg body weight of
electrolyte-free water (e.g. glucose solutions) over 1 h under
strict monitoring of urine output and fluid balance. (1D)

We recommend consulting an expert to discuss if it is

In case of haemodynamic instability, the need for rapid
fluid resuscitation overrides the risk of an overly rapid
increase in serum sodium concentration. (not graded)

appropriate to add intravenous desmopressin 2 pg, with
the understanding that this should not be repeated more
frequently than every 8 h. (1D)
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