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ABSTRACT

An anoxic ischemic cerebral injury may cause a variety of neuropathologic
abnormalities, which depend on ihe age of onset, duration and intensity. Reversing sign 1s an
uncommon radiological finding on computed tomography. It is seen mainly in cases of severe
pediatric hypoxia.

The purpose of this study was to present and describe the reversing sign on computed
tomography of two cases of hypoxic children.

We reviewed the clinical features, etiologies, outcome and the reversal sign on
computed tomography in two interested children. They have severe developmental delay due
to prolonged hypoxia in different ages at the time of on set, the one was birth asphyxia and the
other was cardiopulmonary arrest after seizures. They were underwent computed tomographic
examination next 1-2 months after the anoxic events to evaluate the outcome.

The reversing signs on computed tomography of our two pediatric cases were defined
by reversal of the normal gray and white matter density, a relative increase density of
preserved thalami, brain stem and cerebellum, some decrease volume of the white matter mantle
and some ventricular dilatation. The different degrees of the decrease cerebral density, white
matter volume loss and atrophic ventricular enlargement were observed. They represented
various degrees of periventricular leukomalacia and cystic encephalomalacia on chronic state.

As our result and reviewed relevant literatures, we presumed that the reversing sign is
an uncommon classic computed tomographic findings which are divided into acute, intermediate
and chronic reversing groups. They occur following diffuse anoxic ischemic injury in any age
groups. It usually represents severe brain injury, irreversible brain damage and carries a poor
outcome.
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INTRODUCTION

If cerebral circulation is interrupted for recovery may occur, however in other cases,
several seconds or longer, brain oxygen is rapidly  cerebral hypoxia causes edema, ischemic and hypoxic
depleted. Following successful resuscitation, complete  1schemic encephalopathy.'
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An anoxic ischemic insult may cause a variety
of neuropathologic abnormalities, including neuronal
necrosis, marmoration of basal ganglia and thalami,
watershed infarction, parasagittal cerebral injury,
periventricular leukomalacia, focal and multifocal
ischemic brain necrosis.** The pattern of neuropatho-
logic alteration depends on the patient's age at the
time of insult and the duration of the anoxic episode.’

When cerebral blood flow was interrupted
completely, a small percentage of patients who suffer
a global cerebral hypoxic ischemic injury develop
distinctive computed tomography finding which termed
as areversal sign.

In the past and until now, CT still has been
utilized in detection of the neuropathologic changes in
patient who survived from this episode particularly in
the rural hospital where MR1 is not available.

The reversal sign expressed (1) just diffusely
decreased density of cerebral cortical gray and white
matter with reduced or lost gray, white matter
differentiation or (2) less frequently, reversal of the
normal gray white matter density. The density of
thalami, brainstem and cerebellum were usually
preserved and relatively increased in density.* %1214

Reversal sign on computed tomography is
seen mainly in cases of pediatric hypoxia. However,
now the reversal sign has been described for adult
who has prolonged anoxic ischemic injury in
scattered literatures.®*

The reversal sign has been described for
anoxic ischemic states due to variety of causes,
including birth asphyxia, drowning, status epilepticus,
meningitis, and degenerative encephalitis. % It can
occur following other causes such as child abuse,
cardiac arrest, electrocution and accidental
injury.**° This sign has been mainly seen as either an
early sign or sequel of hypoxic ischemic insult.

The aim of this report was to show the two
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classic reversal signs on computed tomography, which
resulted from prolonged hypoxic ischemic cerebral
injury of two pediatric cases who presented CT
appearance as chronic reversal signs. We also
discussed the clinical features, etiologies and outcome;
and also reviewed the relevant literature.

MATERIALS AND METHODS

We retrospectively analyzed the clinical
features and the reversal sign on computed tomography
images of two hypoxic children who have severe
developmental delay, one was due to birth asphyxia
and the other was due to cardiopulmonary arrest. We
reviewed its possible causes, and also discussed the
relevant literatures.

Patient 1, A 6 month-old child born at 37
weeks gestational age by C/S. He was healthy term
infant and had normal Apgar Scores at birth~9, 10
and101n 1, 5 and 10 minutes, respectively. Next 6
months later, he was brought to emergency services
with unconscious after seizures, he was EIVIM|1 and
then he rapidly developed cardiopulmonary arrest.
On armnival at the hospital he had no detectable pulse
and respiration. On examination the child was
comatose, cyanosis and unresponsive to noxious
stimuli. Few minutes after cardiopulmonary arrest, an
emergency nasotracheal intubation was performed
and mechanical ventilation was initiated.

