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We shall not cease from exploration, and the end of all our 
exploring will be to arrive where we started and know the 
place for the first time.

— T. S. Eliot14

Cavernous sinus meningiomas (CSMs) represent a sub-
set of intracranial tumors that continue to pose a formida-
ble challenge to neurosurgeons. The various factors con-
tributing to the challenging management of CSMs include 
not only their location, which limits their resectability and 
increases the risk of injuring critical neurovascular struc-
tures, but also achieving long-term tumor control and main-
taining or improving patient quality-of-life outcomes.1,5, 

6,9,10,13,20,21,27,30,32,38,41,44

Initially, CSMs were deemed inoperable due to the con-
siderable mortality and morbidity related to removal of the 
tumor from what was deemed a surgically inaccessible 
area. With the introduction of the operating microscope 
and advances in neuroimaging, resection of these tumors 
became a realistic goal. The advances in microneurosurgi-
cal techniques in the 1980s and early 1990s allowed at-
tempts at aggressive resection of these tumors. In the last 2 
decades, the enthusiasm for aggressive resection has been 
tempered and the pendulum has swung toward a more 
conservative surgical strategy for treating the tumors of 
the parasellar compartment. Major factors that seem to be 
responsible for this paradigm shift include the efficacy and 
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obJective Cavernous sinus meningiomas (CSMs) represent a cohort of challenging skull base tumors. Proper man-
agement requires achieving a balance between optimal resection, restoration of cranial nerve (CN) function, and main-
taining or improving quality of life. The objective of this study was to assess the pre-, intra-, and postoperative factors 
related to clinical and neurological outcomes, morbidity, mortality, and tumor control in patients with CSM.
methods A retrospective review of a single surgeon’s experience with microsurgical removal of CSM in 65 patients 
between January 1996 and August 2013 was done. Sekhar’s classification, modified Kobayashi grading, and the Karnof-
sky Performance Scale were used to define tumor extension, tumor removal, and clinical outcomes, respectively.
results Preoperative CN dysfunction was evident in 64.6% of patients. CN II deficits were most common. The great-
est improvement was seen for CN V deficits, whereas CN II and CN IV deficits showed the smallest degree of recovery. 
Complete resection was achieved in 41.5% of cases and was not significantly associated with functional CN recovery. 
Internal carotid artery encasement significantly limited the complete microscopic resection of CSM (p < 0.0001). Overall, 
18.5% of patients showed symptomatic recurrence after their initial surgery (mean follow-up 60.8 months [range 3–199 
months]). The use of adjuvant stereotactic radiosurgery (SRS) after microsurgery independently decreased the recur-
rence rate (p = 0.009; OR 0.036; 95% CI 0.003–0.430).
coNclusioNs Modified Kobayashi tumor resection (Grades I–IIIB) was possible in 41.5% of patients. CN recovery 
and tumor control were independent of extent of tumor removal. The combination of resection and adjuvant SRS can 
achieve excellent tumor control. Furthermore, the use of adjuvant SRS independently decreases the recurrence rates of 
CSM.
http://thejns.org/doi/abs/10.3171/2015.3.JNS142494
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safety of postoperative radiosurgery on subtotally resect-
ed meningiomas, histological evidence supporting cranial 
nerve (CN) infiltration by meningiomas, and greater con-
sideration of the impact of postoperative outcomes on the 
patients’ quality of life.15,24,30

There is great variability in the literature with regard 
to the optimal treatment modality for CSM (Tables 1 and 
21,6,9,13,27,30,32,41). Outcomes after treatment with stereo-
tactic radiosurgery (SRS) have been frequently report-
ed.12,17,19,28,33,34,40,42–44,47 Recent studies highlight the effica-
cy of SRS in the treatment of meningiomas restricted to 
the parasellar space.44 However, for symptomatic menin-
giomas that are either confined within the CS or that are 
invading the CS from another primary site, resection and 
decompression remain a viable treatment modality. Me-
ningiomas occupying the CS represent a heterogeneous 
group of tumors originating and extending over different 
anatomical skull base surfaces; thus, surgical manage-
ment and outcomes may vary. The objective of this study 
was to describe our experience with the surgical manage-
ment of CSM at our institution and develop an outline 
for the management of such a heterogeneous group of tu-
mors, based on their anatomical location. We examined 
their resectability, recovery of CN function, influence of 
extent of resection, and factors predicting tumor recur-
rence after resection.

methods
patient population

Approval was obtained from our institutional review 
board, which is accredited under the Human Research 
Protection Program. Then, a database prospectively main-
tained by the neurosurgery department, including medi-
cal charts and neuroimaging results, was retrospectively 
analyzed. Surgeries performed by a single surgeon were 
included in this study, in an attempt to limit bias. Between 
January 1996 and August 2013, a total of 65 patients un-
derwent microsurgical removal of CSM as a primary 
treatment modality. The mean age at the time of surgery in 
our patient population was 55.4 years (range 21–85 years) 
and the majority of patients were women (77%). The mean 

follow-up time in our study was 60.8 months (range 3–199 
months).

inclusion criteria
Patients with meningiomas that arose either within the 

CS (11 patients [17%]; CSM either confined to the lateral 
wall or extended beyond the wall) or that demonstrated 
secondary involvement of the CS (54 patients [83%]) and 
who underwent microsurgery as a primary treatment were 
included in our study (Table 3). Patients with CSM who 
underwent primary treatment with SRS were excluded.

Tumor Grading and Classification
Sixty-one (94%) patients presented with WHO Grade I 

meningiomas and 4 patients with WHO Grade II menin-
giomas. There were no patients with WHO Grade III ma-
lignant meningiomas. Preoperative MRI was performed 
in all patients. Spatial anatomical location of the tumor 
was defined using Sekhar’s classification to categorize the 
intracavernous extension36 (Table 4). The modified Ko-
bayashi tumor removal grading system, given by DeMonte 
et al., was used to define the tumor removal10 (Table 5).

surgical strategies
Purely intracavernous, asymptomatic meningiomas or 

those with mild, nonimpairing symptoms such as occa-
sional headaches have been primarily treated with SRS 
at our center over the past decade. Microsurgery is rec-
ommended as the primary treatment modality for patients 
with frequent activity-impairing symptoms or cranial neu-
ropathies, or with tumors in proximity to the optic pathway 
and brainstem (Table 6). The typical surgical approach in-
volves safe maximal resection of the extra- and intracav-
ernous tumor components with a goal to decompress the 
optic apparatus, brainstem, or involved CNs transgressing 
the lateral wall of the CS. Surgical intervention also al-
lows for histopathological diagnosis and grading, which 
dictates future management. The extent of resection is 
determined by the tumor characteristics and consistency; 
softer tumors typically allow for more extensive and safer 
decompression. The tumors occupying the medial aspect 

table 1. patterns of recurrence among contemporary srs series for the management of csm

