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Abstract

It is generally accepted that the first choice of treatment for spinal meningiomas is “radical” surgical
removal. However, Simpson grade I removal is sometimes difficult, especially in cases with ventral dural
attachment, because of the risk of spinal cord damage or the difficulty of dural repair after radical resec-
tion. In addition, there is no consensus on a surgical strategy for radicality, whether or not Simpson grade
I resection should be performed in all cases of spinal meningioma. In this study, we retrospectively ana-
lyzed clinical and radiological data of surgically treated 14 patients with spinal meningioma, to assess
the influence of the Simpson grade to tumor recurrences during long-term follow-up (median 8.2 years,
1.3-27.9). The number of patients in Simpson grades I, II, III, and IV were 2, 8, 0, and 3, respectively;
Simpson grading was not applicable to one patient with non-dura-based meningioma. No postoperative
permanent neurological worsening was encountered. The recurrence rate was 21.4% (3 out of 14 cases).
Of these 3 recurrent cases, 1 was a case of non-dura-based meningioma and another was a case of neu-
rofibromatosis type 2 (NF2); both of them are known as risk factors for recurrence after surgical removal
of spinal meningiomas. Considering this background of these two recurrences, the clinical results of the
present study are consistent with previous results. Therefore, we propose that surgeons do not always
have to achieve Simpson grade I removal if dural repair is complicated and postoperative cerebrospinal
fluid (CSF) leakage or neurological worsening are estimated after resection of dural attachment and re-

pair of dural defect.
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Introduction

Spinal meningioma, which represents 25% to 46%
of spinal tumors,” is in general, a benign, well
circumscribed, and slow-growing neoplasm. It occurs
most frequently in the thoracic spine region and
in middle-aged women.?® With respect to therapy
for spinal meningioma, the first choice of treat-
ment is needless to say, “radical” surgical removal.
However, Simpson grade I removal is sometimes
difficult, especially in cases with ventral dural
attachment, because of the risk of postoperative
cerebrospinal fluid (CSF) leakage or spinal cord
damage during procedure of dural repair.’’ On the
other hand, Solero et al. reported that cases of spinal
meningioma treated with Simpson grade II removal
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showed almost the same long-term recurrence-free
survival rates compared to cases with Simpson
grade I removal.>® As they described, there is no
consensus on a surgical strategy concerning radi-
cality; whether Simpson grade I resection should be
attempted in all cases of spinal meningioma. Based
on our impression and a survey of the literature,*”
the recurrence rate after complete resection of spinal
meningioma seems to be acceptably low, even after
Simpson grade II removal. We have treated spinal
meningiomas rather conservatively in terms of
resection of dural attachment; we have not resected
dural attachment aiming Simpson grade II removal
if dural repair is complicated especially in cases
with ventral dural attachment. Because in those
cases, postoperative CSF leakage can occur if dural
closure is incomplete, in addition, neurological
worsening can be encountered if the spinal cord is
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manipulated during repair procedure. Under this
strategy, a total of 14 consecutive cases of spinal
meningioma were surgically treated in our institute.
Here, we report the clinical outcome during long-term
follow-up focusing influence of Simpson I/II removal
to the tumor recurrence.

Materials and Methods

We retrospectively analyzed the clinical data
of 14 patients with spinal meningioma who under-
went surgical resection in our hospital between 1984
and 2011. We evaluated the clinical data, magnetic
resonance imaging (MRI), operative records, and
pathological findings. The patients included 3 men
and 11 women, whose ages ranged from 27 years to
76 years (mean 56.2 + 16.7) at the time of surgery.
The patients’ clinical characteristics are presented
in Table 1. Six patients had gait disturbance but
were able to walk independently. One patient
showed intermittent claudication. The remaining 7
patients suffered from dysesthesia or pain although
they could walk normally in daily life.

With respect to the tumor location, 10 cases (71.4%)
were thoracic and 4 cases (28.6%) were cervical.
In all the cases, the tumors were intradural. The
location of dural attachment was determined based
on both preoperative MRI and surgical findings. The
histological subtype was World Health Organiza-
tion (WHO) grade I in all 14 cases; the details are
shown in Table 1. The follow-up period ranged
from 1.3 years to 27.9 years (median 8.2 years,
mean 10.4 + 7.9 years).

