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001. Minimally Invasive Eyelid Incision Fronto-Orbital
Craniotomy Approach to the Anterior Cranial Fossa:
Lessons to Learn in Fifty-Eight Cases

Khaled Aziz, Alexander Yu (presenter), Erik Happ
(Pittsburgh, USA)

Introduction: The concept of minimally invasive
approaches for anterior crania fossa has been evolving during
the past two decades. Supraorbital frontal mini-craniotomy
with or without including orbital ridge is the common-
ly utilized approach. The eyelid incision fronto-orbital
craniotomy has been recently introduced to neurosurgery
skull base literature.

Material and Methods: We describe our experience
with a transpalpebral “eyelid” incision, which utilizes the
natural upper eyelid crease to obtain access to the anterior
cranial fossa through the subfrontal-supraorbital corridor.
This approach minimizes the cosmetic problems with the
supraciliary or transciliary incisions. The eyelid approach
reduces risk of injury to the frontalis branch of the facial
nerve.

We will review our experience with 58 cases
(40 anterior circulation aneurysms and 18 anterior skull base
tumors). In all patients, eyelid layers incision and closure
were performed by an oculoplastic neuro-ophthalmologist.

Results: Extracranial drilling of the greater sphenoid
wing exposes the frontal dura, temporal dura, and peri-
orbital “spheno-orbital keyhole,” which is the starting point
for the one-piece eyelid fronto-orbital craniotomy. The bone
flap performed in all cases was about 2.5 cm high. Anterior
clinoidectomy and optic foraminotomy were performed, when
indicated, without any difficulty or side effects. After the dura
is opened, a panoramic view of the anterior cranial fossa floor
is achieved, extending from the contralateral to the ipsilateral
oculomotor nerve. Lumbar draining was encountered in
all the 58 patients at the beginning of the procedure and
was usually removed on postoperative day three. We will
describe the approach and technique in step-by-step fashion,
discussing the clinical and cosmetic results of our 58 cases, as
well as the advantages of the transpalpebral approach. This
is the largest series to be published in the literature utilizing
the unique eyelid approach with excellent cosmetic outcome
(no noticeable eyelid asymmetry with excellent healing
and barely visible lateral edge of the incision, which gradu-
ally starts to fade after 3 months) in 56/58 patients. Seven
complications were: one radiological stroke without deficit,
one eyelid hematoma that required surgical evacuation, one
superficial infection treated with systemic antibiotics, one
deep infection that required surgical drainage, and three CSF
leaks (two resolved with keeping the lumbar drain for total of
7 days postoperatively, and one required re-operation).

Conclusion: The transpalpebral “Eyelid” approach is
an excellent option to approach lesions of the anterior skull
base. The minimally invasive access through an eyelid incision
involves dissection in normal tissue planes, preserves frontalis
muscle fibers, avoids injury to the fronto-temporal facial nerve
branches, and heals with excellent cosmetic results.

002. Surgery versus Watchful Waiting in Patients with
Craniofacial Fibrous Dysplasia: A Meta-Analysis

Moran Amit (presenter), Michael T. Collins, Edmond ].
FitzGibbon, John A. Butman, Dan M. Fliss, Ziv Gil (Tel
Aviv, Israel)

Background: Fibrous dysplasia (FD) is a benign
bone tumor that most commonly involves the craniofacial
skeleton. The most devastating consequence of craniofacial
FD (CFD) is loss of vision due to optic nerve compression
(ONC). Radiological evidence of ONC is common; however,
the management of this condition is not well established.
Our objective was to compare the long-term outcome of
patients with optic nerve compression (ONC) due to CFD who
either underwent surgery or were managed expectantly.

