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Signsin neuroradiology — Part 2*

Sinais em neurorradiologia — Parte 2

Filipe Ramos Barra®, Fabricio Guimaraes Gongalves?, Valter de Lima Matos®, Cassio Lemos Jovem?,
José Luis Furtado de Mendonca®, Lazaro Luis Faria do Amaral®, Raquel delCarpio-O’Donovan®

The use of signs for interpretation of images in neuroradiology is extremely useful. Some signs are quite specific and,
in some cases, pathognomonic. In this second part of their essay, the authors describe 15 additional neuroradiological
signs. Main characteristics of imaging findings will be approached and the significance of their role in the clinical practice
will be discussed.
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0 uso de sinais na interpretacdo de imagens na neurorradiologia é extremamente Util. Muitos sinais sdo bastante
especificos e em alguns casos, patognomonicos. Nesta segunda parte os autores descreverao 15 sinais neurorradio-
l6gicos adicionais. Serdo novamente abordadas as principais caracteristicas de imagem de cada um e sua importan-
cia na pratica clinica.
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“High heel foot print sign” in the skull
base

The high heel foot print sign (Figure 1)
is useful in the understanding of the intri-
cate anatomy of the skull base and repre-
sent two relevant foramina. The anterior
aspect of the high heel footprint represents
the foramen ovale (FO), and the posterior
aspect (the heel itself) the foramen spi-
nosum (FS). The mandibular nerve, one of
the three branches of the trigeminal nerve,
isthe main FO component™®. Also, theotic
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sign is evidenced. The small arrow indicates the foramen spinosum, and the large arrow, the foramen
ovale. Anteriorly to the high heel footprint is the Vesalius foramen (venous foramen) (arrowhead).

ganglion, the accessory meningeal artery,
the lesser petrosal nerve and the emissary
veinsarefoundinthisforamen. Themiddle
meningeal artery is in the FS@, and the
absence of such artery isrelated to the per-
sistent stapedial artery®,

“Lemon sign” in spina bifida

The lemon sign (Figure 2) is an useful
sign in the detection of spinabifidaandis
commonly associated with hydrocephalus
and Arnold-Chiari 11 malformation®. Such
sign can be found in up to 98% of cases of
spinabifida®. Thelemon signisnot exclu-
sive to spinabifida and can be observed in
cases of encephal ocele, thanatophoric dys-
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Figure 2. Axial US image of an 18-week-old fetus
with spina bifida, at the level of the choroid plexus
showing the characteristic lemon sign, secondary
to changes in the normal configuration of the fron-
tal bone.
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plasia, cystic hygroma, Dandy-Walker mal-
formation, diaphragmatic hernia, corpus
callosum agenesis, hydronephrosis and
umbilical vein varices. The lemon sign is
related to changes in the configuration of
thefetal frontal bone, that loses convexity,
becoming concave or linear at ultrasonog-
raphy and can be found during thefirst six
months of gestation®. This sign is ex-
plained by theloss of frontal bone convex-
ity because of adecreasein the intraspinal
pressure and secondary reduction in the
intracranial pressure®.

“Bananasign” in Arnold-Chiari |1
malformation

The banana sign (Figure 3) isfound in
cases of defective neural tube, particularly
in Arnold-Chiari Il malformation. In such
cases, the posterior fossais small, and the
cisternamagnaloses itstypical configura-
tion. There is herniation of the brainstem
and cerebellar tonsils through the foramen
magnum, with the cerebellum surrounding
the brainstem with a curved shape of aba-
nana”®. The specificity and sengitivity of
thissign vary according to thefamilial risk,
the studied population and the operator’s
ability, being positivein up to 69% of cases
of Chiari 11®,
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Figure 3. Ultrasonography image acquired at the
second gestational trimester, at the level of the pos-
terior fossa. Observe the abnormal appearance of the
cerebellum, surrounding the brainstem, and taking
the curved shape of a banana (the banana sign).

