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Abstract

Purpose of Review To present an overview of the current diagnostic and therapeutic 
approaches for patients with hyponatremia and hypernatremia in the neurocritical care 
unit (NCCU).
Recent Findings Dysnatremias are associated with poor neurological outcomes and mortal-
ity in neurocritically ill patients. Volume status determination, although challenging, is 
critical in differentiating between the two most common etiologies of hyponatremia in the 
NCCU: SIADH and salt wasting. Central diabetes insipidus (CDI) is common in post trans-
sphenoidal surgery patients and in severe brain injuries where it portends a poor prognosis.
Summary Treatment of dysnatremia should take into account severity of symptoms, rapidity 
of onset, and presence and extent of underlying brain injury. Severe acute hyponatremia 
is an emergency that should be treated with intravenous hypertonic saline. Controlled 
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speed of correction is crucial in preventing osmotic demyelination syndrome in the most 
vulnerable patients in patients with chronic hyponatremia. SIADH is the most common 
cause of hyponatremia in the NCCU and is usually treated with fluid restriction, vaptans, 
oral salt, urea, and occasionally saline and loop diuretics. Salt wasting is a common cause 
of hypovolemic hyponatremia in severe brain injuries and should be managed with fluid 
and salt repletion ± fludrocortisone. Hypernatremia is treated with hypotonic solutions after 
correcting volume status as needed with isotonic solution, with the addition of desmopres-
sin or vasopressin in cases of CDI.

Introduction

Disturbances of sodium and water balance are com-
mon in intensive care units (ICUs) [1]. The incidence 
of dysnatremias is even higher in the neurocritical care 
unit (NCCU), encountered in 38% of neurocritically ill 
[2] and roughly half of neurosurgical patients [3]. Brain 
injury can both induce and result in dysnatremias. 
Exquisite sodium and water balance between intracel-
lular and extracellular compartments is required to reg-
ulate neuronal and glial physiology, and cell volume. 
This balance relies on the intricate interplay between 
thirst mechanism, autonomic and cardiovascular sys-
tems, hypothalamic–pituitary–adrenal (HPA) axis, and 
renin–angiotensin–aldosterone system (RAAS) [4••]. 

Failure of one or more of these mechanisms to regulate 
natremia leads to a plethora of nervous system compli-
cations such as encephalopathy, disorders of conscious-
ness, seizures, cerebral edema, osmotic demyelination, 
and death [5]. Understanding the pathophysiology 
behind the various causes of hyponatremia and hyper-
natremia is therefore crucial in guiding the approach to 
prevent or safely reverse these electrolyte disturbances.
In this review, we delve into the major causes of 
hyponatremia and hypernatremia encountered in the 
NCCU. We provide an overview of their respective 
etiologies, and present approaches to diagnosing and 
managing them in the neurocritical care context.

Approach to Hyponatremia in the Neurocritical Care Unit
Epidemiology and Pathophysiology

Commonly defined as a serum sodium (SNa) of less than 135 mEq/L, 
hyponatremia affects 3% of hospitalized patients and complicates about 
30% of ICU cases [6, 7]. Virtually, any acute brain injury can be associated 
with hyponatremia, with conditions as diverse as ischemic and hemorrhagic 
strokes, brain tumors, or traumatic brain injury (TBI). The highest incidence 
of hyponatremia among neurocritical care illnesses is in subarachnoid hemor-
rhage (SAH) where it occurs in 40–57% of patients, depending on the series 
[8, 9]. Several neurotropic medications commonly used in neurosurgical or 
neurocritically ill patients such as anti-seizure and psychiatric medications 
can also cause or contribute to hyponatremia. Regardless of the etiology, 
hyponatremia has been found to correlate with prolonged ICU stay, mechani-
cal ventilation, and increased mortality among ICU patients [1].

Severity of symptoms caused by hyponatremia depends on the degree and 
acuity of development of the electrolyte disturbance. Chronic hyponatremia, 
defined as hyponatremia that develops over a period of > 48 h, causes mild 
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symptoms and may even be asymptomatic. However, acute hyponatremia 
especially when severe (i.e., < 120 mEq/L) can lead to a variety of symptoms 
including headaches, nausea, vomiting, drowsiness, and confusion, and can 
rapidly progress to seizures, respiratory depression, and fatal cerebral edema. 
The reason for this difference in temporal response to hyponatremia lies 
in the protective cerebral mechanisms against hypotonicity. Through aqua-
porin-4 water channels located on glial membranes, water molecules move up 
the sodium gradient from extracellular to intracellular compartment, resulting 
in astrocytic swelling to spare the neurons [10, 11]. In order to counteract this 
increase in water volume, brain cells adapt by extruding osmotically active 
solutes into the extracellular compartment. The first solutes to be channeled 
out of the cells are the inorganic Na + , K + , and Cl- ions. This initial mecha-
nism occurs in the first 4 h of the adaptive response and accounts for 65% 
of the regulatory volume decrease [12, 13]. If hyponatremia persists beyond 
48 h, a second mechanism goes into action with the efflux of organic osmoles, 
namely glutamate, glycine, taurine, betaine, and myo-inositol. This process 
accounts for the remaining 35% of the volume decrease [12, 13]. At 48 h from 
hyponatremia onset, the efflux of inorganic solutes still results in a 40% gain 
in brain water volume, but after 4 days, the additional extrusion of organic 
osmoles reestablishes near normal brain water volume [14, 15].

Although many conditions can lead to hyponatremia, two etiologies are 
more frequently encountered in the NCCU: the syndrome of inappropriate 
antidiuretic hormone (SIADH) and salt wasting (SW). Both conditions can be 
difficult to distinguish on clinical grounds given the similarities in laboratory 
and urine studies, but they fundamentally differ in the volume status of the 
extracellular fluid (ECF) [8]. In SIADH, the more common condition, there is 
a dysregulated release of ADH from the neurohypophysis as a result of brain 
injury. This hypersecretion leads to enhanced water retention at the collecting 
duct level, leading to a euvolemic or mildly hypervolemic water expansion 
state, a hypotonic plasma, and a high urine Na concentration. In SW, on the 
other hand, natriuresis occurs in the setting of brain injury, although a renal 
origin for this disorder is also posited and proposed as renal salt wasting in 
the literature [16•]. For this purpose, we are using the term salt wasting in this 
article rather than what it is commonly referred to as “Cerebral Salt Wasting.” 
While renal salt wasting in possible in the absence of brain injury, it is very 
rare to diagnose salt wasting in the absence of cerebral injuries.

Two main hypotheses for its pathogenesis are entertained: a disturbance 
in the sympathetic-driven renal sodium reabsorption, and an enhanced renal 
sodium excretion, stimulated by the release of brain (BNP) and atrial (ANP) 
natriuretic peptides in response to brain injury. Regardless of the exact mecha-
nism, the outcome in SW is enhanced natriuresis, polyuria, and hypovolemia. 
The latter stimulates the appropriate release of ADH, further contributing to 
the hyponatremia.
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Hyponatremia in Selected Brain Injuries

Subarachnoid Hemorrhage

Hyponatremia occurs in up to 57% of patients with aneurysmal SAH (aSAH) 
[17]. Seventy percent cases are deemed to be SIADH-related, while SW 
accounts for 6.5% of cases [17]. SIADH can occur any time and is often 
associated with hydrocephalus and anterior circulation aneurysms [17–19], 
whereas SW tends to have an early onset and occur in high-grade SAH [20]. 
SW also tends to precede and parallel the course of vasospasm [21•, 22•, 23], 
contrary to previous thoughts that hypernatremia, rather than hyponatremia, 
was linked with poor outcomes and mortality in aSAH [24, 25].

Traumatic Brain Injury

Hyponatremia occurs variably in TBI, but can approach 50% of cases in some 
studies. It is associated with higher Rotterdam CT score and cranial fractures 
[26]. The incidence of SIADH is higher with subdural hematomas and contu-
sions but can also be a part of the triphasic response observed after pituitary 
stalk injury; initial phase consists of central DI, second phase consists of 
SIADH due to unregulated release of vasopressin, and the third phase is DI 
as the damaged hypothalamic neurons can no longer produce ADH.

SW can occur in up to 40% of severe TBI (sTBI) cases and is usually asso-
ciated with higher morbidity and mortality [27]. Regardless of the etiology, 
wide variability in SNa levels may be an independent predictor of mortality 
in sTBI [28••].

Stroke

Both acute ischemic stroke (AIS) and spontaneous ICH have been associated 
with hyponatremia with an incidence ranging between 11 and 40% [29, 30]. 
The data about the incidence of SIADH vs. SW in acute stroke is conflicting. 
Some reports show that SW accounts for the vast majority of cases, especially 
in cases of spontaneous ICH (44 vs. 7%) [30]. Nonetheless, hyponatremia 
on admission has been correlated with higher mortality rates at discharge, 3 
months, 12 months, and 3 years [29, 31, 32].

Diagnostic Evaluation

The diagnostic approach to hyponatremia and its treatment are important 
tools in a neurointensivist’s armamentarium. Once hyponatremia is detected, 
a structured approach can be helpful in determining the correct diagnosis and 
therefore the appropriate treatment.
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Serum Osmolality

The first step in the diagnostic evaluation of hyponatremia is measurement of  
serum osmolality to rule out confounders of true hyponatremia. As noted in  
Fig. 1, hyponatremia can exist in hypotonic, isotonic, or hypertonic con-
ditions. Hypotonic and hypertonic plasma are defined by osmolality values 
<280 and >295 mOsm/kg, respectively. Isotonic hyponatremia specifically 
pseudo hyponatremia is seldom seen since the introduction of ion-selective 
electrodes that eliminate the effects of paraproteinemia, hypertriglyceridemia, 
and other confounders. Hypertonic hyponatremia occurs in hyperglycemic 
states but can also be found with unmeasured osmoles such as mannitol, 
an important therapy in the NCCU, especially when it is dosed frequently. 
Calculating the osmolar gap, i.e., the difference between measured and cal-
culated osmolality, can lead to the detection of unmeasured osmoles and be 
useful in guiding administration of mannitol in cerebral edema management.

