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Intense Brain Cortical Enhancement on CT in Laminar

Necrosis Verified by Biopsy

Boleslaw H. Liwnicz," Maral D. Mouradian,? and James B. Ball, Jr.®

Anoxia of the cortical gray matter of the CNS may result
from a variety of pathophysiologic conditions, including sys-
temic hypoxemia, cerebral hypoperfusion, hypoglycemia, and
carbon monoxide or cyanide poisoning. Areas of the brain
with high metabolic demand or in boundary zones of perfusion
are more vulnerable to tissue anoxia than other areas are
[1]. The increased susceptibility of the cerebral cortex and
the basal ganglia in CNS anoxia is seen at autopsy and can
be identified on CT. We report a case of laminar necrosis of
the cerebral cortex that was seen as intense, diffuse cortical
enhancement on double-dose, delayed, contrast-enhanced
CT, and was subsequently confirmed by biopsy.

Case Report

A 39-year-old man with a history of chronic undifferentiated schiz-
ophrenia was admitted to a hospital because of severe vomiting and
diarrhea, diagnosed as gastroenteritis. He was noted to have de-
creased speech and to be withdrawn. He was transferred after a
week to our hospital. His family reported that his condition was
different than the previous acute exacerbations of his psychosis. His
medications included intramuscular injections of fluphenazine deca-
noate.

On admission, the patient was stuporous. Blood pressure was
150/114 mmHg; pulse, 80 beats/min; respiration, 18/min and unla-
bored; rectal temperature, 37.6°C. Examination of the head and neck
showed no evidence of trauma or neck stiffness. The chest was
clear; cardiovascular and abdominal examinations were unremarka-
ble. He was unresponsive to verbal stimuli, but withdrew his extrem-
ities in response to pain. He was totally mute. Occasionally he opened
his eyes spontaneously. His pupils were 3 mm and reactive. Eye
movement was elicited by rotation of the head. There was no papil-
ledema. The muscle tone was increased bilaterally, with hyperactive
muscle stretch reflexes and flexor plantar responses. Hemogram,
serum sodium, glucose, and arterial blood gases were normal. Liver
function tests and ammonia level were unremarkable. Electrocardi-
ogram was normal. Serum and urine screening tests for alcohol,
tricyclic antidepressants, narcotics, barbiturates, phenothiazines,
benzodiazepine, and lithium were negative except for a small quantity

of hydroxyzine. Urinary porphyrins were normal and serologic tests
for syphilis were negative both in serum and CSF. The CSF had
normal pressure and glucose, cells within normal limits, protein level
of 50 mg/dl (normal up to 45 mg/dl), normal IgG index, and no
oligoclonal bands. Fungal, mycobacterial, and viral studies were all
negative. The electroencephalogram showed diffuse slowing in the
theta range intermixed with occasional delta activity. Arousal stimuli
caused no change in the background.

An unenhanced CT scan of the head obtained on admission (Fig.
1A) demonstrated bilateral lenticular nucleus low-attenuation zones.
The CT scan was repeated on day 5, before and after contrast
enhancement with 45 |, and showed an additional low-density area
in the head of the left caudate nucleus (Figs. 1B and 1C) and multiple
small foci of enhancement at the gray-white interface (not shown).
The neurologic condition of the patient was unchanged. He developed
aspiration pneumonia, which was treated successfully. A third CT
scan was obtained on day 16 after a double dose (90 |) of intravenous
contrast infusion and 30 min delay. It showed marked enhancement
of the cerebral gray matter, especially in areas adjacent to the sylvian
fissures, tentorium, and anterior interhemispheric fissure (Fig. 1D).

Meningoencephalitis was suspected, and a right temporal biopsy
was performed 3 weeks after admission to our hospital. Microscopic
examination revealed laminar necrosis in layers three to five (Fig. 2A).
There was loss of neurons, marked capillary proliferation, and minimal
mononuclear infiltration (Fig. 2B).

Six weeks later the patient was discharged to a nursing home with
severe impairment of higher mental functions.

Discussion

Cerebral cortical laminar necrosis in this case is thought to
be due to prolonged global cerebral hypoperfusion secondary
to volume depletion. Hypoperfusion is known to cause sec-
ondary anoxic-like changes. The predominant CT finding was
marked diffuse cortical enhancement. The increased contrast
enhancement on CT scan, likely accentuated by the double-
dose delayed technique used, resulted from the disruption of
the blood-brain barrier, which was documented on biopsy as
cortical necrosis with vascular proliferation. Such a cortical
enhancement pattern has been reported in two of 10 cases
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of global CNS hypoperfusion [2] and in hypoglycemia [3, 4].
Marked diffuse hypodensity of cerebral and cerebellar cor-
texes are also known to occur with profound cerebral hypoxia
[5].

In addition, hypodensity was seen in the head of the cau-
date nucleus and in lenticular nuclei in our case. The basal
ganglia structures are also vulnerable to anoxia because of
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Fig. 1.—Sequential axial CT scans
at approximately the same level.

A, Noncontrast CT on admission.
Subtle areas of low attenuation in len-
ticular nuclei bilaterally.

B and C, Noncontrast and contrast-
enhanced CT, respectively, on day 5.
An additional zone of low attenuation
in head of left caudate nucleus.

D, Double-dose contrast-enhanced
CT on day 16. Intense cortical enhance-
ment, especially adjacent to sylvian fis-
sures and in anterior interhemispheric
fissure. Other sections demonstrated
increased enhancement adjacent to
tentorium bilaterally.

their high metabolic demand and their boundary-zone blood
supply. On CT they may be hypodense [5] or show contrast
enhancement [6, 7]. They are frequently involved in carbon
monoxide [8-10] and cyanide poisoning [11]. It has been
suggested that diffuse cortical and basal ganglia involvement
in anoxic encephalopathy secondary to hypoperfusion is due
to a moderate but prolonged hypoperfusion rather than to
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Fig. 2.—Biopsy of brain cortex.

A, Laminar necrosis of cerebral cor-
tex, most prominent in layer three, but
also involving layers four and five. (H
and E x50)

B, Layer three of cerebral cortex
demonstrating neuronal loss and abun-
dant vascular proliferation. (H and E
x250)

more precipitous and severe low-blood-flow states that result
in infarcts at the boundary zones [12]. A less common CT
pattern in anoxic encephalopathy is that of white-matter low
densities with preservation of the gray matter [13] due to
demyelination with relative preservation of the axons and their
cortical neuronal perikarya [14]. The latter was not seen in
our case.

This report emphasizes that the diagnosis of anoxic en-
cephalopathy is not always evident clinically. The CT picture
of intense diffuse cortical enhancement may result from such
encephalopathy. The recognition of such a CT pattern even
without an appropriate history and laboratory data may be
strongly suggestive of anoxic encephalopathy.
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