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ABSTRACT

Cortical laminar necrosis (CLN) is radiologically characterized by hyperintense cortical
lesions on unenhanced T1-weighted images. Hypoxia is the representative cause of CLN;
however, the rapid correction of hyponatremia has also been suggested as another possi-
ble cause. We present a patient who developed CLN and a permanent neurologic sequel
following the rapid correction of hyponatremia without hypoxic insult, and discuss the
characteristics of CLN lesions in view of osmotic demyelination syndrome based on mag-

netic resonance (MR) image findings.

Introduction

Cortical laminar necrosis (CLN) is most commonly encoun-
tered in cases of severe hypoxic brain damage, and it is
radiologically characterized by hyperintense cortical lesions
on unenhanced Tl-weighted magnetic resonance (MR) im-
ages, especially during the subacute stage.!'? Delayed cortical
atrophy is the characteristic MR imaging (MRI) finding dur-
ing the chronic stage.!™ In addition to hypoxic brain damage,
metabolic insults, infarction, seizure, and drugs are also known
to be associated with CLN.2® However, the MRI finding of
CLN developed by rapidly corrected hyponatremia has rarely
been reported.*®> We present a patient who developed CLN
and a permanent neurologic sequel following the rapid correc-
tion of hyponatremia without hypoxic insult.

Case Report

A 27-year-old man with a history of congenital panhypopitu-
itarism was admitted to our institution with a 3-day history of
melena and hematemesis. He had no history of hypoxic in-
sult, hypoglycemia, malnutrition, trauma, central nervous sys-
tem infection, renal disease, alcohol abuse, or drug intoxica-
tion. His vital signs were normal. Routine blood laboratory
tests were unremarkable with the exception of mild anemia
(Hemoglobin [Hb] 8.2 g/dL), which had been a stationary
level for him at the outpatient clinic. A thorough gastroin-
testinal evaluation revealed esophageal varix and cryptogenic
liver cirrhosis. He was alert and cooperative through the first
9 days of admission. However, he complained of nausea and
showed mildly drowsy mentality on hospital day (HD) 10. A
profound hyponatremia (105 mmol/L) was detected, and inad-
vertently corrected to 140 mmol/L within 1 day. His mental

Keywords: Cortical laminar necrosis,
osmotic demyelination syndrome, hy-
ponatremia.

Acceptance: Received November 5,
2007, and in revised form November 5,
2007. Accepted for publication December
22, 2007.

Correspondence: Address correspon-
dence to Byung-Jo Kim, MD, PhD, De-
partment of Neurology, Korea University
Medical Center, #126-1, Anamdong 5Ga,
Seungbuk-Gu, Seoul, 136-705, Korea.
E-mail: hukbj@korea.ac.kr.

J Neuroimaging 2009;19:185-187.
DOI: 10.1111/j.1552-6569.2008.00244.x

status deteriorated to stupor on HD 12. His vital signs were
stable constantly, however, a neurologic examination revealed
trace movement to painful stimuli and increased deep ten-
don reflex in all extremities thereafter. An urgent brain MRI
with gadolinum enhancement revealed empty sella, mild cor-
tical atrophy, and associated ventriculomegaly without a brain
parenchymal lesion (not shown). On HD 13, the patient’s serum
sodium level further increased to 157 mmol/L. His mental sta-
tus gradually deteriorated to coma over the next 3 days. A
follow-up MRI was performed on HD 30 under the tentative
diagnosis of osmotic demyelination syndrome (ODS). Diffuse
hyperintense lesions in the cerebral cortex along the gyral dis-
tribution and lentiform nucleus were shown on T1- and T2-
weighted images accompanied by a marked contrast enhance-
ment. On T2-weighted images, some portions of hypointensity
were seen in the white matter subjacent the hyperintense cor-
tex, which represents a typical finding of CLN (Fig 1).! The
thalamus, caudate nucleus, dorsal midbrain, and pons showed
hyperintensities on T2-weighted images and hypointensi-
ties on T1-weighted images without contrast enhancement
(Fig 1). The patient has remained in a comatose state to date
(HD 90).

Discussion

ODS, a demyelinating disorder caused by a rapid increase
in serum tonicity, especially in patients with hyponatremia, is
clinically characterized by consciousness deterioration follow-
ing the rapid correction of hyponatremia.”® The most com-
mon pathology of ODS is central pontine myelinolysis (CPM)
or extra pontine myelinolysis (EPM).”® CLN was also rarely
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Fig 1. T2-weighted axial (A-E) and unenhanced T1-weighted axial (F-J) images of the patient taken on HD 30 (subacute stage). T2-weighted
(A-E) images show high signal intensities of the cerebral cortex along the sulci (white arrow). Some portions of hypointensity were seen in
the white matter subjacent the hyperintense cortex (black arrow), which represents a typical finding of CLN. T1-weighted (F-H) images show
high signal intensities over the cortical lamina with enhancement (not shown). T2-weighted (B, C) images show high signal intensities in the
caudate nucleus, lentiform nucleus, and thalamus. T1-weighted (G, H) images show high signal intensities in the lentiform nucleus, however,
there are slightly low signal intensities over the caudate nucleus and thalamus without enhancement (not shown). T2-weighted image shows
high signal intensities in the dorsal midbrain, cerebellar vermis (D), and midpons (E). T1-weighted images show low signal intensities over the
dorsal midbrain, cerebellar vermis (1), and midpons (J) without enhancement (not shown). The image of the midpons shows the characteristic

trident-shaped lesion of the central pontine myelinolysis (E, J).

