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ABSTRACT

SUMMARY: The complex interplay between hypernatremic osmotic disturbances and cerebral lesions is yet to be clarified. In this review,
we discuss, on the basis of the reported data of hypernatremic CNS challenge in the adult population, the clinical and radiologic features
of the condition. Our search captured 20 case studies and 1 case series with 30 patients in total who acquired acute hypernatremia due to
different etiologies and developed CNS lesions. We explored the associations between premorbid conditions, clinical presentation,
hypernatremic state, correction rate, and radiologic appearance, including the localization of brain lesions and the outcomes. The results
revealed that altered mental status was the most commonly reported symptom and osmotic demyelination syndrome in the form of
extrapontine myelinolysis was the prevailing radiologic pattern. Finally, we contrasted, when appropriate, clinical and experimental
data related to hypernatremic and hyponatremic osmotic insults to aid the understanding of the pathophysiology of CNS osmotic brain
injury.

ABBREVIATIONS: BG = basal ganglia; CPM = central pontine myelinolysis; EPM = extrapontine myelinolysis; GCS = Glasgow Coma Scale; ODS = osmotic

demyelination syndrome

he associations between hyponatremic osmotic disturbances

and cerebral lesions are well-established and studied. Classi-
cally, the lesions were recognized to involve demyelination in the
pons.' The term “central pontine myelinolysis” was devised to
delineate the character of pathologic insult. Subsequently, the
concept was extended with the recognition that lesions may occur
beyond the pons. Thus, the term “extrapontine myelinolysis ” was
coined. Although initially recognized to appear in the malnour-
ished and alcoholics," CPM/EPM has also been reported in adults
with a variety of serious illnesses, and a link between these disor-
ders and the rapid correction of sodium in patients with hypona-
tremia was eventually established. Finally, an umbrella “osmotic
demyelination syndrome” term, which included both CPM and
EPM, was coined. CPM and EPM are believed to be the same
disease, sharing the same pathology, associations, and time course
but differing in clinical manifestations. However, it has been in-

From the Departments of Pediatrics (F.Y.l.) and Physiology (M.L) and Institute of

Public Health (N.N.), College of Medicine and Health Sciences, United Arab Emir-
ates (UAE) University, Al Ain, UAE; Department of Radiology (A.S.), Kdlmdan Péndy

Békes County Hospital, Gyula, Hungary; and Division of Neurology (M.S.), Depart-
ment of Medicine, Tawam Hospital, Al Ain, Abu-Dhabi, UAE.

Please address correspondence to M. Ljubisavljevic, MD, PhD, Department of
Physiology, Faculty of Medicine and Health Sciences, UAE University, PO Box
17666, Al Ain, United Arab Emirates; e-mail: milos@uaeu.ac.ae

O Indicates open access to non-subscribers at www.ajnr.org
E Indicates article with supplemental on-line table.
http://dx.doi.org/10.3174/ajnr.A3392

creasingly recognized that ODS can occur in the setting of other
osmotic challenges such as hyperglycemia®™ and hypoglyce-
mia,®” as well as normonatremia® and hypernatremia.’

Furthermore, experimental data suggest that different ana-
tomic locations in the brain may have different susceptibility to
osmotic stress, depending on their ionic, organic, and inorganic
makeup. These subtle variations of the CNS osmotic “ecosystem”
may influence the response and effectiveness of processes of ad-
aptation (during insult) and de-adaptation (during recovery) of
the brain."°

While hyponatremic insult has been widely examined and re-
ported, the hypernatremic osmotic insult, primarily due to its
comparative scarcity in adults, is relatively poorly described and
understood. Therefore, it is still unclear whether the vulnerability
of different brain regions to osmotic stress is similar in states of
hyponatremia and hypernatremia and whether they share similar
clinical and radiologic presentations.