“Molar tooth sign” in Joubert syndrome

The molar tooth sign (Figure 4) is rep-
resented by an alteration of the mesen-
cephalonwhichis seen on axial sections of
computed tomography (CT) and magnetic
resonanceimaging (MRI). Thissignisseen
mainly in cases of Joubert syndrome. The
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Figure 4. Axial T1-weighted image at the level of
the superior cerebellar peduncles in a patient with
Joubert syndrome demonstrating the molar tooth
sign.

normal superior cerebellar peduncles de-
cussation isabsent and these become thi ck-
ened and with a more horizontal course as
they extend perpendicularly from the
brainstem®. Joubert syndrome is an auto-
somal recessive disease characterized by
abnormal eye movements, nystagmus, dif-
ficulty in following a moving object with
eyes, episodes of taquipneia and apnea,
besides motor developmental delay®©.

“Dural tail sign” in meningiomas

Dural tail corresponds to a thickened
and abnormally enhancing segment of dura
mater adjacent to a lesion whose shape is
similar to atail (Figure5). Durd tail signs,
which had been described as highly spe-
cific for meningiomas, can also be seenin
other pathologies such as extra- and intra-
axial tumors. It may correspond to isolated
vascular changes, tumor invasion, adjacent
non-continuous tumor growth, and tumor-
like micronodules. The dural tail signis
poorly specific for meningiomas, but pre-
sents good sensitivity, ranging from 50%
and 80%™12),

“Salt and pepper sign”
in paraganglioma

The appearance of salt and pepper (Fig-
ure6) isahighly sensitiveand specificsign
for head and neck paragangliomas. On T2-
weighted images, the salt-like appearance
can be explained by the tumor matrix that
appears hyperintense dueto the presence of
slow intratumor flow and hemorrhage and,
on post-contrast T1-weighted images, by

Figure 5. Contrast-enhanced coronal SPGR T1-
weighted image of a 40-year-old patient. The du-
ral tail sign (arrow) is visualized in association with
a small parasagittal parietal meningioma at left.

Figure 6. Axial T2-weighted image acquired at the
level of the oropharynx of a 48-year-old patient.
Observe a large paraganglioma located in the ca-
rotid space on the left (arrow), demonstrating the
typical “salt and pepper” sign.

the presence of avid enhancement. The
pepper-like appearance, can be explained
in both on T1- and T2-weighted images by
the presence of flow-voids of small vessels
within these masses®™®.

“Pancake brain sign” in alobar
holoprosencephaly

Pancakebrain sign (Figure 7) represents
the appearance of the cerebral parenchyma
in case of alobar holoprosencephaly®®.
Holoprosencephaly is a malformation
caused by a prosencephalic cleavage de-
fect. Basically, holoprosencephalies are
categorized into three major groups asfol-
lows: lobar holoprosencephaly, semilobar
hol oprosencephaly and al obar hol oprosen-
cephaly. Alobar holoprosencephaly is the
most severe form of this malformation and
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Figure 7. A neonate TC image demonstrating typi-
cal findings of alobar holoprosencephaly. Note the
single ventricular cavity, the absence of the corpus
callosum, the third ventricle, the interhemispheric
fissure and of the tentorium, besides the fused
thalami and basal ganglia. The pancake brain sign
is related to an extreme anomaly of prosencepha-
lon cleavage, with fused frontal lobes anteriorly to
a dorsal cyst that is another typical abnormality.

presents asingle ventricular cavity, fusion
of frontal lobes, corpus callosum dysgen-
esis, ateration of thethird ventricle, olfac-
tory bulb and tracts, absence of interhemi-
spheric fissure, besides fused thalami and
basal ganglia*>'9,

“Hot crossbun sign” in C-type multiple
systems atrophy

Thehot crossbun sign (Figure 8) can be
observed in multiple systems atrophy type
C. Such sign is characterized by a cruci-
form pontine hyperintensity due to selec-
tive loss of neurons of the transverse pon-
tocerebellar fibers, with preservation of the
pontine tegumentum and of the fibers of
the corticospinal tract. Multiple systems
atrophy is a neurodegenerative disorder
with varying degrees of involvement of the
basal gangliaand the olivopontocerebellar
complex"18),