Methodology/Principal Findings: We performed a me-
ta-analysis of 27 studies, along with analysis of the records of
a cohort of patients enrolled in National Institutes of Health
(NIH) protocol 98-D-0145, entitled Screening and Natural His-
tory of Fibrous Dysplasia, with a diagnosis of CFD. The study
group consisted of 241 patients; 122 were enrolled in the NIH
study and 119 were extracted from cases published in the lit-
erature. The median follow-up period was 54 months (range,
6-228 months). A total of 368 optic nerves were investigated.
All clinically impaired optic nerves (n = 86, 23.3%) under-
went therapeutic decompression. Of the 282 clinically intact
nerves, 41 (15%) were surgically decompressed and 241 (85%)
were followed expectantly. Improvement in visual function
was reported in 58 (67.4%) of the clinically impaired nerves
after surgery. In the intact nerves group, long-term stable
vision was achieved in 31/45 (75.6%) of the operated nerves,
compared with 229/241 (95.1%) of the non-operated ones
(P = 0.0003). Surgery in asymptomatic patients was associ-
ated with visual deterioration (RR 4.89; 95% CI 2.26-10.59).

Conclusions: Most patients with CFD will remain
asymptomatic during long-term follow-up. Expectant man-
agement is recommended in asymptomatic patients even in
the presence of radiological evidence of ONC.

003. The Midline Biorbitofrontal Craniotomy Approach to
Meningiomas of the Olfactory Groove and Planum Sphe-
noidale

William R. Miele (presenter), Carl B. Heilman (Boston, USA)

Objective: The evolution of endoscopic endonasal
approaches to sellar, suprasellar, and clival lesions has
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permanently changed management of these Ilesions.
However, the role of the endoscopic endonasal approach to
anterior skull base meningiomas remains controversial. We
reviewed our operative management of meningiomas of the
olfactory groove and planum sphenoidale. Attention was
paid to rate of CSF leak, use of post-operative lumbar drains,
and need for reoperation. Our approach to anterior skull base
meningiomas was the midline biorbitofrontal craniotomy.

Methods: We reviewed our experience treating
olfactory groove and planum sphenoidale meningiomas. Men-
ingiomas of the tuberculum sella, clinoid, and orbital roof were
excluded. All cases were attended by a neurosurgeon (CBH)
alone or with a second neurosurgeon or otolaryngologist.
Technical aspects of the approach, microsurgical technique,
radiographic and clinical perioperative, and follow-up data
were reviewed.

Results: From 1994-2011, 27 patients were
identified, 5 with planum sphenoidale and 22 with olfactory
groove meningiomas. All patients underwent two-piece
bifrontal craniotomy with biorbital-bar osteotomy (23/27)
or one-piece biorbitofrontal craniotomy (4/27) with cra-
nialization of the frontal sinus, and anterior fossa floor
reconstruction where necessary. Complete resection was
performed on 25/27 patients. Residual tumor was left in
two cases where tumor encased the callosomarginal arter-
ies. Excellent end cosmetic results were achieved in all cases.
There were no new permanent neurologic deficits except
for anosmia in some patients with functional smell preop-
eratively. CSF rhinorrhea was seen in 2/27 patients (7.4%);
one was managed with a lumbar drain, and the second re-
quired endoscopic endonasal repair after failure of a lumbar
drain. Two patients had lumbar drains placed for subgaleal
effusions without CSF leak. There was one instance of men-
ingitis (3.7%), no surgical site infections, no need for nasal
irrigation, no need for repeated follow-up with the otolaryn-
gologist, and no nasa complaints. There were no delayed CSF
leaks. In 103 patient-years follow-up, one patient had tumor
recurrence (3.7%), requiring reoperation on two occasions.

Conclusions: The midline biorbitofrontal craniotomy
allows low rates of CSF leak, infection, and neurologic defi-
cit. This approach affords excellent cosmetic outcomes when
used to approach meningiomas of the olfactory groove and
planum sphenoidale. Superior degrees of tumor resection
and low recurrence rates are attainable.

004. Quality-of-Life Improvements after Endoscopic
Skull Base Surgery for Nonpituitary Tumors

Edward D. McCoul (presenter), Vijay K. Anand, Jeffrey C.
Bedrosian, Theodore H. Schwartz (New York, USA)

Objective: Endoscopic skull base surgery (ESBS) is
a minimal-access technique that provides an alternative
to traditional approaches. Patient-reported outcomes are
becoming increasingly important in measuring the success
of surgical intervention. ESBS may lead to improvements
in quality-of-life (QOL) because natural orifices are used to
reach the pathology. The purpose of this study was to assess
the impact of ESBS on site-specific and sinonasal-related
QOL using two validated instruments, the Anterior Skull
Base Questionnaire (ASBQ) and the Sinonasal Outcome Test
(SNOT-22).

