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Purpose: To evaluate the magnetic resonance imaging (MRI) findings of spinal in-
tradural extramedullary schwannomas with pathologic correlation and to determine
whether these schwannomas share the imaging features of schwannomas in the
peripheral nerves.

Materials and Methods: The MRIs of 17 cases of pathologically proven spinal intra-
dural extramedullary schwannomas were reviewed retrospectively, and cystic chang-
es, enhancement, and intratumoral hemorrhage of the tumors were evaluated. Imag-
ing features known to be common findings of schwannoma in the peripheral nerves,
such as encapsulation, the target sign, the fascicular sign, and visualization of enter-
ing or exiting nerve rootlets, were also evaluated. The histopathology of the tumors
was correlated with the MRI findings.

Results: Cystic changes were detected in 14 cases by MRI and in 16 cases by pathol-
ogy. The most common pattern of enhancement was a thick peripheral septal pattern
(70.59%). Intratumoral hemorrhage was detected in four cases on MRI, but in all
cases on pathology. Encapsulation was observed in all cases. The fascicular sign was
seen in only four cases, and thickening of an exiting rootlet was visualized in one
case. None of the cases showed the target sign.

Conclusion: Spinal intradural extramedullary schwannomas were typical encapsu-
lated cystic tumors and had few imaging features of schwannomas in the peripheral
nerves.
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INTRODUCTION

Schwannomas are slow-growing benign tumors of the periph-
eral nervous system, arising from Schwann cells, and they can
occur in any location in the body where peripheral or cranial
nerves are present (1). Previous studies reported that schwanno-
mas arising from peripheral nerves frequently present with a fu-
siform appearance, encapsulation, the target sign (intratumoral
peripheral rim of high signal intensity on a T2-weighted image),
and the fascicular sign (small ring-like intermediate, low signal
intensities with background high signal intensity on a T2-weight-

ed image) on magnetic resonance imaging (MRI) (1, 2). Cystic
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changes and necrosis can occur, especially in deep-seated large
schwannomas of long duration called ancient schwannomas (3).
Spinal intradural extramedullary schwannomas are known to
have a high frequency of necrosis and cyst formation even when
they are small (4). However, most studies of spinal intradural ex-
tramedullary schwannomas were case reports or were conducted
using low-field MRI in a small number of cases, and their evalu-
ation was therefore limited to radiologic-pathologic correlations
(4-7). In addition, we queried whether the imaging findings of
peripheral nerve sheath tumors, such as the fascicular sign or the
target sign, would be useful in cases of spinal intradural extra-

medullary schwannomas. The purposes of our study were to
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evaluate the correlation between radiologic MRI findings of spi-
nal intradural extramedullary schwannomas and pathologic re-
sults, and to determine whether these schwannomas shared the

imaging features of their peripheral nerve counterparts.

MATERIALS AND METHODS

This study was approved by our Institutional Review Board.
Informed consent was not required for this retrospective study.

Seventeen consecutive cases (nine males and eight females; age
range, 34-85 years; mean age, 59.41 years) of pathologically
proven intradural extramedullary schwannoma were included
in this study between July 2003 and March 2014. All cases under-
went an MRI examination before surgical excision. All MRIs were
obtained using one of the two 1.5 T MRI machines (SignaHDx,
Signa Excite; GE Medical Systems, Milwaukee, W1, USA). Table
1 summarizes the MRI protocols for the cervical, thoracic, and
lumbar spine. Contrast-enhanced MRI was carried out within 30
s after the administration of a contrast medium injection of Ga-
dodiamide (Omniscan, 0.2 mmol/kg; GE Healthcare, Princeton,
NJ, USA).

Two musculoskeletal radiologists with 6 and 20 years of ex-
perience, respectively, reviewed the MRIs and achieved consen-
sus. The MRIs were evaluated with regard to the spinal level, the
location relative to the spinal cord, the morphology of the tumor
(fusiform, round/ovoid, dumbbell, or lobular shape), enhance-
ment patterns, cystic changes, and intratumoral/extratumoral
hemorrhage. The enhancement patterns were classified as homo-
geneous, heterogeneous, thick peripheral septal (the thicknesses
of the peripheral wall and septa were greater than 2 mm), thin
peripheral septal (the thicknesses of the peripheral wall and septa