“Figure eight sign” in lissencephaly
Lissencephalies represent a group of
disorders caused by defective neuronal mi-
gration in the period between the 8th and
14th gestational weeks, resulting in lack of
development of gyri and sulci. Lissen-
cephaliesare classified into complete (type
| —agyria) or incomplete (type |l —agyria-
pachygyria). In lissencephaly type I,
Sylvian fissures are shallow and verti-
calized and the brain takes a figure eight
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Figure 8. Axial T2-weighted image acquired at the
level of the middle cerebellar peduncles in a 59-
year-old female patient with multiple systems at-
rophy type C. The hot cross bun sign is character-
ized by cruciform pontine hyperintensity.

configuration because of anarrowing of its
middle portion by the Sylvian fissures, as-
sociated with the presence of colpocephaly,
flat gyri, thickened cortex and cortico/sub-
cortical atrophy, characterizing Miller-
Dieker syndrome (Figure9). Inlissenceph-
aly typell, the cortex isthickened, with an
appearance of polymicrogyria, pachygyria,
brainstem and cerebellar hypoplasia, hy-
drocephalus, characterizing Walker-
Warburg syndrome%29,

The “face of the giant panda” sign
in Wilson’s disease

Theface of the giant panda pattern (Fig-
ure 10) may be present in Wilson'sdisease.
Such diseaseis characterized by hepatocel -
lular degeneration caused by agenetic dis-
order of the copper metabolism with its
consequential accumulation in tissues, par-
ticularly liver and brain. On MRI T2-
weighted sequences, one can observe
hyperintensity in the pontine tegmentum,
hypointensity of the periaqueductal gray
matter and partially preserved signal in the
red nuclei, in the lateral aspect of the sub-
stantia nigra pars reticulata and of the
upper colliculus®?.

“Martini glasssign” in persistent
hyperplastic primary vitreous
Persistent hyperplastic primary vitreous
(PHPV) ischaracterized by the presence of
congenital embryonic remnants of hyaline
vessels (Figure 11). The primary vitreous
is supplied by the embryonal hyaloid cir-

Figure 9. Axial T2-weighted image of a neonate
with lissencephaly demonstrating the typical figure
of eight sign. Such pattern is characterized by gen-
eralized poor development of gyri and sulci, sylvian
fissures narrowing, in association with colpocephaly,
flat gyri, thickened cortex and cortico/subcortical
atrophy.

Figure 10. Axial FLAIR image of a patient with
Wilson’s disease. The face of the giant panda can
be seen and it is characterized by high signal in-
tensity in the pontine tegmentum, hyposignal of the
periaqueductal gray matter, and preserved signal in
the red nuclei, in the lateral aspect of the pars
reticulata of the substantia nigra and in the supe-
rior colliculus on T2-weighted images.

culation, which regresses at birth. In the
posterior form of PHPV (the most com-
mon) a connective fibrovascular tissue is
seen attached to the lens, connecting later-
aly to abnormally elongated ciliary pro-
cess. At MRI aretrolental soft tissue and
vascular mass is observed in association
with acentral, low-signal linear image cor-
responding to the remnant hyaloid vascu-
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Figure 11. Axial T2-weighted image with fat satu-
ration of the right orbit of an 11-month-old patient
with leukokoria. Observe the retrolental triangular
soft tissue mass (arrow) associated with central,
low-signal linear component corresponding to rem-
nant hyaloid vasculature that connects the crys-
talline lens to the optic nerve head. Such finding
is described as martini glass sign and is found in
cases persistent hyperplastic primary vitreous.

lature that connects the crystalline lens to
the optic nerve head, resembling theimage
of amartini glass. Associatedly, the vitre-
ous may present high signal intensity be-
cause of hemorrhage, besidesthe presence
of asmall ocular globe®.