OBJECTIVES

In this review, we discuss the clinical and neuroradiologic presen-
tations of acute hypernatremic CNS injury in the adult popula-
tion on the basis of the reported literature data. We also explore
the associations between premorbid conditions, clinical presen-
tation, hypernatremic state, correction, location of brain lesions,
and clinical outcomes. Finally we compare, when appropriate,
clinical and experimental data in the setting of hypo- and hyper-

AINR Am J Neuroradiol 34:2225-32 Dec 2013 www.ajnr.org 2225



natremia with the aim of better understanding the pathophysiol-
ogy of CNS osmotic brain injury.

METHODOLOGY

We conducted PubMed and ScienceDirect database searches (un-
til June 3, 2012) by using the following keywords: hypernatremia
AND demyelination, hypernatremia AND myelinolysis, hyperna-
tremia AND CNS, hypernatremia AND cortical laminar necrosis,
hypernatremia AND edema, hypernatremia AND MR imaging,
hypernatremia AND imaging, hypernatremia AND CT, and hy-
pernatremia AND brain. This initial strategy yielded 697 articles
in PubMed and 242 articles in ScienceDirect, with significant
overlap. English and non-English articles were initially populated,
and reference lists in retrieved reports were examined. Five non-
English articles were not included (Japanese, Danish, French, and
2 in Spanish) because the original manuscripts were not available.

We included and further analyzed studies reporting clinical
and radiologic cases that fulfilled the following criteria: patients
older than 18 years of age, acute hypernatremia (sodium >145
mEql/L) developing within 48 hours, presence of abnormal neu-
rologic signs and symptoms, and documented neuroradiologic
investigation. Exclusion criteria included the following: presence
of a hyponatremic state (sodium <135 mEql/L) before the onset
of symptoms and presence of CNS pathology that might account
for or mask abnormal radiologic findings. When available, initial
and highest sodium ion (Na+) levels and the rate and duration of
the correction were also examined.

Descriptive analysis, linear regression, 2-sided Student  test,
Mann-Whitney and Fisher exact tests, linear-by-linear associa-
tion, and binary logistics were used to analyze categoric and con-
tinuous data. Statistical significance was defined as P < .05. To
further explore the associations among radiologic features, we
developed a demyelination score (0—6) that represents the sum of
the number of areas affected by demyelination: pons, white mat-
ter, corpus callosum, basal ganglia, cerebellum, and cortex.

RESULTS
A total of 20 case studies and 1 case series in English, Spanish, and
Japanese languages reporting 30 adult patients who developed
acute hypernatremia due to different etiologies with abnormal
clinical and neuroradiologic findings (Table) were eventually
included.

Clinical Characteristics
The age of patients ranged between 18 and 73 years (mean age,
36.93 = 16.9 years) (On-line Table). Twenty-four (80%) were
women.

The patients were clustered on the basis of morbid history into
4 groups: previously healthy individuals, patients with direct CNS
comorbidity, patients with indirect CNS comorbidity, and pa-
tients with non-CNS comorbidities. “Direct nervous system co-
morbidity” denotes the presence of CNS pathology (eg, tumor or
hydrocephalus), while “indirect CNS comorbidity” represents
conditions that have secondary pathologic effects on the CNS (eg,
liver failure and/or hepatic encephalopathy). The rationale be-
hind such clustering was to highlight conditions that might mask
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the development of abnormal neuroradiologic findings and/or
render the brain more vulnerable to osmotic challenges.

Thirteen patients (43.3%) were previously healthy with no
pre- or comorbid conditions. Ten patients (33.3%) had non-CNS
comorbidities that were not etiologically related to acute hyper-
natremia per se, including hydatid cyst of the liver (n = 5), heart
disease (n = 1), gestational diabetes mellitus (n = 1), acute respi-
ratory distress syndrome (n = 1), chronic lithium therapy (n =
1), and chronic alcoholism (n = 1). Three patients had direct CNS
comorbidities (10%) in the form of suprasellar tumor (n = 1),
lymphocytic neuroinfundibulohypophysitis (n = 1), and pitu-
itary craniopharyngioma and hydrocephalus (n = 1), while 4 pa-
tients (13.3%) had indirect CNS comorbidity, including end-
stage liver disease and renal failure.