Authors & Year
Treatment Modality 

for SRS
Total No. 
of Lesions Follow-Up, Mos

Failure, No. of 
Cases (%)

No. of Tumor Recurrences
<5 Yrs 5–10 Yrs >10 Yrs

Skeie et al., 2010 Primary + adjuvant 100 82 (mean) 15 (15) 10 2 3
dos Santos et al., 2011* Primary + adjuvant 88 86.8 (mean) 9 (10.2) 4 5 0
Spiegelmann et al., 2010* Primary + adjuvant 102 67 (mean) 2 (1.96) 1 1 0
Kimball et al., 2009* Primary + adjuvant 49 50 (median) 1 (2) 0 1 0
Hasegawa et al., 2007 Primary + adjuvant 111 62 (median) 13 (11.7) 10 2 1
Pollock & Stafford, 2005 Primary 49 58 (mean) 0 (0) 0 0 0
Metellus et al., 2005 Primary + adjuvant 36 63.6 (median) 2 (5.55) 2 0 0
Lee et al., 2002 Primary + adjuvant 159 39 (mean) 9 (5.6) 7 2 0
Shin et al., 2001 Primary + adjuvant 40 42 (median) 6 (15) 6 0 0
Roche et al., 2000 Primary + adjuvant 80 30.5 (median) 4 (5) 4 0 0
Totals 814 58 (average of means/medians)  61 (7.5) 44 (72%) 13 (21%) 4 (7%)

*  Linear accelerator–based radiosurgery.
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of the CS are typically unresectable. Radical resection of 
CSM followed by external carotid artery–internal carotid 
artery (ECA-ICA) bypass is not the typical management 
protocol for histologically benign meningiomas, both in 
our practice and in the literature.1,5,32,44 In cases where it 
was critical to assess the relationship between the tumor 
and the cavernous ICA, preoperative MR angiography or 
4-vessel cerebral angiography was performed.

If there was significant (generally defined by modi-
fied Kobayashi tumor removal Grade IVB or V) residual 
tumor after resection, adjuvant SRS was recommended. 
Typical radiographic follow-up includes an MRI every 6 
months for the first 2 years, annually for the next 3 years, 
and every other year thereafter. SRS is recommended for 
patients with asymptomatic tumor progression; patients 
who continue to progress despite radiation are offered mi-
crosurgery.

surgical approaches
Thirty-nine (60%) of 65 craniotomies were performed 

using a frontotemporal orbitozygomatic (FTOZ) approach, 
4 (6.2%) were performed via a frontotemporal craniotomy 
with orbital osteotomy (FTO), a frontotemporal (FT) ap-
proach was performed for 10 (15.4%) craniotomies, and 

an extended middle fossa (MF) transpetrous approach 
was used in 12 (18.5%) of the cases. The advantages of 
adding an orbitozygomatic or orbital osteotomy alone to 
the traditional FT craniotomy have been previously elu-
cidated by various cadaveric studies and 3D quantitative 
models.3,7,26,35,45,50 FTOZ has been shown to increase the 
surgical freedom and the projection angle while decreas-
ing the amount of brain retraction required for adequate 
exposure.3 However, in recent years, our experience in 
treating small to midsized sphenocavernous meningiomas 
and sphenoclinoidocavernous meningiomas has suggested 
that adequate exposure and maximal resection was possi-
ble with an FT craniotomy alone, followed by a combined 
extradural–intradural approach (Figs. 1 and 2 upper), as 
thoroughly described previously.1,5,11,16,18,41 An obvious 
advantage from exposure with an FTOZ craniotomy was 
noted for the central skull base tumors that had a more 
superior extension and/or occupied the floor of the MF. 
Furthermore, for some skull base meningiomas, a cranial 
base approach allowed identification and interruption of 
the anastomotic connection of ECA-ICA from which they 
derive their blood supply, as explained by Yamaki et al.49 
and Day.8 A brief overview of our surgical technique (de-
pending upon the apparent origin and extension of the tu-
mor) is given below.

table 2. patterns of recurrence among contemporary primary microsurgical series for the management of csm*

Authors & Year Location Treatment Modality
Total No. of 
Lesions

No. of  
Recurrences (%)

Mean 
Follow-Up

Time of Recurrence 
<5 Yrs 5–10 Yrs >10 Yrs

Present study† Primary + secondary Surgery w/ or w/o SRS/RT 65 12 (18.4) 60.8 mos 8 4 0
Pichierri et al., 2009 Primary + secondary Surgery w/ or w/o SRS/RT 147 36 (24.5) 9.7 yrs NA NA NA
Sindou et al., 2007 Primary + secondary Surgery 100 11 (13.25) 8.3 yrs NA NA 0
Abdel-Aziz et al., 2004 Sphenocavernous Surgery 38 4 (10.5) 96 mos 1 3 0
Maruyama et al., 2004 Primary + secondary Surgery w/ or w/o SRS/RT 23 2 (8.7)  47 mos 2 0 0
Dufour et al., 2001 Primary Surgery w/ or w/o SRS/RT 17 2 (11.7) 6.1 yrs 2 0 0
O’Sullivan et al., 1997 Primary + secondary Surgery 39 4 (10.25) 24 mos 4 0 0
De Jesús et al., 1996 Primary + secondary Surgery 119 14 (11.76) 33.8 mos 10 4 0
Cusimano et al., 1995 Primary + secondary Surgery 89 6 (6.74) 28 mos 6 0 0
DeMonte et al., 1994 Primary + secondary Surgery 41 5 (12.2)  45 mos 4 1 0
Totals 678  96 (14.2)  62.4 mos  37 12 0

NA = not available; RT = radiotherapy.
*  Recurrence is calculated according to individual study protocol (e.g., Sindou et al. calculated recurrence among the surviving patient population). 
†  One patient had a recurrence 60 months after surgery, which was treated by Gamma Knife surgery. One hundred twenty-three months after Gamma Knife surgery, 
the patient again had recurrence and was treated by microsurgery. This patient’s recurrence 123 months after Gamma Knife surgery is not included in the column “>10 
yrs” because the data collected address recurrence after microsurgery.

table 3. origin of csm in the present study

Origin No. of Patients (%)

Primary CS 11 (17)
Sphenoid wing 27 (41)
Petroclival 9 (14)
Sphenopetroclival 6 (9)
Sphenopetrosal 3 (5)
Sphenoclinoidal 2 (3)
Clinoidal 1 (2)
Tuberculum sellae 6 (9)

TABLE 4. Tumors stratified according to Sekhar’s classification 
to define spatial extension

Sekhar’s Classification % of Patients

Grade I—tumors involve 1 region of the sinus & do not 
involve the ICA

33.8

Grade II—tumors occupy multiple regions of the sinus 
& displace but do not encase the ICA