“Tram-track sign” in optic nerve
sheath meningioma

Optic nerve sheath meningiomas corre-
spond to approximately two thirds of the
primary tumors in the optic nerve-sheath
complex, and are most frequently foundin
women between their third and fifth de-
cade of life. The tram-track sign (Figure
12) is better visualized in the axial plane
of enhanced CT or MRI, and corresponds
to acentral linear hypodensity/hypointen-
sity (optic nerve) delimitated by the con-
trast uptake of the optic nerve sheath at
each of the sides affected by the menin-
gioma itself. The tram-track sign is ex-
tremely useful in the differentiation be-
tween optic nerve sheath meningiomasand
optic nerve gliomas. The optic nerve may
bethickened and infiltrated by the glioma,
but its sheath generally does not demon-
strate contrast uptake. The tram-track pat-
tern, in spite of being acharacteristic sign,

132

Signs in neuroradiology — Part 2

Figure 12. Axial, post-contrast T1-weighted image with fat saturation of the orbits of a female, 53-year-
old patient with progressive loss of visual acuity of the right eye. Observe the optic nerve involved and
compressed by a contrast-enhanced circumferential mass surrounding the optic nerve sheath (arrow).

Figure 13. Coronal T2-weighted of a 50-year-old
male patient with cognitive deficit, involuntary hands/
fingers movements and muscles discoordination.
Observe bilateral atrophy of caudate nuclei and
compensatory dilatation of lateral ventricles, a find-
ing known as boxcar ventricle, observed in Hun-
tington’s disease.

isnot specific of optic nerve sheath menin-
giomas, and may occur in orbit pseudo-
tumors, perioptic neuritis, sarcoidosis, leu-
kemia and lymphoma(®24,

“Boxcar ventriclesign” in Huntington's
disease

The boxcar ventricle sign (Figure 13)
represents the prominent aspect of the lat-
eral ventriclesobserved inthe coronal plane
in cases of Huntington’ sdisease, secondary
to atrophy of the basal nuclei, particularly
the caudate nuclei®. Huntington’s disease
is an autosomal dominant neurodegenera-

tive disease, which affects particularly
young adult individuals. Huntington's dis-
ease causes muscles discoordination and
cognitive and behavioral alterations. The
finding of ventricular dilatation, aswell as
basal gangliaatrophy, isvery sensitive, but
poorly specifict®27,

“Empty orbit sign”
in neurofibromatosis type 1
Neurofibromatosis type 1 is an autoso-
mal dominant diseasewith variable presen-
tation, with cerebral and spinal changes
seenin onethird of the patients. Among the
possible alterations, café-au-lait spots,
Lisch nodules, plexiform fibromas and op-
tic nerve gliomas are highlighted. The
empty orbit sign (Figure 14) representsthe
appearance of theorbit on plain filmsof the
skull and on CT scan because of the lack
of the innominate line due to dysplasia of
the greater wing of the sphenoid, shorten-
ing of the lateral wall of the orbit and flat-
tening of the orbital angle®®®.

“En coup de sabre” sign in localized
scleroderma

Localized sclerodermais characterized
by the presence of sclerotic lesions on the
skin and subcutaneous tissues. This s dif-
ferent from systemic sclerosis because of
the absence of significant systemicinvolve-
ment; and generally presents a better prog-
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Figure 14. Empty orbit sign in a 22-year-old male
patient with neurofibromatosis type 1. This case is
a courtesy by Doctor Prasad Hanagandi (Montreal,
Canada).

nosis®. Localized sclerodermainvariably
affectsthe head, presenting asalinear, usu-
ally frontoparietal lesion (scleroderma“en
coup de sabre”) (Figure 15), with progres-
sivefacial hemiatrophy or Parry-Romberg
syndrome where the atrophy extends be-
yond the skin to involve the subcutaneous
cellular tissue, muscles and bones. Abnor-
mal MRI findings are observed in 90% of
cases and include hyperintensity on T2-
weighted images of the corpus callosum,
subcortical regions, deep gray matter and
brainstem; and most of timesareipsilateral.
Focal atrophy that isthe main dermatol ogi-
cal finding may also be observed in the
cerebral parenchyma®®,

CONCLUSION

Signsin radiology bring to mind analo-
gieswithfood, animals, mythological char-
acters, and objects, among others. Such
signsplay an extremely relevant roleinthe
decision making process, in the identifica-
tion of differential diagnoses and in the
achievement of a more accurate specific
diagnosis. In spite their degree of specific-
ity, signs may be useful in the building of
amore relevant and to further narrow the
differential diagnosis list.
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