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Predictive factors for surgical outcome in anterior
clinoidal meningiomas

Analysis of 59 consecutive surgically treated cases
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Abstract BN
Despite the advances in the microsurgical technique and anatomical understanding of the anterior and middle skull base, anterior |
clinoidal meningiomas are still challenging lesions to resect completely and safely due to their intimate relationship with vital
neurovascular structures. We report predictive factors for tumor recurrence and postoperative complications based on surgical
outcome of patients with anterior clinoidal meningiomas treated at our institution.

Fifty-nine consecutive patients with anterior clinoidal meningioma who were surgically treated between March, 1993, and July,
2015, were reviewed retrospectively. For microsurgical tumor removal, orbitocranial or orbitozygomatic (78.0%), extended pterional
(15.83%) and subfrontal approach (6.8%) were performed.

The median follow-up duration was 54.1 months. Gross total resection (GTR, Simpson’s grade | or ll) was achieved in 38
patients (64.4%). The overall recurrence rate (new lesion in GTR cases and re-growth in non-GTR cases) was 18.6%. GTR (Hazard
ratio [HR] 0.014, 95% confidence interval [Cl] 0.001-0.256; P=.004), absence of internal feeder (HR 0.058, 95% CI 0.004-0.759;
P=.030) and benign pathology (WHO grade I, HR 0.056, 95% CI 0.005-0.674; P=.023) were independent prognostic factors for
recurrence-free. Fourteen patients (23.7%) developed permanent complications. The most common complication was cranial
nerve injury (n=6; 10.2%), followed by postoperative hemorrhage/infarction, hydrocephalus and infection. Larger size (> 40 mm)
was significant as an independent predictive factor for permanent complication (HR 0.139, 95% CI 0.030-0.653; P=.012). Old
age (>60 years, P=.056) and peritumoral edema (thickness > 5mm, P=.303) did not reach statistical significance in multivariate
analysis.

In surgical resection of anterior clinoidal meningiomas, various clinicoradiological factors were related with resection degree,
complication, and progression rate. Although our results showed acceptable resection degree and morbidity, mortality, and
recurrence rate, compared to the results of past, anterior clinoidal meningioma remain as neurosurgical challenges because of their
close contact to critical vascular and neural structures.

Abbreviations: ACP = anterior clinoid process, CT = computed tomography, GTR = gross total resection, ICA = internal carotid
artery, MRI = magnetic resonance imaging.
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1. Introduction

Anterior clinoidal meningiomas can be considered medial
sphenoidal or spheno-cavernous meningiomas because of their
proximity to these anatomical points around the anterior clinoid
process (ACP).!"! Since large clinoidal meningiomas (>3 cm) can
incorporate an wide range of the anterior cranial base, it is
difficult to define if the tumor truly originates from the ACP or
adjacent structures including the sphenoid ridge, tuberculum
sellae, and planum sphenoidale.””! Therefore, we define anterior
clinoidal meningiomas as globular tumors with an epicenter on
ACP, hyperostotic ACP, and upward growing feature. Despite
remarkable advancements in anterior skull base surgery and
anatomical understanding, anterior clinoidal meningiomas
remain challenging for skull base surgeons due to their intimate
relationship with vital neurovascular structures such as the optic
apparatus, internal carotid artery (ICA) including its major
branches and other cranial nerves of the cavernous sinus.* In the
previously published cases, recurrence or re-growth rates of
anterior clinoidal meningioma ranged from 0% to 21% with
various follow-up durations, and the mortality rates remained
high, up to 15.4% with range of morbidity incidence from 8.8 to
60%.1"-"2!

In the present study, we analyzed surgical outcomes of patients
with anterior clinoidal meningiomas treated at our institution to
clarify the predictors for tumor recurrence and postoperative
complications.