Fig. 1.  Diagnostic approach of hyponatremia. *Diuretic use alters the urinary excretion of sodium. In the setting of hyperv-
olemic hyponatremia, urine sodium checked after diuretic use may be higher than expected.
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Volume Status Determination

In the predominant case of hypotonic hyponatremia, volume status assessment 
is the next step in the workup. Though a bedside evaluation can be helpful, with 
incorporating clinical history, examination of vital signs, jugular veins, mucous 
membranes, skin turgor, fluid balance, and blood tests such as hematocrit, BUN, 
and bicarbonate, accuracy of this type of evaluation has proven low in various 
patient populations [33–35]. In recent years, the use of point-of-care ultrasound 
(POCUS) as a non-invasive method to determine volume status at the bedside 
has expanded, with measurement of the inferior vena cava being an effective 
tool to assess initial fluid status, though less so fluid responsiveness [36]. Formal 
echocardiography is more time- and resource-consuming but can give better 
insight into a patient’s overall fluid status [35]. Pulmonary artery catheters used 
to be the gold standard of hemodynamic monitoring but, in light of their inva-
siveness and inaccuracies [37], they have largely been supplanted by advanced 
hemodynamic monitors that connect to peripheral arterial and/or central venous 
catheters which provide a set of dynamic and static hemodynamic measurements 
with variable performances [38, 39]. No standalone technique has been shown 
effective in determining fluid status or responsiveness, and a comprehensive 
evaluation taking into consideration multiple parameters is necessary.

Urine Sodium and Urine Osmolality

As seen in Fig. 1, urine sodium (UNa) and urine osmolality (UOsm) should 
then be assessed. In hypervolemic hyponatremia, UNa levels can help differ-
entiate renal failure from other edematous diseases such as cirrhosis, conges-
tive heart failure, and nephrotic syndrome. In hypovolemic hyponatremia, 
urine osmolality is high, but UNa can help differentiate renal losses (high) 
from extrarenal losses (low). In the euvolemic patient, low UNa and UOsm 
point to a diagnosis of polydipsia or low solute intake with relative excess 
water ingestion such as beer potomania, while high levels point to SIADH, 
hypothyroidism, or adrenal insufficiency. These last two conditions should 
always be ruled out as hyponatremia will be resistant to treatment without 
adequate hormonal replacement.

SIADH vs. SW

As mentioned earlier, volume status is the only reliable way to differentiate 
between the euvolemic SIADH and hypovolemic SW and should therefore 
be diligently assessed in the NCCU patient, as the laboratory profiles are 
essentially identical (Table 1). In addition to low SNa, both conditions have 
high UOsm (above 100 mosmol/kg and usually above 300 mosmol/kg), high 
UNa (above 40 mEq/L), and low serum uric acid. One way to differentiate 
SIADH and SW by labs, however, is to calculate the fractional excretion of 
uric acid (FeUA) after correcting the hyponatremia. The FeUA is high in both 
conditions (i.e., >11%). After correction, FeUA will return to normal values 
(i.e., 4–11%) in SIADH but remain elevated in SW [40, 41].
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Management

The following section on the management of hyponatremia is articulated around 
the careful consideration of the following points: (1) severity of symptoms, (2) 
acuity of development, (3) SNa level, (4) etiology, (5) volume status, and (6) 
presence of brain pathology. A management algorithm is presented in Fig. 2.

Is the Hyponatremia Symptomatic?

Moderately to severely symptomatic hyponatremia, whether acute or chronic, 
should be treated as a neurological emergency due to the potential for rapid 
development of neurological deterioration and brain herniation. A search for 
the cause should never delay treatment, and therefore, regardless of etiology, 
symptomatic hyponatremia should be treated with the prompt infusion of 
3% NaCl hypertonic saline (HTS). Isotonic saline should be avoided because 
it is not efficient at rapidly raising sodium and can exacerbate hyponatremia 
in SIADH, in which the real problem is excess free water.

HTS is available in concentrations ranging from 1.5 to 23.4% and may 
be given by bolus or continuous infusion. A US expert panel recommends 
administering 100 mL 3% NaCl bolus over 10 min up to 3 doses for severe 

Table 1  Comparison of clinical findings, laboratory values, pathomechanisms, and treatment options between syn-
drome of inappropriate antidiuretic hormone (SIADH), salt wasting (SW), and central diabetes insipidus (CDI). FeUA, 
fractional excretion of uric acid; IV, intravenous; PO, per os

SIADH SW CDI

Untreated volume status Euvolemic or Hypervolemic Hypovolemic Hypovolemic
Urine output ↓ ↑ ↑↑
Serum sodium ↓ ↓ or ↓↓ ↑
Urine sodium ↑ ↑↑ ↓
Serum osmolality ↓ ↓ ↑
Urine osmolality ↑ ↑ ↓↓
Uric acid ↓ ↓ ↑
FeUA before sodium correction  > 11%  > 11% 4–11%
FeUA after sodium correction 4–11%  > 11% 4–11%
Plasma ADH ↑  ↔ ↓
Pathomechanism Free water retention second-

ary to increased ADH release
Excessive secretion 

of sodium and 
water

Free water loss secondary to 
decreased ADH release

Treatment options Fluid restriction (if appropri-
ate for clinical setting)

IV hypertonic saline
Oral salt ± loop diuretics
High solute diet
Oral urea
Vaptans

IV/PO fluid reple-
tion (isotonic or 
hypertonic)

Fludrocortisone

IV/PO fluid repletion (hypotonic)
Desmopressin
Low solute diet
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symptoms or start an infusion at a rate of 0.5–2 ml/kg/h for moderate symp-
toms [42]. The goal is to raise SNa by 4–6 mEq/L, which is usually sufficient 
in preventing or reversing neurological deterioration [43, 44]. If symptoms 
related to brain herniation persist, repeat boluses may be needed. Note that 
symptoms may occur at higher SNa levels in brain-injured patients. Dur-
ing active correction with 3% HTS, SNa should be checked every 4–6 h in 
order not to overcorrect and precipitate ODS [42, 45]. Once symptoms have 
resolved, HTS therapy can be stopped while SNa continues to be monitored 
closely to detect recurrent drops in SNa. A search for etiology should also 
be started to direct specific treatment. To prevent development of ODS, we 
do not exceed an increase of 10–12 mEq/L in 24 h or 18 mEq/L in any 48-h 
period in cases of acute severe hyponatremia [42].

Recent data demonstrated that peripheral administration of HTS in formula-
tions ranging from 3 to 23.4% was as safe and effective as central venous admin-
istration, resulting in growing acceptance in NCCU [46••, 47, 48]. Serum K 
should be concurrently monitored with SNa because correction of hypokalemia 
with oral potassium can speed up the rise in SNa and also because HTS therapy 
can worsen hypokalemia. HTS can also cause a hyperchloremic metabolic aci-
dosis that can contribute to renal failure and worsen outcomes. Buffered HTS 
(50% chloride, 50% acetate) can lower the chloremic load in such instances.

Fig. 2.  Approach to the initial management of hyponatremia.
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Is the Hyponatremia Acute or Chronic?

If symptoms are neither moderate nor severe, the next step is determining 
acuity vs. chronicity of the process. If the hyponatremia occurred acutely (< 48 
h) but is not severe enough to produce significant symptoms, we recommend 
discontinuing potential offenders, starting a diagnostic workup and directing 
treatment at the cause [42, 45].

If the hyponatremia is chronic but the patient is known to have an intrac-
ranial pathology associated with cerebral edema, a similar approach to the 
one detailed above for the symptomatic patient is used. Goal of HTS therapy 
depends in part on the degree of edema and mass effect, but as mentioned 
earlier, a 4–6 mEq/L rise in SNa is usually enough to prevent neurological 
deterioration. Some clinicians, however, aim for normal or even higher SNa 
levels in these cases, but an optimal target is unclear.

For the non-brain-injured patient with a mild or moderate chronic 
hyponatremia (SNa > 120–134 mEq/L), we recommend discontinuing any 
potential offender (medications and hypotonic fluids), limiting water intake, 
increasing salt intake, and starting cause-directed treatment [45]. The use of 
hypertonic saline in these cases is usually not recommended unless symptoms 
develop or worsen.

