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Intracranial Meningiomas, WHO Grade Il :
Prognostic Implications of Clinicopathologic Features

Hyung-Sik Moon, M.D.," Shin Jung, M.D., Ph.D.,"? Woo-Youl Jang, M.D.," Tae-Young Jung, M.D., Ph.D.,"? Kyung-Sub Moon, M.D.,"?
In-Young Kim, M.D., Ph.D."?

Department of Neurosurgery,' Brain Tumor Research Laboratory,” Chonnam National University Research Institute of Medical Sciences,
Chonnam National University Hwasun Hospital & Medical School, Gwangju, Korea

Objective : Intracranial meningiomas are primarily benign tumors with a good prognosis. Although WHO grade Il meningiomas are rare (2-10%),
WHO grade Il meningiomas have higher recurrence and mortality rates than benign. We evaluated the patient recurrence rate and investigated the
prognostic factors of WHO grade Il meningiomas.

Methods : Between 1993 and 2005, 55 patients were diagnosed with WHO grade Il meningiomas in our hospital. WHO grade Il meningiomas
(n=55) were compared with other WHO grades meningiomas (I, n=373; and Ill, n.=20). The patients had a median age of 48.4 years (range, 14-17
years), a male-to-female ratio of 26 : 29, and a mean follow-up time of 45 months (range, 3-175 months).

Results : In WHO grade Il meningiomas, only the extent of resection was a significant prognostic factor. Post-operative radiotherapy had no significant
influence on tumor recurrence (p=0.053). The relative risk of recurrence was significantly higher in WHO grade Il meningiomas with incomplete re-
section (10/27, RR=37%) than in WHO grade Il meningiomas with complete resection (4/28, RR=14%) regardless of post-operative radiotherapy. In
the incomplete resection group, Simpson grade |l or IV had a significantly high risk of recurrence regardless of post-operative RT (n=3, RR=100%)
However, if the degree of resection was Simpson grade I, the recurrence rate was similar to the complete resection group even though post-operative
RT was not performed.

Conclusion : Complete resection was the most powerful independent predictive factor of the recurrence rate in WHO grade Il meningiomas. Post-
operative adjuvant RT was not a significant factor in this study.
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INTRODUCTION ningiomas is suggested to be 50-78%. Whereas a retrospective
review showed that resections of WHO grade II meningiomas

Meningiomas constitute approximately 20% of all brain tu-  are less often classified by surgeons as gross total when com-

mors®. In 1922, Harvey Cushing first used the term meningio-  pared with benign meningiomas, a majority of WHO grade II

ma'®. According to the World Health Organization (WHO)  meningiomas are still able to undergo gross total resection (GTR)

histologic grading system, three grades of meningiomas with  as the initial treatment'”. The subsequent prognosis and opti-

increasing risks of recurrence are distinguished®. Benign or ~ mal management after GTR of WHO grade II meningiomas

common-type tumors with a low rate of recurrence (7-20%) are ~ remain unclear. We sought to define the long-term recurrence

assigned to grade I. Grade II meningiomas include atypical me-  rate and predictive factors for recurrence of WHO grade II me-

ningiomas as well as the rare chordoid and clear cell (intracra-  ningiomas.

nial) variants, and exhibit a higher risk of recurrence (29-40%).

Grade III meningiomas are anaplastic meningiomas with high  [VJATERIALS AND METHODS

mitotic activity (220/10 high-power fields) and/or obviously

malignant cytology, as well as the rare variants, papillary and ~ Patient selection

rhabdoid meningiomas. The recurrence rate of anaplastic me- Between 1993 and 2005, 448 patients with an intracranial
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meningioma were treated surgically at our institution by one
surgeon. We retrospectively reviewed records of the 55 patients
with intracranial WHO grade II meningiomas. The mean dura-
tion of follow-up was 45 months (range, 3-175 months). Twen-
ty-eight tumors had undergone Simpson grade I (complete) re-
section, as confirmed by both the surgeon’s impression at the
time of surgery and the first post-operative imaging scans. This
study was approved by the Institutional Review Board at our in-
stitution. The patient and tumor characteristics of 55 WHO
grade II meningiomas are summarized in Table 1.