15.4

Grade III—tumors encase the ICA w/o narrowing 26.2
Grade IV—tumors encase & narrow the ICA 18.5
Grade V—tumors involve both CSs & encase the ICA 6.2
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Lesions that involve the lateral compartment of the CS, 
that have breached it to involve the MF floor, or with sec-
ondary involvement of the CS are resected mainly via an 
intradural approach. The dura over the frontal and tem-
poral lobes is opened and the tumor is debulked in an 
anterolateral to posteromedial direction, thereby achiev-
ing appropriate neurovascular decompression. We have 
noticed improved results in the recovery of CN III palsy 

if the nerve was decompressed from the posterior por-
tion of the roof of the CS where CN III and CN IV enter 
(Fig. 2 upper). Careful dissection is required due to the 
risk of postoperative CN IV palsy. Wide exposure of the 

TABLE 5. Extent of resection according to the modified 
Kobayashi tumor removal grading system*

Modified System of Kobayashi et al. 
No. of 

Patients (%)

Grade I—complete microscopic removal of tumor & 
dural attachment w/ any abnormal bone

0 (0)

Grade II—complete microscopic removal of tumor w/ 
diathermy coagulation of its dural attachment

23 (35.4)

Grade IIIA—complete microscopic removal of intra- & 
extradural tumor w/o resection or coagulation of its 
dural attachment

1 (1.5)

Grade IIIB—complete microscopic removal of intradural 
tumor w/o resection or coagulation of its dural attach-
ment or any of its extradural extensions

3 (4.6)

Grade IVA—intentional subtotal removal to preserve 
CNs or blood vessels w/ complete microscopic 
removal of attachment

14 (21.5)

Grade IVB—partial removal leaving tumor ≤10% in vol 4 (6.2)
Grade V—partial removal leaving tumor >10% in vol, or 

decompression w/ or w/o biopsy
20 (30.8)

*  As described in De Monte et al.

table 6. summary of treatment strategies for csm

CSM Type 
Indication for Microsurgical Removal of CS 

Component Type of Approach*
Intracavernous 
ICA Encased

Grades I–IIIB 
Resection

Primary  Routine activity impaired by symptoms/neuropathy or 
tumor in proximity to optic pathway/brainstem

FT/FTOZ/extra-
dural

Yes No

No No 
Sphenoid As above  FT/FTOZ/extra-

dural
Yes No

No Yes 
Sphenoid + ≥1 anatomical origin As above Yes No

No No 
  Sphenoclinoidal FTOZ/extradural
  Sphenopetrosal FT/FTOZ
  Sphenopetroclival MF-TP
Tuberculum sellae As above FTOZ Yes No

No Yes
Cavernous-petroclival (CS ≥ petroclival) As above MF-TP w/ or w/o 

FT/FTOZ
Yes No

No No 
Petroclival-cavernous (petroclival > CS) As above FTOZ† Yes No

No Yes 

TP = transpetrous. 
*  The extradural approach is usually reserved for cases where the tumor is in proximity to the optic canal or superior orbital fissure. 
†  If required, the FTOZ approach follows sequentially as a separate procedure after the retrosigmoid decompression of the major petroclival component.

Fig. 1. View of the parasellar compartment after retracting the frontal 
and temporal lobes, similar to exposure of the CS in an extradural ap-
proach. The CS is shown in the form of a pentagon and a typical view 
of tumors occupying the parasellar compartment is further elucidated. 
The dura propria spans the lateral outer wall of the CS. To maximize 
the exposure, the sylvian fissure is opened and extra- and intradural 
approaches are combined. Copyright Anil Nanda. Published with permis-
sion. Figure is available in color online only.
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sylvian fissure aids in tumor dissection through the arach-
noid planes over the distal ICA and the proximal anterior 
cerebral artery and middle cerebral artery. The tumor is 
peeled away from the optic apparatus and pituitary stalk. 
Subsequently, the potential tumor-invaded spaces includ-
ing the opticocarotid triangle and oculomotor carotid tri-
angles are debulked, if required.

Extradural unroofing of the optic canal and removal of 

the anterior clinoid process improves the exposure of the 
clinoidal triangle of the CS. It is indicated for maximal re-
section of sphenocavernous and anterior clinoidal menin-
giomas that invade the CS and have anterior extension into 
the orbit or other MF foramina (Fig. 2 upper). An extra-
dural approach that involves separating the subfrontal and 
subtemporal dura from the orbital roof and sphenoid wing, 
respectively, and exposing the anterior clinoid process, op-
tic canal, superior orbital fissure, foramen rotundum, and 
foramen ovale is mainly indicated in lesions involving the 
optic canal or the MF foramina (Figs. 1 and 2 upper). In 
cases where the tumor is extending into the infratemporal 
fossa, respective foramina through which tumor is invad-
ing the skull base are drilled and unroofed to reach the 
infratemporal extension. The middle meningeal artery is 
identified at the foramen spinosum and coagulated to en-
hance the exposure (Fig. 3). The dura propria of the an-
teromedial temporal lobe is then elevated from the lateral 
wall of the CS and the latter is then mobilized in a fashion 
similar to that described elsewhere.1,5,9,16,18,46

The spheno-CSM tend to have a dissection plane in 
proximity to the lateral wall, thereby allowing a safe dis-
section of the tumor from the neural structures.1,8 The 
dura over the lateral wall of the CS is generally incised 
at the point of maximal bulge or followed in the direc-
tion of tumor growth. Otherwise, Parkinson’s triangle is 
entered and extradural tumor debulking of the lateral wall 
is performed, including the anteromedial and anterolateral 
middle fossa triangles. If the tumor is invading Meckel’s 
cave, the dura over the trigeminal ganglion is incised and 
the tumor is followed posteriorly and resected. Adequate 
tumor removal results in identification of Dorello’s canal. 
CN VI is identified, decompressed, and exposed through 

Fig. 2. upper: The CS (pentagon) is shown with respect to CNs, CS 
triangles, and bony anatomy with respect to a tumor occupying the 
parasellar compartment and its surrounding space. CS triangles are 
labeled as 1) clinoidal (anterior clinoid process has been drilled); 2) ocu-
lomotor (medial or Hakuba’s triangle); 3) supratrochlear (paramedian); 4) 
Parkinson’s (infratrochlear) triangle; 5) anteromedial (Mullan’s) triangle; 
6) anterolateral; 7) posterolateral (Glasscock’s) triangle; and 8) postero-
medial (Kawase’s) triangle. The inferolateral triangle containing the dural 
opening into Meckel’s cave and the inferomedial triangle containing the 
cranial dural opening into Dorello’s canal are not labeled in this figure. 
Dotted lines in the MF floor represent superior orbital fissure anteri-
orly, foramen rotundum between triangles 5 and 6, and foramen ovale 
between triangles 6 and 7.  lower: An inset shows the nerve hook 
retracting the V1 branch of the trigeminal nerve for exposure of the sixth 
CN. This is important especially when the patient with CS tumor has a 
sixth CN palsy. Sixth CN decompression using this maneuver may lead 
to better CN recovery. Copyright Anil Nanda. Published with permission. 
Figure is available in color online only.