In chronic severe hyponatremia (SNa < 120 mEq/L), slow HTS admin-
istration is recommended while closely monitoring SNa levels every 4 h. 
These patients are particularly prone to the development of ODS [49]. This 
condition arises from the rapid correction of hyponatremia. The clinical syn-
drome usually lags behind the rapid correction by 2–6 days and can pro-
duce a multitude of irreversible symptoms including bulbar dysfunction, 
quadriparesis, confusion, movement disorders, seizures, and coma [50, 51]. 
Patients at highest risk for ODS are those with SNa < 105 mEq/L for more 
than 2 days, hypokalemia, alcoholism, malnutrition, advanced hepatic fail-
ure, or liver transplant recipients [49, 52, 53•]. The sodium correction goal for 
these patients is more restrictive than in patients at normal risk of ODS: 4–6 
mEq/L/day with a limit of 8 mEq/L in 24 h [42]. To prevent overcorrection in 
patients with chronic severe hyponatremia, some experts recommend using 
parenteral desmopressin but only after achieving a SNa rise of 6–8 mmol/L 
during the first 24 h of HTS therapy. In these cases, desmopressin is usually 
given at doses of 1–2 mcg either intravenously or subcutaneously, every 6–8 
h, until SNa rises above 128 mEq/L [42, 54]. After that, 3% HTS can be con-
tinued without desmopressin following the incremental limits given above. 
This strategy is however not endorsed by international guidelines and some 
experts prefer to reserve the use of desmopressin for when water diuresis 
complicates the course of therapy. If overcorrection has occurred, relowering 
of SNa to the goal of 4–6 mEq/L in 24 h can be achieved by either giving 2–4 
mcg desmopressin parenterally every 8 h or replacing water losses with 5% 
dextrose in water (D5W) at a rate of 3 mL/kg/h or based on noted overcor-
rection and total body water estimate [42, 55]. Total body water calculation 
can aid in the management, and may help determine if free water diuresis is 
needed to correct the sodium in the absence in brain injuries.
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Special Considerations in the NCCU 

The following section focuses on the specific treatment of SIADH and SW, 
most commonly encountered in the NCCU. Since fluid management strate-
gies in both conditions are diametrically opposed, making an accurate diag-
nosis is of utmost importance. Hyponatremia in patients with acute brain 
injuries should be managed with the understanding that the majority of these 
patients have compromised cerebral autoregulation, cerebral perfusion pres-
sure (CPP), and elevated intracranial pressure (ICP). It is therefore crucial 
to optimize volume status in these patients while correcting hyponatremia. 
Patients with high-grade aSAH typify this concept. Because of their increased 
risk of developing cerebral vasospasm and DCI, high-grade aSAH patients 
should not be allowed to become hypovolemic. This is important because 
standard therapies for SIADH, such as fluid restriction, vaptans, and loop 
diuretics, cause a water deficit and can lead to volume depletion, contributing 
to cerebral vasospasm and ischemia. Correction of hyponatremia with HTS 
is therefore the preferred strategy in these cases, the goal being maintenance 
of a euvolemic state. Similarly, misdiagnosing SW for SIADH can have the 
unwanted consequences of worsening both hypovolemia and hyponatremia.

Treatment of SIADH

a. Correction of possible reversible causes should be the first step in man-
agement. This means identifying and stopping offending drugs, treating 
pain and nausea (powerful stimulators of ADH release) and correcting 
adrenal insufficiency and hypothyroidism, if applicable.

b. Fluid restriction is the mainstay treatment for mild to moderate SIADH 
but rarely raises SNa level by more than 3–4 mEq/L in 3 days [56•]. To 
be effective, the restriction has to create a negative water balance which, 
as mentioned above, is not desired in certain neurocritical care patients, 
such as those with high-grade aSAH or intracranial hypertension. The 
daily fluid intake typically recommended for fluid restriction is based on 
calculation of electrolyte-free water clearance (can generally start with 
800–1000 mL) which may not be well tolerated by all patients [57].

c. Vasopressin receptor antagonists, or “vaptans,” block V1 and V2 receptors 
located in renal connecting tubules and collecting ducts, causing water 
diuresis (“aquaresis”). Two vaptans are FDA-approved: conivaptan, an 
intravenous, non-selective V1a and V2 receptor antagonist, and tolvap-
tan, an oral selective V2 receptor antagonist. Tolvaptan was shown to 
be effective in treating hyponatremia in two double-blinded RCTs [58]. 
Conivaptan was studied in the NCCU and found to be effective and safe 
in this patient population, with a mean rise of 5.8 mEq/L in 12 h and no 
overcorrection [59]. A small open-label study in patients with TBI showed 
that conivaptan raised SNa and lowered ICP more effectively than the 
usual care arm at 4 h [60]. Vaptans should not be used in volume-deplete 
states and we discourage its use in aSAH due to the potential for vasos-
pasm and DCI. Vaptans are also contraindicated in hepatic failure due to 
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hepatotoxicity, and liver enzymes should be monitored during therapy. 
For this reason, the FDA cautions against their use for longer than 30 days. 
The starting oral dose for tolvaptan is 15 mg daily which can be doubled 
every 24 h to a maximum dose of 60 mg daily [61]. Conivaptan is given 
as an IV bolus of 20 mg over 30 min followed by a continuous infusion 
of 20–40 mg over 24 h that can be extended to 96 h. Patients should not 
be fluid-restricted during vaptan use in order not to overcorrect [42].

d. Oral salt tablets are used for their osmotic diuresis property. In SIADH, 
since sodium handling is intact, the body will excrete the sodium load 
and, with it, the volume of water needed to maintain a fixed urine osmo-
lality. A typical regimen is 6–9 g daily in 2 or 3 divided doses (1 g oral salt 
contains 17 mEq of Na and 17 mEq of Cl) [62, 63]. Loop diuretics such 
as furosemide or torsemide can be added to oral salt tablets to augment 
water excretion.

e. Seldom used and only recently introduced in the USA, oral urea is an 
inexpensive, well-tolerated, and effective way to treat SIADH [64–67]. Its 
mechanism of action is similar to that of oral salt. It is given at doses of 
15–60 g daily and is often administered in a powder drink mix to make 
it more palatable.

Treatment of SW

a. Fluid repletion is the cornerstone of therapy in SW. Isotonic fluids such 
as 0.9% NaCl are frequently chosen for fluid repletion but HTS may be 
needed to achieve faster and higher SNa goals, especially in patients with 
significant cerebral edema. Different methods for fluid replacement, some 
more nursing-intensive than others, have been used in the setting of ongo-
ing polyuria: continuous infusion, intermittent replacement of cumulated 
urinary losses (“ml per ml”), or a combination thereof. A detailed assess-
ment of volume status and fluid responsiveness is recommended to guide 
fluid replacement in SW.

b. Fludrocortisone, a synthetic mineralocorticoid, enhances Na reabsorption 
at the distal convoluted tubule leading to water retention and expan-
sion of the ECF volume. It has been studied in small trials and cohorts 
of patients with intracerebral pathology where it was found to improve 
hyponatremia and volume status [68–70]. Its effects on mortality, func-
tional outcomes in sICH, and rates of DCI in aSAH are unclear due to 
scant data [71]. One of the only RCT on the effect of fludrocortisone in 
aSAH showed a statistically non-significant benefit in reducing the rate 
of DCI [70]. Typical fludrocortisone dosing in SW starts at 0.05–0.1 mg 
twice daily and goes up by 0.1 mg increments to 0.3 mg twice daily, if 
needed. Due to its potassium-wasting properties, serum K levels should 
be monitored closely during administration.
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Approach to Hypernatremia in the Neuro Critical Care Unit
Epidemiology and Pathophysiology

Hypernatremia, defined as SNa > 145, is a common electrolyte disorder in 
critical care, affecting 4–26% of patients [72]. Acute hypernatremia, especially 
when severe (> 160 mEq/L), can lead to confusion, lethargy, seizures and 
coma. Glial cells and neurons lose water content as a result of the osmotic 
gradient. The brain tries to restore its intracellular volume by moving water 
from the cerebrospinal fluid into the brain interstitium, followed by early 
intracellular uptake of ions and late accumulation of organic osmoles.

In the NCCU, hypernatremia is often a desired therapeutic goal in some set-
tings, particularly in the management of cerebral edema, usually achieved with 
osmotherapy. However, hypernatremia can also be unintended, as in diabetes 
insipidus, dehydration, or after loop diuretic administration, in which case its 
occurrence has been linked to poor outcome in the NCC patient population 
[73]. A retrospective review of patients with sTBI at a single US center showed 
that mild (defined as 151–155 mEq/L), moderate (156–160 mEq/L), and severe 
(> 160 mEq/L) hypernatremia were independent predictors of in-hospital 
mortality, with hazard ratios of 3.4, 4.4, and 8.4, respectively (p < 0.001) [74]. 
The pathogenic link between hypernatremia and poor outcome is thought to 
involve neuronal dysfunction and death, myelinolysis, but also cardiac dysfunc-
tion, impaired gluconeogenesis, and acute kidney injury via renal vasoconstric-
tion and reduced glomerular filtration [72, 75]. It is important to remember, 
however, that hyperchloremia has been extensively recognized as an independ-
ent risk factor of poor outcomes in various critically ill patient populations 
[76–78]. Although it is difficult to separate the confounding effects of these two 
co-occurring electrolyte disorders, a recent study suggests that hyperchloremia, 
not hypernatremia, is associated with increased mortality in moderate and sTBI 
[79•]. The following discusses the management of hypernatremia, focusing 
primarily on central diabetes insipidus (CDI).

Central Diabetes Insipidus

Diabetes insipidus (DI) is a rare disease process with a prevalence of 1 in 
25,000 in which patients have decreased responsiveness to (nephrogenic DI) 
or release of (CDI) vasopressin. The classic presentation of DI is polydipsia 
(greater than 3L/day), polyuria (greater than 50 mL/kg/day), and nocturia 
[80•, 81].