The etiologies of acute hypernatremia in the reported cases
were categorized from a pathophysiologic point of view into 2
main categories: exogenous sodium overload in 36.7% (n = 11),
and hypotonic volume depletion in 63.3% (n = 19) of patients. In
cases of exogenous sodium overload, we identified the following
factors: post-liver transplantation (n = 1), post—heart surgery
(n = 1), hydatid cyst lavage with hypertonic saline (n = 5), exces-
sive lactulose (n = 1), dialysis error (n = 1), sodium bicarbonate
therapy for end-stage liver disease (n = 1), and nonaccidental
sodium chloride ingestion (n = 1). The following predisposing
factors were reported in cases of volume depletion: central diabe-
tes insipidus (n = 5), nephrogenic diabetes insipidus (n = 1),
postpartum dehydration (n = 11), hunger strike (n = 1), and
anorexia (n = 1).

The presenting symptoms, reported in decreasing frequency,
were the following: altered mental status ranging from apathy,
inattention, and confusion to deep coma in 76.7% (n = 23); mo-
tor deficit mainly in the form of quadriparesis/plegia in 66.7%
(n = 20); myoclonic or secondary generalized tonic clonic sei-
zures in 43.3% (n = 13); and cranial nerve dysfunction, including
bulbar symptoms such as dysphagia and dysarthria, in 43.3% (n =
13) of patients. Glasgow Coma Scale scores on presentation
ranged from 3 to 14 (mean, 8.6 = 3.2). While the exact GCS score
was reported in 4 studies, in other studies the reported clinical
presentation was used to estimate the GCS score (13 studies). In 3
studies, the provided clinical description did not allow estimating
GCS.

The information about the presence and extent of concomi-
tant electrolyte abnormalities was incomplete. Therefore, we lim-
ited our comparison to changes in initial Na* and osmolality,
which were reported in all studies. The initial Na™ level at the time
of presentation was 142—-200 mEq/L (mean, 175.1 = 16.8 mEq/L).
Serum osmolality ranged between 314 and 459 mOsm/kg '
(mean, 387.6 * 39.9 mOsm/kg ).

Data for 18 subjects were not reported in detail, while in those
reported, the correction rate was variable. The duration of correction
was as rapid as 13 hours and as slow as 5 days. More specifically, Na*
was corrected within 24 hours in 4 patients (33.3%), within 48 hours
in 3 patients (25%), and in >48 hours in 5 patients (41.7%).

Neuroradiologic Findings
All patients underwent neuroimaging (CT and/or MR imaging) at
certain points in the course of their illnesses. Neuroradiologic



findings were grouped into 4 patterns that are not mutually ex-
clusive: central pontine myelinolysis, extrapontine myelinolysis,
vascular changes, and cerebral and CSF volume changes. In 2

patients, the neuroimaging findings were normal (6.7%)." "'

Osmotic Demyelination Syndrome

ODS was found in 80% of patients (n = 24). CPM was evident as
an isolated pathology in 16.7% of patients (n = 5). Pontine de-
myelination was located either centrally or dorsolaterally with
hyperintense T2 signal.

On the other hand, “stand-alone” EPM was demonstrated in
33.3% of patients (n = 10). Nine patients (30%) developed CPM
and EPM simultaneously. Topographic distribution of extrapon-
tine lesions whether alone or in combination with CPM were as
follows: white matter (centrum semiovale), 41.4% (n = 12); cor-
pus callosum, 41.4% (n = 12); basal ganglia, 34.5% (n = 10);
hippocampus, 34.5% (n = 10); cerebellum, 34.5% (n = 10); and
cortex, 10.3% (n = 3). When we examined the topographic dis-
tribution of ODS lesions, 37.9% (n = 11) had both supra- and
infratentorial structure involvement, while 20.7% (n = 6) had
supratentorial involvement only and 20.7% (n = 6) had infraten-
torial involvement alone.