Parameters assessed

Age at the time of diagnosis was defined as the patient’s age at
the time of his or her first surgery. Tumor size was defined by
the largest tumor diameter rounded to the nearest centimeter
on imaging scans before the initial surgery. The tumors were
sub-grouped according to location, as follows : convexity; para-
sagittal; falx; sphenoid ridge; cerebellopontine angle; tubercu-
lum sellae; olfactory groove; and tentorium (Table 2). “Com-
plete resection” is defined as Simpson grade I, and “incomplete
resection” is defined as Simpson grade II, III, or IV. The menin-
giomas were also divided into groups, as follows : convexity and
non-convexity groups. The anatomic distribution of the 55 me-
ningiomas that were totally resected during this period differed
in having a higher proportion of tumors in the “convexity”
group (19 of 25 patients) and a lower proportion in the “non-
convexity” group (9 of 30 patients).

Surgical strategy

Patients with completely resected WHO grade II meningio-
mas who do not receive radiation therapy are observed closely
in our institution. We recommend post-operative radiation
therapy in patients with grade II meningiomas which are not
completely resected. In recurrent cases, reoperation should be
considered first. Gamma knife radiosurgery is an alternative
treatment modality in small or surgically inaccessible meningi-
omas or meningiomas, and patients of advanced age and poor
operative risk.

tion. The level of statistical significance was regarded at p values
<0.05.

RESULTS

Of the 448 patients, 20 had WHO grade III meningiomas, 55
had WHO grade I meningiomas, and 373 had benign meningi-
omas. Table 2 shows the number of patients followed with each
WHO grade of meningioma. A multivariate analysis was then
performed to assess the following eight variables as possible
prognostic factors for tumor recurrence : 1) age; 2) gender; 3)
tumor location; 4) tumor size; 5) peritumoral edema; 6) post-

Table 1. Patient and tumor characteristics of 55 WHO grade Il meningiomas

Characteristics No. of patients
Age

<60 31

>60 24
Gender

Male 26

Female 29
Location

Convexity 25

Nonconvexity 30

Histologic differentiation

Atypical type 47
Clear cell type
Chordoid type

Extent of surgery for primary tumor
Complete resection 28
Incomplete resection 27

Excision/Postoperative RT status

Complete resection 28
Complete resection+postoperative RT 0
Incomplete resection 20
Incomplete resection+postoperative RT 7

Table 2. Locations of WHO grade Il meningiomas

Statistical analysis Location WHO gradeI =~ WHO gradeII ~ WHO grade III Total
Recurrence-free rates were estimated Convexity 110 25 2 137
using the Kaplan-Meier method. Logis- Parasagittal 20 7 2 59
tic regression, Mantel-Cox, and Breslow- Falx 31 4 2 37
Gehan-Wilcoxon univariate and multi- Sphenoid ridge 30 5 4 39
variate models were used to compare the CPangle 28 3 0 31
recurrence-free survival distributions Tuberculum sellae 25 1 1 27
across subgroups. The following variable Olfactory groove 30 5 2 37
data were analyzed by multiple regres- Tentorium 15 3 2 20
sion analysis with recurrence as the de- Petroclival 13 2 0 15
pendent variable : age; gender; tumor Ventricle 6 0 2 8
size; peritumoral edema; extent of tumor Multiple 14 0 0 14
removal; and tumor location. Values are Others 21 0 3 24
expressed as the means+standard devia- Total 373 55 20 448
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operative radiation therapy; 7) histologic type; and 8) extent of
resection. Of these eight factors, three were predictive of recur-
rence based on multivariate analysis, as follows : pathologic sub-
type (p=0.001); degree of resection (p=0.001); and peritumoral
edema (p=0.016). The extent of resection was a significant inde-
pendent predictive factor for WHO grade II meningiomas
(p=0.05) (Table 3).