Methods: Consecutive patients undergoing ESBS
for nonpituitary tumors were prospectively enrolled from
a tertiary referral center. All patients completed the ASBQ
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and SNOT-22 preoperatively and postoperatively at regular
intervals. Patients younger than 18 years, those receiving
concurrent craniotomy, and those who did not complete pre-
and postoperative surveys were excluded from study.

Results: Of 223 consecutive patients, 51 met
inclusion criteria for study, with a median follow-up time
of 12 months. This cohort included 10 (19.2%) chordomas,
9 (17.3%) meningiomas, 7 (13.5%) craniopharyngiomas,
6 (11.5%) encephaloceles, 16 (30.8%) other benign tumors,
and 3 (5.8%) malignant tumors. Nasoseptal flap closure was
used in 31 (59.6%) cases, and a gasket-seal closure was used
in 19 (36.5%) cases. Graft harvest from a second surgical field
was performed in 30 (57.7%) patients. There was no decline
in ASBQ score at 3 and 6 weeks postoperatively (P > 0.05),
and significant improvements at 12 weeks (p =0.008) and
6-months (P = 0.04). No significant change in SNOT-22 score
was seen at anytime point up to 6-months postoperatively
(P> 0.05), with significant improvement seen at 1 year post-
operatively (P 5 0.02). The presence of a nasoseptal flap or
a graft donor site did not contribute to decreased QOL on
either scale. Postoperative CSF leaks occurred in 4 (7.7%), of
which 2 (3.8%) required reoperation.

Conclusions: ESBS is associated with improvements
in both sinonasal and site-specific QOL when assessed pre-
and postoperatively with validated instruments. ESBS is a
valuable tool in the surgical management of anterior skull
base pathology with favorable implications for patient
well-being and low morbidity.

005. Comparison of Outcomes for Anterior Communi-
cating Artery Aneurysms Clipped Via a Basal Interhemi-
spheric Approach vs. a Pterional Approach

Ravi H. Gandhi (presenter), Alex Riccio, Constantine E.
Plakas, Junichi Yamamoto, Alan S. Boulos (Albany, USA)

Introduction: Many approaches for clipping anterior
communicating (ACom) artery aneurysms are described
in the literature, but controversy remains over the best
technique. These techniques can be best divided into lateral
(pterional) or interhemispheric. Although the interhemi-
spheric technique has not gained generalized acceptance,
we compare our experience between the basal interhemi-
spheric approach and the pterional approach to clipping
ACom aneurysms.

Methods: Twenty ACom aneurysms clipped from a
basal interhemispheric (BIH) approach are reviewed and
compared with 34 ACom aneurysms contemporaneously
treated via a pterional approach. The operative, periopera-
tive complications and long-term outcomes are evaluated in
a retrospective manner.

Results: Although there was a trend to a younger age
in the BIH group (52 years) compared with the pterional group
(56 years), there were no statistical differences in the demo-
graphics, comorbidities, or aneurysm characteristics. There
was no statistical difference in the grade of patients being
treated in both groups or in the projection of the aneurysms.
Although not statistically significant, patients in the BIH
group did tend to have higher Hunt Hess (1.7 vs. 1.2, P = 0.2)
and higher Fisher (1.7 vs. 1.2, P = 0.4) scores. There was no
statistical difference in the degree of postoperative spasm. In
the pterional group, 18% of patients required postoperative
ventriculoperitoneal shunts vs. 0% in the BIH group. In
the BIH group, there were 2 wound infections, 1 CSF leak,
1 patient with hyposmia, and 1 intraoperative rupture. In the
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pterional group, there was 1 wound infection, no CSF leak, no
hyposmia, and 4 intraoperative ruptures. No patients within
the BIH group have required any further aneurysm treat-
ment, compared with 3 patients within the pterional group
that have required retreatment due to residual aneurysm.

