ORIGINAL ARTICLE

doi: 10.2176/nmc.0a.2014-0274

Neurol Med Chir (Tokyo) 55, 328-335, 2015

Online March 23, 2015

Surgical Treatment of Intraspinal Angiomatous
Meningiomas from a Single Center

Liang WU,' Tao YANG,' Chenlong YANG,' Xiaofeng DENG,' Jingyi FANG,?
and Yulun XU!

Department of Neurosurgery, China National Clinical Research Center for Neurological
Diseases, Beijing Tiantan Hospital, Capital Medical University, Beijing, China;
2Department of Neuropathology, Beijing Neurosurgical Institute, Capital Medical University,
Beijing, China

Abstract

Intraspinal angiomatous meningiomas (AMs) are rare lesions, and no case series have been reported. We
retrospectively reviewed the data of 12 patients with intraspinal AMs. All patients underwent magnetic
resonance imaging (MRI) of the spine. Computed tomography angiography was performed for three cases
with cervical lesion. The series included six females and six males with a mean age of 49.6 years. Five
tumors were located in the cervical, one in the cervicothoracic, five in the thoracic, and one in the thora-
columbar spine. The most common symptom was motor deficits and the mean duration of symptoms was
18 months. All patients were treated surgically with gross total resection (GTR) (Simpson grade I and II
resection). No patients underwent embolization. After surgery immediately, the neurological function was
improved in five patients, remained stable in six patients, and was deteriorated in one patient. During an
average follow up of 78.6 months, 11 patients experienced an improvement in the neurological function
and one patient maintained preoperative status. No tumor recurrence was observed on MRI. Compared
to conventional meningiomas, AMs have no special clinical and radiological features. The accurate diag-
nosis depends on pathology. Timely GTR (en bloc resection) is the best treatment and embolization is not
necessary for most patients. Radiotherapy is not recommended after GTR (Simpson grade I and II resec-

tion), and the risk of tumor recurrence is low.
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Introduction

Angiomatous meningiomas (AMs) are rare lesions,
majority of which are located in the cerebral
convexity."? They constitute 2.1% of all meningi-
omas.?” Microscopically, AM can be defined as any
meningioma whose vascular component exceeded
50% of the total tumor area.>¥

AMs rarely occur in the spinal canal, and account
for 1% of all intraspinal meningiomas.” To our
knowledge, no case series of intraspinal AMs have
been reported. Most cases were mixed with other
histopathologic subtypes and limited clinical data
were provided, making interpretation of data and
comparison with our series impossible.*® In this
study, we present a surgical series of 12 patients
with pathologically proven intraspinal AMs from
a single center.
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Patients and Methods

After the study was approved by the Institutional
Review Board of Beijing Tiantan Hospital, Capital
Medical University, we retrospectively reviewed
the data of 12 patients with intraspinal AMs who
underwent microsurgery from 2000 to 2012. All
patients had performed preoperative and postop-
erative magnetic resonance imaging (MRI) with
gadolinium-contrast enhancement. In three cases with
cervical lesion, computed tomography angiography
(CTA) was performed. Cranio-cervical tumors with
intracranial extension and foramen magnum tumors
were excluded as they represent entities other than
upper cervical meningiomas.®®

All patients underwent laminotomy and micro-
surgical removal through posterior approach. No
patients underwent preoperative or intraoperative
embolization. Every attempt was made to resect
the tumor en bloc because piecemeal resection
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could lead to severe bleeding. Postoperatively, no
patients received radiotherapy. Specimens were
sent to the Department of Pathology for histological
examination. The preoperative and postoperative
neurological status of the patients were classified
according to the McCormick scale (Table 1).9 The
patients’ follow-up status was determined during
individual office visits.

Results

I. Clinical presentation

Among 436 patients with intraspinal meningiomas
in the database of our department between 2000 and
2012, only 12 patients were definitely diagnosed
with intraspinal AMs. The patients were 6 females
and 6 males; with a mean age of 49.6 years (range,
28-76 years). The mean duration of symptoms was
18 months (range, 6-50 months). The symptoms
included muscle weakness in 10 patients (83.3%),
sensory deficits in seven patients (58.3%), pain in
six patients (50%), and sphincter dysfunction in
one patient (8.3%). Seven patients were at Grade II
of the Modified McCormick classification and five
at Grade III (Table 2).