Of the 55 patients diagnosed with WHO grade II meningio-
mas at our institution between 1993 and 2005, 26 were men
and 29 were women. The mean age at the time of diagnosis was
55 years (range, 19-82 years). Clinical follow-up included serial

40 37

354

30

25+

20
14.3

Recurrence rate (%)

11.5

T T
WHO II & complete
resection

WHOI WHOII &

incomplete resection

Fig. 1. The recurrence rates are similar between the benign meningioma
and WHO grade Il meningioma complete resection treatment groups.
However, the RR is significantly higher for patients with WHO grade I
meningiomas with incomplete resection than patients undergoing com-
plete resection. WHO : World Health Organization, RR : relative risk.

Table 3. P-value of predicting factors of recurrence of meningiomas us-
ing multivariate analyses

imaging for an average of 45 months after tumor resection
(range, 3-175 months) with 40% of the patients followed either
to recurrence or for at least 5 years after surgery.

In WHO grade 1II patients, 14 had recurrences 7-96 months
post-operatively; 11 patients had recurrences 5 years post-oper-
atively (mean time to recurrence, 42.9 months), and 3 had re-
currences 10 years post-operatively. Complete resection was
achieved in 28 patients and incomplete resection was achieved
in 27 patients. Post-operative adjuvant radiotherapy was deliv-
ered in 7 patients after incomplete resection.

The overall recurrence rate for WHO grade II meningiomas
was 25.5% (n=>55). The recurrence rate between the two groups
of ‘WHO grade II meningioma patients (complete resection)’
and ‘WHO grade I meningioma patients (complete or incom-
plete resection)” were 14.2% and 11.5%, respectively (Table 4,
Fig. 1, 2C). Although it was difficult to show statistical signifi-
cance, the recurrence rates were similar between the benign
meningioma treatment group and the WHO grade II meningi-
oma without radiotherapy treatment group (p=0.844). Howev-
er, the relative risk (RR) of recurrence was significantly higher
for patients with WHO grade II meningiomas with incomplete
resections (10/27, RR=37%) than patients with complete resec-
tions (4/28, RR=14%), independent of post-operative radio-
therapy. Fig. 2B represents the recurrence-free survival between
the two treatment groups (p=0.05).

In the incomplete resection group, 5 of 20 patients with re-
currences did not receive radiotherapy. Five of 7 patients had
recurrences after post-operative radiotherapy (Table 4). We an-
alyzed the recurrence-free survival between these two groups,
but it was difficult to interpret the statistical significance of the
influence of radiotherapy on recurrence (p=0.314). When sub-
dividing this group based on Simpson grade, the Simpson grade

Progrositicfactor Overall MNG WHI\?H%IrCa}de I III or IV group had a high risk of recurrence regardless of post-
operative radiotherapy (n=3, RR=100%). However, if the de-
WHO grade 0.001 - gree of resection was Simpson grade II, the recurrence rate was
Degree of resection 0.001 0.05 similar to the complete resection group, although post-opera-

Peritumoral edema 0.030 0.784 tive radiotherapy was not administered (3/18, RR=15.5%).
Age 0.407 0241 Table 5 shows the information regarding patients who did not
Gender 0.873 0.281 receive radiotherapy after incomplete resection; five patients had
Size 0.563 0.366 recurrences. This group had distinguishing features from other
Location 0.425 0.501 groups. With the exception of one patient, all patients were in the
Post-operative radiotherapy 0.098 0.053 non-convexity area, and in whom it was more difficult to per-
WHO : World Health Organization form complete resections than in patients in the convexity area.
Most of the patients had moderate-to-
Table 4. Comparison of recurrence rate severe degrees of peritumoral edema;
Total no. Recurno.  Recurrencerate (%) three of the patients had several recur-
WHO grade I overall 373 43 115 rences. We delivered post-operative ra-
WHO grade II Complete resection 28 4 14.2 diotherapy to this patients who had more
Incomplete resection 27 10 37 risky conditions for recurrence than oth-

RT Total no. Recurno.  Recurrence rate (%) er patients.

