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Reversal Sign on CT: Effect of 
Anoxic/Ischemic Cerebral Injury in Children 

A retrospective study was performed to determine the clinical and pathologic features, 
etiology, and outcome of children with the reversal sign. The reversal sign, a striking 
CT finding, probably represents a diffuse, anoxic/ischemic cerebral injury. CT features 
of the reversal sign are diffusely decreased density of cerebral cortical gray and white 
matter with a decreased or lost gray/white matter Interface, or reversal of the gray/ 
white matter densities and relatively increased density of the thalami, brainstem, and 
cerebellum. Twenty children with the reversal sign were retrospectively analyzed. We 
divided the patients into three groups: (1) acute reversal, (2) intermediate group, and 
(3) chronic reversal. There were nine cases of trauma (seven of child abuse); nine 
hypoxia/anoxia incidents (birth asphyxia, drowning, status epilepticus); one bacterial 
meningitis; and one degenerative encephalitis. All acute- and intermediate-group pa­
tients had respiratory problems requiring ventilator support and intensive care. In five 
of seven patients who died, autopsy findings were consistent with anoxic/ischemic 
encephalopathy. Surviving patients have profound neurologic deficits with severe de· 
velopmental delay. The CT reversal sign carries a poor prognosis and indicates irre· 
versible brain damage. 
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An anoxicfischemic insult may cause a variety of neuropathologic abnormalities, 
including neuronal necrosis, marmoration of basal ganglia and thalami, "watershed" 
infarcts, and periventricular leukomalacia [1-3]. Sonography and CT have been 
used as the primary imaging methods for evaluation of patients with acute anoxic/ 
ischemic insults [4-13]. There are scattered reports describing diffuse cerebral 
edema on CT [14-17] and/or sonography [18]. We have noticed a distinctive CT 
appearance, the reversal sign, in a subgroup of patients with anoxic/ischemic 
cerebral injury. A few papers have reported similar CT findings [4, 6, 9] and 
increased echogenicity of the basal ganglia and thalami on sonography [1 0, 13]. 

The purpose of this study was to evaluate the clinical features, etiology, and 
outcome of the reversal sign in children. We have attempted to explain the 
pathophysiology of this disorder by correlating its pathologic features in 20 patients 
with the CT findings in 1 0 patients who had diffuse brain edema pattern and with 
the autopsy findings in 1 0 patients (five who had the reversal sign and five who 
had diffuse edema). 

Materials and Methods 

Twenty patients with the reversal sign on CT scan were retrospectively analyzed. The 
patient population consisted of eight girls and 12 boys, 3 weeks to 10 years old. The reversal 
sign was defined by diffusely decreased density of the cerebral cortical gray and white matter 
with a decreased or lost grayfwhite matter interface, or reversal of the normal grayfwhite 
matter densities and a relatively increased density of the thalami, brainstem, and cerebellum 
(Fig. 1). 
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Fig. 1.-Acute reversal in 3-month-old abused child. 
A and 8, Axial CT scans show diffusely decreased density of cerebral cortex with relatively 

Increased density of white matter causing reversal of gray/white matter densities. A relatively 
increased density Is also seen In thalami, brainstem, and cerebellum. 

Fig. 2.-Diffuse edema in 1•year·old boy who 
presented with status epilepticus. Axial CT scan 
shows generalized decreased density throughout 
brain with lost grayfwhlte matter interface. Ventri­
cles are slitlike. 

For comparison, the CT scans of a randomly selected group of 10 
patients with diffuse brain edema pattern were evaluated. Diffuse 
edema was defined as generalized decreased density of the cerebrum 
with lost or diminished gray/white matter interface (Fig. 2). In this 
group, there were two girls and eight boys, ages 2 months to 9 years 
old. 