The initial computed tomography was
obtained 2 hours after resuscitation. There were small
right frontal intracerebral hematoma and chronic bi-
lateral frontal convexity subdural hemorrhage (not
shown).

He was referred to intensive care unit for
conservative treatment, after unsuccessful cardiopul-
monary resuscitation. After that, he has survived but
developed clinical signs of cerebral hypoxia including
spastic diplegia and seizures.

Follow up 2 months non-contrast computed
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tomography after the anoxic event demonstrated dif-
fusely decreased density of gray matter and striking
increased density of white matter, it was reversal of
the normal gray and white matter densities. There were
slightly decrease amount of white matter mantle and
mildly dilated all ventricles. Relatively increased
density of the preserved thalami, brainstem and
cerebellum were detected. All findings are typical
features of chronic reversal sign (Fig.1 A-D). Bilateral
chronic subdural hemorrhages were also detected.

Patient 2, A 2 month-old child, who had
prior history of 38 weeks term infant, severe fetal
distress and birth asphyxia is presented. The infant
had low Apgar Scores at birth~2,4andSin 1,5
and 10 minutes, respectively. He required resuscitation
and ventilatory assistance at birth. After that, he
developed hypoglycemia and seizures. For long term,
he survived. The clinical sign of hypoxic ischemic
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encephalopathy (HIE) were detected as major motor
disabilities, including spastic diplegia, abnormal
neuromuscular tone and reflexes. Seizures, altered
consciousness and developmental delay were also
observed.

One month after birth, initial plain computed
tomography was performed to evaluate the clinical
prognosis. His plain computed tomography scans
demonstrated reversal of normal gray and white
matter density which were seen as generalized CSF
like hypodensity throughout the cerebral gray matter
representing cystic encephalomalacia. Volume of white
matter is markedly decreased, and accompanying
reversal increase white mater density is seen. Relative
hyperdensity are seen in thalami, brainstem and
cerebellum. All findings are characteristic CT
appearance of chronic form of reversal sign (Fig.2
A-D).
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Fig.1C Fig. 1D

Fig.1 A-D Chronic reversal sign in 8 month-old child with history of post resuscitation for 2 months,
secondary to cardiopulmonary arrest.

Plain CT scans reveal decrease density of  matter is seen. Relative increase density of thalami,
cortical gray matter and increase density of subcortical ~ brainstem and cerebellum are observed. All ventricles
white matter, causing reversal of the normal grayand ~ are mildly dilated.
white matter densities, some decrease amount of white

72



THE ASEAN JOURNAL OF RADIOLOGY

Fig. 2C
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Fig. 2D

Fig.2 A-D Chronic reversal sign in 2 month-old child with previous history of fetal distress and severe birth

asphyxia

Plain axial CT show generalized CSF like
hypodensity throughout both cerebral hemisphere
representing cystic encephalomalacia, increase density
of subcortical white matter, reversal of normal gray
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white matter density. Markedly decreased volume of
white matter and all ventricular dilatation are seen.
Relative hyperdensity is seen in thalami, brain stem
and cerebellum.
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DISCUSSION

In several recent studies, the reversal sign has
been described by:

(1) Diffusely decreased density of the
cerebral cortical gray and white matter and decrease
or lost gray white matter interface, along with a
relative increased density of preserved thalami,
brainstem and cerebellum, however in some papers
these findings may be named white cerebellum sign
or reversal sign variant.

(2) Less frequently, reversal of gray white
matter density and associated a relative increase
density of preserved thalami, brainstem and cerebellum,
these findings may be named true reversal sign.

Some texts and literatures are confusing in
their description of the CT appearance of theses two
patterns of reversal sign. In some papers, the term
reversal sign has been mainly limited to imaging
findings of reversal of gray matter and white matter
densities of the cerebral hemispheres, as mentioned
on cathegory (2). CT findings of our two cases were
true reversal signs."