Conclusion: Although there are increased technical
difficulties with the basal interhemispheric approach,
we believe that this approach can be used to treat ACom
aneurysms with good clinical results. The benefits of this
approach include minimal retraction and decreased trauma
to the frontal lobes and improved visualization of essential
anatomical structures. Our results suggest that the BIH is a
safe and feasible option in the treatment of ACom aneurysms
and should be considered for all ACom aneurysms.

006. Accessing the Parapharyngeal Space and Infratem-
poral Fossa Skull Base Using Robotic Surgery: An Ana-
tomic Descriptions and Preliminary Clinical Series

Grace G. Kim (presenter), Adam M. Zanation (Chapel Hill,
USA)

Objectives: The purposes of this study are to describe
the parapharyngeal space and infratemporal fossa anatomy
from a transoral perspective and discuss how robotic surgery
may be applied to resect tumors within the infratemporal
fossa.

Study Design: A retrospective case series at a tertiary
academic center.

Methods: The da Vinci surgical robot (Si) was
applied for off-label use to resect four skull base tumors.
The pathological diagnosis was two pleomorphic adenomas
in the parapharyngeal space—one pleomorphic adenoma in
the infratemporal fossa, and one metastatic papillary thyroid
cancer node in the high retropharyngeal nodal basin. A
transpalatal approach was used to access the infratemporal
fossa and retropharynx. Lateral pharyngotomies were
performed to access the parapharyngeal spaces.

Results: Relevant anatomy related to the transoral
robotic surgery (TORS) approach and dissection along the
carotid into the infratemporal fossa are discussed. Our four
cases are used to illustrate the clinical applicability of this
anatomy and the TORS approach for skull base tumors. All
four patients had complete resection of tumor confirmed
by postoperative imaging. There were no intraoperative
arterial injuries. One patient experienced a transient episode
of 1-mm ptosis that resolved spontaneously. Patients had
normal swallowing function within 5 days following surgery.
There were no recurrences within short follow-up time
(8-14 months).

Conclusions: Knowledge of the parapharyngeal space
and infratemporal fossa anatomy allows for safe resection of
tumors in these spaces using transoral robotic surgery. Fu-
ture advances in technology will allow better access to ad-
ditional portions of the skull base.

007. Long-Term Outcome of Esthesioneuroblastoma:
Hyams Grade Predicts Patient Survival

amie J. Van Gompel (presenter), Caterina Giannini, Kerry
D. Olsen, Eric Moore, Manolo Piccirilli, Robert L. Foote,
Jan C. Buckner, Michael J. Link (Rochester, USA)

Object: Esthesioneuroblastoma (ENB) is a rare
malignant neuroendocrine tumor originating from the

olfactory neuroepithelium in the cribriform plate. Modified
Kadish stage and nodal disease at presentation have proven to
predict outcome; however, controversy still exists regarding
the role of pathologic grading (Hyams) in prognostication. This
study was undertaken to describe our experience with ENB
and assess the role of pathologic grading in patient outcome.

Methods: This was a retrospective single institutional
experience. The study included 109 patients with
pathologically proven ENB treated within our institution from
1960 to 2009. Hyams grade was confirmed on all cases
available (n = 87) by pathology interpretation blinded to
outcomes. Multivariate analysis was performed utilizing Cox
regression analysis models built utilizing age, gender,
modified Kadish stage, and Hyams grade.

Results: Mean age was 49 = 16 (median 50) years at
presentation. Forty-four percent in this series. Mean overall
survival was 7.2 = 0.7 years and median survival was 5.1 years.
Mean progression-free survival was 4.8 + 0.7 years. All causes
of mortality were significantly influenced by Hyams grading
in univariate (P = 0.045) and multivariate (p = 0.019) analy-
sis. This was in addition to proven prognostic factors, Kadish
staging, lymph node metastasis, and age. Median survival was
9.8 years compared with 6.9 years with low versus high Hyams
grade. Median follow-up was 5.1 years.