Regarding neurophysiological monitoring, we
used transcranial motor-evoked potential (MEP)
monitoring, since the latter half of 2002.

Results

I. Tumor localization and surgical procedure

As mentioned before, we have not resected dural
attachment aiming Simpson grade II removal if
dural repair is complicated especially in cases with
ventral or lateral dural attachment. Overall, Simpson
grades [, II, II, and IV removal was achieved in 2, 8,
0, and 3 patients, respectively. The dural attachment
of the tumor was ventral in 7 cases, dorsal in 3,
lateral in 3, and no dural attachment in 1 case;
the last is the tumor attached with the nerve root,
so-called non-dura-based meningioma (Table 1). Of
the 3 patients whose dural attachment was dorsal,
2 and 1 patients underwent Simpson grades I and
IT resection, respectively. In this, one case with
Simpson grade II resection (case no. 10), resec-
tion of dural attachment was abandoned to avoid

forming a very large dural defect. Dural defect after
Simpson grade I resection was repaired with primary
dural closure in 1 case, and autograft in 1. Of the
7 patients whose dural attachment was ventral,
5 and 2 patients were treated by Simpson grades
II and IV resection, respectively. In the 2 patients
with Simpson grade IV removal, complete removal
was abandoned due to severe tumor adhesion to
the spinal cord. Of these 2 patients, one patient
(case no. 3) with an upper cervical meningioma had
undergone surgical treatment in another hospital
7 years prior to admission. The tumor adhered to
the spinal cord so severely owing to the prior opera-
tion that complete removal could not be achieved.
The other case (case no. 1) was a patient who
underwent Simpson grade IV resection because of
rigorous adhesion to the spinal cord. The patient’s
medical history included frequent spinal traumas
caused by inadvertently repeated traffic accidents
in the past, which may have caused the severe
adhesion. Of the 3 patients with lateral dural attach-
ment, 1 patient (case no. 11) underwent Simpson
grade IV excision because of the tight adhesion of
the tumor to the spinal cord. This patient suffered
from comorbid diseases of rheumatoid arthritis and
prostatic carcinoma, but the cause of the adhesion
was not apparent.

II. Symptoms, complications, and radiation therapy

In our present series, the preoperative neurological
findings improved after surgery in all the 14 patients,
in 3 of whom the preoperative symptoms completely
resolved. Postoperative complications occurred in
only 1 patient, who required re-duroplasty because
of severe radicular pain in both thighs. The intra-
operative findings suggested that the initial dural
closing was too tight for the spinal cord, and this
tightness may have caused the radicular pains. The
symptoms resolved immediately after the duroplasty
repair. None of the patients developed permanent
neurological deficits. There were no perioperative
or tumor-related deaths (Table 1).

III. Simpson grade and tumor recurrence

Tumor recurrence was noted in 3 of the 14 patients
(21.4%) during the median follow-up period of 8.2
years. Two of these recurrent cases had undergone
Simpson grade II resection, and the other was
non-dura-based meningioma, which was not appli-
cable to Simpson grading, although it was resected
completely. In other words, 0 of 2 cases after Simpson
grade I resection and 2 of 8 cases after Simpson
grade II resection, and 1 case of non-dura based
meningioma experienced recurrence. In the case of
non-dura-based meningioma which was attached
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to the nerve root, histopathology was microcystic
meningioma (WHO grade I). MRI showed three
recurrent masses at the thoracic and lumbar levels,
and the second surgery was performed 14 years
after the first operation. Intraoperative findings
revealed that all tumors had attached to the nerve
roots. These tumors were nearly totally resected.
The histopathological diagnosis was atypical menin-
gioma (WHO Grade II). The details of this case were
previously reported.®

As for two recurrent cases after Simpson grade II
removal, one was associated with neurofibromatosis
type 2 (NF2). This patient suffered from a recur-
rence at 9 years after the initial surgery (Fig. 1).
The other recurrent case after Simpson grade II
removal had a relapse at 20 years after the initial
surgery. None of the 3 patients who had undergone
incomplete resection (Simpson grade IV) suffered
tumor recurrence.