Table 1. MRI Protocols for the Cervical, Thoracic, and Lumbar Spine

were less than 2 mm), central with a peripheral non-enhancing
rim, and no enhancement. A cystic change was defined as an area
that showed iso-signal intensity to cerebrospinal fluid (CSF) on
both T1- and T2-weighted images without enhancement. The
area of cystic change was graded as mild (a cystic portion occu-
pying less than one-third of the tumor), moderate (a cystic por-
tion occupying more than one-third but less than two-thirds of
the tumor), and severe (a cystic portion occupying more than
two-thirds of the tumor). High signal intensities on both T1-
and T2-weighted sequences, high signal intensities on a T1-
weighted sequence and low signal intensity on a T2-weighted se-
quence, or dark signal intensities on a T2-weighted sequence wi-
thin the tumor were regarded as intratumoral hemorrhage. When
the signal intensity representing hemorrhage was observed out-
side the tumor, the location was recorded as the subarachnoid,
subdural, and epidural spaces. Imaging features that are known
to be the common findings of schwannoma, such as encapsula-
tion, the target sign, the fascicular sign, and visualization of en-
tering or exiting nerve rootlets, were evaluated on a T2-weighted
sequence. Encapsulation was defined as the outermost periph-
eral thin rim of low signal intensity on a T2-weighted sequence.
The target sign appeared as a central area of low signal intensity
peripherally surrounded by an area of high signal intensity on a
T2-weighted image (8). The fascicular sign was defined as mul-
tiple small dot-like structures with a higher signal intensity in the
background (1, 2, 9). Descriptive analysis was performed for all
of the findings.

Pathologic Evaluation
The surgical pathologic specimens of tumors were reviewed by

an experienced pathologist for the following findings: the An-

MR Sequences
Sag T1 Sag T2 Axial T1 Axial T2 Axial T1 FS with E Sag T1 FS with E

TR (ms) 600-700 3220 600-700 5000 700-800 700-800

TE (ms) 8-13 123.7 8-13 100 8-13 8-13

ETL 3 16 3 18 3 3

NEX 2 4 2 4 2 2

BW (kHz) 31.25 31.25 31.25 31.25 31.25 31.25
Matrix size 384 x 192 480 x 224 288 x 160 320 x 224 288 x 160 384 x 192
ST/gap (mm) 3/03 3/03 3/0.1 3/0.1 3/0.1 3/03

FOV (mm) 240 240 240 140 140 240

BW = bandwidth, E = enhancement, ETL = echo train length, FOV = field of view, FS = fat saturation, Sag = sagittal, ST = section thickness, TE = echo time,

TR = repetition time
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toni A and Antoni B areas, cystic changes, intratumoral hemor-
rhage, hyalinization of vessels, and encapsulation. With the scan-
ning power (12.5 x) of an Olympus BX microscope, the patho-
logist looked for any cystic change within the tumor on the pa-
thology slide. The area of cystic change was estimated qualitati-
vely and graded as mild (a cystic portion occupying less than
one-third of the tumor), moderate (a cystic portion occupying
more than one-third but less than two-thirds of the tumor), and
severe (a cystic portion occupying more than two-thirds of the
tumor), similar to the MR imaging analysis. When there were
multiple areas of cystic change, the total area of cystic change

within the tumor was estimated and graded.

RESULTS

Imaging Analysis

As shown in Table 2, more than half of the spinal intradural ex-
tramedullary schwannomas developed in the lumbar spine (9/17,
52.94%). Seven schwannomas developed at the level of the cau-
da equina and 10 schwannomas developed within the spinal
cord. Most schwannomas were located posterolaterally (60%,
6/10). The morphology of the tumors was usually lobular (9/17,
52.94%) or round/ovoid (7/17, 41.17%). None of the tumors sh-
owed a fusiform morphology. Cystic changes were seen in 14
cases (14/17, 82.35%), of which 10 cases (71.4%) showed severe
cystic changes. The most commonly observed enhancement pat-
tern was a thick peripheral septal pattern (12/17, 70.59%) (Fig. 1).
All of the non-enhancing areas of the thick peripheral septal en-
hancing pattern corresponded with the areas of cystic change
(Fig. 1). None of the cases showed a thin peripheral septal, cen-
tral with peripheral non-enhancing rim, or no enhancement pat-
tern. Intratumoral hemorrhage was seen in two cases. Extratu-
moral hemorrhage was seen in one case, which showed hemor-
rhage within both the subarachnoid space and the subdural sp-
ace. Among the common imaging findings of schwannomas in
peripheral nerves, encapsulation was the most frequent finding
(17/17,100%). However, the fascicular sign was seen in only four
out of the 17 cases (23.52%) and it was not as definite as that in
their peripheral counterparts (Fig. 2). Only one case showing th-
ickening of an exiting rootlet was observed (Fig. 2). None of the

