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Abstract

Bartter syndrome (BS) is a rare autosomal recessive renal tubular disorder characterized by

acute electrolyte imbalance, and similarly, osmotic demyelination syndrome (ODS) is a rather

rare complication occurring during electrolyte imbalance. The pathological features of ODS include

central pontine myelinolysis and extrapontine myelinolysis (EPM), which consist of severe damage

to the myelin sheath of neurons. ODS is very rare in children. We describe a case of a 3-month-old

infant with ODS and EPM associated with undiagnosed BS. ODS developed because of a sudden

change in electrolyte levels and osmolality caused by acute dehydration during a gastrointestinal

infection episode. Undiagnosed, untreated, and non-balanced BS was the cause of the neurological

complication. Our patient represents the first case of ODS in BS, the ninth case of ODS in an infant

less than one year old, and the third case of isolated EPM in such a young patient. This case report

reminds us that in rare diseases, young patients tend to have genetic components.
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Introduction

Osmotic demyelination syndrome (ODS) is
an uncommon complication of osmotic
stress characterized by severe damage to
the myelin sheath of pontine neurons (cen-
tral pontine myelinolysis, CPM) and
extrapontine sites (extrapontine myelinoly-
sis, EPM). It was first described in 1959 by
Adams et al. in alcoholic and malnourished
patients.1

ODS is diagnosed in patients undergoing
pronounced alterations in plasma osmolal-
ity and is generally, but not always, linked
to rapid correction of chronic hyponatre-
mia. However, it can be associated with
many other disorders or an electrolyte
imbalance in which sodium levels may be
normal or even high.2–4 In a large review,
Singh et al.5 showed that the most common
predisposing factor of CPM and EPM was
hyponatremia (78%), and the most
common presentation was encephalopathy
(39%). Recognized predisposing factors
include alcoholism, liver transplantation,
malnutrition, and chronic debilitation
states. ODS is rather rare in children, espe-
cially if isolated EPM cases are considered.
In a recent review, Ranger et al.6 reported
76 pediatric cases, and only four were youn-
ger than 1 year. Two of these patients
had CPM; one patient had both CPM and
EPM, and the other patient presented with
isolated EPM.

Bartter syndrome (BS) represents a set of
closely related autosomal recessive renal
tubular disorders characterized by hypoka-
lemia, hypochloremia, metabolic alkalosis,
and hyperreninemia with normal blood
pressure. BS results from mutations in
numerous genes that affect the function of
ion channels and transporters that normally
mediate transepithelial salt reabsorption in
the thick ascending limb of the kidney.
These abnormalities result in hypochlore-
mia and hyponatremia with subsequent
volume depletion; chronic hypovolemia

activates the renin–angiotensin–aldosterone

system, with subsequent sodium reabsorp-

tion and potassium depletion. Clinical man-

ifestations of BS can vary according to the

genes involved and range from antenatal

presentation with polyhydramnios to later

onset with significant polyuria, failure to

thrive, and dehydration.7 This case report

reminds us that, in rare diseases, young

patients tend to have genetic components,

and moreover, multiple diseases are often

associated.

Case report

Our patient was a female infant, second-

born to consanguineous Pakistani parents.

She was born at term in another hospital by

spontaneous vaginal delivery. Her birth

weight was 2900 g (32nd percentile). She

had a normal extrauterine adaptation

(Apgar score of 9 and 10 at the first and

fifth minute, respectively), and she was dis-

charged from the post-natal ward on day 3

of life, without other clinical follow-up.
At 3 months of age, she was brought to

the pediatric emergency department (ED)

with generalized seizures, characterized

by tonic flexion of the upper limbs, tonic

extension of the lower limbs, and right eye

deviation. The first seizure terminated spon-

taneously in fewer than 7 minutes; the

second seizure lasted for 20 minutes and

stopped after intravenous lorazepam and

phenobarbital administration. The parents

reported similar events in the previous days.
The physical examination showed severe

dehydration. Upon neurological examina-

tion, the patient was unresponsive and pre-

sented marked numbness, hypotonia, and

hyporeactivity. Furthermore, she appeared

malnourished with a weight of 3254 g

(below the 3rd percentile). Laboratory

investigations showed metabolic alkalosis

(pH 7.56, PaCO2: 47mmHg, base excess:

18.2) and severe electrolyte impairment
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with hyponatremia (122mEq/L), hypokale-
mia (2.1mEq/L), and hypochloremia
(70mEq/L). In the acute phase, magnetic
resonance imaging (MRI) (Figure 1a, b, c)
revealed a marked T2 signal abnormality
involving the white matter of both centra
semiovale with a strikingly symmetric dis-
tribution. This signal abnormality extended
caudally converging toward the posterior
limb of the internal capsules. In the

same location, diffusion appeared markedly
restricted.