2. Methods

2.1. Patients

The study was conducted in compliance with the Declaration of
Helsinki (sixth revision, 2008), and fulfilled all of the require-
ments for patient anonymity. This study was approved by the
Institutional Review Board of the Chonnam National University
Hwasun Hospital (CNUHH-2016-31). Between March, 1993,
and July, 2015, 981 cases of intracranial meningioma were
surgically resected at our institution. We clearly re-defined
anterior clinoidal meningioma based on the radiological
characteristics including tumoral epicenter of ACP, presence of
hyperostosis of ACP or upward growing direction of tumor. By
definition, experienced neuroradiologists reviewed intracranial
meningiomas of the middle cranial fossa on computed tomogra-
phy (CT) scans or magnetic resonance imaging (MRI), and 59
cases (6.0%) were enrolled in this study as anterior clinoidal
meningiomas. The 59 cases could be categorized into 3 different
year group such as 1990s, 2000s, and 2010s if it was intended to
minimize the influence of the rapidly developing modern
microsurgical techniques. However, basic surgical techniques
for anterior clinoidal meningioma have been changed minimally
over the past decades and the selected cases were predominantly
from the recent decases; 9 cases were operated in 1990s, 32 cases
in 2000s, and 18 cases in 2010s, respectively. Recurrent cases or
previously radiated cases were excluded.

2.2. Operative technique

There are many controversial issues regarding the most
appropriate surgical approach of anterior clinoidal meningio-
mas. Selection of the optimal approach for each case is essential
for better surgical outcome. The basic surgical component is
frontotemporal craniotomy (pterional) with anterior clinoidec-
tomy. In addition, orbital roof and/or zygomatic arch is typically
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also resected in 1/2-piece manner. As described previously,!?!

extradural clinoidectomy using a microdrill was performed for
unroofing of the optic canal and to open the optic nerve sheath,
following exposure of the superior orbital fissure and transacting
of the meningo-orbital band. After sufficient resection of ACP
and devascularization, the sylvian fissure was split widely, the
brain was gradually relaxed with cerebrospinal fluid (CSF)
drainage, and the tumor was resected. Whenever possible, gross
total resection (GTR) with removal or coagulation of involved
dura mater was tried. However, residual tumor which had
invaded the cavernous sinus or adhered avidly to the optic nerve,
occulomotor nerve, and ICA and its branches were inevitable. In
some cases, intradural clinoidectomy was performed to prevent
injury to the already compressed optic nerve, in large sized cases.

2.83. Analysis variables

The clinical and radiological data of the enrolled patients were
retrospectively reviewed. Clinical data included age, sex,
presenting symptoms, pathological grade, resection degree,
postoperative complications and follow-up duration. Radiologi-
cal data included the size of tumor, degree of peritumoral edema,
the presence of calcification and internal feeding artery and signal
intensity (SI) on T2-wighted MRI. The relationship between ICA
including its major branches and tumor was also analyzed based
on MRI and conventional 4-vessel angiography (DSA). The
presence of internal feeders was also evaluated using DSA.
The relationship between tumor and ICA or its branches was
divided into 4 groups using a previously described method™*);
Group A: just displaced ICA, Group B: encased but not narrowed
ICA, Group C: encased and narrowed ICA, Group D: extended
contralaterally or into basilar arterial system (Fig. 1). Tumor size
was evaluated by measuring the maximal diameter on 3-
dimensional T1-weighted MRI with enhancement. The cut-off
size value was 4cm (<4cm vs >4cm). Peritumoral edema,
evaluated on axial T2-weighted MRI, classified the patients into 2
groups based on edema thickness (none or mild [<5 mm in edema
thickness] vs moderate to severe [>5mm in edema thickness]).
The extent of tumor resection was classified according to
Simpson’s classification. Simpson’s grade I or Il resection without
remnant tumor on follow-up MRI was defined as GTR. The
World Health Organization (WHO) classification system was
applied for pathological grading for all tumors. A newly
developed neurological deficit or aggravated pre-existing deficit
after surgery was regarded as a surgery-related complication,
which was transient or permanent. Transient complications
typically resolved within 3 to 6 months post-operatively. If the
problem persisted longer than 6 months or another operation was
needed, it was regarded as a permanent complication. All
surviving patients were followed up with a median duration of
54.1 months (range, 1-246 months). To evaluate tumor
recurrence, postoperative follow-up MRI was obtained from
all patients 6 months after surgery and every year of the patient’s
life. On follow-up MRI, a newly-enhanced mass in a completely
resected case or a re-growing symptomatic mass in an
incompletely resected case was regarded as recurrence.