Incomplete (+) 7 5 714 Anatomically, there were higher pro-
resection (n=27) ) 20 5 25 portions of convexity meningiomas in

WHO : World Health Organization
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Fig. 2. Kaplan-Meier recurrence-free survival analysis in patients with meningiomas. A : Recurrences between the pathologic types. The survival
curves are significantly better for patients with WHO grade | compared with WHO grade Il or lll (p=0.001). B : The risk of recurrence is significantly
higher with the incomplete resection group than the complete resection group in WHO grade Il meningiomas (p=0.05). C : The recurrence rate be-
tween the two groups of ‘WHO grade Il patients who had complete resection’ and ‘WHO grade | overall (complete or incomplete resection)’ are similar.
D : Degree of peritumoral edema is also a significant prognostic factor in overall meningiomas (p=0.03). WHO : World Health Organization.

Table 5. Seven patients World Health Organization had undergone through RT after incomplete resection

Pathological Simpson

Pt. No. Age/Sex Site i grade Recur Recurduration  Edema  Postrecur treatment RT time GOS
1 62/M SR Atypical 11 + 6.9 (4threcur)  Severe Revision, GKS 1st op Death
2 60/M  CPA Atypical I - - Mild - Istop Death
3 34/M Falx Atypical 1I + 3.1 (3rdrecur)  Severe Revision, RT 2nd op Death
4 34/F SR Atypical I + 1 Severe MRI f/u Ist op MD
5 60/M  Convexiy Atypical I + 23 Moderate  Revision Istop Death
6 47/F Paras-agittal ~ Atypical I +  25Qrdrecur) Moderate  Revision,RT,GKS  2ndop’  GR
7 33/F Falx Chordoid  II - - Severe - Istop GR

*Remnant mass on SSS, syncytial — atypical transformation. Except one patient, all were located at the non-convexity area. Edema was also moderate to severe,
except one. 3 patients showed several recurrence. SR : sphenoid ridge, CPA : cerebellopontine angle, MD : moderate disability, GR : good recovery

(19/28)] than in the incompletely resected group [22% (6/27)].

Considering the importance of the degree of resection and
post-operative radiation therapy, we compared the Simpson
grade I resection group without radiotherapy in convexity and
Simpson grade II resection followed by post-operative radio-
therapy group in non-convexity. The recurrence rate was signif-
icantly higher in the latter (60%) than the former (15%).

DISCUSSION

In this study, we sought to define the long-term recurrence
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rate of WHO grade II meningiomas after complete or incom-
plete resection, as well as factors influencing recurrence, includ-
ing post-operative radiation. Thus, we attempted to reveal what
clinicopathologic features may be useful for predicting recur-
rence of WHO grade II meningiomas.

It is well-known that the histologic type is a significant prog-
nostic factor in overall meningiomas. In our study, according to
the Kaplan-Meier survival analysis, the recurrence rate between
the pathologic types was shown to be lowest in WHO grade I
meningiomas and highest in WHO grade III meningiomas
(Fig. 2A). The p value was 0.001. According to previous reports,
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the recurrence rate increased with the histologic grade rising,
consistent with the findings of Ayerbe et al.” Mantle et al.”’ re-
ported that meningiomas invade brain tissue along cells, form-
ing bridges between the cortex and surface of the tumor. Man-
tle et al.” suggested that the invasive cells were the main reason
for tumor recurrence.

Some authors state that tumor size may be helpful in predict-
ing the recurrence of WHO grade II meningioma'. Also, sev-
eral studies reported that males have higher recurrence rate*'”,
and development of tumors in patients at a young age (<40
years) was associated with higher likelihood of recurrence'?, al-
though these were not clear in this or other studies”?.