Vascular Changes

Seven patients (23.3%) had vascular events, including infarction
20% (n = 6) and subdural hematoma and sinus venous throm-
bosis (n = 1).

Brain and CSF Volume Changes

Seven patients (23.3%) had changes in cerebral volume that man-
ifested as cerebral edema in 16.7% (n = 5) and shrinkage in 6.7%
(n = 2). Two patients had changes in CSF volume (6.7%) in the
form of hydrocephalus (n = 1) and subdural effusion (n = 1).
After correction of Na+, 1 patient had reversibility of brain-vol-
ume shrinkage."”

Clinical Outcome and Follow-Up

The clinical outcome after acute hypernatremic challenge was
variable. Among reported cases, 8 patients achieved satisfactory
recovery (26.7%) with minimal neurologic deficits. On the other
hand, 17 patients sustained persistent neurologic deficits with sig-
nificant morbidities (56.7%), while 5 (16.7%) died between 12
hours and 3 weeks after presentation. Eight patients had fol-
low-up MR imaging between 2 weeks and 10 months after the
onset of osmotic insult. Radiologic findings were variable. Com-
plete neuroradiologic recovery was documented in 3 pa-
tients."*'* Residual findings in the form of brain atrophy,* de-

26,27,30

crease in ODS-related T2 signal intensities, and patchy

contrast enhancement®” were reported.

Correlations among Variables

Younger age was associated with white matter (P = .05, t test),
corpus callosum (P = .010, ¢ test), and basal ganglia (P = .007,
t test) lesions but not with CPM, other EPM sites, or vascular
lesions. However, older age was associated with brain volume
changes, in the form of edema and shrinkage, compared with
younger age (P = .035, ¢ test).

Clinical symptoms on presentation (altered mental status,
GCS score, seizures, cranial nerve dysfunction, and motor deficit)
had no association with radiologic patterns. The presence of sei-
zures was not associated with development of edema, and devel-
opment of edema was not related to initial Na™ level, serum os-
molality, or correction rate. GCS and initial Na™ level were not
associated with the severity of outcome (P > .05, linear
regression).

The mean demyelination score was 2.6 * 2, indicating that a
number of pontine and extrapontine areas were affected by de-
myelination. The spatial distribution of demyelinating lesions was
not the same across categories of comorbidities (P = .01, Mann-
Whitney). The presence of comorbidities was significantly asso-
ciated with EPM lesions, namely corpus callosum (P = .003, lin-
ear regression), WM (P = .039, linear regression), BG (P = .024,
linear regression), and hippocampus (P = .024, linear regres-
sion). Among patients with ODS, those with comorbidities had
lower Na™* levels, while the presence of indirect CNS pathology
(hepatic or renal failure) predisposed to development of ODS at
lower levels of Na™. The clinical profile, symptoms, and Na™
levels did not predict the development of demyelinating lesions
on MR imaging (P > .05, linear regression). The presence of vas-
cular complications was not predicted by Na™ level, osmolality,
and correction rate, and it was not related to age, comorbid his-
tory, etiology, or outcome (P > .05, linear regression).

Initial Na™ level correlated with hippocampus involvement
(P = .003, linear regression) but not with other extrapontine le-
sions (WM, corpus callosum, BG, cerebellum, and cortex). Na™
correction rate was not associated with a pattern of radiologic
changes or severity of outcome (P > .05, linear-by-linear
association).

In general, older age was significantly associated with better
recovery (P = .036, linear regression). The presence of ODS le-
sions was associated with persistent neurologic dysfunction (P =
.027, Pearson x?), while the presence of EPM lesions reduced the
probability of full recovery (odds ratio = 0.118; 95% confidence
interval, 0.017-0.802; P = .029, binary logistics).

Poor outcome, defined by the presence of long-term neuro-
logic deficits or death, was found to be significantly associated
with higher lesion load (P = .021, linear-by-linear association).
Most interesting, among patients with WM (P = .009, Fisher
exact test), BG (P = .027, Fisher exact test), and hippocampal
lesions (P = .027, Fisher exact test), none had achieved satisfac-
tory recovery. These results suggest that the absence of these le-
sions on MR imaging was in favor of better recovery. Conversely,
vascular complications and parenchymal volume changes were
not associated with the severity of outcome (P > .05, linear
regression).