All CT scans were obtained with a GE 8800 or 9800 scanner with 
contiguous 1-cm slices. Contrast-enhanced scans were obtained in 
nine patients. CT scans were reviewed qualitatively for gray and white 
matter density; sharpness of the gray/white matter interface; density 
of the basal ganglia, brainstem, and cerebellum; ventricular size and 
shape; and size of the extraaxial CSF spaces and cisterns. 

Sonography was performed in 10 patients, ages 1 day to 11 
months, on an ATL sector real-time unit in coronal and sagittal planes. 
Sonograms were reviewed for ventricular size, brain parenchymal 
echogenicity, sulci, and fissures. 

The medical records of the children with the reversal sign and 
those with diffuse edema were reviewed for neurologic abnormalities, 
hospital course, etiology, and clinical follow-up. 

The autopsy findings in 1 0 patients (five with reversal and five with 
diffuse edema) were reviewed. The extent and topographic distribu­
tion of the neuronal changes and edema in the cerebral cortex, 
cerebral hemispheric white matter, thalami, brainstem, and cerebel­
lum were evaluated. Initially, we wondered if the low attenuation 
areas (e.g., cerebral cortex) on CT scans represented severely dam­
aged brain and the relatively high attenuation areas (e.g., basal ganglia 
and thalami) represented less damaged brain. Therefore, the patho­
logic specimens were evaluated to see if there was any severity 
gradient in terms of neuronal damage and edema correlating with the 
CTfindings. 

Results 

CTFindings 

Patients with the reversal sign were divided into three 
groups. Group I (eight patients) were those with acute rever-

sal: these patients had the reversal sign on the CT scan 
performed at presentation (Fig. 1). Group II (six patients) was 
the intermediate group: these patients had diffuse edema at 
presentation changing to the reversal sign 2-22 days later 
(Fig. 3). Group Ill (six patients) consisted of those with chronic 
reversal: these patients had diffuse brain atrophy andfor 
cystic encephalomalacia with reversal sign (Fig. 4). In chronic 
reversal, the attenuation of the cerebral mantel is visually 
lower than in patients with acute reversal sign and has a 
density similar to that of CSF. 

Follow-up CT findings are summarized in Figure 5. Four 
patients in group I had a follow-up CT scan 9 days to 3 weeks 
after presentation, and all showed chronic reversal sign (Rg. 
6). Two of three patients in group II had a follow-up CT scan 
within 3-6 weeks that showed chronic reversal sign. In con­
trast, two patients with diffuse edema pattern had a follow­
up within 4-6 weeks that showed diffuse brain atrophy but 
no reversal sign. 

Contrast-enhanced scans were available in nine patients. 
None showed abnormal enhancement. In five patients, there 
was a subtle decrease in contrast between the areas of 
decreased attenuation and those of relatively increased atten­
uation resulting in a less apparent reversal sign (FIQ. 7). 

Clinical Data 

Causes of reversal sign and diffuse edema pattern among 
our patients are summarized in Table 1. 

In the reversal group, there were nine patients with trauma 
(seven resulting from child abuse), nine patients with anoxia 
(five caused by birth asphyxia, two cardiopulmonary arrests), 
and two others (one with viral encephalitis and one with 
degenerative encephalitis). All patients, with the exception of 
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Fig. 3.-4-month-old abused child in inter­
mediate group. 

A, Initial CT scan shows diffuse decreased 
attenuation throughout brain with lost gray jwhite 
matter interface consistent with diffuse edema. 
Subarachnoid hemorrhage is seen in interhemi­
spheric fissure posteriorly. 

B, 2 days later, CT scan shows generalized 
low attenuation throughout cerebrum, more se­
vere on left. Relatively high attenuation is seen 
in region of basal ganglia, thalami, brainstem, 
and cerebellum. 

Fig. 4.-Chronic reversal in 3-week-old with 
history of fetal distress and birth asphyxia. 