Fig. 3. The blood supply from the cavernous ICA, which may be en-
countered during tumor resection, is highlighted. The artery of the infe-
rior CS usually branches off into the recurrent meningeal artery, artery 
of foramen rotundum, and accessory meningeal artery, exiting through 
the foramen ovale. These often supply the tumor capsule and are impor-
tant tumor feeders that may have to be devascularized during skull base 
exposure. Another branch of the cavernous ICA shown is the meningo-
hypophyseal trunk dividing into further branches. Copyright Anil Nanda. 
Published with permission. Figure is available in color online only.
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Parkinson’s triangle (Fig. 2 lower). Tumor decompression 
at the site of Dorello’s canal and/or through the infratroch-
lear triangle may facilitate improvement of associated CN 
VI palsy, if present (see Illustrative Case). Dissection of 
the tumor from the CNs is based on the ability to define 
an anatomical plane between them. Thick fibrous tumors, 
or calcified components within the CS that are adhered to 
CNs, are frequently left alone.

Petroclival meningiomas invading the CS were man-
aged using different approaches. The MF, transzygomatic, 
and combined supra- and infratentorial transpetrosal ap-
proach provided optimal preclival decompression in our 
experience. Pregasserian combined with retrogasserian 
dissection, followed by maximal decompression of the 
CNs from the brainstem to their course through the lat-
eral wall of the CS, resulted in partial restoration of CN 
function for the majority of patients. Residual tumor in the 
posterior fossa may be subsequently removed through a 
retrosigmoid approach in a different setting.

Figures 1–5 elucidate, in a building block–like fashion, 
the complex relationship of the CS and its contents with 
the tumors occupying the parasellar compartment and sur-
rounding areas.

outcome variables and statistical methods
1. Neurological deficits. The status of pre- and post-

operative CND was assessed at the initial encounter and 
last follow-up available, respectively (Table 7). Non-CND 
complications were also noted. The association between 
the extent of resection and recovery of CNDs was ana-
lyzed using the Pearson chi-square test.

2. Extent of resection. We examined the association be-
tween the extent of resection and Sekhar’s classification 
using Fisher’s exact test. The association between the ex-

tent of resection and tumor control was analyzed using the 
Pearson chi-square test.

3. Clinical outcome. The Karnofsky Performance Scale 
(KPS) was used to assess the clinical outcome in our pa-
tients. KPS scores were noted both preoperatively and at 
the last clinical follow-up. For purposes of our analysis, we 
defined good recovery as a similar or better KPS score at 
last follow-up compared with the preoperative KPS score. 
Patients who died of unrelated causes were excluded from 
the analysis (n = 3). The association of clinical outcomes 
with various pre- and postoperative variables was exam-
ined using the Pearson chi-square test or Fisher’s exact test 
(Fisher’s exact test was used if the number of samples in 
1 of the 2 × 2 tables was < 5) and Cox regression analysis.

4. Tumor control. We defined recurrence as worsening 
of existing symptoms or development of new symptoms 
correlating with radiological tumor growth. Any asymp-
tomatic tumor growth was considered as a tumor progres-
sion. The patients were divided into 2 treatment subgroups, 
including 1) only microsurgery and 2) microsurgery plus 
adjuvant SRS to surgical residual. Cases where SRS was 
administered for tumor progression (n = 2) were not in-
cluded in the analysis of recurrence. Complete resection 
was defined as ≥ Grade IIIA according to the modified 
Kobayashi tumor removal grading scale.1,30

All statistical analysis was done using SPSS software, 
version 20 (IBM).

results
clinical Features
Cranial Nerve Dysfunction

Preoperative CND was noted in 64.6% of patients. CN 
II dysfunction (43% of patients) was most common, fol-
lowed by CN III (24.6%), CN V (12.3%), CN VI (10.7%), 
and CN IV (7.7%). The status of CND at the last follow-
up was assessed by using medical chart reviews and was 

Fig. 4. The major venous spaces of CS that one has to be mindful of 
because sinus bleeding is commonly encountered during CS exploration 
are shown. 1) Superior group; 2) inferior group; 3) lateral group; and 4) 
posterior group. Copyright Anil Nanda. Published with permission. Figure 
is available in color online only.

Fig. 5. The complex CS and its associated contents in relationship 
to the tumor occupying the parasellar compartment and surrounding 
spaces are shown. Copyright Anil Nanda. Published with permission. 
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based on the documented ophthalmological and neurolog-
ical exams. CN functions were grouped into 4 categories: 
a) worse, b) no improvement, c) partial improvement, and 
d) complete recovery. A complete description of the recov-
ery status of CND at the last follow-up is given in Table 
7. Among the CNs coursing in the MF, CN V showed 
the most improvement on long-term follow-up (100% of 
CNDs harboring CN V deficits showed recovery [50% 
complete, 50% partial]). CN VI showed the highest inci-
dence of complete recovery (71.5%). Of patients with CN 
II dysfunction, 54% experienced recovery, either partial 
(43%) or complete (11%). Only 25% of patients with CN IV 
deficits experienced complete recovery. Overall, complete 
functional recovery of the CNs was found in 17 of the 73 
(23.2%) total postoperative CN deficits.

Other Clinical Features
The most common presenting symptom in our patient 

population was headache (69.2%), typically located in the 
frontotemporal region. Patients occasionally presented 
with a history of migraine headaches that increased in in-
tensity and frequency. Retro-orbital pressure, CN deficits, 
vision changes, seizures, nausea, and vomiting were fre-
quent associated symptoms. Exophthalmos was noted in 
4.6% of patients. Preoperative hemiparesis was evident in 
5 cases.

resectability
The extent of resection was defined by the modified Ko-

bayashi tumor removal grading system10 based on postop-
erative imaging done within a month of the surgery (Table 
5). Complete removal of the intradural and/or extradural 
tumor with or without resection or coagulation of its dural 
attachment (Kobayashi Grades I–IIIA) was achieved in 
41.5% of cases (Figs. 6 and 7). Intentional subtotal resec-
tion to preserve neurovascular structures with complete re-
moval of the dural attachment was performed in 21.5% of 
cases (Fig. 8). Partial removal of the tumor, leaving ≤ 10% 

in volume, was achieved in 6.2% of cases (Fig. 9), and > 
10% of tumor was left behind in 30.8% of cases.