DISCUSSION

In this review, to better delineate the impact of hypernatremic
challenge on the CNS, we analyzed the clinical and neuroradio-
logic profiles of 30 previously reported cases. The results show
that altered mental status was the most commonly reported
symptom and ODS was the prevailing radiologic pattern. In the
following sections, we discuss the spectrum of clinical and radio-
logic manifestations and their association with other factors in-
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cluding age, presence of pre- and comorbid conditions, the abso-
lute level of Na ™, the magnitude of Na* change from baseline, the
duration of hypernatremic insult, and the potential effects of Na™
correction rate.

Clinical Characteristics of Patients with Hypernatremic
Challenge

The clinical symptoms of CNS injury ranged from subtle changes
of cognitive functions to life-threating autonomic and brain stem
dysfunction and death. This spectrum of clinical manifestations is
similar to that found in hyponatremia.>"**

In our review, clinical symptoms did not correlate with age,
presence of comorbid conditions, initial Na™, serum osmolality,
or Na™ correction rate. This finding would suggest that neither
type of clinical symptom nor its severity is influenced by the se-
verity of osmotic challenge. However, in hyponatremia, some
studies reported no association between the degree of osmotic

derangement and the clinical situation,”***

while some reported
that lower Na™ level and more rapid Na™ correction rates® were
associated with a more severe clinical presentation. It appears that
the absolute level of Na™, whether abnormally high or low, does
not result in a specific set of symptoms and that the emerging
clinical presentation is shaped by different sets of factors and
mechanisms impacting various components of the neuronal ap-
paratus, including neurons, glia, blood-brain barrier, and CSF.
The presence of additional metabolic derangements like hypoka-
lemia®® and hyperglycemia® is considered an independent risk
factor for ODS development, which is not covered in this review.

All patients included in this review endured acute hyperna-
tremia. While cases of chronic hypernatremia were not included,
the distinction between acute and chronic challenge is important
because different mechanisms of brain-volume regulation exhibit
differential dynamics in acute-versus-chronic osmotic challenge.
Data emerging from experimental animal studies indicate that
under extreme osmotic challenge, the engagement of organic
brain osmoles occurs later in the course of osmotic insult and
develops more slowly than the instant changes in inorganic ions,
potentially setting a course of different changes in brain tissue. In
acute hypernatremia, osmotic differences are actually subtle due
to rapid ionic and water shifts across the cell membrane with little
effect on cell volume but with significant effect on extracellular
space volume, which decreases significantly. In chronic hyperna-
tremia, organic osmoles seem to play a much more important role
in helping to maintain the osmotic gradient.’”*** The temporal
dissociation between these 2 adaptive osmoregulating mecha-
nisms, whether at the acute or chronic stage, could account, at
least in part, for the nature and severity of neurologic symptoms.
General clinical observations suggest that patients with acute hy-
pernatremia or hyponatremia develop a more clinically severe
condition and have worse outcomes that those with chronic
challenges.*'

Neuroradiologic Features of Patients with Hypernatremic
Challenge

Examination in our study of neuroradiologic features of hyperna-
tremic challenge showed the prevailing appearance of ODS (CPM
or EPM or both) followed by cerebral volume changes (edema
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and shrinkage) and vascular complications (hemorrhage and
infarction).

Osmotic Demyelination Syndrome

CPM and EPM (ODS) are classically described as clinical and
radiologic manifestations of osmotic myelinolysis, affecting dif-
ferent brain regions, confined to the pons in cases of CPM and
extrapontine sites in cases of EPM. The radiologic description of
CPM entails the presence of “trident-shaped” symmetric hypoin-
tense lesions on T1 and corresponding hyperintense lesions on
T2-weighted images located in the brain stem, and sparing of
other brain regions.42 In cases of EPM, the same features are noted
typically in sites such as the internal capsule, basal ganglia, cere-
bellum, and cerebrum.*?