described as the consequence of rapidly corrected hypona-
tremia, regardless of the presence of EPM or CPM.*?10-12

A pontine lesion in the CPM is known to show a slightly low-
ered signal intensity on T1-weighted images and high signal in-
tensity on T2-weighted images during the subacute stage.® The
lesions are pathologically characterized by the loss of myelin,
the presence of macrophages filled with myelin debris, reactive
astrocytosis, and the loss of oligodendroglial cells.'®

The EPM lesions involve bundles of myelinated fibers in the
gray matter, including the basal ganglia and thalamus. The le-
sions also invade the white matter surrounded by massive gray
matter, such as the white matter of the cerebral gyri, internal,
external, and extreme capsules.7 These characteristic distribu-
tions of EPM lesions support the pathophysiology introduced
by Norenberg.!* He suggested that the myelinotoxic factors de-
rived from the richly vascular gray matter could interact with
adjacent bundles of white matter and result in demyelination.
He also suggested that the demyelination was caused by a break-
down of the blood-brain barrier.!* A recent report suggested
that the outward movement of the organic osmolytes from the
brain during hyponatremia, which remained in the extracellu-
lar space, could result in the net shrinkage of the brain and the
demyelination of vulnerable areas.?

These pathophysiologic evidences have been introduced in
the interpretation of MR cortical signal changes in patients with
ODS. Rapid correction of sodium in chronic hyponatremia
induces a significant dehydration of the brain, and it makes
the myelin sheath stripped from the axon and the oligoden-
drocytes damaged.’ In addition, the concomitant disease or
hypoxic event may cause damage to the astrocytes and os-
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motic change in the intracellular space, as well. These osmotic
changes eventually lead to vasogenic edema and myelinotoxic
substances leaking from the vessels.”>!* As for T2 prolonga-
tion in the early phase of ODS, blood-brain barrier breakdown
and associated vasogenic edema has been proposed; whereas,
for the T1 shortening in the subacute phase of ODS, the ac-
cumulation of cellular debris after demyelination has been
proposed.®1*

CLN caused by hypoxia usually involves the third corti-
cal layer, whereas CLN associated with ODS encroaches on
the inner layer of the cortex adjacent to the white matter.!:!3
However, the pathogenesis, including the breakdown of the
blood-brain barrier, macrophage deposition, demyelination,
and the site of injury, is common between CLN and ODS le-
sions. Calakos et al. recently suggested that hyponatremia may
increase the brain tissue susceptibility to the hypoxic insult.*
Conversely, he also proposed that hypoxia could impair the
normal compensatory mechanisms of the brain to the hypona-
tremia.* The pathologic findings previously reported in cortical
lesions of the ODS included necrosis, demyelination, and glio-
sis.*1> These findings seem to suggest some similarity between
the CLN and ODS lesions and, at least, the possibility of the
co-occurrence of both lesions in some circumstances.

Most previous case reports of CLN in ODS had an episode
of hypoxic insult in addition to hyponatremia.lo'12 To our
knowledge, only 3 cases have been published concerning the
MRI findings of CLN in cases of rapidly corrected hypona-
tremia without hypoxia.*> The findings are consistent with
CLN caused by hypoxia; however, there was no detailed expla-
nation of their relationship to the presumably combined EPM



and CPM lesions. Inadvertently corrected hyponatremia-ODS
was considered to be the most likely cause of CLN in our pa-
tient. The anemia could contribute to the CLN, but the compen-
satory mechanisms might preserve adequate tissue oxygenation
in case of chronic steady anemia. However, as the pathophysi-
ology underlying the cortical lesions in ODS, the possible con-
tribution of chronic anemia could not be completely excluded
for the development of CLN.* As for the panhypopituitarism,
his blood sugar level was stable, and thyroid functions were
also in normal range with medication (levothyroxin sodium
50 pg/day). In the previous reports of CLN with other chronic
disease, the rapid correction of hyponatremia or additional hy-
poxic insults rather than the underlying disease was the cause
of the CLN and ODS.*%:10-12 Therefore, we considered that the
stable underlying disease (panhypopituitarism) of him did not
have major influence on the course of disease.

The cortex showed high signal intensities in both the T1- and
T2-weighted images and enhancement by gadolinium, which
suggests the presence of CLN. Meanwhile, the caudate nucleus,
thalamus, dorsal midbrain, and pons lesions showed low signal
intensities on the T1-weighted image and high signal intensities
on the T2-weighted image without enhancement, which suggest
the presence of ODS lesions.

Although more pathologic study is needed to clarify the
relationship between CLN and ODS, the present case suggests
that CLN may develop via a similar pathogenesis as ODS.
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