In the present study, the degree of peritumoral edema is a sig-
nificant prognostic factor in overall meningiomas, but has no
predictability for WHO grade II meningiomas (Fig. 2D, Table
3). Some authors have reported statistical significance as pre-
dictive factors for recurrence of meningiomas®” because edema
represent a variety of pathologic changes, such as a cerebral-pial
vascular supply and cerebral white matter hypoperfusion'>!52".

The degree of resection as a significant independent predic-
tive factor of recurrence in WHO grade II meningiomas as well
as in overall meningiomas, many authors had reported similar
results. Mirimanoff et al.'V reported recurrence-free survival
rates after total resection of 93% at 5 years, 80% at 10 years, and
68% at 15 years; compared with partial resection, the recur-
rence-free survival rates dropped to 63%, 45%, and 9%, respec-
tively'?. Jaaskelainen® reported that after complete resection
the recurrence rates were 19% at the 20-year follow-up. The
same group reported that in patients with atypical or malignant
meningiomas after complete resection the risk of recurrence
was 38% and 78% at 5 years, respectively®. Goyal et al.” report-
ed that 8 of 22 patients had local recurrences, including 2 of 15
with GTR, 3 of 4 with STR, and all 3 patients had resection of
unknown extent. At 10 years, patients with GTR had a higher
local control rate than those who had a STR or a resection of
unknown extent (87% vs. 17%; p=0.02). The results of the pres-
ent study correspond well with those of the earlier study. The
most important factors that determine the likelihood of menin-
gioma recurrences is the extent of tumor resection. We proved
that through Kaplan-Meier survival analysis (Fig. 2B).

Although location was not a significant predictive factor for
recurrence of meningiomas in our study, location is an impor-
tant factor influencing the extent of resection of meningiomas.
Convexity meningiomas are an indication for complete resec-
tion, Simpson grade I can also identify complete resection most
significantly than other locations. We reasoned that comparing
the two groups, Simpson grade I resection without RT in the
convexity group and Simpson grade II resection followed by
post-operative radiotherapy in the non-convexity group was
meaningful to minimize bias. For amplifying the clarity of the
relationship between the extent of resection and recurrence
considering the potential difficulty of radical resection in non-
convexity, we compared two groups to the exclusion of the Simp-
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son grade IIT or IV group; the recurrence rate of the former was
15.7% and the recurrence rate of the latter was 60%. It was re-
confirmed that the extent of resection was a powerful factor for
decreasing recurrence of WHO grade II meningiomas.

Post-operative adjuvant radiotherapy after surgical resection
of WHO grade II meningiomas continues to be controversial.
In our study we could not find statistical significance of the in-
fluence of radiotherapy on recurrence. Furthermore, the incom-
pletely resected group with radiotherapy had a higher recur-
rence rate than the group without radiotherapy. In contrast to
our expectations, some patients did well for many years after
subtotal resections alone. We presumed the cause of a higher
recurrence rate was due to the fact that the patients had been
expected to have a worse prognosis because of factors, such as
severe edema or complex site or previous recurrence under-
went radiotherapy (Table 5).

Most of the authors tend not to recommend adjuvant radio-
therapy in grade I meningiomas. If gross total resection was
achieved, however, there are significant variations in opinion
about the effect of post-operative radiotherapy in cases of com-
pletely resected grade IT meningiomas'® Therefore, we com-
pared the recurrence rate between two groups (the overall treat-
ment group of benign meningiomas and the complete resection
group of WHO grade II meningiomas without radiotherapy).
Although it was difficult to show statistical significance (p=
0.844), the recurrence rate between the two groups were similar
to each other (Table 4, Fig. 2C). This suggests that complete re-
section of WHO grade II meningiomas reduced the recurrence
rate to that of WHO grade I meningiomas, regardless of post-
operative radiotherapy. However, in the completely resected
group, the effect of post-operative radiation therapy was uncer-
tain in this study.