S. Moosa et al. presented two pediatric
hypoxic cases, one of which demonstrated the white
cerebellum sign, (reversal sign variant) and the other
demonstrated the true reversal sign, in order to show
the imaging differences between the two patterns.'?

Actually, the reversal sign has been mainly
seen as either an early sign or sequel of hypoxic
ischemic insult, its recognition may be early or
delayed. B. Kim Han et al. divided CT findings of
reversal sign into three groups, including (1) acute
within 24 hours at presentation, (2) intermediate,
2-22 days and (3) chronic reversal sign.*

In chronic reversal group, associated
atrophic brain, atrophic ventricular enlargement and/
or cystic encephalomalacia were detected and the
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attenuation of the cerebral mantle is visually lower than
in patient with acute reversal group, and 1t has a
density similar to that of CSF, whereas in acute phase,
there are small compressed ventricles secondary to
diffuse cerebral edema.

In our report, both of them were presented
as chronic form of the reversal signs.

One paper in J Neurol Neurosurg Psychiatry
2000 reported acute characteristic true reversal sign
on computed tomography of a 70 year old man; it
was found just 1 hour post resuscitation after
cardiopulmonary arrest. He could not be resuscitated
and was declared brain dead, one hour later.?

By reviewed literatures, there are numerous
causes of reversal sign. Kim Han et al. analyzed 20
children with the reversal sign and found that mine cases
were due to hypoxia/anoxia incidents, seven due to
child abuse, and two due to accidental trauma, one
due to bacterial encephalitis and one due to
degenerative encephalitis.® The outcome was poor
as a majority expired, while those who survived had
profound neurological deficits.®

H. Schulman et al. reported seven of nine
infants with neonatal hypothermia, CT showed
reversal of the normal density relationship between
grey and white matter and a relative increased
density of the thalami, brainstem and cerebellum
consistent with the reversal sign. In six surviving
infants carries a poor prognosis with severe develop-
mental delay.’

We found that the reversal sign was seen
mainly in cases of pediatric hypoxia but there are
scattered reports describing in adult with severe
anoxic ischemic injury. G. Vergote et al. reported a
36-year-old woman with bacterial meningitis. CT
after resuscitation showed a striking reversal sign, it
indicates serious brain damage and carries a poor
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outcome.'®

B. Nail et al. retrospectively examined the
computed tomography of 9 adult patients in vegetative
state due to prolonged anoxia, range of age 21-67
years and they thought that the reversal sign was a
characteristic finding of the ischemic vegetative state
of the adult brain.

Cho Jey Min et al. evaluated prognosis
-related CT findings in 28 children with a clinical
history and CT findings suggestive ofhypoxic ischemic
encephalopathy (HIE). They found that the CT
appearances including poor differentiation of gray and
white matter, reversal sign, obliteration of
perimesencephalic cistern, high density on tentorial
edge indicate severe anoxic ischemic brain injury and
carries a poor prognosis.'> Because of CT findings
showed distinct differences between groups in whom
prognosis was good, and in whom it was poor. An
awareness of poor prognostic, CT findings may be
clinically helpful in the evaluation of patients with
hypoxic ischemic cerebral injury.'

CONCLUSION

As a result, our study confirmed that the
pattern of brain injury from prolonged hypoxic ischemic
insult in neonates differed from that seen in children
after the neonatal period.

The reversal sign is a classic uncommon
characteristic radiological finding, secondary to
hypoxic ischemic cerebral injury and can occur in any
age.

The reversal sign has been mainly seen as
either an early sign or sequel of hypoxic ischemic
insult, dividing into acute, intermediate and chronic
reversal signs.

There are numerous causes of the reversal
sign, including (1) severe hypoxia particularly birth
asphyxia, cardiac arrest, drowning, status epilepticus
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(2) trauma such as abused child, less frequently
accidental injury (3) infection especially meningitis and
degenerative encephalitis (4) others such as electro-
cution, smoke inhalation and neonatal hypothermia.

Reversal sign usually represents severe
hypoxic ischemic brain injury, also indicates irreversible
devastating brain damage and carries a poor prognosis.
The prognosis and outcome for reversal sign were
poor as a majority expired, while those who survived
had profound neurological deficit and permanent

impairment.

An awareness of poor outcome, CT is the
most useful modality and has been use as the primary
imaging method to evaluate the prognosis of patient
with anoxic ischemic cerebral injury.
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