II. Radiological findings

On MRI, the tumors compressed the spinal cord
severely and the average invasion ratio of the spinal
canal was over 70%, which was measured on
axial contrast-enhanced T,-weighted images (WIs).
Tumors were located in the cervical (five cases,
41.7%), cervicothoracic (one case, 8.3%), thoracic
(five cases, 41.7%), and thoracolumbar (one case,
8.3%) spine. They were oval or nodular shaped,
and well demarcated from the spinal cord. Based
on the T,WI results, the tumor had isointensity
in nine cases, hypointensity in two cases, and
mixed intensity in one case. T,WI results indicated
the tumors had hyperintensity with small cystic

Table 1 Modified McCormick classification*

components in seven cases, isointensity in four
cases, and hypointensity in one case. Contrast-
enhanced T,WI revealed markedly heterogeneous
enhancement in five cases and markedly homo-
geneous enhancement in seven cases. Dural tail
sign was positive in four patients. According to
the preoperative MRI, five patients were misdiag-
nosed as schwannomas and three were hemangio-
pericytomas (HPCs). Tumoral vascularization and
tenuous feeding arteries of vertebral artery were
noted on CTA. The detailed radiological profiles
are summarized in Table 2. MRI and CTA of Case
6 are illustrated in Figs. 1-3.

III. Intraoperative findings

Intradural exploration exhibited well-circum-
scribed, flesh-red, oval, or nodular-shaped lesions
with thin capsule (Fig. 4). The dural attachment
was ventral in three cases, lateral in five cases,
and dorsal in one case. Additionally, no dural
attachment was found in three cases. The last is
the tumor attached with the nerve root, so-called
non-dura-based AM. Gross total resection (GTR)
(Simpson grade I and II resection) was achieved
in all cases. En bloc resection was performed in
three cases with non-dura-based AMs, four lateral
cases and one dorsal case, respectively. Piecemeal
resection was achieved in three ventral cases and
one lateral case. Blood loss during en bloc resec-
tion was 150 + 55 ml (range, 100—400 ml) and
that during piecemeal resection was 475 = 83 ml
(range, 400—600 ml). The blood loss during en bloc
resection was significantly less (p < 0.05) than that
in piecemeal resection group. The dural attach-
ment was completely resected (Simpson grade I
resection) if the tumor was located dorsally, and
duraplasty was performed with artificial dura. In
cases with ventral or lateral dural attachment, the
dural attachment was not resected but extensively
bipolar cauterized (Simpson grade II resection).

Grade

Definition

I Neurologically normal; gait normal; normal professional activity

Ib Tired after walking several kilometers; running is impossible, or moderate sensorimotor deficit does not
significantly affect the involved limb; moderate discomfort in professional activity

II Presence of sensorimotor deficit affecting function of involved limb; mild to moderate gait difficulty.
Severe pain or dysesthetic syndrome impairs quality of life; independent function and ambulation maintained

III More severe neurological deficit; requires cane and/or brace for ambulation or maintains significant bilateral
upper-extremity impairment; may or may not function independently

IV Severe neurological deficit; requires wheelchair or cane and/or brace with bilateral upper-extremity impairment;

usually not independent

*: McCormick 1990.%
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Fig. 1 Preoperative magnetic resonance imaging (MRI) showed a well-defined intradural extramedullary tumor
at the C2—4 levels. The tumor was hypointense on T,-weighted image (WI) (a) and hyperintense on T,WI (b).
c¢: Markedly homogeneous enhancement was observed on the contrast-enhanced T,WI and dural tail sign was
negative. d: Axial contrast-enhanced T,WI demonstrated the tumor was located ventrally to the spinal cord, with

severe cord compression.

Fig. 2 a-d: Preoperative computed tomography angiography demonstrated a highly vascularized lesion fed by

tenuous feeding arteries of the left vertebral artery.

Fig. 3 Five years after surgery, magnetic resonance imaging showed no tumor recurrence and the spinal cord had
decompressed (a: T,WI, b: T,WI, c: contrast-enhanced T,WI, d: axial contrast-enhanced T,WI, WI: weighted image).

The non-dura-based AM was thought to be a schwan-
noma during surgery, and no dural cauterization
was performed.

IV. Pathological findings

Microscopically, the tumor consisted of dilated
vascular spaces with intervening tissue showing
spindle to oval cells with abundant cytoplasm and
oval nuclei. The vascular component exceeded 50%
of the total tumor area (Fig. 5a). No cytonuclear
atypia, necrosis, or mitotic activity was observed.
Immunohistochemical examination showed that the
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tumor cells were positive for epithelial membrane
antigen (EMA) and vimentin (Fig. 5b—c). The Ki67
proliferation index was < 2% (Fig. 5d).