A and B, Axial scans show generalized de­
creased attenuation throughout brain with rever­
sal of grayjwhite matter density. Density of pa­
renchymal low attenuation areas was same as 
that of CSF, representing cystic encephaloma­
lacia. Relatively high attenuation is seen in thal­
ami, brainstem, and cerebellum. Volume of white 
matter is decreased. 

A 

A 

one child in group Ill with degenerative encephalitis, had 
severe respiratory problems requiring ventilator support and 
a stay in the intensive care unit. Seven of the 20 patients with 
reversal sign died. Four of these were group I patients with 
acute reversal sign. One was a group II patient and two were 
group Ill patients with chronic reversal sign. All died within 7 
days of the initial CT scan except for one with chronic reversal 
sign who died 5 weeks after the CT scan. All 13 surviving 
patients have profound neurologic deficits with severe devel­
opmental delay on clinical follow-up. 

In the diffuse edema group, there were five patients with 
trauma (no cases of child abuse). Four patients suffered 
anoxic insults, including status epilepticus and drowning, and 
one patient had Haemophilus influenzae meningitis. All had 
severe respiratory problems requiring ventilator support and 
intensive care. Seven of 1 0 patients with diffuse edema died 
within 1 0 days of the initial CT scan. Two surviving patients 

B 

B 

had severe neurologic deficits on clinical follow-up. One of 
three patients was lost to follow-up. 

Sonographic Findings 

Three patients had sonography during the acute stage of 
their illness. Four patients had sonography during the chronic 
stage. Three patients had serial sonography from the acute 
to chronic stages. 

Four of six patients who had sonography during the acute 
illness, regardless of their classification on CT scan, showed 
a pattem of diffuse edema evidenced by increased parenchy­
mal echoes, slit ventricles, and obliteration of sulci and fis­
sures (Fig. 8). One patient had normal sonography during the 
acute illness. One patient with suspected aqueductal stenosis 
showed ventriculomegaly and evidence suggestive of diffuse 
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Fig. 5.-Follow-up CT findings in patients with 
reversal sign show progression of each group 
with time. 

Fig. &.-Acute to chronic reversal in 3-month· 
old abused child. 

A, Initial CT scan shows acute reversal sign. 
B, 2-week follow-up shows chronic reversal 

with evidence of brain atrophy. 

brain edema. Among six patients who had sonography during 
their acute illness, one showed increased echogenicity in the 
caudate nucleus, and two showed subtle, increased echogen­
icity in the thalami. All seven patients who had sonography 
during the chronic stage showed evidence of diffuse brain 
atrophy. Four of them showed cystic encephalomalacia (Fig. 
9). The caudate nucleus and thalami were diffusely echogenic 
in one patient (Fig. 9). The rest of the patients showed well 
preserved thalami even when there was extensive cystic 
encephalomalacia in the cerebral mantel. 

hemorrhages within the brainstem, mild neuronal changes, 
and mild edema. 

One patient in group II had extensive acute neuronal 
changes and edema without evidence of a severity gradient, 
either for neuronal damage or for edema. As in one group I 
patient, petechial hemorrhages were seen in the brainstem 
and cerebellum (Fig. 1 0). 

Two brains with CT findings of chronic reversal (group Ill) 
were available for study. Both showed extensive gray and 
white matter atrophy with cyst formation and had a strong 
gradient of severity of damage decreasing from the cerebral 
hemispheres to the thalami, cerebellum, brainstem, and spinal 
cord (Fig. 11 ). In both cases, there was a prominent gliosis 
present in areas of neuronal loss. One brain showed severe 
neuronal depletion in the cerebral cortex, basal ganglia, and 
thalami. The latter two sites showed no cyst formation, but 
there were mineralized neurons in the thalami (Fig. 11 C). 

Pathologic Findings 

Reversal Group (five patients). In group I (four patients), 
two brain sections were available for study. One showed 
severe, acute neuronal necrosis and marked edema in the 
cerebral cortex and white matter. The other had petechial 
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Fig. 7.-Acute reversal in 6-week-old abused 
child. 