In the first hour after admission to the
ED, the patient received an intravenous
bolus of 60mL of 0.9% sodium chloride
because of the severe dehydration, and
following adequate intravascular volume
expansion, rehydration was achieved with
appropriate fluids. Sodium chloride and
potassium chloride were supplemented on

Figure 1. Magnetic resonance images obtained on day 1 after admission (first line, images a, b, and c), on
day 14 after admission (second line, images d, e, and f), and 5 months later (third line, images g, h, and i).
Coronal T2 fast spin-echo sections are shown in images a, d, and g; fluid-attenuated inversion recovery axial
sections through the corona radiata and the upper portion of the lateral ventricles are shown on images b, e,
and h; axial diffusion-weighted imaging sections through the corona radiata are shown in images c, f, and i.
Prominent T2 hyperintensities (white arrows) in the white matter of both hemispheres are symmetric,
apparently depicting the pyramidal tracts, and extended caudally towards the internal capsules. Diffusion is
markedly restricted in the same location (black arrow). On follow-up studies, the lesions progressively
regressed and almost completely vanished at 5 months.
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the basis of electrolyte blood levels, which
were strictly checked to avoid an extremely
rapid correction of the electrolyte
impairment.

During the following weeks, the patient
required supplementation of potassium and
sodium chloride to achieve electrolyte serum
level normalization and clinical improvement.

On admission, an accurate medical his-
tory revealed diarrhea in the days preceding
the event, and the parents disclosed that the
patient was fed with diluted formula milk.
In addition, the family history revealed that
a sister of the patient was affected by type
III BS.

At that time, based on the clinical suspi-
cion of BS, indomethacin was started. BS
was later confirmed by genetic investiga-
tions, which showed a homozygous nucleo-
tide substitution, c.910C>T, in exon 9 of
the CLCNKB gene (a chloride channel
gene located on chromosome site 1p36)
that was consistent with type III BS. The
sister carried the same homozygous muta-
tion, and the parents were both heterozy-
gous for the mutation.

After 2 weeks, follow-up MRI showed
partial resolution of brain lesions, which
appeared more limited on T2 sequences,
and almost complete normalization of the
diffusion test (Figure 1d, e, f). Finally, at 5
months, MRI revealed regression of the
cerebral lesions, which had almost
completely resolved (Figure 1g, h, i).

Currently the patient is 1 year old. Her
last neurologic examination revealed good
eye contact and mild axial hypotonia. No
cerebellar or pyramidal tract signs were
noticed. Primitive reflexes and tendon
reflexes were diminished but normally
evoked. Her visual and hearing function
assessments were normal.

Discussion

ODS is a neurological complication with a
prevalence of 0.25% to 0.5% in the general

population, and its occurrence in infancy is

extremely rare.8 It is caused by severe and

prolonged hyponatremia, particularly when

corrected too rapidly. It has also been

described in association with hypernatremia

and serum hyperosmolality.1 Hypokalemia

is another risk factor for ODS.9,10

The pathogenesis of ODS is complex and

involves the inability of brain cells to

respond to rapid changes in interstitial com-

partment osmolality, leading to dehydra-

tion of energy-depleted cells and alteration

of the blood–brain barrier.11,12

In the setting of rapid correction of

hyponatremia, brain cells attempt to

increase the intracellular inorganic ion con-

tent and the production of organic osmo-

lytes.11 However, this process represents a

significant metabolic strain on glial cells,

leading to ATP depletion, during which

healthy cells accumulate glucose provisions,

presumably in anticipation of inevitable

future demands.13 Therefore, although

hyponatremia is one of the most frequent

electrolyte imbalances in medicine, its cor-

rection rarely leads to ODS. In patients

with liver failure, alcoholism, or malnutri-

tion, glial cells are particularly vulnerable to

energy deprivation, leading to failure to

respond to changes in extracellular osmolal-

ity and to regulate their cellular volume.

The resultant shrinkage of glial cells may

lead to axonal damage and disruption of

tight junctions.11,12,14

ODS lesions are typically symmetrical

and sharply demarcated, and during the

active phase of the disease, they contain

sheets of lipid-laden macrophages and a

large number of reactive astrocytes. In con-

trast to other demyelinating diseases, an

inflammatory component is absent, and if

multiple foci of demyelination are present,

they all exhibit the same stage of demyelin-

ating activity. The areas most frequently

involved other than the pons are the cere-

bellum, lateral geniculate bodies, external
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and extreme capsules and subcortical white
matter, basal ganglia, and thalami.15

Myelinolysis was once thought to be
rare, but a study in an unselected urban
hospital population group showed an inci-
dence of 3/100016 with CPM much more
frequent than EPM.