Based on Sekhar’s classification, we assessed if the 
degree of ICA encasement (defined by ≥ Sekhar Grade 
III) influenced resectability. Complete microscopic re-
section was defined by Kobayashi Grades I–IIIA.1,30 For 
lesions with partial ICA encasement, complete resection 
was achieved in 12.1% of cases, whereas for lesions with 
no ICA encasement, complete resection was achieved in 
71.8% (p < 0.0001, Fisher’s exact test). The relationship 
between the modified Kobayashi tumor removal grades 
and the spatial anatomical location of the tumor (Sekhar’s 
classification) is given in Table 8. Resectability based on 
the apparent origin of the tumor is shown in Table 9. Ag-

table 7. breakdown of cNd status at last follow-up*

Parameter
No. of Patients (%)

CN II CN III CN IV  CN V CN VI CN VII Other  Proptosis

Preop CND, long-term follow-up  28 16 5 8 7 4 5 3
Recovery status
  Worse 3 (11) 0 0 0 0 0 0 0
  No improvement 10 (35) 3 (19) 2 (40) 0 2 (28.5) 1 (25) 2 (40) 1 (33)
  Partial improvement 12 (43) 9 (56) 2 (40) 4 (50) 0 3 (75) 3 (60) 2 (67)
  Complete recovery 3 (11) 4 (25) 1 (20) 4 (50) 5 (71.5) 0 0 0
Total preop CND (43) (24.6) (7.7) (12.3) (10.7) (6) (7.7) (4.6)
New CND occurred postop, long-term follow-up 0 16 6 3 4 2 4
Recovery status
  Worse  0 0 0 0 0 0 0
  No improvement  0 1 (6.25) 2 (33) 0 1 (25) 1 (50) 4 (100)
  Partial improvement  0 5 (31.25) 3 (50) 1 (33) 2 (50) 1 (50) 0
  Complete recovery 0 10 (62.5) 1 (17) 2 (67) 1 (25) 0 0
Total new CNDs  (0) (24.6) (9.2) (4.6) (6) (3) (6)

*  Because 1 patient can have multiple CNDs, the values are not cumulative for the total number of patients in the study.

Fig. 6. Extent of resection is shown in T1-weighted MRI sequences 
obtained with contrast depicting modified Kobayashi Grade II tumor 
removal.
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gressive resection was primarily performed for spheno-
cavernous (67% of which underwent complete resection) 
and tuberculum sellae CSM (83%).

The association between extent of resection and recov-
ery of preoperative CND was explored. Partial CN func-
tion recovery was seen in 53.3% of patients who under-
went complete resection compared with 65.5% of patients 
who did not undergo complete resection (p = 0.4, Pearson 
chi-square test); complete resection did not improve the 
chances of preoperative CND recovery in our study.

clinical outcomes
The patients’ functional outcomes were determined us-

ing the KPS. The mean and median KPS scores at admis-
sion were 80.4 ± 9.5 and 80, respectively (range 50–90), 
whereas the mean and median KPS scores at the last fol-
low-up were 75.5 ± 23.5 and 80, respectively (range 0–90). 
The difference in KPS scores between patients who under-
went surgery alone compared with those who had surgery 
plus adjuvant SRS was not statistically significant. KPS 
scores improved in 13 (20%) patients, remained the same 
in 41 (63%), and worsened in 11 (17%) patients. Five deaths 
were noted in the group of patients who experienced wors-

ening KPS scores, 3 of which were due to unrelated causes. 
Good recovery was defined as having the same or better 
KPS score at the last follow-up compared with the preop-
erative KPS score. Postoperative complications (new CND 
or others) did not influence KPS scores of patients at their 
last follow-up. Good outcomes at the last follow-up were 
similar in the cohort of patients without postoperative com-
plications compared with those with postoperative compli-
cations (86.9% vs 79.8%; p = 0.4). Stable or improved KPS 
scores were noted for patients who underwent surgery with 
adjuvant SRS compared with patients who underwent mi-
crosurgery alone (95.8% vs 74.7%, respectively; p = 0.05). 
However, binomial logistic regression failed to identify sig-
nificant factors predicting good outcome (i.e., the same or 
better KPS score).

deaths
There were no deaths within the first 30 days after sur-

gery. Although in our series 5 deaths were reported at the 
last follow-up, 3 of these were not related to a neurosur-
gical etiology or procedure. One patient had a history of 
multiple intracranial resections for meningiomas at differ-
ent locations. A few years after his surgery for treatment 
of CSM, the patient underwent a surgical intervention for 
a posterior fossa meningioma complicated by hydrocepha-
lus and status epilepticus, which progressed to coma and 
death.

The second death involved a patient who presented 
with a sphenopetroclival meningioma. The patient under-
went a 2-staged surgical procedure, which was followed 
by aggressive recurrence of the tumor (WHO Grade 1–2), 

Fig. 7. Extent of resection is shown in T1-weighted MRI sequences 
obtained with contrast depicting modified Kobayashi Grade IIIA tumor 
removal. The red arrows indicate the residual enhancing dural tail. Fig-
ure is available in color online only.

Fig. 9. Extent of resection is shown in T1-weighted MRI sequences 
obtained with contrast depicting modified Kobayashi Grade IVB tumor 
removal.

Fig. 8. Extent of resection is shown in T1-weighted MRI sequences 
obtained with contrast depicting modified Kobayashi Grade IVA tumor 
removal.

TABLE 8. Relationship between spatial tumor location and extent 
of resection*

Sekhar’s Classification

Modified Kobayashi Tumor Removal Grading 
System

Grades I–IIIA Grades IIIB–V

Grade I 19 3
Grade II 4 6
Grade III 1 16
Grade IV 2 10
Grade V 1 3

*  Values are expressed as the number of patients.
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requiring resection and radiation therapy. Secondary to 
perioperative morbidities, which included hydrocephalus 
requiring ventriculoperitoneal shunt, septicemia, and re-
nal failure, the patient succumbed to the aforementioned 
medical issues.

morbidities
New CNDs

New postoperative CND was assessed at the first clini-
cal follow-up after the surgery. Postoperative CND was 
noted in 35 (54%) patients, among whom CN III deficit 
(24.6%) was the most common (Table 7). At the last fol-
low-up (mean 60.8 months, range 3–199 months), com-
plete recovery was seen in 62.5% of patients. Two patients 
developed transient deterioration in their vision secondary 
to manipulation of CN II, which recovered completely 
at their first clinical follow-up. Permanent worsening of 
an existing right homonymous hemianopia was seen in 1 
patient. Two patients developed postoperative swallowing 
dysfunction.

Factors Affecting Development of New CNDs
We first assessed the existence of any preoperative fac-

tors associated with a higher incidence of CNDs. Sekhar’s 
classification grade was noted among the patients with and 
without new CNDs. ICA encasement by the tumor showed 
no significant correlation with development of new CNDs. 
Furthermore, no significant correlation was noted between 
the incidence of new CNDs among patients in the group that 
had complete resection compared with those with modified 
Kobayashi tumor removal Grades IVA, IVB, and V.

A comparison was made of the CND recovery status 
among the patients with CNDs prior to surgery and in 
those who developed CNDs after the surgery was done. 
Complete or partial recovery of CNs in patients with 
CNDs identified postoperatively compared with those 
with CNDs preoperatively was higher, although not sig-
nificantly (74.2% vs 64.6%; p = 0.2).