We subdivided the incomplete resection group through Simp-
son grade for researching the effect of post-operative radiother-
apy. The group performed by Simpson grade III or IV had a
significantly high risk of recurrence without reference to post-
operative radiotherapy. If the degree of resection is Simpson
grade I, the recurrence rate is similar to the complete resection
group, although post-operative radiotherapy was not performed.
It is questionable whether or not post-operative radiotherapy
must be performed in WHO grade II meningiomas after Simp-
son grade II resection. This study demonstrated the effect of ra-
diotherapy for preventing recurrence is minimal or none.

Some authors have found statistical significance between ra-
diotherapy and the recurrence rate, and they recommended ir-
radiation, irrespective of the extend of resection®'. However, in
another study” in which 8 of 22 patients with atypical meningi-
omas received post-operative radiotherapy, local control was
87% at 5 and 10 years following GTR, and radiotherapy had no
significant impact on local control or overall survival. McCar-
thy et al.'"V reported studies which included patients with grade
II meningiomas who underwent gross total resection, and
failed to demonstrate a statistically significant change in local
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control or survival in patients receiving adjuvant radiotherapy.
A number of authors do not recommend radiotherapy for atyp-
ical meningiomas regarding the extent of surgical resection be-
cause the majority of patients with atypical meningiomas would
ultimately experience local recurrence despite a course of con-
ventional radiation treatment®” There are no randomized trials
to support any opinion regarding the role of post-operative ra-
diotherapy, and it is still debatable whether or not these patients
should be carefully observed or treated pre-emptively. Because
of the rarity of WHO grade II meningiomas and differences in
the way WHO grade II meningiomas are classified, the litera-
ture on the role of radiation in treating such patients are difh-
cult to interpret.

This study had a limitation with respect to the small sample
size. Also, the data for our study were collected retrospectively,
and thus a potential for bias may exist. The gold standard for
evaluating our treatment policy is a prospective randomized
trial, but this approach is thought to be difficult due to the rarity
of atypical meningiomas. Nevertheless, the fact that the surgical
procedure was performed by one surgeon adds credibility to
our study.

Summary

1) In WHO grade II meningiomas, complete resection
(Simpson grade I) is the most important factor for preventing
recurrence. However, in the completely resected group, the ef-
fect of post-operative radiation therapy is uncertain in this
study.

2) If the degree of resection is Simpson grade II, the recur-
rence rate is similar to the complete resection group, although
post-operative radiotherapy is not performed. It is questionable
whether or not post-operative radiotherapy must be performed
in WHO grade II meningiomas after Simpson grade II resec-
tion. This study demonstrates the effect of radiotherapy for pre-
venting recurrence is minimal or none.

3) Regardless of post-operative radiotherapy, if the degree of
resection is Simpson grade III or IV, the risk of recurrence is
significantly high.

CONCLUSION

The extent of resection is the most powerful independent pre-
dictive factor for recurrence of WHO grade II meningiomas. If
complete resection was performed, the recurrence rate of WHO
grade II meningiomas was reduced to that of benign meningio-
mas, regardless of adjuvant treatment. Post-operative adjuvant
radiotherapy was not a significant factor in this study, also it
continued to be controversial according to previous reports.
However, because of several limitations of this study, re-estima-
tion of the role of post-operative radiotherapy is required.

o Acknowledgements
This study was supported by the Brain Korea 21 Project, Center for Bio-

19

medical Human Resources at Chonnam National University. This research
was supported by Leading Foreign Research Institute Recruitment Program
through the National Research Foundation of Korea (NRF) funded by the
Ministry of Education, Science and Technology (MEST).

References
1. Ayerbe ], Lobato RD, de la Cruz J, Alday R, Rivas JJ, Gémez PA, et al. :
Risk factors predicting recurrence in patients operated on for intracra-
nial meningioma. A multivariate analysis. Acta Neurochir (Wien) 141 :
921-932, 1999

. Condra KS, Buatti JM, Mendenhall WM, Friedman WA, Marcus RB Jr,
Rhoton AL : Benign meningiomas : primary treatment selection affects
survival. Int J Radiat Oncol Biol Phys 39 : 427-436, 1997