The neuroradiologic features of ODS lesions in the context of
hyponatremia are frequently reported not to match the severity of
clinical symptoms because the features might be absent despite
clinical abnormalities or at times may persist well beyond clinical
resolution.***> We observed similar clinical-radiologic dissocia-
tion in cases of hypernatremia. This may potentially be explained
by the variability of time intervals between the onset of symptoms
and radiologic imaging, the sensitivity of the radiologic technique
used, or the presence of gliosis-related abnormal signals that per-
sists well beyond clinical recovery.*®

In reviewed data, other variables seemed to be more corre-
lated. The presence of an indirect CNS comorbid condition (he-
patic or renal failure) before hypernatremic challenge rendered
the brain more vulnerable to ODS even with mildly elevated Na™
levels in comparison with patients with no comorbid conditions.
More specifically, those patients presented with more corpus cal-
losum, WM, BG, and hippocampus lesions. Patients with liver
disease or those who had transplantation are more at risk for
developing CNS complications, including ODS, probably sec-
ondary to metabolic and cerebral hemodynamic derange-

ments47,48

that might render osmotic regulatory mechanisms
insufficient.

Hippocampal lesions were reported in more than one-third of
patients and were associated with higher initial Na™ levels. The
high hippocampal involvement may be related to its high vulner-
ability to the neurotoxic effects of osmotic derangements** and
systemic stresses in general.>*"

In reviewed cases, contrast enhancement associated with ODS
lesions was reported in 1 patient,?® which has also been reported
in some cases of hyponatremia.>> Although inconsistently found,
contrast enhancement is in agreement with the pathophysiologic
changes observed in experimental models of ODS, in which BBB
disruption occurs secondary to osmotic stress and is thought to be
one of the leading factors in pathogenesis of ODS. A disruption of
the BBB during the first 24 hours of hyponatremia was found to be
associated with a 70% risk of developing demyelination.” By con-
trast, the risk of developing subsequent demyelination was only
8% when the BBB was intact.>® Furthermore, the use of dexa-
methasone, known to protect the BBB, was reported to decrease
the risk of ODS both in animal studies®® and case reports.>”

Cortical laminar necrosis has been described occasionally in
patients with severe ODS that follows rapid correction of hypo-
natremia.>® > In the present study, we identified 2 patients pre-



senting with cortical laminar necrosis.>>** These lesions may be
associated with hypoxia-ischemia, which may coexist with ODS,
or severe demyelination that subsequently triggers cortical neu-
ronal loss. It has been suggested that cortical lesions in the con-
text of ODS present more often with ischemia than with

demyelination.®

Topographic Distribution of ODS in Hypernatremia:
Relation to Region-Specific Vulnerability

In ODS, regardless of the etiology, CPM is consistently reported
to be more common than EPM or CPM/EPM combined.*>*!
However, in a large case series of patients with hyponatremia and
ODS, the combined form was more common than EPM and CPM
alone.>® As we have already stated, the reviewed data of hyperna-
tremic osmotic challenge have revealed that EPM was more com-
mon than CPM or CPM/EPM combined. Whether this hints at a
possible predilection of a hypernatremic challenge for extrapon-
tine sites warrants further investigations.

Age appears to be an important factor in the topographic vul-
nerability to hyperosmotic conditions. Younger adults had differ-
ent topographic distributions than older adults, with the white
matter, corpus callosum, and basal ganglia particularly affected.