A, Precontrast scan shows reversal sign witt 
relatively increased attenuation in basal ganglia, 
thalami, and brainstem. Subarachnoid and sub· 
dural hemorrhages are seen posteriorly. 

B, Postcontrast scan shows subtle decrease 
in contrast between areas of decreased density 
and relatively increased density resulting in less 
apparent reversal sign. No area of significant 
enhancement is seen. 

TABLE 1: Causes of Reversal Sign and Diffuse Edema 

Trauma Anoxia 

Acute reversal 5 (3 child abuse) 3 (1 birth asphyxia) 
Intermediate 

group 4 (4 child abuse) 1 
Chronic reversal 0 5 (4 birth asphyxia) 
Diffuse edema 5 (0 child abuse) 4 

Other 

0 

1 
1 
1 

Diffuse Edema Group (five patients). All five patients 
showed a severe degree of gray and white matter edema and 
acute cytologic changes indicative of neuronal damage. In 
four of five cases, sufficient material was available to evaluate 
the topographic distribution and extent of neuronal changes 
and edema in the cerebral cortex, cerebral hemispheric white 
matter, thalami, brainstem, cerebellum, and cerebellar white 
matter. All four brains showed a definite gradient of neuronal 
changes most severely affecting the cerebral gray matter and 
to a much lesser degree the brainstem and cerebellum. In 
contrast, no gradient in the severity of edema was present in 
three of four patients in whom an approximately even degree 
of edema was seen supra- and infratentorially. These findings 
suggest that there is a good correlation between the extent 
of edema and decreased density on CT scans. However, the 
CT findings do not appear to correlate with the extent and 
distribution of neuronal damage. The fourth case revealed a 
normal cerebellum on CT that correlated with minimal neu­
ronal changes and no evidence of edema in this site, whereas 
other structures, including thalami and brainstem, showed 
severe edema and moderately severe neuronal changes that 
correlated with decreased density on CT. 

Discussion 

Over the last 6 years, we have noticed a distinctive CT 
appearance in a subgroup of patients with anoxic/ischemic 

injury, which we have termed the reversal sign. In children 
with the reversal sign, there is diffuse decreased attenuation 
of the cerebral cortex with a relative preservation of density 
in the thalami, brainstem, and cerebellum. 

Shewmon et al. [4] reported four infants who showed areas 
of increased attenuation 1-2 weeks after severe brain ische­
mia; the structures most frequently involved were the basal 
ganglia and thalami, which enhanced after injection of contrast 
material. Autopsy of one infant revealed an extremely dense 
neovascular network that had almost completely replaced the 
parenchyma in the areas that showed increased attenuation 
on CT. These authors postulated that the hypoxia induces 
marked capillary proliferation in regions of normally high me­
tabolism and capillary density. This pathologic change is a 
stage in the organization of ischemic brain damage reflecting 
the infant's vascular plasticity [4]. In our patients, however, 
none of those who had a contrast-enhanced scan showed 
significant enhancement in the areas of relatively high atten­
uation on precontrast scans. In fact, in five of nine patients 
who had contrast scans, there was a subtle decrease in the 
contrast between the central areas of relatively increased 
attenuation and the surrounding areas of decreased atten­
uation, resulting in a less apparent reversal sign. 

In correlating the CT and pathologic findings in our patients 
with the reversal sign, we found that two patients with acute 
and intermediate reversal sign showed petechial hemorrhages 
in the areas of relatively increased attenuation on CT. In the 
chronic reversal group, the low attenuation areas on CT 
indicated severe brain atrophy with or without cyst formation, 
while the higher attenuation areas correlated with partially or 
totally preserved brain tissue. One patient with chronic rever­
sal showed extensive neuronal loss with mineralized neurons 
within the thalami, which may explain the increased attenua­
tion on CT. In the acute, diffuse edema group, the CT scan 
does not appear to provide information as to the extent and 
distribution of neuronal damage. However, there is good 
correlation between the extent of edema and low density on 
CT. 
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8 9 

Fig. 10.-Pathol­
ogy of 4-month·old 
abused child in In· 
termediate group. 
Histomlcrograph of 
brainstem shows pe· 
techial hemorrhages 
(arrows), possibly 
explaining increased 
density In this area 
on CT scan. Neuro­
pilar vacuolization 
(edema) and acute 
neuronal changes 
also are seen. 