cases showed the target sign.
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Table 2. MRI Findings of Spinal Intradural Extramedullary Schwan-

nomas
Imaging Features Incidence
n=17)
Spinal level
Cervical 1/17 (6%)
Thoracic 7/17 (41.25%)
Lumbar 9/17 (52.94%)

Location relative to the spinal cord (n = 10)

Ventral 2/10 (20%)
Lateral 2/10 (20%)
Posterolateral 6/10 (60%)
Posterior 0/10 (0%)
Morphology

Fusiform 0/17 (0%)
Round/ovoid 7/17 (41.12%)
Dumbbell 1/17 (5.8%)
Lobular 9/17 (52.94%)

Enhancement pattern

Diffuse heterogeneous 3/17 (17.65%)
Diffuse homogeneous 2/17 (11.76%)
Thick peripheral with central non-enhancing portion ~ 12/17 (70.59%)
Thin peripheral with central non-enhancing portion 0/17 (0%)
Central with peripheral non-enhancing rim 0/17 (0%)
No enhancement 0/17 (0%)

/

Cystic change 14/17 (82.35%)
Mild 0
Moderate 4
Severe 0

Intratumoral hemorrhage

4/17 (23.52%)

Extratumoral hemorrhage 1/17 (6.88%)
Encapsulation 17/17 (100%)
Target sign 0/17 (0%)
Fascicular sign 4/17 (23.52%)
Visualization of entering or exiting rootlet 1/17 (6.88%)

All data are presented as numbers of cases.

Pathologic Analysis

In all cases, the Antoni A and Antoni B areas were mixed and

blended imperceptibly, and no demarcation could be discerned
between these areas. Areas with cystic change were observed in
all but one case (16/17, 94.11%) (Figs. 1, 2). Intratumoral hem-
orrhage was seen in all cases (Figs. 1, 2). Hyalinization of vessels
was seen in 13 out of the 17 cases (76.5%). Encapsulation by the

epineurium was seen in all cases.
Correlation between MRI and Pathologic Findings

Correlations between MRI and pathologic findings were found

in the cystic changes, intratumoral hemorrhage, and encapsula-
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D E

Fig. 1. Sagittal images of T2-weighted (A), T1-weighted (B), fat-suppressed contrast-enhanced T1-weighted sequences (C), axial image of con-
trast-enhanced T1-weighted sequence, and a photograph (E) of pathology in a 49-year-old woman with a spinal intradural extramedullary
schwannoma at the level of the L2 vertebral body and L2-3 disc. On the T2-weighted image (A), an intradural extramedullary mass is seen in the
thecal sac. The tumor is ovoid in shape with encapsulation (arrows). The signal intensity of the tumor is iso-signal intensity with cerebrospinal fluid
on T1- and T2-weighted images (A, B) with thick peripheral septal enhancement (C, D), representing cystic changes. The cystic portion occupied
more than two-thirds of the tumor (severe cystic changes) on MRI. However, on the photograph of pathology (E), the cystic changes (asterisks)
occupied more than one-third but less than two-thirds of the tumor, suggesting moderate cystic changes. The epineurium (dashed arrows in E)
and intratumoral hemorrhage (arrows) are also seen (hematoxylin and eosin, x 100).
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Fig. 2. Axial T2-weighted image (A) and sagittal T2-weighted (B), T1-weighted (C), fat-suppressed contrast-enhanced T1-weighted image (D),
and photograph (E) of pathology (hematoxylin and eosin, x 100) in a 53-year-old woman with a spinal intradural extramedullary schwannoma
at the L3—4 disc level. The tumor shows the fascicular sign (dashed arrows in A). The exiting cauda equina is thickened (arrow in B). A focal ill-de-
fined area showing high signal intensity on the T2-weighted image and iso-signal intensity on the T1-weighted image is seen within the mass
(arrowhead in B, C). It was interpreted as a hypocellular area rather than a cystic lesion because it showed weak enhancement (arrowhead in D).
No definite cystic changes or hemorrhage is seen on MRI. However, mild cystic changes (asterisk) and hemorrhage (arrow) within the tumor are
seen on pathology (E).