2.4. Statistical analyses

Recurrence-free survival (RFS) was calculated as the time from
surgery to the date of recurrence. The probability of RFS was
analyzed according to the Kaplan—-Meier method, and the
resulting values were compared using log-rank tests. Overall
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Figure 1. Representative radiographic images according to Goel’s classification. Type A; Coronal To-weighted magnetic resonance imaging (MRI) (left) and
angiography (right) show just a medially displaced internal cerebral artery (ICA). Type B; Coronal T;-contrast enhanced MRI (left) and angiography (right) shows
encased but not narrowed ICA by the tumor. Type C; Coronal T1-contrast enhanced MRI (left) and angiography (right) reveals encased and narrowed ICA by the
tumor (asterisk). Type D; axial T2-weighted MRI (left) and angiography (right-upper; ICA, right-lower; vertebral artery) shows displaced ICA and basilar artery by the

tumor. ICA = internal carotid artery, MRI = magnetic resonance imaging.

recurrence was also calculated as the time from surgery to the
date of progression or last follow-up MRI. For the multivariate
analysis, independent prognostic factors were determined using
the Cox proportional hazards model. The comparison of a
permanent complication occurrence and a categorical variable
was done by the Chi-square test or the Fisher-exact probability
test. Furthermore, the binary logistic regression test was applied
for multivariate analysis. All statistical analyses were performed
using SPSS version 20.0 for Windows (SPSS, Chicago, IL); P <.05
was considered statistically significant.

3. Results

3.1. Patient characteristics

Clinicoradiological characteristics of the 59 patients with anterior
clinoidal meningioma are summarized in Table 1. The patients
consisted of 23 males (39%) and 36 females (61%), with a median
age of 56 years (range, 2679 years). Twenty-seven (46 %) of the 59
tumors were detected by minimal symptoms (headache or
dizziness) or incidentally. Tumors ranged in size from 1.2 to 8
cm (median, 4 cm). Intratumoral calcification was documented in 8
patients (13.6%). On T2-weighted MRI, only 10% of the cases
showed low SI, presumed as hard tumoral consistency. Moderate
to severe peritumoral edema formation was evident in 28 (47.5%)
of the 59 cases. Based on the preoperative DSA and intraoperative
confirmation, ICA was encased (Type B and C) in 39 patients

(66.1%). Fourteen patients (23.7 %) revealed only displacement of
ICA by tumor. Internal feeders were found in more than half of the
cases (32/59, 54.2%). The majority of the patients (50/59, 84.7%)
were diagnosed as a WHO grade 1.

3.2. Treatment

Orbitocranial or orbitozygomatic approach was used in the
majority of the cases (46/59, 78.0%), and extended pterional (9/
59, 15.3%) or subfrontal (4/59, 6.8%) approaches were used
mainly for small tumors. GTR (Simpson’s grade I or II) was
possible in 38 cases (64.4%), grade Il in 10 cases (16.9%) and
grade IV in 11 cases (18.6%). Main causes of interrupting GTR in
Simpson’s grade III tumors were the involvement of cavernous
sinus (8/10, 80%) and optic canal (2/10, 20%). In Simpson’s
grade IV tumors, encasement of ICA and/or cranial nerve was the
main cause of subtotal resection (10/11, 90.9%).

3.3. Recurrence

The recurrence rate was 18.6% (11/59). RFS for anterior
clinoidal meningiomas was 86.5%, 84.7% and 81.4% at 3, 5,
and 10 years, respectively. Median time for recurrence was 102
months after surgery (Fig. 2). The results of analyses of the
variables that could be correlated with recurrence are shown in
Table 2 and Fig. 3. In the GTR group (Simpson’s grade I or II), the
recurrence rate was 5.3% (2/38) without reaching median time.
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Clinicoradiological characteristics of 59 patients with anterior 1.0

clinoidal meningioma.