Other Morbidities
One patient developed postoperative hemiparesis, 

which was probably due to vascular insult. Of the 5 pa-
tients with hemiparesis preoperatively, 1 had complete re-
covery, 1 had partial recovery, and 3 had no improvement. 

A CSF leak developed in 3 patients, and 1 of the patients 
developed a pseudomeningocele. Postoperative meningi-
tis and superficial wound infection were noted in 2 cases 
each. Seven patients developed hydrocephalus, and a ven-
triculoperitoneal shunt was required for 6 patients. Tran-
sient endocrine dysfunction was seen in 2 cases postop-
eratively. One patient was diagnosed with abnormal EEG 
activity, suggestive of seizures. Postoperative drug-related 
fever and deep vein thrombosis leading to pulmonary em-
bolism were seen in 1 (1.5%) patient each.

tumor control and recurrence
The mean follow-up time in our patients was 60.8 

months (range 3–199 months). To analyze tumor recur-
rence, we divided patients into 2 groups: 1) microsurgery 
(n = 41), and 2) microsurgery plus adjuvant SRS (n = 24). 
Eleven (26.8%) recurrences were recorded in the micro-
surgery group, whereas 1 (4.1%) recurrence was noted in 
the group that received postoperative SRS. The mean time 
to recurrence was 53 months. Kaplan-Meier analysis was 
used to determine progression-free survival (Fig. 10) and 
to calculate the hazard function (Fig. 11). Tumor recur-
rence was significantly lower in the cohort of patients to 
whom adjuvant SRS was administered (p = 0.009).

Patients exhibiting tumor recurrence were managed 
as follows. Four were treated by radiosurgery alone, ra-
diotherapy (RT) was administered in 2 cases, 4 patients 
underwent repeat resection, and 2 underwent resection fol-
lowed by adjuvant radiosurgery (Fig. 12). Meanwhile, 2 pa-
tients showed asymptomatic tumor progression, for which 
adjuvant SRS was administered; the 2 patients were stable 
at their last follow-up visits (36 months and 27 months af-
ter SRS, respectively) and were managed conservatively.

Multivariable Cox regression analysis was used to test 
the association between the use of adjuvant SRS and re-
currence rate. Adjuvant SRS was significantly associated 
with improved tumor control after adjusting for patient 

table 9. relationship between apparent origin of tumor and 
extent of resection

Origin

No. of Patients
Grades I–IIIA 
Resection

Grades IIIB–V 
Resection

Primary CS 1 10
Sphenoid wing CS 18 9
Sphenopetrosal CS 1 2
Sphenoclinoidal CS 0 2
Sphenopetroclival CS 0 6
Tuberculum sellae CS 5 1
Clinoidal 1 0
Petroclival 1 8

Fig. 10. A Kaplan-Meier survival function graph showing recurrences 
between the 2 cohorts. Patients managed by microsurgery alone are 
shown by the blue line. Patients managed by safe maximal microsurgery 
followed by adjuvant SRS for the surgical residual are shown by the 
green line. Note: The censored image is generated by the software to 
represent the drop in the number of subjects before the last follow-up. In 
the ideal statistical world, the vertical bars should be none to minimum. 
Figure is available in color online only.
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age, existence of CNDs, secondary cavernous involve-
ment, ICA encasement, extent of resection, and WHO 
grade (p = 0.009; OR 0.036; 95% CI 0.003–0.430) (Table 
10). Analyzing the OR showed that the protective effect of 
surgery plus SRS was 27 times higher than surgery alone.

illustrative case showing a delayed 
recurrence

A 62-year-old woman presented with recurrent CSM in 
December 2010. She complained of left-sided numbness 
and tingling sensation of the face and tongue, which was 
accompanied by episodes of sharp pain. These symptoms 
had gradually worsened over the prior year, starting in 
2009. In 1995 the patient underwent surgery for a giant 
(7-cm) MF WHO Grade I meningioma, and gross-total 
resection was achieved (Fig. 13). In 2000, she underwent 
Gamma Knife radiosurgery for a small recurrent mass 
near the foramen ovale (Fig. 14). Subsequently she had ra-
diological follow-up annually and underwent resection in 
2011 for a recurrent mass (Fig. 15) (123 months after her 
last SRS), presenting with CN VI palsy and invasion of 
the CS extending into the infratemporal fossa through the 
foramen ovale. Postoperatively, the patient showed a near-
complete recovery of her CN VI palsy.

The literature was reviewed to identify similar cases 
with delayed recurrence and to estimate the incidence and 
the time patterns of recurrence of CSM after radiosurgery, 
thereby elucidating the importance of long-term follow-up 
(Table 11).1,6,9,10,21,30,32,41

discussion
The last 2 decades have again seen a significant para-

digm shift in the management of meningiomas involving 

the CS, with convincing tumor control achieved by SRS 
(Table 1). Recent microsurgical series on CSM advocate 
safe maximal decompression followed by adjuvant SRS as 
opposed to complete resection goals, such as those pub-
lished in the late 20th century.1,5,25,27,31,41 Notably, the mean 
recurrence rate in the primary SRS group was 7.5%, ver-
sus 15.6% in the surgery with or without SRS/RT (Tables 1 
and 2). Although this may be a significant difference, there 
are variables (especially the mean size of the tumor among 
the different groups) which may have contributed. Fur-
thermore, recent surgical series, where adjuvant SRS/RT 
is part of the treatment strategy, have demonstrated that 
recurrence rates are comparable to those of SRS series.

Fig. 11. A Kaplan-Meier hazard function graph showing the hazard 
of recurrence at long-term follow-up between the 2 cohorts. Patients 
managed by microsurgery alone are shown by the blue line. Patients 
managed by safe maximal microsurgery followed by adjuvant SRS for 
the surgical residual are shown by the green line. The hazard of recur-
rence was decreased by a factor of 27 in patients who received adjuvant 
Gamma Knife for microsurgical residual. Figure is available in color 
online only.

Fig. 12. Pre- and postoperative imaging (a and b) of a meningioma 
based in the CS and petroclival region. The red arrow points toward a 
small tumor residual postresection. A recurrent mass lesion that was 
treated by Gamma Knife (c) and subsequently underwent near-com-
plete shrinkage at 96 months follow-up (d) is shown. Figure is available 
in color online only.

table 10. multivariate logistic regression analysis model to 
determine the independent factors predicting tumor recurrence

Covariates p Value OR

95% CI

Lower Upper

Age <65 yrs 0.508 0.562 0.003 0.430
Preop CND 0.968 374,281.347  0.000 3.636
Secondary origin CS 0.216 0.306 0.047 1.994
ICA encasement 0.386 0.463 0.081 2.647
Complete resection 0.093 0.225 0.039 1.283
WHO grade 0.099 0.224 0.038 1.328
Surgery + Gamma Knife for 

residual
0.009* 0.036 0.003 0.430

*  p value is significant (< 0.05).
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resectability of meningiomas involving the cs
Various factors highlighted in the literature have been 

shown to influence the resectability of CSM. Five of these 
factors are as follows.