tion. Of the ten cases with severe cystic changes on the MRI, In the pathologic analysis, all of the cases showed hemorrhage
half of the cases showed concordant results on pathologic anal-  within the tumor, but only four cases of intratumoral hemor-
ysis, but in the remaining half of the cases, these changes were  rhage were evident on MRI. All of the cases showed encapsula-
underestimated as moderate cystic changes on pathologic anal-  tion in both the MRI and pathologic findings.

ysis. The four cases showing moderate cystic change on MRI

showed concordant results on pathologic analysis. Three cases  [)|SCIJSS|ION

with no definite cystic change on MRI showed mild cystic change

on pathologic analysis. Previous studies reported that spinal intradural extramedul-
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lary schwannomas most commonly arise from the dorsal senso-
ry roots and usually develop as an asymmetric, well-encapsulat-
ed, lobular, firm mass (8, 10, 11). The lumbar region is the most
common site for the occurrence of spinal schwannomas (11). All
of these findings corresponded well with the results of our study.

In our study, areas with cystic change were seen in more than
82% of the cases on MRI and in 94% of the cases on pathologic
analysis. Mild cystic changes determined on pathologic analysis
were not seen on MRI. Small areas of high signal intensity with-
in the tumors could hardly be differentiated between hypocellu-
lar areas and cystic changes. In contrast, some severe cystic ch-
anges seen on MRI were underestimated by pathologic analysis,
probably because a cyst can collapse during surgical manipula-
tion and tissue fixation.

The most common enhancement pattern was thick peripheral
septal enhancement in our study. All of the non-enhancing ar-
eas of the thick peripheral septal enhancing pattern correspond-
ed with the areas of cystic change. According to previous studies
(4, 5), peripheral enhancement is not synonymous with cyst for-
mation and necrosis, and may reflect poor central vascularity
and/or increased compactness of the tumor with decreased ex-
tracellular space available for central accumulation. Sze et al. (5)
reported that lesions initially appeared to have peripheral en-
hancement but they were later filled in on delayed scanning.
However, in our study, most of the peripheral enhancement of
the spinal intradural extramedullary schwannomas reflected cen-
tral cystic changes corresponding with the finding in the study by
Demachi et al. (6). Friedman et al. (4) assumed that abnormal
vascular changes in spinal intradural extramedullary schwan-
nomas resulted in thrombosis and consequently hemorrhage, ne-
crosis, and cyst formation, even in small tumors. Another as-
sumption was that the Antoni B cell area undergoes extensive
cystic changes, although they did not recognize any prominence
of the Antoni B cell area on pathologic examination (4). In our
study, more than 75% of the cases showed hyalinization of the
vessels, and all cases had intratumoral hemorrhage. These patho-
logic results supported the first assumption made by Friedman
et al. (4). On pathologic analysis, all of the cases showed intratu-
moral hemorrhage, but it was evident in only a minority of pa-
tients on MRI. Small areas of hemorrhage could hardly be dif-
ferentiated from the heterogeneous signal intensity of the tumor

caused by the heterogeneous mixture of Antoni A and Antoni B
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areas on MRI. The absence of the gradient sequence, the gold
standard for detection of hemorrhage, might decrease the sen-
sitivity for detection of intratumoral hemorrhage.