Unlike in the adult population, hypernatremic osmotic brain
injury is far more common in the pediatric population. Most
interesting, the neurologic manifestations of hypernatremia in
the pediatric population are strikingly similar to observations
made in adults, with some variation in severity and reversibility.
Both CPM®*°?> and EPM presentations are frequently encoun-
tered in pediatric patients, with extrapontine lesions reported to

6495 in the basal ganglia,® and hippocampal.®” De-

be thalamic,
spite similar distributions of lesions, pediatric patients have better
recovery and the associated MR imaging lesions are more revers-
ible,*"**® results that may be related to age-associated changes in
osmotic regulatory mechanisms. It has been shown that water,
electrolytes, and organic osmole (mainly taurine) content in the
brain of normonatremic rats decreases with age, implying that
young brains might have a greater capacity to counteract osmotic
perturbations.®

Furthermore, experimental data support the notion that dif-
ferent brain regions exhibit different “buffering capacities” to os-
molar stress, a feature depending largely on the individual com-
position of electrolytes and osmolytes. Sodium and chloride ions
were found to be highest in the medulla oblongata, while the
lowest values were found in the cerebellum and vice versa for
potassium.”® Organic osmoles were also found to significantly
differ among different gray and white matter regions. More spe-
cifically, the cortex and cerebellum had the highest concentration
of glutamate, glutamine, taurine, and betaine, whereas glycine
was predominantly present in the pons and medulla. However,
other organic osmoles, such as myo-inositol, creatine, glyceryl-
phosphorylcholine, and glycerylphosphorylethanolamine, were
found to be distributed evenly across all brain regions.”!

Furthermore, different dynamics of changes in ionic and or-
ganic osmoles may also contribute to different susceptibility of
different brain regions to osmotic challenge. Animal studies
show upregulation of Na/myo-inositol co-transporters in the
early stages of acute hypernatremia’ and an absence of changes

in the concentration of brain organic osmoles. Most interesting,
during the de-adaptation (recovery) phase, all osmoles except
myo-inositol seem to return to a normal range. This may suggest
that myo-inositol may play a role either in the development of
cerebral edema accompanying correction of hypernatremia,”” or
alternatively, it may play a protective role as suggested by some
experimental studies, which demonstrated that it reduces cell loss
resulting from hypernatremia.”? Furthermore, myo-inositol is in-
volved in the maintenance of brain cell volume during severe
hypernatremia but not in hypona'[remia.74 Thus, re-establish-
ment of organic osmoles in hyponatremia may differ among brain
regions, with the pons and midbrain exhibiting the least recovery
capacity and the cortex and cerebellum having greater potential to
regain lost organic osmoles.” Therefore, it is conceivable that
brain response to osmotic challenges is influenced by the inherent
region-specific differences in inorganic and organic metabolic
makeup, preferential temporal and concentration-dependent in-
volvement of osmolytes, and morphologic and functional charac-
teristics of the adjacent BBB apparatus.

Another interesting difference emerging from these data is the
topographic distribution of EPM lesions. In reviewed data, white
matter and corpus callosum lesions were the most frequently re-
ported (41.4%), while cortex involvement was the least reported
(10.3%). In hyponatremic challenge, the cerebellum was the most
frequently reported site, while the caudate was the least reported
one.®! It would be relevant to explore whether the difference in
susceptibility to different osmotic challenges may be related to the
differential dynamics of response of various brain regions to os-
motic challenge as indicated earlier.

Cerebral Volume Changes

In reviewed cases, cerebral edema associated with hypernatremic
challenge correlated with older age but not with clinical symp-
toms, rise in the Na™ level, correction rate, or severity of outcome.
In most studies, conventional CT or MR imaging was used to
delineate edema-related pathologies. Only 2 studies also used
DWI and ADC mapping.*>”® The potential advantage of using
DWI and ADC stems from the role of cytotoxic and vasogenic
edema in the development of lesions, especially in white matter
regions, given its highly compartmentalized structure. Using se-
rial ADC mapping at different time points after the onset of symp-
toms showed lower ADC values early after the onset of symptoms
and a gradual increase to normal or above-normal values there-
after.”” This finding corresponded to the emergence of cytotoxic
edema (lower ADC) and subsequent vasogenic edema (higher
ADC) at different time intervals. It appears that coupling of DWI
and ADC yields higher specificity for ODS lesions, in which lower
ADC values correlate better with ODS.”®

Vascular Complications
Although less frequently reported in this cohort of patients, vas-
cular events (infarction and hemorrhage) were not uncommon.
Five patients had cerebral infarction, and 1 patient had cerebral
hemorrhage. Vascular complications were not significantly asso-
ciated with age, comorbid history, Nat level, osmolality, and cor-
rection rate, nor were they linked to outcome.