Characteristic No. of patients (%)

Clinical characteristics 0.8

Age in years
; median, range 56 (26-79) =

Sex 2 aisd
Male 23 (39%) 3
Female 36 (61%) o

Type of symptom %

Headache and dizziness 19 (32.2%) E 0.4
Cranial nerve symptom 17 (28.8%) 3
Seizure 7 (11.9%)

Motor and mental change 8 (13.6%)

Incidental 8 (13.6%) 0.2

Pathology, WHO grade
Grade | 50 (84.7%)

Grade Il 7 (11.9%) -
Grade I 2 (3.4%) :

Resection, Simpson grade § 2 48 7 9% 130 144 168
Grade | and I 38 (64.4%) Recurrence-free Survival (months)

Grade IIl and IV 21 (35.6%)

Postoperative complication Figure 2 Kaplgn—Meier curves shgwing reourrence—freg survival (RFS) and
No 45 (76.3%) cumulatlve survival of 59 study patients (overall comparison was estimated
Cranial n. injury 6 (10.2%) using a log-rank test). RFS = recurrence-free survival.

Hemorrhage/infarction 5 (8.5%)
Others 3 (5.0%)

Follow-up, montfs Preoperative symptoms (P=.112) and relationship between
Median, range 541 (1-216) . . .
Radiological characteristics ICA and tumor (P=.071) were marginally significant in
Size, om univariate statistical analyses. Preoperative symptoms also
' mean, range 402 (1.2-8.0) reached marginal statistical significance in multivariate analysis
<3 15 (25.4%) (HR 0.159, 95% CI 0.024-1.072; P=.059). The relationship
3-5 27 (45.8%) between ICA and tumor did not reach the statistical significance
25 17 (28.8%) in multivariate analysis (P=.200). Although pathological WHO

Edema grade was not related with RFS in univariate analysis (P=.349),
None or mild 31 (52'52/") benign pathology was significant as an independent prognostic

Relg?gr?srﬁif \E\(/)itrslel\g/-(e 28 (47.5%) factor for recurrence-free (HR 0.056, 95 % CI Q.005—0.674;
Type A 14 23.7%) P=.-023).. Age, sex, tu.mor size and consistency, 1ntrat-ur.noral
Type B 23 (39.0% c'alc1.gcat10n, and peritumoral edema were not statistically
Type C 16 (27.1%) significant.

Type D 6 (10.2%)

T2 intensity 3.4. Complications
High 29 (49.1%)

Iso 24 (40.7%) Permanent complication occurred in 14 patients (23.7%). The
Low 6 (10.2%) most common complication was cranial nerve injury (n=6,

Internal feeder 10.2%), followed by operation-related hemorrhage or infarction
Yes 31 (52.5%) (n=35, 8.5%), hydrocephalus (n=2, 3.4%), and infection (n=1,
N,O, ) 28 (47.5%) 1.7%). The results of analyses of the variables that could be

Cal\((:lflcatmn 8 (13.6% correlated with permanent complications are shown in Table 3.
N?)S 51 586: 40/:; On univariate analysis, tumor size and peritumoral edema

ICA = internal carotid artery.

Recurrence occurred in 9 cases (42.9%) with a median period of
73.5 months in the non-GTR group (Simpson’s grade III or V).
This difference was statistically significant (P=.002). The
absence of internal feeders was related with longer RFS than
presence of internal feeders (P=.012). Multivariate analysis also
confirmed that GTR (Hazard ratio [HR] 0.014, 95% confidence
interval [CI] 0.001-0.256; P=.004) and no internal feeders (HR
0.058, 95% CI 0.004-0.759; P=.030) were significant as
independent prognostic factor for recurrence-free.

showed statistical significance. Permanent complications were
more prevalent in patient with tumor >4cm than those with
tumors <4cm (36.7% vs 10.3%, P=.018). Patients with
moderate to severe peritumoral edema had a higher complication
rate compared to the patients with no or mild perilesional edema
(35.7% vs 12.9%, P=.040). Multivariate analysis confirmed
that larger tumor size (HR 0.139, 95% CI10.030-0.653; P=.012)
was significant as an independent prognostic factor for
development of complications. Peritumoral edema did not reach
statistical significance in multivariate analysis (P=.303).