We also evaluated the imaging features that are known to be
common findings in schwannomas of the peripheral nerves, such
as encapsulation, the target sign, the fascicular sign, and visual-
ization of entering or exiting nerve rootlets (1, 2). In our study,
all of the cases showed encapsulation, representing tumor growth
within the epineurium. However, other imaging features sug-
gestive of a benign peripheral nerve sheath tumor, such as the
depiction of the nerve entering or exiting the tumor, the target
sign, or the fascicular sign, were rarely seen in our study. The de-
piction of the nerve entering or exiting the tumor is usually seen
in peripheral nerve sheath tumors that involve large nerves (1,
9). The structures affected by intradural extramedullary schwan-
nomas are usually thin spinal dorsal sensory rootlets that are dif-
ficult to visualize. The entering or exiting affected rootlet can
only be seen when it is thickened, as was the case in our study
(Fig. 2). The target sign was described in T2-weighted MRI find-
ings of neurogenic tumors (2, 8), which was characterized by a
low signal intensity centrally and a high signal intensity peripher-
ally, and it was seen more frequently in neurofibromas (50-70%)
than in schwannomas (50%) (2). However, in our study, none
of the cases showed the target sign, which was probably related
to the frequent cystic changes in schwannomas that were intra-
dural extramedullary in location. The fascicular sign manifests
as multiple small ring-like structures with a high signal intensity
in the background on T2-weighted images, and is more frequ-
ently observed in schwannomas than in neurofibromas (2). Only
four cases in our study (23.52%) showed the fascicular sign, but
it was not as definite as that in their peripheral counterparts. The
absence of the fascicular sign was also probably related to the fre-
quent cystic changes in spinal intradural extramedullary sch-
wannomas.

Differential diagnoses of spinal intradural extramedullary sch-
wannomas include other intradural extramedullary tumors, non-
tumorous intradural extramedullary cysts, and parasitic infesta-
tions. Neurofibroma, another type of benign nerve sheath tumor,
usually presents as a solid mass showing the target sign, in con-
trast to the intradural extramedullary schwannoma (4). Menin-
gioma, the second most common intradural extramedullary tu-
mor, shows intense and uniform enhancement and intratumoral
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cysts are very rare (12). The dural tail sign and calcifications are
more frequently seen in meningioma than in intradural extra-
medullary schwannoma (12, 13). Myxopapillary ependymoma,
a distinct clinicopathologic variant of ependymoma, is observed
exclusively in the conus medullaris and filum terminale, and it
typically manifests as a huge sausage-shaped mass with intense
enhancement (13). Paragangliomas are also found in the conus
medullaris, cauda equina, or filum terminale and present as in-
homogeneous, highly vascular solid masses (13), for which intra-
tumoral and adjacent vessels with flow voids are a prerequisite
(13).

Non-tumorous intradural extramedullary cysts, such as der-
moid cysts, epidermoid cysts, arachnoid cysts, and enteroge-
nous cysts, should also be differentiated from the severe cystic
changes of spinal intradural extramedullary schwannomas. Der-
moid cysts are diagnosed easily because of their fat content (14,
15). Epidermoid cysts show various characteristics on MRI but
they usually show signal intensity similar to that of CSF on T1-
and T2-weighted sequences. They can have a thin or slightly
thick peripheral capsule with or without enhancement (15). On
diffusion weighted MRI, the epidermoid cyst shows restricted
diffusion due to its keratin content in contrast to the severe cys-
tic changes of spinal intradural extramedullary schwannomas
(16). Presence of dermal sinus tract or other spinal dysraphism
can be helpful in the diagnosis of both dermoid and epidermoid
cysts (15). Intradural arachnoid cysts unusually arise from the
region of the septum posticum at the thoracic level and have an
extremely thin wall without enhancement (17). Enterogenous
cysts are likely to develop anteriorly and be confined to the cer-
vical region (17). Usually, their walls are very thin and not en-
hanced.

Cystic lesions caused by parasitic infestations can also be con-
fused with the severe cystic changes of spinal intradural extra-
medullary schwannomas. The subarachnoid form of cysticer-
cosis may manifest as intradural extramedullary cysts with or
without diffuse arachnoiditis (18). Intracystic scolex formation
and concomitant intracranial involvement can be used as diag-
nostic clues (18). Hydatid cysts have a characteristic imaging fea-
ture of two dome-shaped ends with no debris in the lumen, re-
sembling a sausage on MRI (19).

The major limitation of this study is that it was retrospective

analysis. We did not perform any statistical analysis. The study

jksronline.org J Korean Soc Radiol 2015;72(6):393-400

Yeo Ju Kim, et al

population comprised only 17 cases and the sample size was too
small to generalize the results. However, this is the largest study
to evaluate the correlation of MRI findings of spinal intradural
extramedullary schwannoma with pathologic findings.

In conclusion, spinal intradural extramedullary schwanno-
mas were typically encapsulated lobular cystic tumors and had
few imaging features of benign peripheral nerve sheath tumors;
therefore, the imaging findings of the latter entity may not be
helpful.
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