It is not clear whether these vascular complications in hyper-
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natremia are osmotically driven. Experimental data suggest that
cerebral blood flow may be affected by disruption of the BBB and
a concomitant widespread vascular endothelium reaction. Most
interesting, changes in CBF may be regionally distributed, varying
between cortical and subcortical regions depending on the dy-
namics of development and correction of hypernatremia,®® sug-
gesting a differential endothelium response and sensitivity to os-
motic stress. Whether CBF changes might account for cerebral
events (infarctions or hemorrhages) seen in patients with hyper-
natremic osmotic challenge would require further study.

Outcomes of Hypernatremic Osmotic Challenge

In reviewed cases, a slower Na™ correction rate (>48 hours) was
not associated with the presence of radiologic changes or out-
come. However, the exact correction rate was not provided in
most of studies; this omission prevented statistical analysis.

In our review, satisfactory recovery was reported in 26.7% of
patients, persistent neurologic dysfunction, in 56.7%; and death,
in 16.7%. In reviews of ODS in the context of hyponatremia,
favorable recovery was seen in one-third®® and two-thirds,*’
while mortality was reported in one-fifth of patients.**>*>

In our review, the outcome was not correlated with the severity
of clinical presentation, Na™ level, or correction rate, findings
compatible with previous observations in cases of hyponatre-
mia®* and ODS of different etiologies.*>”® However, we found
that younger adults had worse outcomes compared with older
adults. Moreover, the GCS score was not associated with the out-
come, probably due to under-reporting of actual GCS scores in
most studies. In a case series of 25 patients with hyponatremia and
ODS, older age, premorbid conditions, and pattern of ODS were
not found to be predictive of better outcome. However, higher
GCS scores, better scores in functional scales, less severe hypona-
tremia, and absence of hypokalemia predicted favorable outcome
after correction of a hyponatremic state.””

Finally, clinical outcome was better predicted by the presence,
load, and pattern of ODS lesions among reviewed cases. More
specifically, the presence of EPM lesions, mainly WM, BG, and
hippocampal lesions (but not CPM) reduced the probability of
full recovery. Similar associations between radiologic features
and outcome were not observed in ODS in the setting of

hyponatremia.***>7°

CONCLUSIONS

The analysis of reviewed cases shows striking similarities between
the impact of hyper- and hyponatremic osmotic challenge on the
CNS. However, several differences have also emerged. The pri-
mary one seems to be related to the appearance and distribution
of CNS lesions. EPM lesions were prominent in hypernatremic
osmotic challenge; among them, corpus callosum lesions were the
most common. However, although most reviewed patients pre-
sented with neuroradiologic abnormalities, negative initial imag-
ing did not exclude ODS, suggesting that serial imaging with dif-
ferent modalities may be warranted for detecting subtle changes
associated with early cellular destruction and water-diffusion
anomalies. Although the lack of comprehensive clinical data re-
lated to the correction rate precludes specific conclusions, the
data suggest that adhering to clinical guidelines when correcting
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hypernatremia may decrease the risk but does not necessarily pre-
vent ODS development. Finally, the data suggest that the absence
of EPM lesions, namely in the WM, BG, and hippocampus might
hold better prognostic value for outcome. The reviewed results
could have been potentially influenced by selection bias of pa-
tients introduced in the original studies, as well as other immedi-
ately nonapparent factors, necessitating further clinical observa-
tions to better understand the pathophysiology, impact, and
outcome of hypernatremic osmotic challenge.

Disclosures: Milos Ljubisavljevic—UNRELATED: Stock/Stock Options: Various stocks
not related to current submission or pharmaceutical or other relevant industries.
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