1) The extent of ICA involvement and encasement by 
the meningioma reflected by Hirsch grading, modified 
Hirsch grading, and Sekhar’s classification.1,22,23,30,32,39,41 
Tumors invading the walls of intracavernous ICA have 
frequently limited the potential for gross-total resection. 
In our experience, any degree of ICA encasement signifi-
cantly influenced a tumor’s resectability.

2) Meningiomas invading the CS often lose the natural 
arachnoid and medial intradural plane of dissection.

3) Tumor consistency plays an important role when dis-
secting the tumor from the neurovascular structures in the 
parasellar compartment.9 Tumors that have a more fibrotic 
component or exhibit invasive histopathological features 
are difficult to dissect from the CNs and ICA, often neces-
sitating intentional subtotal removal of the tumor to allow 
for maximal functional preservation of the CNs.38

4) Reoperations for treatment of CSM following previ-
ous resection or SRS may account for difficulty in resection 
due to loss of anatomical planes30 or a possible change in 
tumor consistency following SRS. However, prior reports 
noted no statistically significant relationship between prior 
surgery or prior RT.9 In our experience, 6 patients under-
went repeat surgery for treatment of CSM following recur-
rence. For 4 (67%) of these patients, ≤ Grade IVA resection 

was achieved, whereas complete microscopic removal was 
achieved in only 2 (33%) of these patients.

5) The degree of extracavernous extension involving 
the orbital apex, superior orbital fissure, and petroclival 
dura limits complete resectability.

Based on our series, the “stopping rule” and extent of 
resection for CSM rely on the notion of safe maximal re-
section. The latter is mainly dictated by the consistency 
of the tumor invading the CS. In cases where the tumor 
was soft and easily debulked using microdissection and 
suction, there was a higher likelihood for a complete or 
near-complete resection. Because we found that the CN 
recovery rates and final clinical outcome were not depen-
dent on the extent of resection, our practices for pursuit of 
complete resection have significantly decreased to include 
only tumors of softer consistency, which can be removed 
with minimal manipulation of the parasellar structures. In 
cases of young patients with minimal comorbidities who 
have higher-grade meningiomas, we consider more ag-
gressive resection followed by SRS early in the postopera-
tive period (i.e., within 3–6 months of surgery).

clinical outcomes at long-term Follow-up
A review of the English-language literature was con-

ducted for articles on patients with CSM who underwent 
microsurgery with or without SRS/RT from 1990 onward 
(Table 11).

The articles reporting at least 24 months of follow-up 
were included. The frequency of preoperative CNDs was 
examined, and it was found that CN II and CN III were 
most frequently involved. Partial recovery was noted in 
14%–67% of the CNs involved. CNs most amenable to re-

Fig. 15. a and b: A preoperative T1-weighted MR image from 2011 
shows involvement of the CS and breach of the MF floor with infratem-
poral extension of the recurrent tumor.  c and d: A postoperative MR 
image from 2011 confirms Grade IVA resection of the recurrent menin-
gioma.

Fig. 14. A pre–Gamma Knife T1-weighted MR image from 2000 shows 
a recurrent tumor after macroscopic gross-total resection.  left and 
right panels represent the postframe/pretreatment Gamma Knife axial 
view of the CSM. Figure is available in color online only.

Fig. 13. A preoperative T1-weighted MR image from 1995 shows a giant 
MF meningioma depicted in a coronal view (left) and axial view (right).
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covery were CN V and CN III, whereas CN IV showed 
the least degree of recovery (Table 11). In our study, par-
tial recovery was noted in 61.3% of patients; however, only 
23% achieved complete recovery. There was no significant 
positive correlation between the extent of tumor removal 
and improvement in CN function. In consideration of the 
above findings, we do not advocate for aggressive resec-
tion.

Our study did not find any independent factor predictive 
of good functional recovery (i.e., improved KPS score) in 
our patients. However, improvement in preoperative CND 
represented a trend in predicting good clinical outcomes 
(i.e., the same or better KPS score).

tumor control and temporal patterns of recurrence 
among patients with csm

The tumor control for the major CSM series, in which 
patients were treated with surgery with or without SRS/RT 
(as reported by Sindou et al.), ranged from 81% to 94.1% 
over a period of 2–8.3 years.41 Since then, only 1 microsur-
gical CSM series has been published, with a tumor control 
rate of 75.5% and the longest mean follow-up (9.7 years).32 
For tumors located primarily in the CS with no MF or pos-
terior extension, tumor control is significantly better with 
SRS alone compared with patients treated by complete or 
subtotal resection alone.44 However, for meningiomas in-
volving the CS that have a significant extracavernous com-
ponent with mass effect, resection with or without SRS/
RT is necessary.1,5,6,21,27,30,41 Currently there are no random-
ized controlled trials or even a nonrandomized prospective 
controlled study published that compare the 2 treatment 
modalities as the primary treatment. Maruyama et al.27 
published a prospective noncontrolled study where tumors 
located in the CS and away from the optic apparatus were 
treated with radiosurgery alone; whereas tumors that were 
> 3 cm in diameter, or that compressed the optic apparatus 
or brainstem or extended into multiple cranial fossae, were 
treated with nonradical resection followed by adjuvant 
SRS. With such appropriate patient selection, they were 
able to achieve an actuarial tumor control rate of 94% at 
5 years.

Various factors have been noted to influence recurrence 
and progression. Over the last 3 decades, as data have ac-
cumulated for long-term follow-up of patients treated with 
conservative approaches with or without adjuvant SRS, the 
paradigm of the extent of resection needed to achieve op-
timal tumor control has shifted from aggressive maximal 
resection to safe maximal resection.1,6,9,11,27,31,32,37,41,48 Re-
cent studies with long-term follow-up suggest no definite 
correlation of aggressive resection with better long-term 
tumor control.1,32,41 We did not find any correlation of com-
plete resection with better long-term tumor control in our 
cohort. Moreover, in our study, we found that safe maxi-
mal resection followed by adjuvant SRS can independently 
decrease the odds of recurrence and achieve excellent tu-
mor control. The recurrence rate in our study was 18.4%, 
whereas the range in the literature varies from 8.7% to 
24.5% (Table 2). After changing our strategy to provide 
adjuvant SRS after conservative decompression, we had 
only 1 recurrence (4%). Our results, in conjunction with 
the previous studies, strongly endorse a conservative ap-
proach in tumors occupying the parasellar compartment. 
After appropriate patient selection, adjuvant SRS/RT is 
often necessary, which seems to provide higher tumor 
control rates.