The pathogenesis of the reversal sign is not known. How­
ever, there are several factors that may play an important 
role, including mechanical, hemodynamic, chemical, and met­
abolic factors. Myers [19], experimenting with asphyxia in 
newborn monkeys, suggested a mechanical factor for relative 
preservation of the central areas of brain. In an animal that 
was sacrificed 6 days after it was asphyxiated, the brain 
showed extensive tissue necrosis of all areas of the cerebrum, 
except for the thalami, hypothalami, and medial temporal 
lobes. The demarcation between the abnormal and intact 
tissue did not respect known nuclei, fiber tracts, or vascular 
territories (Fig. 12). According to a discussion of the subject 
by Myers [19], the central preservation is due to transtentorial 
herniation during the acute edema state. The pressure ex­
erted by the expanding cerebral mass upon the tissue in the 
vicinity of the incisura would partially be relieved as herniation 
proceeds through the incisura. This locally reduced tissue 
pressure likely increases rather than decreases blood flow. 
The improved tissue perfusion may then delay or prevent 
tissue necrosis of the centrally placed region. 

As discussed previously, Shewmon et al. [ 4] suggested 
postischemic hypervascularity as an explanation for increased 
attenuation in the basal ganglia and thalami. Bird et al. [9] 
recently reported three children with a reversal sign. The brain 
specimen in one of these children showed multiple distended 
deep medullary veins in the cerebral white matter, which 
showed increased density on CT scans. It was suggested 
that the reversal sign could be from distention of deep med­
ullary veins caused by partial obstruction of venous outflow 
from elevated intracranial pressure. 

Fig. 8.-1-day-old baby with acute brain 
edema caused by severe birth asphyxia. Coro­
nal sonogram shows diffuse increased paren· 
chymal echogenicity, slit ventricles, and oblit· 
eration of sulci and fissures consistent with 
brain edema. 

Fig. 9.-1-month-old baby with chronic 
changes of hypoxic/ischemic insult caused by 
severe birth asphyxia. Parasagittal sonogram 
shows echogenic caudate nucleus (CN), thalami 
(T), and areas of cystic encephalomalacia (ar· 
rowheads) in brain. LV= lateral ventricle. 

Chemical and metabolic factors may be related to the 
pathophysiology of the reversal sign. It is known experimen­
tally that serum glucose concentration and the duration of the 
anoxic insult is critical in determining both the occurrence of 
brain injury and its distribution [6, 20, 21 ]. The elevated serum 
(brain) glucose concentration during anoxia/ischemia causes 
preferential damage to the convexity cerebral cortex and 
basal ganglia with relative preservation of the thalami and 
brainstem. This is the frequently seen clinical pattern of an­
oxicfischemic brain damage and it appears as one of the 
possible pathologic substrates resulting in the reversal sign 
on CT. In contrast, in slightly hypoglycemic experimental 
animals, a frequent pattern of anoxic/ischemic brain damage 
affects preferentially brainstem and thalami. The presence of 
increased serum glucose concentration changes the acute 
and chronic brain pathologic outcome dramatically. The rea­
son for preferential damage to the cerebral cortex and basal 
ganglia in the hyperglycemic state has not been well under­
stood. However, areas in which there is high metabolic activity 
have increased vulnerability to an anoxic/ischemic insult 
[22]. 