Old age (>60 years) as a prognostic factor was not significant
in univariate statistical analyses (P=.129) and approached
significance in multivariate analysis (HR 0.249, 95% CI
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Univariate and multivariate analyses for tumor recurrence in patients with anterior clinoidal meningioma.

Progression Univariate Multivariate
Variable mean duration +SD (mo) P-value HR 95% Cl P-value
Age, years
<60 101.9+20.6 126 .081
>60 ND
Sex
Male 705+7.8 921 626
Female 101.2+18.9
Preoperative symptom
Minor 929+7.2 112 0.159 0.024-1.072 .059
Major 100.1+£17.4
ICA group, Goel’s classification
Group I, Il 88.3+5.6 071 200
Group IIl, IV 79.8+17.3
Pathology, WHO grade
Grade | 104.4+17.8 349 0.056 0.005-0.674 023
Grade I, 1Il 61.6+12.6
Resection, Simpson grade
Grade |, I 1449+111 .002 0.014 0.001-0.256 .004
Grade Ill, IV 60.8+11.3
Size, mm
< 40 86.9+6.3 219 .363
> 40 87.0+17.3
Internal feeder
No 94.0+4.4 012 0.058 0.004-0.759 .030
Yes 77.0+16.3
T2 intensity
High 90.9+17.5 273 187
Iso or Low 76.9+6.6
Calcification
No 102.2+17.1 151 973
Yes 38.4+9.6
Edema
No or mild 823+74 464 569
Moderate to severe 91.7+18.1

Cl=confidence interval, HR=hazard ratio, SD = standard deviation.

s 0,126 0.112 | -
260

[ € 06 [ g 064
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-E 04 E 04 -E" [ é 04+
3 3 é 3
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minor : P T
| Age +{ Preop. sx .+ Size .+{ Calcification
T T T T T T T T = T T T T T T T T T T T T T 1 T T T T T T 7
Recurrence-free Survival (manths) Recurren: ce-free Survival (months) Recurrence free Survival (months) Recurren: ce-free Survival (months)
a8 0.071 | -7 0.012 | - 0.002 - - 0.349
T | L -) :

u oo e T}
H : E 1 H b 2
£ oe £ o0 i £ f i
a a @ @
E H E : nm
3 3 3 3

i |
o] o] 0:]
mnnv )
«+|ICA group .+ Int. feeder .« Resection .- Pathology
Recurrence-free Survival (months) Recurrence-free Survival (months) Recurrence-free Survival (months) Recurrence-free Survival (months)

Figure 3. Kaplan—Meier curves showing recurrence-free survival (RFS) of 59 study patients according to different predictors (overall comparison was estimated
using a log-rank test). The number on right upper in each curve represents the P-value. RFS = recurrence-free survival.
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Univariate and multivariate analyses for postoperative complications in patients with anterior clinoidal meningioma.

Complication Univariate Multivariate

Variable No Yes P-value HR 95% Cl P-value

Age, years 129 0.249 0.060-1.034 .056
<60 32 (82.1%) 7 (17.9%)
>60 13 (65.0%) 7 (35.0%)

Sex 516 372
Male 27 (75.0%) 9 (25.0%)
Female 18 (78.3%) 5 (21.7%)

Preoperative symptom 475 265
Minor 20 (74.1%) 7 (25.9%)
Major 25 (78.1%) 7 (21.9%)

ICA group, Goel’s classification 452 .962
Group |, Il 29 (78.4%) 8 (21.6%)
Group IIl, IV 16 (72.7%) 6 (27.3%)

Pathology, WHO grade .361 422
Grade | 39 (78.0%) 11 (22.0%)
Grade I, Il 6 (66.7%) 3 (33.3%)

Resection, Simpson grade .365 977
Grade |, Il 30 (78.9%) 8 (21.1%)
Grade Ill, IV 15 (71.4%) 6 (28.6%)

Size, mm 018 0.139 0.030-0.653 012
<40 26 (89.7%) 3 (10.3%)
>40 19 (63.3%) 11 (36.7%)

Internal feeder 243 970
No 23 (82.1%) 5 (17.9%)
Yes 22 (71.0%) 9 (29.0%)

T2 intensity 592 846
High 22 (75.9%) 7 (24.1%)
Iso or low 23 (76.7%) 7 (23.3%)

Calcification 422 126
No 38 (74.5%) 13 (25.5%)
Yes 7 (87.5%) 1 (12.5%)

Edema .040 303
No or mild 27 (87.1%) 4 (12.9%)
Moderate to severe 18 (64.3%) 10 (35.7%)

Cl=confidence interval, HR=hazard ratio, SD = standard deviation.