Conclusion: ENB has a variable outcome that is
primarily prognosticated by the extent of involvement at
presentation (Kadish stage and lymph nodes metastasis).
However, it appears that higher Hyams grade pathology at
diagnosis influences patient survival.

008. Functional Outcomes of Individuals Undergoing
Surgery of the Infratemporal Fossa, a 14-Year Experience
Rohit Garg (presenter), David B. Keschner, Jivianne Lee,
Joseph Brunworth, Eugene Chu, Marc Vanefsky, Kenneth
Krantz, Sooho Choi, Terry Shibuya (Irvine, CA, USA)

Objective: To assess the functional outcomes of in-
dividuals undergoing surgery of the infratemporal fossa for
tumor removal.

Study Design: Case series with chart review.

Setting: Community hospital and tertiary referral
center.

Methods: Fifty-nine individuals were identified as
having undergone infratemporal fossa surgery over the past
14 years. Of these individuals, 45 had clinical data available for
analysis. Patient clinical outcomes were measured assessing
nine areas: (1) mastication, (2) speech, (3) swallowing,
(4) cranial nerve VII function, (5) V2 and V3 sensation,
(6) vision, (7) cosmesis, (8) pain, and (9) pre- and postop-
erative scores. The results of the assessments were: Mastica-
tion graded as normal (1), mildly impaired (2), moderately
impaired (3), severely impaired, and NPO (4). Speech graded
as normal (1), mildly impaired (2), moderately impaired
(3), severely impaired, aphonia (4). Swallowing graded as
normal (1), mildly impaired (2), moderately impaired (3), se-
verely impaired, NPO (4). Cranial nerve VII function graded as
House-Brackmann scale (1-6). V2 and V3 sensation graded
as present (1), impaired (2), absent (3). Vision graded as nor-
mal (1), impaired (2), absent (3). Cosmesis graded as normal
(1), minimal change (2), moderated change (3), severe change
(4). Pain graded as none (1), mild (2), moderate (3), severe
(4). Pre- and postoperative scores were compared using the
Wilcoxon Signed Rank test.
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Results: There were 31 malignancies and 14 benign
tumors studied. There were no significant differences in
pre- and postoperative function with regard to mastication,
speech, swallowing, cosmesis, and V3 function. There was
significant reduction in pain, V2 sensation, and vision post-
operatively. Individuals with malignancies had a significantly
higher incidence of loss of vision and V2 and VII function
due to surgical sacrifice. They also had a significantly higher
reduction in pain.

Conclusion: Functional outcomes of individuals
undergoing surgery of the ITF were not significantly different
with regard to mastication, speech, and swallowing. There
was a significantly higher reduction in pain postoperatively
for all cases. Individuals with malignancy had a higher inci-
dence in loss of vision, V2, and VII function due to surgical
resection.

009. Paranasal Sinus and Skull Base Fibro-Osseous
Lesions: When Is Biopsy Indicated for Diagnosis?

Pete Batra (presenter), Guy Efune, Carlos L. Perez, Liyue
Tong (Dallas, USA)

Introduction: Paranasal sinus fibro-osseous (FO)
lesions represent a heterogeneous group, often sharing
overlapping radiographic and pathologic features pos-
ing a dilemma in accurate diagnosis. The objective of this
study was to correlate preoperative radiologic and post-
operative histologic diagnosis to help guide a diagnostic
algorithm.

Methods: Retrospective analysis was performed of
60 FO lesions between 1994 and 2010.

Results: The mean age was 42.3 years with average
follow-up of 12.5 months. The preliminary radiologic
diagnosis was osteoma in 22 (36.7%), fibrous dysplasia (FD)
in 9 (15%), ossifying fibroma (OF) vs. FD in 5 (8.3%), and OF
in 3 (5%) cases. The diagnosis was indeterminate in 21 (35%)
cases. Management consisted of excision in 29 (48.3%), ob-
servation in 17 (28.3%), and biopsy in 14 (23.3%) patients. For
patients undergoing resection or biopsy, positive predictive
value of preoperative radiology was 100% (10/10) for osteo-
ma, 86.7% (6/7) for FD, and 33.3% (1/3) for OF cases. For the
indeterminate lesions, most common pathologic diagnoses
for 21 patients included osteoma in 4 (17.4%), arrested pneu-
matization in 3 (14.3%), OF in 3 (14.3%), and FD in 2 (9.5%).
For FD vs. OF cases, 3 underwent surgery revealing osteoma,
FD, and OF in 1 patient each.