Central DI arises from an impaired synthesis of arginine vasopressin (AVP 
or ADH) but can also be caused by inadequate secretion alone. It is most 
commonly acquired, but can be congenital with mutations in either the AVP 
gene or WFS1 gene (Wolfram syndrome) [82]. There can be many causes of 
acquired central DI, but the most common causes encountered in the NCCU 
are post-operative neurosurgical patients and catastrophic brain injuries, spe-
cifically in patients with sTBI and cardiac arrest.
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Transient CDI following transsphenoidal surgery is a known complication, 
with incidence reported anywhere from 8 to 30%. The highest risk tumor 
pathologies include craniopharyngioma, which has reports of pre-procedural 
central DI as well, Rathke cleft cyst, and pituitary adenomas. In one large ret-
rospective single-center study, permanent DI was most common in tumors 
originating from Rathke’s pouch [82, 83•].

CDI in patients with injuries to the brain is often associated with poorer 
outcomes. CDI after sTBI occurs in 20–26% of patients, may be transient, 
and often in a triphasic pattern specifically in deceleration injuries [84, 85]. 
The initial DI phase is secondary to stunning of hypothalamic AVP neurons 
and pituitary stalk transection, and usually lasts 5–7 days [86]. The second 
phase, which lasts 2–14 days, is marked by SIADH secondary to large ADH 
release from the degenerating posterior pituitary. The third and last phase is 
a re-emergence of DI when ADH stores are exhausted and can be permanent 
in a minority of patients (6.9% in one cohort) [82, 84, 87•].

In sTBI, studies have shown that development of DI is associated with 
higher mortality and worse functional outcomes of survivors [87•]. In cardiac 
arrest, studies are not as numerous, but one study looking at out of hospital 
cardiac arrest reported outcomes of persistent vegetative state or death in all 
post-arrest patients who developed DI [88]. In catastrophic brain injuries, 
central DI is a poor prognostic sign and can also be seen just prior to or in 
conjunction with the determination of brain death [87•, 88].

Diagnostic Evaluation

Unintended hypernatremia should be worked up, especially when DI is sus-
pected since it can lead to severe hypernatremia, dehydration, and hypov-
olemic shock, if left untreated. The main distinguishing factor between CDI 
and other causes of hypernatremia is the urinary output. Diagnosis is made 
based on the clinical features of a high hypotonic urinary output of more 
than 50 mL/kg body weight in a 24-h period (polyuria) that leads to the 
consumption of more than 3 L/day of water (polydipsia) [80•, 89]. Histori-
cally, serologic diagnosis was made using the water deprivation test. Patients 
with a urinary osmolality of < 300 mOsm/kg during water deprivation with a 
subsequent increase in osmolality of > 50% after administration of exogenous 
ADH were diagnosed with CDI [90]. Later studies however proved this test 
to have an accuracy of up to only 70% due to various factors. Current studies 
are evaluating copeptin, a precursor of ADH, to diagnose CDI as it is more 
reliably testable as a surrogate for diagnosis and can be used post operatively 
to predict the likelihood of a patient developing CDI [91••].

In the NCCU, hypotonic polyuria is often the heralding sign of CDI 
defined as a urinary output of > 200 mL/h for 3 consecutive hours with a urine 
specific gravity of < 1.005 or urine osmolality of < 200 mOsm/kg accompanied 
by serum sodium levels > 145 mEq/L [92]. The development of a hypovolemic 
hypernatremia is most often due to the patient’s impaired cognition, poor 
thirst, or limited access to free water to regulate their free water deficit. In 
patients already receiving hypertonic saline to induce hypernatremia to serum 
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sodium levels > 145 mEq/L due to their primary neurologic injury, the diag-
nosis relies more on clinical presentation, rate of rise of sodium, and the risk 
of developing CDI based on the patient’s neurologic injury. Close monitor-
ing of vital signs and fluid balance should be instituted in all patients with 
suspected or known CDI.

Treatment

General Concepts

In any case of hypovolemia, volume resuscitation by administration of iso-
tonic solutions should be performed before efforts to correct hypernatremia 
take place. If a loss of free water alone is present, it should be treated by the 
administration of free water in the form of a 5% dextrose solution, safe in 
terms of hemolysis. If pure sodium gain is the case, natriuresis should be 
induced through the application of loop diuretics. At the same time, fluid 
loss during loop diuretic therapy must be restored with the administration 
of fluid that is hypotonic to the urine [72].

Regardless of the underlying etiology, hypernatremia is treated with hypo-
tonic fluids such as 0.45% NaCl (1/2 NS) or dextrose 5% in water (D5W), the 
choice being guided by the desired rate of correction and the hypotonicity 
of the replacement fluid. Free water deficit is calculated to gauge the volume 
of replacement, using the following equation: 0.5 (females) or 0.6 (males) × 
weight in kg × (measured SNa/ideal SNa – 1). Importantly, a patient who is 
hypovolemic or hemodynamically unstable, even if hypernatremic, should 
be treated with isotonic fluids until adequately resuscitated.

Carefully considering the speed of correction is of utmost importance to 
prevent rebound cerebral edema, particularly in brain-injured patients. This 
is determined mostly by the extent and type of brain injury, and the rapidity 
of hypernatremia onset. In any case, serum sodium and potassium should 
be monitored every 4–6 h during active correction. In acute hypernatremia 
(< 48 h in onset), the SNa correction goal is at a rate of 1–2 mEq/L per hour 
[72]. In the brain-injured patient, however, normalization may not be the 
goal, and a higher SNa and slower correction may be indicated. In chronic 
hypernatremia (> 48 h), correction should be slower due to the risk of cer-
ebral edema conferred by the adaptive cerebral mechanisms that take place 
when hypernatremia develops over more than 48 h. The recommended rate 
of correction in this case is 0.5 mEq/L per hour, with a limit of 12 mEq/L in 
24 h [72]. Of note, the rate of correction is more consequential in children 
than in adults.

Central Diabetes Insipidus

For central diabetes insipidus, treatment is often guided by the degree of 
polyuria. Desmopressin (dDAVP), a synthetic vasopressin analogue, is used 
to prevent further urinary water loss [93]. It has a half-life of 3 h and dura-
tion of action of 8 h [94]. Intravenous dDAVP 0.5–1 mcg as a starting dose 
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is often sufficient to slow urinary output [83•]. This dose may be increased 
to 2 mcg if ineffective, or repeated every 6 to 24 h based on the need. The 
smallest dose should be used to prevent water intoxication. In the awake 
post-transsphenoidal surgery patient, oral replacement with 0.1 to 0.8 mg/day 
in 2 or 3 divided doses may be used. Other formulations such as intranasal, 
sublingual, or subcutaneous exist but lead to more erratic absorption and 
response and are generally not recommended in the neurocritically ill patient. 
For patients with underlying TBI or post-cardiac arrest, when hemodynam-
ics are also impaired, intravenous vasopressin infusions may be necessary to 
adequately slow urinary water loss [92].

The awake patient whose thirst mechanism is intact should be allowed 
access to water and drink to thirst. This helps guide the appropriate desm-
opressin dosing regimen. In the altered patient who is unable to drink, a 
clinical assessment of hemodynamic status to guide fluid replacement and 
desmopressin dosing will be needed.

Conclusion

Dysnatremias are increasingly recognized as independent risk factors of poor 
outcome in the NCCU. Their diagnostic workup should always include a 
careful assessment of volume status and laboratory markers to make a cor-
rect diagnosis. This is crucial, for instance, in the appropriate management 
of SIADH and SW for which treatment is opposite. Speed of onset, severity 
of symptoms, and extent of preexisting brain injury need to be taken into 
account when correcting hyponatremia and hypernatremia as rapid overcor-
rection can lead to osmotic demyelination and cerebral edema, respectively.

Compliance with Ethical Standards

Conflict of Interest
All authors declares no conflict of interest.

References and Recommended Reading
Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

 1. Funk G-C, Lindner G, Druml W, Metnitz B, Schwarz 
C, Bauer P, et al. Incidence and prognosis of dysna-
tremias present on ICU admission. Intensive Care 

Med. 2010;36(2):304–11. https:// doi. org/ 10. 1007/ 
s00134- 009- 1692-0

341

https://doi.org/10.1007/s00134-009-1692-0
https://doi.org/10.1007/s00134-009-1692-0


Curr Treat Options Neurol (2022) 24: 327 346–     

 2. Kirkman MA, Albert AF, Ibrahim A, Doberenz 
D. Hyponatremia and brain injury: historical 
and contemporary perspectives. Neurocrit Care. 
2013;18(3):406–16. https:// doi. org/ 10. 1007/ 
s12028- 012- 9805-y

 3. Upadhyay A, Jaber BL, Madias NE. Incidence and 
prevalence of hyponatremia. Am J Med. 2006;119(7 
Suppl 1):S30–5. https:// doi. org/ 10. 1016/j. amjmed. 
2006. 05. 005

 4.•• Seay NW, Lehrich RW, Greenberg A. Diagnosis and 
management of disorders of body tonicity-hypona-
tremia and hypernatremia: core curriculum 2020. 
Am J Kidney Dis. 2020;75(2):272–286. https:// doi. 
org/ 10. 1053/j. ajkd. 2019. 07. 014. 

Comprehensive review on the regulation of water 
and sodium homeostasis, diagnosis and treatment of 
dysnatremias.
 5. Castle-Kirszbaum M, Kyi M, Wright C, Goldschlager 

T, Danks RA, Parkin WG. Hyponatraemia and 
hypernatraemia: disorders of water balance in neu-
rosurgery. Neurosurg Review. 2021;44(5):2433–58. 
https:// doi. org/ 10. 1007/ s10143- 020- 01450-9

 6. DeVita M, Gardenswartz M, Konecky A, Zabetakis P. 
Incidence and etiology of hyponatremia in an inten-
sive care unit. Clin Nephrol. 1990;34(4):163–6.