0.060-1.034; P=.056). Sex, preoperative symptoms, relation-
ship between ICA and tumor, presence of internal feeders, WHO
grade, resection degree, tumor consistency, and intratumoral
calcification were not statistically significant.

4. Discussion

Advances in microsurgical anatomy have greatly expanded our
understanding of meningiomas of the anterior and middle skull
base.’! Among these meningiomas, some large-sized meningio-
mas, originating from the medial sphenoid ridge, optic canal or
cavernous sinus can be classified as clinoidal meningiomas when
they extend to the region of the ACP.M"! To define the anterior
clinoidal meningiomas, some characteristic radiologic findings
including mass formation with epicenter on ACP, hyperostotic
changes on ACP, and upward growing feature should be
considered.

Although the ideal surgical method for anterior clinoidal
meningioma is controversial, more assertive techniques (i.e.,
anterior clinoidectomy with/without optic canal unroofing or
optic sheath opening) have been proposed to improve the
resection degree and visual deterioration.!**™8 Nevertheless,
anterior clinoidal meningiomas are still thought-provoking
lesions in complete and safe resection because they are in close
contact with the ICA and its branches, optic nerve, and

sometimes cavernous sinus.'') The recurrence rates of anterior
clinoidal meningiomas are difficult to compare with those of
meningiomas from other sites, but it seems one of the highest
among intracranial meningiomas. Even in early surgical series,
Mirimanoff et al. reported recurrence or progression rates of
34% at 5 years and 54% at 10 years after surgery for anterior
clinoidal meningiomas (vs 3% at 5 years and 25% at 10 years for
convexity meningiomas)."*! Based on recently published data,
recurrence or regrowth rates range from 0% to 21% with various
follow-up durations (Table 4).1~1%]

There have been various tries to seek related factors for tumor
recurrence and better surgical outcome. Aggressive surgical
removal of anterior clinoidal meningioma can be supported by
the inference that the resection degree is inversely related to the
recurrence rate.'’! The GTR rate for anterior clinoidal
meningiomas ranged from 23% to 50% in an earlier series.'®
In more recent surgical series, however, it was reported to range
between 30.4 and 90.7% (Table 4). Al-Mefty!® already
mentioned the importance of total removal of tumor to avoid
post-operative tumor recurrence. GTR may pose a great risk of
mortality and morbidity."”! Our study also revealed a positive
correlation between extent of tumor resection and recurrence
(HR 0.014, 95% CI 0.001-0.256; P=.004). The collective data
seems to lay to rest the controversy surrounding the pursuit of
total removal.
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Previously published case-series in the literature of anterior clinoidal meningioma.

No. of Mean diameter GTR Mean Recurrence/ Morbidity Mortality
Authors/year Location cases (cm) (%) follow-up regrowth (%) (%) (%)
Al-Mefty/1990 ACP 24 NA 89 48y 4 16.7 8
Risi et al/1994 ACP 34 NA 59 19y 21 8.8 6
Goel et al/2000 ACP 60 NA 50 26 mo 1.67 1.7 5
Lee et al/2001 AcCP 15 3.7 87 31y 0 20 0
Tomasello et al/2003 Sph-Cav 13 5.7 77 48.3 mo 15.4 15.4 15.4
Abdel-Aziz et al/2004 Sph-Cav 38 >3 58 96 mo 10.5 15.8 0
Nakamura et al/2006 Med Sph 108 NA 425 79 mo 20.3 26.9 0
Russell & Benjamin/2008 Med Sph 35 45 69 128y 9 18 0
Behari et al/2008 Med Sph 20 6.1 45 17.6 mo NA 60 5
Pamir et al/2008 AcCP 43 3.4 90.7 39 mo 9.3 18.6 0
Attia et al/2012 ACP 22 5.9 30.4 56 mo 13.6 31.8 0
Nanda et al/2016 AcCP 36 16.99" 75 33 mo 11.1 16.7 2.8
Present study ACP 59 4.0 64.4 54 mo 18.6 23.7 1.7

"
mean volume (cc).