In comparing the reversal and diffuse edema groups, the 
acute and intermediate reversal groups appear to be highly 
associated with child abuse. Of the nine children who had 
head trauma resulting in acute or intermediate reversal signs, 
seven were considered to be abused children. In contrast, 
none of five children who had trauma in the diffuse edema 
group were abused. In a large percentage of abused children 
in this series, the reversal sign may have been caused by 
repeated, traumatic, edema-induced hypoperfusion of the 
brain, in tum, resulting in stress-induced hyperglycemic cer­
ebral patterns of anoxic injury. 

Only tentative conclusions from our pathology data appear 
warranted given the relatively small number of studies and 
the fact that no complete CNS examinations for topographic 
evaluation were available in patients with acute reversal sign 
and with initial diffuse low density followed by reversal sign. 
In the acute and subacute phases, the relatively high density 
of centrally located brain structures may correlate with (a) a 
lesser degree of edema and (b) the presence of petechial 
hemorrhages (Fig. 1 0) , while (c) the extent of acute neuronal 
damage fails to correlate with CT density. In the chronic 
stage, a good correlation exists between cystic tissue de-
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Fig. 11.-Pathology of chronic reversal 
shows gradient of severity of damage decreas· 
ing from cerebral hemispheres to thalami, brain­
stem, and cerebellum. 

A, Cerebral cortex shows diffuse atrophy and 
contains practically no neurons. Cystic areas 
are surrounded by gliosis containing blood ves­
sels and astrocy1es. 

B, Basal ganglia shows gliosis and neuronal 
loss. No cyst is seen. 

C, Thalamus, which showed relatively high 
attenuation on CT scan, shows no preserved 
neurons, but has mineralized neurons. 

D, Relatively well preserved cerebellum. 
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struction and low density areas on CT. Areas of relatively 
increased density on CT scan may also represent either 
preserved brain tissue or selective neuronal necrosis with 
mineralized neurons. The latter change occurs in areas of 
subtotal damage affecting a variable percentage of neurons 
and leading to calcium salt encrustation of some irreversibly 
damaged neurons, which nonetheless remain within the tissue 
(Fig. 11C). 

Although children with both the reversal sign and diffuse 
edema pattern represent severe brain damage, a higher mor­
tality rate was associated with the diffuse edema group. The 

Fig. 12.-Coronal section of brain in newborn monkey killed 6 days after 
marked partial asphyxia. Extensive tissue necrosis of all areas of cerebrum 
is seen except for centrally located areas including thalami, hypothalami, 
and medial temporal lobes with definite demarcation (arrowheads). De· 
marcation between abnormal and intact tissue did not respect nuclei, fiber 
tracts, or vascular territories. (From [19]. Reproduced by permission of the 
publisher.) 
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mortality was 35% in the reversal group (36% in reversal 
groups I and II) and 70% in the diffuse edema group. All the 
children with the reversal sign either died or suffered severe, 
irreversible brain damage. 

The sonographic appearance of increased echogenicity in 
the thalami and basal ganglia has been described in term 
infants with a history of perinatal asphyxia [1 0, 13]. According 
to Hertzberg et al. [13], this finding was generally seen in the 
second week after asphyxia. In some of their reported cases, 
the increased thalamic echogenicity was a transient finding. 
Regardless of our classification on CT scan, sonography 
showed a generalized edema during acute illness and diffuse 
brain atrophy with or without cystic encephalomalacia in the 
chronic stage. Echogenic basal ganglia and thalami are seen 
in both acute and chronic stages. Unlike the CT scan, sonog­
raphy failed to show distinct features comparable to the 
reversal sign on CT. 

In summary, the reversal sign represents severe anoxic{ 
ischemic brain injury and carries a poor prognosis with irre­
versible brain damage. The acute reversal sign is highly 
associated with child abuse. Possible explanations for rever­
sal sign include preserved brain tissue, petechial hemorrhage, 
and mineralized neurons for high-density areas on CT, and 
severe edema and{ or tissue destruction for low-density areas 
on CT. 
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