 7. Upadhyay A, Jaber BL, Madias NE. Epidemiology of 
hyponatremia. Semin Nephrol. 2009;29(3):227–38. 
https:// doi. org/ 10. 1016/j. semne phrol. 2009. 03. 004

 8. Sterns RH, Silver SM. Cerebral salt wasting ver-
sus SIADH: what difference? J Am Soc Nephrol. 
2008;19(2):194–6. https:// doi. org/ 10. 1681/ ASN. 
20071 01118

 9. Sherlock M, O’Sullivan E, Agha A, Behan LA, Owens 
D, Finucane F, et al. Incidence and pathophysiology 
of severe hyponatraemia in neurosurgical patients. 
Postgrad Med J. 2009;85(1002):171–5. https:// doi. 
org/ 10. 1136/ pgmj. 2008. 072819

 10. Zador Z, Stiver S, Wang V, Manley GT. Role of aqua-
porin-4 in cerebral edema and stroke. Handb Exp 
Pharmacol. 2009;190:159–70. https:// doi. org/ 10. 
1007/ 978-3- 540- 79885-9_7

 11. Papadopoulos MC, Verkman AS. Aquaporin-4 and 
brain edema. Pediatr Nephrol. 2007;22(6):778–84. 
https:// doi. org/ 10. 1007/ s00467- 006- 0411-0

 12. Pasantes-Morales H, Franco R, Ordaz B, Ochoa 
LD. Mechanisms counteracting swelling in 
brain cells during hyponatremia. Arch Med Res. 
2002;33(3):237–44. https:// doi. org/ 10. 1016/ s0188- 
4409(02) 00353-3

 13. Fisher SK, Heacock AM, Keep RF, Foster DJ. Receptor 
regulation of osmolyte homeostasis in neural cells. J 
Physiol. 2010;588(Pt 18):3355–64. https:// doi. org/ 
10. 1113/ jphys iol. 2010. 190777

 14. Melton JE, Patlak CS, Pettigrew KD, Cserr HF. 
Volume regulatory loss of Na, Cl, and K from rat 
brain during acute hyponatremia. Am J Physiol. 
1987;252(4 Pt 2):F661–9. https:// doi. org/ 10. 1152/ 
ajpre nal. 1987. 252.4. F661

 15. Lien YH, Shapiro JI, Chan L. Study of brain electrolytes 
and organic osmolytes during correction of chronic 
hyponatremia. Implications for the pathogenesis of cen-
tral pontine myelinolysis. J Clin Invest. 1991;88(1):303–
309. https:// doi. org/ 10. 1172/ JCI11 5292

 16.• Verbalis JG. The curious story of cerebral salt 
wasting: fact or fiction?. Clin J Am Soc Nephrol. 
2020;15(11):1666–1668. https:// doi. org/ 10. 2215/ 
CJN. 00070 120. 

Short article on the origin and hypotheses underlying the 
pathogenesis of salt wasting.
 17. Sherlock M, O’Sullivan E, Agha A, Behan LA, Rawluk 

D, Brennan P, et al. The incidence and pathophysiol-
ogy of hyponatraemia after subarachnoid haemor-
rhage. Clin Endocrinol (Oxf). 2006;64(3):250–4. 
https:// doi. org/ 10. 1111/j. 1365- 2265. 2006. 02432.x

 18. Hannon MJ, Thompson CJ. Neurosurgical hypona-
tremia. J Clin Med. 2014;3(4):1084–104. https:// doi. 
org/ 10. 3390/ jcm30 41084

 19. Hoffman H, Ziechmann R, Gould G, Chin LS. The 
impact of aneurysm location on incidence and 
etiology of hyponatremia following subarachnoid 
hemorrhage. World Neurosurg. 2018;110:e621–6. 
https:// doi. org/ 10. 1016/j. wneu. 2017. 11. 058

 20. Ridwan S, Zur B, Kurscheid J, et al. Hyponatremia 
after spontaneous aneurysmal subarachnoid hem-
orrhage-a prospective observational study. World 
Neurosurg. 2019;129:e538–44. https:// doi. org/ 10. 
1016/j. wneu. 2019. 05. 210

 21.• Quinn L, Tian DH, Fitzgerald E, Flower O, Andersen 
C, Hammond N, et al. The association between 
hyponatraemia and long-term functional outcome 
in patients with aneurysmal subarachnoid haemor-
rhage: a single centre prospective cohort study. J 
Clin Neurosci. 2020;78:353–359. https:// doi. org/ 10. 
1016/j. jocn. 2020. 06. 003. 

Prospective single-center study refuting the observation that 
hyponatremia is associated with DCI, vasospasm and poor 
long-term functional outcome.
 22.• Escamilla-Ocañas CE, Venkatasubba Rao CP, Bershad 

E, Damani R. Temporal relationship between hypona-
tremia and development of cerebral vasospasm in 
aneurysmal subarachnoid hemorrhage patients: a 
retrospective observational study. J Stroke Cerebrovasc 
Dis. 2020;29(6): 104789. https:// doi. org/ 10. 1016/j. 
jstro kecer ebrov asdis. 2020. 104789. Retrospective 
single-center study of the temporal association of 
hyponatremia preceding vasospasm in aneurysmal 
subarachnoid hemorrhage.

 23. Uozumi Y, Mizobe T, Miyamoto H, Ashida N, Katsube 
T, Tatsumi S, et al. Decreased serum sodium levels 
predict symptomatic vasospasm in patients with suba-
rachnoid hemorrhage. J Clin Neurosci. 2017;46:118–
23. https:// doi. org/ 10. 1016/j. jocn. 2017. 08. 037

 24. Chua MMJ, Enríquez-Marulanda A, Gomez-Paz S, 
Akamatsu Y, Salem MM, Maragkos GA, et al. Sodium 
variability and probability of vasospasm in patients 
with aneurysmal subarachnoid hemorrhage. J Stroke 

342

https://doi.org/10.1007/s12028-012-9805-y
https://doi.org/10.1007/s12028-012-9805-y
https://doi.org/10.1016/j.amjmed.2006.05.005
https://doi.org/10.1016/j.amjmed.2006.05.005
https://doi.org/10.1053/j.ajkd.2019.07.014
https://doi.org/10.1053/j.ajkd.2019.07.014
https://doi.org/10.1007/s10143-020-01450-9
https://doi.org/10.1016/j.semnephrol.2009.03.004
https://doi.org/10.1681/ASN.2007101118
https://doi.org/10.1681/ASN.2007101118
https://doi.org/10.1136/pgmj.2008.072819
https://doi.org/10.1136/pgmj.2008.072819
https://doi.org/10.1007/978-3-540-79885-9_7
https://doi.org/10.1007/978-3-540-79885-9_7
https://doi.org/10.1007/s00467-006-0411-0
https://doi.org/10.1016/s0188-4409(02)00353-3
https://doi.org/10.1016/s0188-4409(02)00353-3
https://doi.org/10.1113/jphysiol.2010.190777
https://doi.org/10.1113/jphysiol.2010.190777
https://doi.org/10.1152/ajprenal.1987.252.4.F661
https://doi.org/10.1152/ajprenal.1987.252.4.F661
https://doi.org/10.1172/JCI115292
https://doi.org/10.2215/CJN.00070120
https://doi.org/10.2215/CJN.00070120
https://doi.org/10.1111/j.1365-2265.2006.02432.x
https://doi.org/10.3390/jcm3041084
https://doi.org/10.3390/jcm3041084
https://doi.org/10.1016/j.wneu.2017.11.058
https://doi.org/10.1016/j.wneu.2019.05.210
https://doi.org/10.1016/j.wneu.2019.05.210
https://doi.org/10.1016/j.jocn.2020.06.003
https://doi.org/10.1016/j.jocn.2020.06.003
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104789
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104789
https://doi.org/10.1016/j.jocn.2017.08.037


Curr Treat Options Neurol (2022) 24: 327 346–     –     

Cerebrovasc Dis. 2022;31(1): 106186. https:// doi. 
org/ 10. 1016/j. jstro kecer ebrov asdis. 2021. 106186

 25. Shum H-P, Tam CWY, Yan WW. Impact of dysna-
tremia and dyskalemia on prognosis in patients with 
aneurysmal subarachnoid hemorrhage: a retrospec-
tive study. Indian J Crit Care Med. 2019;23(12):562–
7. https:// doi. org/ 10. 5005/ jp- journ als- 10071- 23292

 26. Moro N, Katayama Y, Igarashi T, Mori T, Kawamata T, 
Kojima J. Hyponatremia in patients with traumatic 
brain injury: incidence, mechanism, and response to 
sodium supplementation or retention therapy with 
hydrocortisone. Surg Neurol. 2007;68(4):387–93. 
https:// doi. org/ 10. 1016/j. surneu. 2006. 11. 052

 27. Chendrasekhar A, Chow PT, Cohen D, Akella K, 
Vadali V, Bapatla A, et al. Cerebral salt wasting in 
traumatic brain injury is associated with increased 
morbidity and mortality. Neuropsychiatr Dis Treat. 
2020;16:801–6. https:// doi. org/ 10. 2147/ ndt. s2333 89

 28.•• Harrois A, Anstey JR, van der Jagt M, Taccone FS, 
Udy AA, Citerio G, et al. Variability in serum sodium 
concentration and prognostic significance in severe 
traumatic brain injury: a multicenter observational 
study. Neurocrit Care. 2020;34(3):899–907. https:// 
doi. org/ 10. 1007/ s12028- 020- 01118-8. 