ACP =anterior clinoid process meningioma, GTR=gross total resection (Simpson’s grade | or Il), Med Sph=medial sphenoidal meningioma, mo=months, NA=not available, No=number, Sph-Cav=

spenocavernous meningioma, y =years.

Nakamura et al'"! reported a higher recurrence rate of 27.5%
in clinoidal meningiomas with cavernous sinus involvement in
contrast to a recurrence rate of 7.7% in tumors without
involvement. Nanda et al''*! considered the tumoral involvement
of ICA and cavernous sinus as related factors for deciding the
extent of tumor resection. Our study also revealed the
involvement of cavernous sinus (80% in Simpson’s grade III)
and encasement of ICA and/or cranial nerve (90.9% in Simpson’s
grade IV) as the main cause of subtotal resection. Presently, the
relationship between tumor and ICA was a marginally significant
factor for recurrence only in univariate analysis (P=.071).
However, the presence of internal feeder was an independent
predictive factor for recurrence in our study (HR 0.058, 95% CI
0.004-0.759; P=.030). In accordance with a previous study that
linked the presence of mitoses, brain invasion and focal necrosis
to a higher tumor recurrence rate,'®! the WHO grade was also an
independent predictive factor for recurrence in our study (HR
0.056, 95% CI 0.005-0.674; P=.023).

The mortality rate of anterior clinoidal meningioma remained
high, up to 15.4% with incidence of permanent profound
neurological deficit from 8.8 to 60% (Table 4). Hao et al™!
suggested that the level of extension to the cavernous sinus is
significantly related with post-operative complications including
ptosis. Several other studies also found that in cases of tumor
invasion to the cavernous sinus, tumor removal from the sinus is
significantly associated with a risk of a new or worsening
oculomotor nerve deficit.”?2 Bassiouni et al®®!! reported
that the relationship between the tumor and the major ICA
branches or the optic structures and tumor extension into
cavernous sinus were prognostic factors for complications and
surgical outcome. However, in our study, the relationship
between tumor and ICA did not have statistical significance
(P=.962).

Tumor consistency as well as vascular encasement and tumor
size have been related with a high complication rate. Goel et al!*!
observed more severe visual deficits were associated with firmer
tumors. However, presently, tumor consistency represented by T-
2 weighted SI did not show statistical significance (P=.846). In
accordance with previous studies showing that the complication
rate was higher in large tumors (>3 cm),""3! tumor size >4cm
was significantly related with permanent complications (HR
0.139, 95% CI 0.030-0.653; P=.012) in our study. Tomasello

et all'® reported a positive correlation between grade of
peritumoral edema and cortical penetration or complication
rate. Presently, moderate to severe peritumoral edema was related
with a higher complication rate (P=.040) in univariate analysis.
Peritumoral edema did not reach statistical significance in
multivariate analysis. Additionally, old age (>60 years) was
related with complications with marginal significance in
multivariate analysis (P=.056).

This study should be interpreted with caution because of
single-institution analysis, which could lead to selection bias,
relatively small number of patients and treatment bias. The
retrospective study design and limited follow-up makes it difficult
to validate the results. So, the value in clinical studies of benign
tumors is unclear.

5. Conclusions

Various patients and tumor factors are related with the degree of
resection, disease progression and postoperative complication
rate. To achieve maximized resection with minimized morbidity
or mortality, these factors should be considered to try to decide
on an appropriate surgical approach and plan for each case.
Nevertheless, anterior clinoidal meningiomas still represent a
challenge for neurosurgeons because of their close location to
critical neurovascular structures, such as ICA and its major
branches, optic and occulomotor nerves.
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