The clinical presentation of CPM differs
from that of EPM. In CPM, patients show
a biphasic clinical course, initially present-
ing with seizures caused by hyponatremia,
then recovering as soon as normonatremia
is restored, only to deteriorate several days
later with symptoms secondary to cortico-
bulbar fiber involvement (dysarthria and
dysphagia) or corticospinal tract involve-
ment (flaccid quadriparesis). An illusory
change in the consciousness level may
occur, reflecting “locked-in syndrome”.
Movement disorders (dystonia, parkinson-
ism, catatonia) occur in some patients and
are likely related to EPM.1,17

MRI is the imaging technique of choice
for ODS; it reveals pontine and extrapon-
tine hyperintensities on T2 and hypointen-
sities on T1-weighted images without
contrast enhancement. Diffusion weighted
imaging exhibits diffusional restriction and
might have the capability to detect lesions
undetectable on T2 images.18–20 Multifocal
EPM features on MRI may also be
observed in some disorders such as ische-
mia, multiple sclerosis, tumors, and meta-
bolic disease, but they are diagnostic of
ODS when symmetrical. During the sub-
acute and chronic phases, lesions become
smaller and better defined, and they may
resolve completely.21

We presented a case of EPM in a patient
with undiagnosed BS during a gastrointes-
tinal infection and a history of feeding with
diluted formula milk. ODS was not linked
to a rapid correction of serum electrolytes
because it was already evident on MRI per-
formed on admission in the ED. In our
opinion, dehydration caused by infection,
malnutrition, and feeding with low-sodium

concentration formula worsened the
patient’s borderline hydro-electrolyte bal-
ance resulting from the unrecognized BS,
triggering ODS symptoms.

Furthermore, the diagnosis is supported
by the MRI follow-up results; on the day of
admission, a marked T2 alteration involv-
ing the white matter of both centra semi-
ovale, which extended caudally and
converged toward the posterior limb of
the internal capsules, was visible, with a
strikingly symmetric distribution. In the
same location, diffusion was markedly
restricted. The impressive restriction in
water mobility causing restricted diffusion
was strongly suggestive of a state of cyto-
toxic edema caused by impaired control of
membrane electrolyte movement. Because
the distribution was bilateral, symmetric,
and confined to a specific anatomic path-
way, namely the motor tract, the possibility
of an ischemic etiology was excluded. Two
weeks later, after correction of the electro-
lyte impairment and during progressive
clinical recovery, MRI showed a partial
regression in the lesion pattern, and the
T2 hyperintensities were more limited,
with almost complete diffusion normaliza-
tion (Figure 1d, e, f). Five months later,
complete resolution was demonstrated on
MRI (Figure 1g, h, i).

Another peculiarity of our case is the
location of the lesions. Univocal interpreta-
tions to justify the involvement of the white
matter of both centra semiovale and the
posterior limb of the internal capsules are
not available; however, a hypothesis was
proposed. In the first months of life, white
matter represents the brain areas with
greater energy expense because it consists
of glial elements in active proliferation
and differentiation, and it is the site of
intense metabolic activity because of the
synthesis of myelin by oligodendrocytes.
For these reasons, it is also one of the
most vulnerable areas in the brain.
Therefore, blood provision might not be
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sufficient to support the increased energy
demand in some conditions, such as exacer-
bation by osmotic stress, hence resulting in
myelinolysis. In our patient, the precarious
balance caused by BS could have caused
this area to be more liable to pathogenic
insults.

There are few pediatric cases of ODS
with EPM in the literature; in the latest
review by Bansal and Zinkus, 106 cases of
ODS were analyzed from 1960 to 2018.
Eighty-three of 106 cases were pediatric
patients; 41% presented CPM alone, and
29% had both CPM and EPM. While iso-
lated EPM was identified in 30% of
patients, only eight were younger than
1 year of age (9.6%).22 These eight patients
ranged from 1 to 11 months of age, and
only three children presented EPM (two 9-
month-old patients and one 11-month-old
patient); two patients had CPM (6 and 10
months old), and the last three children pre-
sented both CPM and EPM (a 1-month-old
child and two 11-month-old children).
Regarding the outcome of pediatric ODS,
a full recovery is expected in 20% of
patients; in almost 23%, a mild-
to-moderate neurological deficit may per-
sist, and more than 50% may die within
days or weeks of the onset of neurological
manifestations.6 In the eight infants youn-
ger than 1 year of age, four had a complete
recovery, two had a partial recovery, and
one died (recovery data for this child are
not available). To our knowledge, our
patient represents the first case of ODS in
BS, the ninth case of ODS in an infant less
than 1 year old, and the third case of iso-
lated EPM in such a young patient. This
rare occurrence is likely caused by the ongo-
ing process of myelination, which takes
place before 2 years of age. Supratentorial
white matter myelination occurs later than
pontine myelination; therefore, EPM is
even rarer.23

In conclusion, we hypothesize that the
infant developed ODS because of a

sudden change in electrolyte levels and

osmolality because of acute dehydration

during a gastrointestinal infection episode.

Her background of undiagnosed (and

therefore untreated and uncontrolled) BS

was the basis for her precarious electrolyte

balance. A diagnosis of ODS was estab-

lished on the basis of clinical, laboratory,

and imaging data. The symmetric distribu-

tion of the lesions on MRI, the strong dif-

fusion restriction, and the circumscribed

localization to the white matter of both

centra semiovale converging toward the

posterior limb of the internal capsule on

acute MRI are considered the classical spec-

trum of this condition, together with the

full healing of the lesions after a few

months and the nearly clinical recovery

after gradual normalization of the hydro-

electrolyte disorders. In our case, the slow

correction of electrolyte imbalance allowed

us to control ODS and to prevent deterio-

ration as indicated by both clinical and neu-

roimaging improvement.
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