V. Function evaluation

Meningitis occurred in one patient after surgery,
and he was treated successfully by antibiotics and
lumbar drainage. In the immediate postoperative
period, the neurological function was improved in
five patients and remained stable in six patients.
One patient experienced a worsening of his symp-
toms, but improved later to a better status than
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Fig. 4 a: Intraoperative photographs showing a flesh-
red tumor located ventrally to the spinal cord. b: The
tumor was oval shaped, well-circumscribed, and with
thin capsule. c: The nerve roots were connected with
the tumor, and no dural attachment was found. d: The
nerve roots were cut off, and the tumor was totally
removed without dural cauterization.

preoperatively. During a mean follow-up of 78.6
months, no tumor recurrence was observed on MRI.
Neurological status had markedly improved in 11
patients and was not improved in one patient. At
the last assessment, five patients returned to Grade I
and five were at Grade Ib followed by one at Grade
II and one at Grade III.

Discussion

I. Epidemiology and clinical futures

Intraspinal AMs are extremely rare. We meticu-
lously reviewed the literature and found no case
series of this rare lesion. Since our institute is
a tertiary referral hospital, we have more oppor-
tunities to treat intraspinal AMs. In our study,
symptomatic intraspinal AMs accounted for 2.7%
of all intraspinal meningiomas, thus the rarity of
the tumors was obvious. Although female predomi-
nance in the conventional meningiomas has been
recognized,*®'% Liu et al.” and Hasselblatt et al.?
described a female/male ratio of 1.08:1 to 1.4:1
in intracranial AMs. In our series, a female/male
ratio of 1:1 was noted, which was close to ratios
described in the intracranial AMs but lower than
that for conventional meningiomas. The mean
age of 48.7 years was slightly younger than that
of intraspinal conventional meningiomas.3810-12
According to the literature, the most common
location is the thoracic spine in more than
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Fig. 5 Photomicrographs illustrated that the tumor
consisted of dilated vascular spaces with intervening
areas showing spindle to oval cells with abundant
cytoplasm and oval nuclei. There was no evidence
of cytonuclear atypia, necrosis, or mitotic activity (a:
H&E stain, original magnification x200). The tumor
cells were positive for epithelial membrane antigen
(b: Immunohistochemical stain, original magnification
x200), vimentin (c: Inmunohistochemical stain, original
magnification x200). The Ki67 proliferation index was
1.9% (d: Immunohistochemical stain, original magnifi-
cation x200). H&E: hematoxylin and eosin.

60% of conventional meningiomas, followed by
cervical spine in fewer than 30%; lumbar loca-
tion is extremely rare.*®'%14 In our series, 41.7%
of the tumors were located in the thoracic region,
41.7% were in the cervical region, 8.3% were in
the cervicothoracic region, and 8.3% were in the
thoracolumbar region, which was slightly different
from conventional meningiomas.

Similar to those of common intradural extramed-
ullary tumors, the clinical symptoms of intraspinal
AMs are motor or sensory deficits, local pain, and
sphincter dysfunction always appears in the late
stage. The clinical course was relatively slow (mean,
18 months) which may reflect the non-aggressive
nature of intraspinal AMs. Despite hypervascularity,
spontaneous intratumoral hemorrhage was observed
only in one intracranial AM.? Similarly, no sudden
neurological deterioration caused by intratumoral
hemorrhage occurred in our study. All these find-
ings argue against a high incidence of intratumoral
hemorrhage in AMs.

I1. Radiological features and differentiation

MRI is doubtlessly the diagnostic tool for intraspinal
tumors. On MRI, intraspinal AMs are iso- to

Neurol Med Chir (Tokyo) 55, April, 2015
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hypointense on T,WI and iso- to hyperintense on
T,WI, and contrast MRI sequences show significant
enhancement. Dural tail sign was positive in 30%
of our cases, which is slightly lower than 35% to
58.3% in conventional meningiomas.>'® Intracranial
AMs usually show obvious signal voids of vessels
compared to conventional meningiomas,'*'”) however,
signal voids of vessels were not obvious in our
series. Compared to conventional meningiomas,
intraspinal AMs showed no special MRI features
in our series. Three patients underwent CTA and
no procedure-related complications were noted. In
our experience, this noninvasive technique could
delineate tumoral vascularization and feeding arteries.
Therefore, we recommend CTA as an auxiliary
examination following MRI.