Concerning postoperative radiation therapy, only 1
patient, who had undergone WHO grade IV resec-
tion, received a fractionated radiotherapy (total dose
of 50 Gy) because the MIB-1 labeling index of the
tumor was 8%.

Discussion
Recurrence rates of spinal meningioma after surgical

resection have been reported in the range of
1.3-14.7%.>® The latest study by Nakamura et al.

reported that the recurrence rates were 9.7% in
patients receiving Simpson grades I-II resection and
17.6% in those having Simpson grades I-IV resec-
tion (mean postoperative follow-up, 12.1 years).”
The present study showed a 21.4% recurrence rate
after Simpson grades I-IV resection, with a mean
postoperative follow-up of 10.4 years. This relatively
high rate of recurrence in our study seems to be
due to the presence of comorbid disorders of NF2
and non-dura-based meningioma, which are both
known as risk factors for recurrence.®'® In addi-
tion, in the other case, the recurrence was detected
20 years after initial surgery; this very long-term
follow-up period may be a reason for increasing
recurrence rate in our study. On the other hand,
in terms of neurological outcome, the neurological
findings improved in all the patients, and no
patients experienced postoperative CSF leakage or
permanent neurological deterioration in contrast
to the several reported series showing transient
and permanent neurological deterioration rates of
2.6—8.0% (Table 2). Considering these factors, the
result of our rather conservative surgical strategy
for resecting dural attachment is acceptable, even
though the number of cases is small and the follow-
up periods are heterogeneous in our study.
Regarding the surgical strategy for spinal menin-
gioma, there is no consensus about whether Simpson
grade I resection achieves better long-term clinical
outcome than Simpson grade II resection. Of course,

Fig. 1 The patient is a 76-year-old woman whose Th7 level meningioma was treated by Simpson grade II excision
and pathologically diagnosed as psammomatous meningioma. She suffered from recurrence of the tumor 9 years
after the initial operation. MRI shows (A) before, (B) immediately after, and (C) 9 years after the initial operation.
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Table 2 Review of clinical outcome of surgery for spinal meningioma

911

N looical findi it Recurrence
Number Follow- eurological hndings atter surgery (including Complicaton
Authors Year of cases up No Deteriorated Mortality — residual requiring
(years) Improved tumor surgery
change Ppermanent Transient progression)
Gottfried 2003 25 1.9 92% 0% 0% 8.0% 0% 4.0% 0%
etal.?
Cohen-Gadol 2003 80 7.1 NA NA 1.3% 6.3% 2.5% 13.8% 8.8%
et al.!®
Gezen et al.? 2000 36 9.0 83.3%  13.9% 2.8% 0% 5.6% 0%
Roux etal.’ 1996 54 2.3 81.5% 13% 1.9% 3.7% 0% 3.7% 1.9%
King etal.¥ 1998 78 11.0 91% 5.1% 1.3% 1.3% 1.3% 1.3% 3.8%
Present study 2014 14 10.4 100% 0% 0% 0% 0% 21.4% 7.1%

NA: not applicable.

Simpson grade I removal should be aimed in
all cases of spinal meningioma, if possible, because
it may be advantageous for achieving better long-
term recurrence-free survival. However, if the
dural attachment is located ventrally or laterally, a
safely repairable dural section takes priority over
radical excision of the dural attachment, preventing
iatrogenic refractory CSF leakage or neurological
worsening during dural repair. Bostrom et al.
proposed that resection of the dural attachment
of the spinal meningioma should not be a goal;
the attachment should be preserved rather than
radically excised, based on the analysis of their
61 patients.”

In cases where spinal meningioma adheres severely
to the spinal cord, we suggest that preserving
neurological function is more important than
aggressive complete resection. Roux et al. reported
that 3 of 4 patients with partial removal of spinal
meningioma did not present any recurrence; they
proposed that total removal was not necessarily an
absolute surgical goal in cases of severely calcified
spinal meningioma or in those exhibiting extreme
proximity of the tumor to a radiculomedullary artery
feeding the anterior spinal system.! Therefore, we
believe that the surgical procedure will inevitably
end in Simpson grade IV when severe adhesion is
present. Intraoperative neurophysiological monitoring
can warn surgeons of an impending possibility of
permanent damage.