Multicenter prospective study demonstrating that daily 
sodium variability is an independent risk factor for 28-day 
mortality in severe TBI.
 29. Huang W-Y, Weng W-C, Peng T-I, Chien Y-Y, Wu C-L, 

Lee M, et al. Association of hyponatremia in acute 
stroke stage with three-year mortality in patients 
with first-ever ischemic stroke. Cerebrovasc Dis. 
2012;34(1):55–62. https:// doi. org/ 10. 1159/ 00033 8906

 30. Kalita J, Singh RK, Misra UK. Cerebral salt wasting is 
the most common cause of hyponatremia in stroke. 
J Stroke Cerebrovasc Dis. 2017;26(5):1026–32. 
https:// doi. org/ 10. 1016/j. jstro kecer ebrov asdis. 2016. 
12. 011

 31. Rodrigues B, Staff I, Fortunato G, McCullough LD. 
Hyponatremia in the prognosis of acute ischemic 
stroke. J Stroke Cerebrovasc Dis. 2014;23(5):850–4. 
https:// doi. org/ 10. 1016/j. jstro kecer ebrov asdis. 2013. 
07. 011

 32. Liamis G, Barkas F, Megapanou E, Christopoulou E, 
Makri A, Makaritsis K, et al. Hyponatremia in acute 
stroke patients: pathophysiology, clinical significance, 
and management options. Eur Neurol. 2019;82(1–
3):32–40. https:// doi. org/ 10. 1159/ 00050 4475

 33. Rabinstein AA, Wijdicks EFM. Hyponatremia in 
critically ill neurological patients. Neurologist. 
2003;9(6):290–300. https:// doi. org/ 10. 1097/ 01. nrl. 
00000 95258. 07720. 89

 34. Maurer C, Wagner JY, Schmid RM, Saugel B. Assess-
ment of volume status and fluid responsiveness in 
the emergency department: a systematic approach. 
Med Klin Intensivmed Notfmed. 2017;112(4):326–
33. https:// doi. org/ 10. 1007/ s00063- 015- 0124-x

 35. Badgett RG, Lucey CR, Mulrow CD. Can the clini-
cal examination diagnose left-sided heart failure in 
adults? JAMA. 1997;277(21):1712–9.

 36. Orso D, Paoli I, Piani T, Cilenti FL, Cristiani L, 
Guglielmo N. Accuracy of ultrasonographic meas-
urements of inferior vena cava to determine fluid 
responsiveness: a systematic review and meta-
analysis. J Intensive Care Med. 2018;35(4):354–63. 
https:// doi. org/ 10. 1177/ 08850 66617 752308

 37. Osman D, Ridel C, Ray P, Monnet X, Anguel N, Richard 
C, et al. Cardiac filling pressures are not appropriate to 
predict hemodynamic response to volume challenge. 
Crit Care Med. 2007;35(1):64–8. https:// doi. org/ 10. 
1097/ 01. ccm. 00002 49851. 94101. 4f

 38. Michard F, Teboul J-L. Predicting fluid responsive-
ness in ICU patients. Chest. 2002;121(6):2000–8. 
https:// doi. org/ 10. 1378/ chest. 121.6. 2000

 39. Marik PE, Cavallazzi R, Vasu T, Hirani A. Dynamic 
changes in arterial waveform derived variables and 
fluid responsiveness in mechanically ventilated 
patients: a systematic review of the literature. Crit 
Care Med. 2009;37(9):2642–7. https:// doi. org/ 10. 
1097/ ccm. 0b013 e3181 a590da

 40. Maesaka J, Imbriano L, Mattana J, Gallagher D, Bade 
N, Sharif S. Differentiating SIADH from cerebral/
renal salt wasting: failure of the volume approach 
and need for a new approach to hyponatremia. J 
Clin Med. 2014;3(4):1373–85. https:// doi. org/ 10. 
3390/ jcm30 41373

 41. Cui H, He G, Yang S, Lv Y, Jiang Z, Gang X, et al. 
Inappropriate antidiuretic hormone secretion and 
cerebral salt-wasting syndromes in neurological 
patients. Front Neurosci. 2019;13. https:// doi. org/ 10. 
3389/ fnins. 2019. 01170

 42. Verbalis JG, Goldsmith SR, Greenberg A, Korzelius 
C, Schrier RW, Sterns RH, et al. Diagnosis, evalua-
tion, and treatment of hyponatremia: expert panel 
recommendations. Am J Med. 2013;126(10):S1–42. 
https:// doi. org/ 10. 1016/j. amjmed. 2013. 07. 006

 43. Koenig MA, Bryan M, Lewin JL, Mirski MA, Geocadin 
RG, Stevens RD. Reversal of transtentorial herniation 
with hypertonic saline. Neurology. 2008;70(13):1023–9. 
https:// doi. org/ 10. 1212/ 01. wnl. 00003 04042. 05557. 60

 44. Bentsen G, Breivik H, Lundar T, Stubhaug A. 
Hypertonic saline (7.2%) in 6% hydroxyethyl starch 
reduces intracranial pressure and improves hemo-
dynamics in a placebo-controlled study involving 
stable patients with subarachnoid hemorrhage. Crit 
Care Med. 2006;34(12):2912–7. https:// doi. org/ 10. 
1097/ 01. ccm. 00002 45665. 46789. 7c

 45. Spasovski G, Vanholder R, Allolio B, Annane D, 
Ball S, Bichet D, et al. Clinical practice guideline on 
diagnosis and treatment of hyponatraemia. Intensive 
Care Med. 2014;40(3):320–31. https:// doi. org/ 10. 
1007/ s00134- 014- 3210-2

 46.•• Faiver L, Hensler D, Rush SC, Kashlan O, Williamson 
CA, Rajajee V. Safety and efficacy of 23.4% sodium 
chloride administered via peripheral venous access for 
the treatment of cerebral herniation and intracranial 
pressure elevation. Neurocrit Care. 2021;35(3):845–
52. https:// doi. org/ 10. 1007/ s12028- 021- 01248-7. 
Single-center retrospective study demonstrating the 

343

https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.106186
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.106186
https://doi.org/10.5005/jp-journals-10071-23292
https://doi.org/10.1016/j.surneu.2006.11.052
https://doi.org/10.2147/ndt.s233389
https://doi.org/10.1007/s12028-020-01118-8
https://doi.org/10.1007/s12028-020-01118-8
https://doi.org/10.1159/000338906
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.12.011
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.12.011
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.07.011
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.07.011
https://doi.org/10.1159/000504475
https://doi.org/10.1097/01.nrl.0000095258.07720.89
https://doi.org/10.1097/01.nrl.0000095258.07720.89
https://doi.org/10.1007/s00063-015-0124-x
https://doi.org/10.1177/0885066617752308
https://doi.org/10.1097/01.ccm.0000249851.94101.4f
https://doi.org/10.1097/01.ccm.0000249851.94101.4f
https://doi.org/10.1378/chest.121.6.2000
https://doi.org/10.1097/ccm.0b013e3181a590da
https://doi.org/10.1097/ccm.0b013e3181a590da
https://doi.org/10.3390/jcm3041373
https://doi.org/10.3390/jcm3041373
https://doi.org/10.3389/fnins.2019.01170
https://doi.org/10.3389/fnins.2019.01170
https://doi.org/10.1016/j.amjmed.2013.07.006
https://doi.org/10.1212/01.wnl.0000304042.05557.60
https://doi.org/10.1097/01.ccm.0000245665.46789.7c
https://doi.org/10.1097/01.ccm.0000245665.46789.7c
https://doi.org/10.1007/s00134-014-3210-2
https://doi.org/10.1007/s00134-014-3210-2
https://doi.org/10.1007/s12028-021-01248-7


Curr Treat Options Neurol (2022) 24: 327 346–     

safety and efficacy of peripheral intravenous adminis-
tration of 23.4% NaCL in reducing ICP.

 47. Alenazi AO, Alhalimi ZM, Almatar MH, Alhajji TA. 
Safety of peripheral administration of 3% hypertonic 
saline in critically ill patients: a literature review. Crit 
Care Nurse. 2021;41(1):25–30. https:// doi. org/ 10. 
4037/ ccn20 21400

 48. Jones GM, Bode L, Riha H, Erdman MJ. Safety of 
continuous peripheral infusion of 3% sodium chlo-
ride solution in neurocritical care patients. Am J Crit 
Care. 2016;26(1):37–42. https:// doi. org/ 10. 4037/ 
ajcc2 017439

 49. Sterns RH, Riggs JE, Schochet SS. Osmotic demyeli-
nation syndrome following correction of hypona-
tremia. N Engl J Med. 1986;314(24):1535–42. 
https:// doi. org/ 10. 1056/ nejm1 98606 12314 2402

 50. Sterns RH, Cappuccio JD, Silver SM, Cohen EP. Neu-
rologic sequelae after treatment of severe hypona-
tremia: a multicenter perspective. J Am Soc Nephrol. 
1994;4(8):1522–30. https:// doi. org/ 10. 1681/ asn. 
v4815 22

 51. Karp BI, Laureno R. Central pontine and extrapon-
tine myelinolysis after correction of hyponatremia. 
Neurologist. 2000;6(5):255–66. https:// doi. org/ 10. 
1097/ 00127 893- 20000 6050- 00002

 52. George JC, Zafar W, Bucaloiu ID, Chang AR. 
Risk factors and outcomes of rapid correction 
of severe hyponatremia. Clin J Am Soc Nephrol. 
2018;13(7):984–92. https:// doi. org/ 10. 2215/ cjn. 
13061 117

 53.• Aegisdottir H, Cooray C, Wirdefeldt K, Piehl F, 
Sveinsson O. Incidence of osmotic demyelination 
syndrome in Sweden: a nationwide study. Acta 
Neurol Scand. 2019;140(5):342–349. https:// doi. 
org/ 10. 1111/ ane. 13150. Large Swedish registry study 
characterizing the incidence and epidemiology of 
ODS over a 14-year period of time.