. Goyal LK, Suh JH, Mohan DS, Prayson RA, Lee ], Barnett GH : Local
control and overall survival in atypical meningioma : a retrospective
study. Int J Radiat Oncol Biol Phys 46 : 57-61, 2000

. Gupta PK, Sastry Kolluri VR, Das S, Chandra Mouli BA, Narayana
Swamy KS, Das BS : Recurrences in meningioma after surgery. Acta
Neurochir (Wien) 100 : 104-107, 1989

. Hug EB, Devries A, Thornton AE Munzenride JE, Pardo FS, Hedley-

Whyte ET, et al. : Management of atypical and malignant meningiomas :

role of high-dose, 3D-conformal radiation therapy. ] Neurooncol 48 :

151-160, 2000

Jaskeldinen J : Seemingly complete removal of histologically benign in-

tracranial meningioma : late recurrence rate and factors predicting re-

currence in 657 patients. A multivariate analysis. Surg Neurol 26 : 461-

469, 1986

Jadskeldinen J, Haltia M, Servo A : Atypical and anaplastic meningiomas :

radiology, surgery, radiotherapy, and outcome. Surg Neurol 25 : 233-

242, 1986

. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A,
et al. : The 2007 WHO classification of tumours of the central nervous
system. Acta Neuropathol 114 : 97-109, 2007

. Mantle RE, Lach B, Delgado MR, Baeesa S, Bélanger G : Predicting the

probability of meningioma recurrence based on the quantity of peritu-

moral brain edema on computerized tomography scanning. J Neuro-

surg 91 : 375-383, 1999

Marcus H]J, Price SJ, Wilby M, Santarius T, Kirollos RW : Radiotherapy

as an adjuvant in the management of intracranial meningiomas : are we

practising evidence-based medicine? Br ] Neurosurg 22 : 520-528, 2008

. McCarthy BJ, Davis FG, Freels S, Surawicz TS, Damek DM, Grutsch J,

et al. : Factors associated with survival in patients with meningioma. J

Neurosurg 88 : 831-839, 1998

Mirimanoff RO, Dosoretz DE, Linggood RM, Ojemann RG, Martuza

RL : Meningioma : analysis of recurrence and progression following

neurosurgical resection. ] Neurosurg 62 : 18-24, 1985

Miyazawa N, Satoh T, Hashizume K, Fukamachi A : Xenon contrast

CT-CBF measurements in high-intensity foci on T2-weighted MR im-

ages in centrum semiovale of asymptomatic individuals. Stroke 28 :

984-987, 1997

Nakasu S, Nakasu Y, Nakajima M, Matsuda M, Handa ] : Preoperative

identification of meningiomas that are highly likely to recur. J Neuro-

surg 90 : 455-462, 1999

Perry A, Stafford SL, Scheithauer BW, Suman VJ, Lohse CM : Meningio-

ma grading : an analysis of histologic parameters. Am J Surg Pathol 21 :

1455-1465, 1997

Rockhill J, Mrugala M, Chamberlain MC : Intracranial meningiomas :

an overview of diagnosis and treatment. Neurosurg Focus 23 : E1, 2007

Smith SJ, Boddu S, Macarthur DC : Atypical meningiomas : WHO

moved the goalposts? Br ] Neurosurg 21 : 588-592, 2007

Tatagiba M, Mirzai S, Samii M : Peritumoral blood flow in intracranial

meningiomas. Neurosurgery 28 : 400-404, 1991

(S5

w

w

o]

10.

1

—

12.

13.

14.

15.

16.

17.

18.



J Korean Neurosurg Soc 52 | July 2012

19. Winkler C, Dornfeld S, Schwarz R, Friedrich S, Baumann M : [The re- 20. Yamasaki E Yoshioka H, Hama S, Sugiyama K, Arita K, Kurisu K : Re-
sults of radiotherapy in meningiomas with a high risk of recurrence. A currence of meningiomas. Cancer 89 : 1102-1110, 2000
retrospective analysis]. Strahlenther Onkol 174 : 624-628, 1998

20