Although the recurrence rate associated with
subtotal resection, Simpson grades III and IV, is
significantly higher than that with total resec-
tion,*? our clinical data revealed that none of the
3 patients treated by Simpson grade IV resection
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experienced tumor regrowth. However, mass removal
and generous coagulation of the dural attachment
are highly recommended even in Simpson grade
IV resection, because dural detachment is important
to prevent recurrence in cases of Simpson grade IV
removal in patients with intracranial meningiomas.'?

Concerning the risk of recurrence, our 2 of
3 recurrent cases had comorbid states of NF2 and
a non-dura-based origin of meningioma. Ruttledge
and Rouleau reported overwhelming evidence that
the NF2 gene is a tumor suppressor and that inacti-
vating the mutation in the NF2 gene, therefore, led
to the development of tumors.'” The vast majority
of individuals with NF2 require surgery, and most
will have multiple procedure during their lifetime.
The progression of NF2 and requisite surgical
intervention can result in deafness, facial palsy,
blindness, seizures, and hemiparesis.’® The risk of
mortality was 2.5-fold greater in NF2 patients with
meningiomas versus those without meningiomas.¥
In NF2 patients, most meningiomas occur in surgi-
cally accessible locations and surgery is generally
considered first-line therapy if an intervention is
needed for a symptomatic meningioma.'® However, it
is inappropriate to remove the tumor and the dural
attachment aggressively if it is difficult to approach
the lesion or resect completely and safely, because
NF2 patients have tendency to result in worse
morbidity and mortality. Therefore, we should not
consider the surgical strategy of NF2 case in the
same way with non NF2 cases.

With regard to the risk of recurrence in non-dura-
based meningioma, it is highly likely that CSF
dissemination will occur even though the tumor
was grade I in the WHO classification, because the
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lesion faces the CSF space directly.!” In addition,
Cohen-Gadol et al. reported that spinal meningi-
omas in patients younger than 50 years old have
a worse prognosis than similar tumors in older
patients.’® Furthermore, Klekamp noted that signifi-
cantly higher recurrence rates have to be expected
with en plaque or infiltrating meningiomas. These
factors published previously should be considered
as a risk of recurrences that surgeons need to pay
attention to when they plan a strategy of surgery,
postoperative follow-up, and adjuvant therapy for
spinal meningioma. In case with these risk factors,
we propose that preserving or improving neuro-
logical function and preventing complications will
have special priority over radical Simpson grade I
resection because various causes of recurrence which
depend on each disease are still uncontrollable and
their recurrent risks are significantly high. In addi-
tion, even if Simpson grade I removal is achieved
when tumor conditions of location or adhesion are
satisfied, postoperative long-term follow-up such
as 20 years or more should be invariably requisite.

Concerning adjuvant radiation therapy, one case after
Simpson grade IV removal underwent radiotherapy
because of high MIB-1 labeling index, although the
role of irradiation in the treatment of spinal menin-
gioma is still a matter of controversy.?!*”) Roux
et al. reported that 2 of their 54 patients having
recurrence were irradiated and showed no regrowth
since then. Therefore, they suggested that radiation
therapy could be used as an adjuvant therapy or as
an alternative to re-operation in certain cases.'? Gezen
et al. recommend radiation therapy when a patient
develops early recurrence after surgical resection in
which total resection could not be achieved due to
tumor location and character, and when medically
high risk coexists, rendering surgical procedures
inappropriate.? Based on their statement, in case of
unresectable recurrent tumor, radiotherapy should
be considered as a treatment option.

Conclusion

A total resection of the tumor and excision of the
dural attachment (Simpson grade I) are basically
recommended for patients with spinal meningioma.
However, considering our result of 14 cases, we
propose that Simpson grade II removal should be
acceptable if a complete removal including dural
attachment is risky. Preserving or improving neuro-
logical functions and preventing complications have
priority over radical resection of the dural attachment
in selected cases. Besides, in a case with high risk
of recurrence such as non-dura-based meningioma,
NF2, and so on, special attention to recurrence is

needed even after total tumor resection. Prospective
study with a greater number of cases and longer
follow-up will be needed.
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