 54. Sood L, Sterns RH, Hix JK, Silver SM, Chen L. Hyper-
tonic saline and desmopressin: a simple strategy for 
safe correction of severe hyponatremia. Am J Kidney 
Dis. 2013;61(4):571–8. https:// doi. org/ 10. 1053/j. 
ajkd. 2012. 11. 032

 55. Perianayagam A, Sterns RH, Silver SM, Grieff M, 
Mayo R, Hix J, et al. DDAVP is effective in preventing 
and reversing inadvertent overcorrection of hypona-
tremia. Clin J Am Soc Nephrol. 2008;3(2):331–6. 
https:// doi. org/ 10. 2215/ CJN. 03190 807

 56.• Garrahy A, Galloway I, Hannon AM, Dineen R, 
O’Kelly P, Tormey WP, et al. Fluid restriction therapy 
for chronic SIAD; Results of a prospective rand-
omized controlled trial. J Clin Endocrinol Metab. 
2020;105(12):e4360–9. https:// doi. org/ 10. 1210/ 
clinem/ dgaa6 19. 

Small randomized controlled trial of fluid restriction in 
patients with chronic asymptomatic SIADH for one month 
showing a modest rise in SNa by day 3 of therapy 3 mmol/L 
vs 1 mmol/L.

 57. Adrogué HJ, Madias NE. Hyponatremia. N Engl J 
Med. 2000;342(21):1581–9. https:// doi. org/ 10. 1056/ 
nejm2 00005 25342 2107

 58. Schrier RW, Gross P, Gheorghiade M, Berl T, Verbalis 
JG, Czerwiec FS, et al. Tolvaptan, a selective oral vas-
opressin V2-receptor antagonist, for hyponatremia. 
N Engl J Med. 2006;355(20):2099–112. https:// doi. 
org/ 10. 1056/ nejmo a0651 81

 59. Murphy T, Dhar R, Diringer M. Conivaptan 
bolus dosing for the correction of hypona-
tremia in the neurointensive care unit. Neurocrit 
Care. 2009;11(1):14–9. https:// doi. org/ 10. 1007/ 
s12028- 008- 9179-3

 60. Galton C, Deem S, Yanez ND, Souter M, Chesnut R, 
Dagal A, et al. Open-label randomized trial of the 
safety and efficacy of a single dose conivaptan to 
raise serum sodium in patients with traumatic brain 
injury. Neurocrit Care. 2011;14(3):354–60. https:// 
doi. org/ 10. 1007/ s12028- 011- 9525-8

 61. Madias NE. Effects of tolvaptan, an oral vasopres-
sin V2 receptor antagonist, in hyponatremia. Am J 
Kidney Dis. 2007;50(2):184–7. PMID: 17660019 
https:// doi. org/ 10. 1053/j. ajkd. 2007. 06. 011, https:// 
pubmed. ncbi. nlm. nih. gov/ 17660 019/

 62. Kerns E, Patel S, Cohen DM. Hourly oral sodium 
chloride for the rapid and predictable treatment of 
hyponatremia. Clin Nephrol. 2014;82(6):397–401. 
https:// doi. org/ 10. 5414/ CN108 014

 63. Spanuchart I, Watanabe H, Aldan T, Chow D, 
Ng RCK. Are salt tablets effective in the treat-
ment of euvolemic hyponatremia?. South Med J. 
2020;113(3):125–9. https:// doi. org/ 10. 14423/ smj. 
00000 00000 001075

 64. Rondon-Berrios H, Tandukar S, Mor MK, Ray EC, Bender 
FH, Kleyman TR, et al. Urea for the treatment of hypona-
tremia. Clin J Am Soc Nephrol. 2018;13(11):1627–32. 
https:// doi. org/ 10. 2215/ cjn. 04020 318

 65. Decaux G, Brimioulle S, Genette F, Mockel J. Treat-
ment of the syndrome of inappropriate secre-
tion of antidiuretic hormone by urea. Am J Med. 
1980;69(1):99–106. https:// doi. org/ 10. 1016/ 0002- 
9343(80) 90506-9

 66. Coussement J, Danguy C, Zouaoui-Boudjeltia K, 
Defrance P, Bankir L, Biston P, et al. Treatment of the 
syndrome of inappropriate secretion of antidiuretic 
hormone with urea in critically ill patients. Am J 
Nephrol. 2012;35(3):265–70. https:// doi. org/ 10. 
1159/ 00033 6716

 67. Soupart A, Coffernils M, Couturier B, Gankam-
Kengne F, Decaux G. Efficacy and tolerance of urea 
compared with vaptans for long-term treatment 
of patients with SIADH. Clin J Am Soc Nephrol. 
2012;7(5):742–7. https:// doi. org/ 10. 2215/ CJN. 
06990 711

 68. Taplin CE, Cowell CT, Silink M, Ambler GR. Fludro-
cortisone therapy in cerebral salt wasting. Pediatrics. 
2006;118(6):e1904–8. https:// doi. org/ 10. 1542/ peds. 
2006- 0702

344

https://doi.org/10.4037/ccn2021400
https://doi.org/10.4037/ccn2021400
https://doi.org/10.4037/ajcc2017439
https://doi.org/10.4037/ajcc2017439
https://doi.org/10.1056/nejm198606123142402
https://doi.org/10.1681/asn.v481522
https://doi.org/10.1681/asn.v481522
https://doi.org/10.1097/00127893-200006050-00002
https://doi.org/10.1097/00127893-200006050-00002
https://doi.org/10.2215/cjn.13061117
https://doi.org/10.2215/cjn.13061117
https://doi.org/10.1111/ane.13150
https://doi.org/10.1111/ane.13150
https://doi.org/10.1053/j.ajkd.2012.11.032
https://doi.org/10.1053/j.ajkd.2012.11.032
https://doi.org/10.2215/CJN.03190807
https://doi.org/10.1210/clinem/dgaa619
https://doi.org/10.1210/clinem/dgaa619
https://doi.org/10.1056/nejm200005253422107
https://doi.org/10.1056/nejm200005253422107
https://doi.org/10.1056/nejmoa065181
https://doi.org/10.1056/nejmoa065181
https://doi.org/10.1007/s12028-008-9179-3
https://doi.org/10.1007/s12028-008-9179-3
https://doi.org/10.1007/s12028-011-9525-8
https://doi.org/10.1007/s12028-011-9525-8
https://doi.org/10.1053/j.ajkd.2007.06.011
https://www.pubmed.ncbi.nlm.nih.gov/17660019/
https://www.pubmed.ncbi.nlm.nih.gov/17660019/
https://doi.org/10.5414/CN108014
https://doi.org/10.14423/smj.0000000000001075
https://doi.org/10.14423/smj.0000000000001075
https://doi.org/10.2215/cjn.04020318
https://doi.org/10.1016/0002-9343(80)90506-9
https://doi.org/10.1016/0002-9343(80)90506-9
https://doi.org/10.1159/000336716
https://doi.org/10.1159/000336716
https://doi.org/10.2215/CJN.06990711
https://doi.org/10.2215/CJN.06990711
https://doi.org/10.1542/peds.2006-0702
https://doi.org/10.1542/peds.2006-0702


Curr Treat Options Neurol (2022) 24: 327 346–     –     

 69. Mistry AM, Mistry EA, Ganesh Kumar N, Froehler 
MT, Fusco MR, Chitale RV. Corticosteroids in the 
management of hyponatremia, hypovolemia, and 
vasospasm in subarachnoid hemorrhage: a meta-
analysis. Cerebrovasc Dis. 2016;42(3–4):263–71. 
https:// doi. org/ 10. 1159/ 00044 6251

 70. Hasan D, Lindsay KW, Wijdicks EF, Murray GD, 
Brouwers PJ, Bakker WH, et al. Effect of fludrocorti-
sone acetate in patients with subarachnoid hemor-
rhage. Stroke. 1989;20(9):1156–61. https:// doi. org/ 
10. 1161/ 01. str. 20.9. 1156

 71. Feigin VL, Anderson N, Rinkel GJ, Algra A, van Gijn J, 
Bennett DA. Corticosteroids for aneurysmal subarach-
noid haemorrhage and primary intracerebral haemor-
rhage. Cochrane Database Syst Rev. 2005;(3):CD004583. 
https:// doi. org/ 10. 1002/ 14651 858. CD004 583. pub2

 72. Lindner G, Funk G-C. Hypernatremia in critically 
ill patients. J Crit Care. 2013;28(216):e11-216.e20. 
https:// doi. org/ 10. 1016/j. jcrc. 2012. 05. 001

 73. Aiyagari V, Deibert E, Diringer MN. Hypernatremia 
in the neurologic intensive care unit: how high is too 
high? J Crit Care. 2006;21(2):163–72. https:// doi. 
org/ 10. 1016/j. jcrc. 2005. 10. 002

 74. Vedantam A, Robertson CS, Gopinath SP. Morbid-
ity and mortality associated with hypernatremia in 
patients with severe traumatic brain injury. Neuro-
surg Focus. 2017;43(5):E2. https:// doi. org/ 10. 3171/ 
2017.7. FOCUS 17418