Radiologically, intraspinal AMs are easily to be
misdiagnosed with schwannomas and HPCs. The
lack of dural attachment and the presence of neural
foraminal extension are important clues in distin-
guishing schwannomas from AMs.' Nevertheless, a
reliable differentiation between intraspinal meningiomas
and schwannomas is still challenging based only on
MRIL?® An accurate diagnosis depends on pathological
examinations. HPC is a highly vascularized, aggressive
dural-based lesion that is classified as a mesenchymal
nonmeningothelial tumor with uncertain malignant
potential or borderline malignancy.*?” Because of
the similar microscopic features, hematoxylin and
eosin staining is not sufficient to differentiate these
tumors. Therefore, immunohistochemical staining is
necessary. Although AMs showed diffusely positive
reactivity for vimentin in our series, we agree with
Ohnishi et al. that vimentin has poor specificity for
meningiomas.?” EMA is the most reliable immuno-
marker, and exhibits positive immunoreactivity in
50—100% of meningiomas,??*2® whereas HPCs are
immunoreactive to vimentin and CD34 but nega-
tive to EMA.?>?7) [n our series, all tumors exhibited
abundant vascular component which exceeded 50%
of the total tumor area, the lack of cytonuclear
atypia, necrosis or mitotic activity, the low Ki67
proliferation index, and EMA immunoreactivity.
Thus, the tumors are diagnosed with AMs (World
Health Origination grade I).

ITI. Treatment and outcomes

Since intraspinal AMs are histologically benign
and usually well marginated, a good clinical outcome
after GTR is anticipated. In our series, GTR rate was
100% which was higher than 82-98% in conven-
tional meningiomas.*10-1428-39 Until now, there is
no consensus about which procedure, Simpson
grade I or II resection, is preferable for intraspinal
meningiomas. For intracranial AMs, tumor recur-
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rence can be prevented by removing the tumors and
the dural attachment.!? Similarly, Simpson grade
I resection should be the first aim for intraspinal
AMs. However, if the dural attachment is located
ventrally or laterally, cauterizing the dura takes
priority over dural excision, preventing postopera-
tive cerebrospinal fluid leak or neurological damage
during dural repair. In our series, there was no
tumor recurrence in the Simpson grade II resec-
tion group. Thus, we consider that Simpson grade
II resection is adequate and effective, as reported
in other series.*10132%

To reduce the blood loss during surgery, the
feeding arteries were coagulated and every attempt
was made to resect the tumor en bloc. But for the
tumors with ventral dural attachment, en bloc resec-
tion was difficult to achieve and piecemeal resec-
tion was adopted to avoid additional neurological
impairment. Although intraoperative hemorrhage in
piecemeal resection group was significantly more
(p < 0.05) than that in en bloc resection group, it still
could be controlled by using careful microsurgical
techniques and was not severe as bleeding during
resection of HPCs which needed intraoperative
embolization.**" Embolization was not performed
in our series, however, if there are obvious feeding
arteries exhibited on CTA or uncontrollable intraop-
erative bleeding, in addition to preparing sufficient
compatible blood and multiple intravenous lines,
embolization still could be attempted.

During a mean follow-up of 78.6 months, no
tumor recurrence was observed on MRI. Although
the functional outcome remained stable in five
patients and deteriorated in one patient after surgery
immediately, the symptoms of six patients had
markedly improved at the last neurological exami-
nation. Nevertheless, the neurological function was
not improved in one patient whose clinical course
was more than 4 years. Long-term compression
could cause permanent neurological damage to the
spinal cord.'®!*1332) Thus, surgical resection should
be performed before neurological deteriorates.

Some authors advocate radiotherapy for incom-
pletely resected intraspinal meningiomas or recurrent
tumors,'**Y however, it is still controversial because of
the indolent nature of the tumor, potential radiation
damage, and a lack of evidence that radiotherapy
reduces the risk of tumor regrowth.?*3¥ In our study,
all patients did not receive radiotherapy and no tumor
recurred. We believe that postoperative radiotherapy
may be unnecessary after GTR (Simpson grade I
and II resection), and the rate of tumor recurrence
is very low. When a benign intraspinal meningioma
recurs with clinical progression, reoperation should
be considered as the primary treatment.®
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Limitations

This retrospective study was performed in a single
institution and the number of patients was relatively
small. Additionally, intraoperative findings in some
early cases were based on the medical records
without confirmation by operation videos. Despite
these limitations, our results are significant, given
the paucity of intraspinal AMs.

Conclusion

Compared to conventional meningiomas, intraspinal
AMs have no special clinical and radiological features.
The accurate diagnosis depends on pathology.
Timely GTR (en bloc resection) is the best treat-
ment and embolization is not necessary for most
patients. Radiotherapy is not recommended after
GTR (Simpson grade I and II resection), and the
rate of tumor recurrence is very low.
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