The histological behavior of the tumor has also been 
suggested to influence its growth.1,2,29,38 Anaplastic tumors 
have higher recurrence rates;1,30,32 therefore, we elect to ad-
minister SRS/RT as an adjuvant after surgery in such cas-
es. Some studies have suggested that a high proliferative 
index among CSM increases the chances of recurrence or 
progression, although no statistical association has been 
made yet.1 At our center, the documentation of Ki 67 start-
ed toward the latter half of our study time frame; there was 
not enough data available to report in the present study. 
However, future studies are planned that will incorporate 
not only proliferative index, but also other histopathologi-
cal features including mitotic figures, nuclear polymor-
phism, and so on.

Last, it has also been suggested that anatomical patterns 
of invasion have an influence on recurrence. The exten-
sion of tumor into the orbit or superior orbital fissure has 

table 11. clinical outcomes of preoperative cNd at last follow-up among contemporary microsurgical series

Authors & Year Mean Follow-Up
Most Commonly 
Involved CN

% of CNs Showing 
Partial or Complete 

Recovery

CNs Showing 
Maximum Recovery 
(complete or partial)

CNs Showing 
Worst Recovery

% of Patients 
Undergoing Complete 
Microscopic Resection

Present study 60.8 mos II 53.5 V II, III, IV 41.5
Pichierri et al., 2009 9.7 yrs III NA V III, IV 15
Sindou et al., 2007* 8.3 yrs II, III 41 II VI 12
Abdel-Aziz et al., 2004 96 mos III 67 III IV 63
O’Sullivan et al., 1997† 24 mos II 18 VI IV, V, VII, VIII 20
De Jesús et al., 1996 33.8 mos NA NA NA NA 61
Knosp et al., 1996 3–84 mos III 33 III IV 17
Cusimano et al., 1995 29 mos NA NA NA NA 80
De Monte et al., 1994 45 mos II 14 VI IV, V, VII, VIII 76

*  No clear segregation of preoperative and new CND.
†  These investigators calculated new deficits by considering the denominator as total number of CNs at risk (e.g., 17 optic nerves, 78 extraocular nerves, and 97 
trigeminal nerves).
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been associated with increased recurrence in some stud-
ies.4,24,32,38 In our series, 7 CSMs had superior orbital fis-
sure extension, of which 3 (43%) recurred.

Because one of our patients had a recurrence after 123 
months of SRS (used to treat recurrence after microsur-
gery), we assessed temporal patterns of recurrence in CSM 
managed surgically. The literature from January 1990 to 
May 2011 was reviewed for studies involving CSM treat-
ed with microsurgery with or without SRS/RT (Table 2). 
Studies with < 24 months of follow-up and/or lesions < 
20 mm3 were excluded. Similarly, the literature was also 
reviewed for studies involving CSM treated by SRS pri-
marily or for microsurgical recurrence (Table 1). The ma-
jority of tumors recurred within the first 5 years. Previous 
studies showed that the chances of recurrence are high-
est within 60 months of microsurgery or SRS (Table 2). 
Sindou et al. concluded that time to the tumor recurrence 
in their series ranged from 2 to 9 years, after which time 
the tumor showed no tendency to recur.41 Given that recur-
rence can occur even after 10 years, long-term follow-up 
beyond 10 years should be considered.

is an algorithm for treatment of csm possible?
In our view, CSMs are heterogeneous skull base lesions 

for which a rigid treatment algorithm may not be possible. 
We have summarized the treatment strategies for menin-
giomas invading the parasellar compartment in Table 6. 
Among benign CSMs, aggressive resection (Grades I–
IIIB) may be reserved for sphenocavernous lesions not 
encasing the intracavernous ICA, petrosal-cavernous or 
petroclival-cavernous lesions with a posterior CS tumor 
component, and tuberculum sellae CSM not encasing the 
intracavernous ICA (Tables 6 and 9).

It is noteworthy that, in our study, the extent of resection 
did not statistically improve the likelihood of complete 
recovery of CN function. Previous studies suggest that 
aggressive resection is helpful in patients with complete 
ophthalmoplegia; however, no statistical correlation has 
been made.32 There may be a few cases in which complete 
recovery may be possible; however, the patient should be 
well informed about the chances of CN recovery after the 
surgical removal. A reasonable question to consider is how 
useful the incomplete recovery of CNs II, III, IV, and VI is 
for the patient’s quality of life. Limitations in our study de-
sign did not allow us to objectively measure this; however, 
this may certainly be a crucial primary end point for fu-
ture prospective studies. Although the extent of resection 
did not improve rates of positive CN outcomes, we believe 
that relieving the mass effect of the tumors added a defi-
nite advantage in improving CN outcomes. Whether out-
comes were significantly different than if SRS had been 
used alone, or if improvement of CN function through sur-
gery confers additional advantages in terms of quality of 
life, needs to be determined.

For treating recurrences, the primary factors that 
should be considered are previous histology reports and 
anatomical location of the tumor. If previous histology 
type included atypical grade or worse, aggressive micro-
surgery is attempted. In cases where the recurrent CSM 
shows “in-site” recurrence, SRS is the preferred modality. 
An exception is when the patient develops severe cranial 

neuropathy. In this case, safe maximal surgical decom-
pression followed by adjuvant SRS for residual tumor is 
desirable. Similarly, if the recurrence extends beyond the 
original tumor site, safe maximal resection followed by 
adjuvant SRS is done at our center.

limitations of the study
Because this is a retrospective study, bias inherent to 

the study design was unavoidable. The mean follow-up of 
patients in our study was 60.8 months; however, even lon-
ger follow-up (a mean > 10 years) would be necessary to 
convincingly report the relative efficacy of tumor control 
among different treatment modalities. Also, our results 
and conclusions are based on a single surgeon’s experience 
with 65 patients and may not be representative of a larger 
patient population. Finally, this study only included CSM 
treated primarily by resection initially and not by SRS/
RT; therefore, comparison of symptomatic CSM treated 
primarily with SRS was beyond the scope of this study.

Objective data from debulking alone may show advan-
tages of reducing the dose administered to patients while 
doing SRS compared with those who primarily underwent 
SRS for a similar-size tumor. This concept was beyond the 
scope of our study. However, it may be an important ques-
tion to ask for addition to the neurosurgical literature.

conclusions
In the management of symptomatic CSM, the challenge 

includes achieving a balance among optimal resection, 
restoration of CN functions, and good quality of life. In 
our study, complete recovery of preoperative CND was 
possible in 23% of patients with CSM after microsurgery. 
However, these rates may be different than the cohort of 
patients treated with radiosurgery alone, and these com-
parison rates are not addressed in our study.28,43 Modified 
Kobayashi Grades I–IIIB were achieved in 41.5% of cases. 
Aggressive resection neither improved tumor control nor 
did it increase the likelihood of improving preoperative 
CND. Maximal intracavernous decompression followed 
by adjuvant SRS shortly after surgery can significantly de-
crease the recurrence rate in patients with CSM, to as low 
as 4.1% compared with maximal intracavernous resection 
alone. The efficacy of maximal intracavernous resection 
with SRS versus SRS alone is not examined in the present 
study.
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