 75. Ayus JC, Armstrong DL, Arieff AI. Effects of hyper-
natraemia in the central nervous system and its 
therapy in rats and rabbits. J Physiol. 1996;492 (Pt 
1):243–255. https:// doi. org/ 10. 1113/ jphys iol. 1996. 
sp021 305

 76. Neyra JA, Canepa-Escaro F, Li X, et al. Association of 
hyperchloremia with hospital mortality in critically ill 
septic patients. Crit Care Med. 2015;43(9):1938–44. 
https:// doi. org/ 10. 1097/ CCM. 00000 00000 001161

 77. Yessayan L, Neyra JA, Canepa-Escaro F, et al. Effect of 
hyperchloremia on acute kidney injury in critically 
ill septic patients: a retrospective cohort study. BMC 
Nephrol. 2017;18(1):346. https:// doi. org/ 10. 1186/ 
s12882- 017- 0750-z

 78. de Vasconcellos K, Skinner DL. Hyperchloraemia is 
associated with acute kidney injury and mortality in 
the critically ill: A retrospective observational study 
in a multidisciplinary intensive care unit. J Crit Care. 
2018;45:45–51. https:// doi. org/ 10. 1016/j. jcrc. 2018. 
01. 019

 79.• Ditch KL, Flahive JM, West AM, Osgood ML, 
Muehlschlegel S. Hyperchloremia, not con-
comitant hypernatremia, independently predicts 
early mortality in critically ill moderate-severe 
traumatic brain injury patients. Neurocrit Care. 
2020;33(2):533–41. https:// doi. org/ 10. 1007/ 
s12028- 020- 00928-0. 

Large retrospective study of prospectively collected data 
showing that hyperchloremia rather than hypernatremia 
is an independent risk factor for in-hospital mortality in 
moderate-severe TBI patients.

 80.• Refardt J, Winzeler B, Christ-Crain M. Diabetes 
insipidus: an update. Endocrinol Metab Clin North 
Am. 2020;49(3):517–31. https:// doi. org/ 10. 1016/j. 
ecl. 2020. 05. 012. Review proposing diagnostic 
algorithms for differentiating the different causes 
of polyuria polydipsia syndrome, utilizing copeptin 
measurements.

 81. Hui C, Khan M, Radbel JM. Diabetes Insipidus. 
StatPearls. Treasure Island (FL): StatPearls Publishing 
Copyright © 2022, StatPearls Publishing LLC. 2022.

 82. Christ-Crain M, Bichet DG, Fenske WK, et al. Dia-
betes insipidus Nat Rev Dis Primers. 2019;5(1):54. 
https:// doi. org/ 10. 1038/ s41572- 019- 0103-2

 83.• Burke WT, Cote DJ, Penn DL, Iuliano S, McMillen K, 
Laws ER. Diabetes insipidus after endoscopic trans-
sphenoidal surgery. Neurosurgery. 2020;87(5):949–
55. https:// doi. org/ 10. 1093/ neuros/ nyaa1 48. 

Retrospective review identifying the rate of transient and 
permanent CDI after endoscopic transsphenoidal surgery.
 84. Agha A, Sherlock M, Phillips J, Tormey W, Thompson 

CJ. The natural history of post-traumatic neurohypophy-
sial dysfunction. Eur J Endocrinol. 2005;152(3):371–7. 
https:// doi. org/ 10. 1530/ eje.1. 01861

 85. Tudor RM, Thompson CJ. Posterior pituitary dys-
function following traumatic brain injury: review. 
Pituitary. 2019;22(3):296–304. https:// doi. org/ 10. 
1007/ s11102- 018- 0917-z

 86. Capatina C, Paluzzi A, Mitchell R, et al. Diabetes 
insipidus after traumatic brain injury. J Clin Med. 
2015;4:1448–62.

 87.• Gempeler A, Orrego-González E, Hernandez-
Casanas A, Castro AM, Aristizabal-Mayor JD, 
Mejia-Mantilla JH. Incidence and effect of dia-
betes insipidus in the acute care of patients with 
severe traumatic brain injury. Neurocrit Care. 
2020;33(3):718–24. https:// doi. org/ 10. 1007/  
s12028- 020- 00955-x. 

Retrospective analysis of risk factors for the development 
of DI in severe TBI patients and the association of DI with 
death and poor functional outcome in these patients.
 88. Chae MK, Lee JH, Lee TR, Yoon H, Hwang SY, Cha 

WC, et al. Early central diabetes insipidus: an omi-
nous sign in post–cardiac arrest patients. J Crit Care. 
2016;32:63–7. https:// doi. org/ 10. 1016/j. jcrc. 2015. 
12. 002

 89. Christ-Crain M, Winzeler B, Refardt J. Diagnosis and 
management of diabetes insipidus for the internist: 
an update. J Intern Med. 2021. https:// doi. org/ 10. 
1111/ joim. 13261

 90. Miller M, Dalakos T, Moses AM, Fellerman H, 
Streeten DH. Recognition of partial defects in 
antidiuretic hormone secretion. Ann Intern Med. 
1970;73(5):721–9. https:// doi. org/ 10. 7326/ 
0003- 4819- 73-5- 721

 91.•• Christ-Crain M. Diabetes insipidus: new concepts 
for diagnosis. Neuroendocrinology. 2020;110(9–
10):859–67. https:// doi. org/ 10. 1159/ 00050 5548.

Review emphasizing the novel role of copeptin in the dif-
ferentiation of DI from primary polydipsia.

345

https://doi.org/10.1159/000446251
https://doi.org/10.1161/01.str.20.9.1156
https://doi.org/10.1161/01.str.20.9.1156
https://doi.org/10.1002/14651858.CD004583.pub2
https://doi.org/10.1016/j.jcrc.2012.05.001
https://doi.org/10.1016/j.jcrc.2005.10.002
https://doi.org/10.1016/j.jcrc.2005.10.002
https://doi.org/10.3171/2017.7.FOCUS17418
https://doi.org/10.3171/2017.7.FOCUS17418
https://doi.org/10.1113/jphysiol.1996.sp021305
https://doi.org/10.1113/jphysiol.1996.sp021305
https://doi.org/10.1097/CCM.0000000000001161
https://doi.org/10.1186/s12882-017-0750-z
https://doi.org/10.1186/s12882-017-0750-z
https://doi.org/10.1016/j.jcrc.2018.01.019
https://doi.org/10.1016/j.jcrc.2018.01.019
https://doi.org/10.1007/s12028-020-00928-0
https://doi.org/10.1007/s12028-020-00928-0
https://doi.org/10.1016/j.ecl.2020.05.012
https://doi.org/10.1016/j.ecl.2020.05.012
https://doi.org/10.1038/s41572-019-0103-2
https://doi.org/10.1093/neuros/nyaa148
https://doi.org/10.1530/eje.1.01861
https://doi.org/10.1007/s11102-018-0917-z
https://doi.org/10.1007/s11102-018-0917-z
https://doi.org/10.1007/s12028-020-00955-x
https://doi.org/10.1007/s12028-020-00955-x
https://doi.org/10.1016/j.jcrc.2015.12.002
https://doi.org/10.1016/j.jcrc.2015.12.002
https://doi.org/10.1111/joim.13261
https://doi.org/10.1111/joim.13261
https://doi.org/10.7326/0003-4819-73-5-721
https://doi.org/10.7326/0003-4819-73-5-721
https://doi.org/10.1159/000505548


Curr Treat Options Neurol (2022) 24: 327 346–     

 92. John CA, Day MW. Central neurogenic diabetes 
insipidus, syndrome of inappropriate secretion of 
antidiuretic hormone, and cerebral salt-wasting 
syndrome in traumatic brain injury. Crit Care Nurse. 
2012;32(2):e1–7. https:// doi. org/ 10. 4037/ ccn20 12904

 93. Garrahy A, Moran C, Thompson CJ. Diagnosis and 
management of central diabetes insipidus in adults. 
Clin Endocrinol (Oxf). 2019;90(1):23–30. https:// 
doi. org/ 10. 1111/ cen. 13866

 94. Leroy C, Karrouz W, Douillard C, et al. Dia- 
betes insipidus. Ann Endocrinol (Paris). 

2013;74(5–6):496–507. https:// doi. org/ 10. 1016/j. 
ando. 2013. 10. 002

Publisher’s Note
Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional 
affiliations.

346

https://doi.org/10.4037/ccn2012904
https://doi.org/10.1111/cen.13866
https://doi.org/10.1111/cen.13866
https://doi.org/10.1016/j.ando.2013.10.002
https://doi.org/10.1016/j.ando.2013.10.002

	Approach to the Management of Sodium Disorders in the Neuro Critical Care Unit
	Recommended Citation

	Approach to the Management of Sodium Disorders in the Neuro Critical Care Unit
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Approach to Hyponatremia in the Neurocritical Care Unit
	Epidemiology and Pathophysiology
	Hyponatremia in Selected Brain Injuries
	Subarachnoid Hemorrhage
	Traumatic Brain Injury
	Stroke

	Diagnostic Evaluation
	Serum Osmolality
	Volume Status Determination
	Urine Sodium and Urine Osmolality
	SIADH vs. SW

	Management
	Is the Hyponatremia Symptomatic?
	Is the Hyponatremia Acute or Chronic?

	Special Considerations in the NCCU
	Treatment of SIADH
	Treatment of SW


	Approach to Hypernatremia in the Neuro Critical Care Unit
	Epidemiology and Pathophysiology
	Central Diabetes Insipidus
	Diagnostic Evaluation
	Treatment
	General Concepts
	Central Diabetes Insipidus


	Conclusion
	References