Conclusion: In this series, radiologic-histopathologic
correlation was high for osteoma and FD and low for OF and OF
vs. FD. This data suggest that patients with classic radiologic
characteristics of osteoma and FD may be observed, unless
resection is warranted based on clinical symptomatology.
Preoperative diagnosis of OF, OF vs. FD, or indeterminate
lesions may warrant a biopsy to establish firm diagnosis to
guide definitive management.

010. Aberrant Motor Regulation in Chordoma

Anthony C. Wang, David B. Altshuler (presenter),
Shawn L. Hervey-Jumper, Khoi D. Than, Xing Fan, Karin
M. Muraszko, Erin L. McKean, Stephen E. Sullivan (Ann
Arbor, USA)

One of the most challenging aspects of chordoma treatment
is adequate control of primary disease. Recurrence is com-
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mon, metastases occur in as many as 40% of treated patients,
and survival has been estimated to be only 40% at 10 years.
Chordoma has proven relatively insensitive in chemothera-
peutic and radiation trials. High-dose fractionated radio-
therapy has been shown to improve overall survival, but it is
often limited due to highly radio-sensitive adjacent nervous
structures.

Recent advances in targeted molecular therapeutics,
however, offer promising new avenues by which novel
treatments for chordoma could be developed. To better
understand molecular mechanisms involved in the origin
and perpetuity of chordoma after treatment, we are studying
the canonical signaling pathways that have been shown to be
involved in chordoma, including PI3K/AKT, PTEN, and mTOR
signaling. In particular, mTOR signaling is an attractive tar-
get to study, given that tuberous sclerosis proteins tuberin
and hamartin function to inhibit the mTOR pathway. Tuber-
ous sclerosis is the only known genetic syndrome with an
increased incidence of chordoma. We examined mTOR genes
that act upon the tuberous sclerosis complex at the tran-
scriptional and translational levels using quantitative real-
time PCR, western immunoblot, and immunofluorescence.

In our western immunoblot analysis, we found
elevated p70 S6K protein expression in two primary human
chordoma samples. p70 S6K is a serine/threonine kinase
that is activated through phosphorylation by mTOR complex
1 to regulate translation. p70 S6K plays an important role in
G1 cell cycle progression and cell growth. Interestingly, p70
S6K is tightly suppressed in human embryonic stem cells,
and increased levels of expression induce differentiation in
these cells. We are currently examining the role of p70 S6K
in the tumorigenesis of chordoma.

We are also examining other potential mechanisms
of dysregulation of the mTOR complex 1. Several microRNAs
have been predicted to be involved in p70S6K regulation.
We performed a microRNA microarray on primary patient
samples to examine microRNA expression levels in primary
human chordoma samples. In particular, microRNA 539 was
overexpressed in chordoma samples compared with normal
levels of expression. In vitro studies of microRNA overex-
pression in chordoma cell lines are ongoing.

011. Establishment and Initial Characterization of a Pri-
mary Human Chordoma Xenograft Model
I-Mei Siu, Vafi Salmasi, Brent A. Orr, Qi Zhao, Zev A.
Binder, Douglas D. Reh, Masaru Ishii, Christine L. Hann,
Gary L. Gallia (presenter), (Baltimore, USA)

Chordomas are rare tumors arising from remnants of the no-
tochord. Because of the challenges in achieving a complete
surgical resection, the radioresistant nature of these tumors,
and the lack of effective chemotherapeutics, the median sur-
vival for patients with chordomas is approximately 6 years.
Reproducible preclinical model systems that closely mimic
the original patient’s tumor are essential for the development
and evaluation of effective therapeutics. Currently, there are
only a few established chordoma cell lines and no primary
xenograft model. In this study, we aimed to develop a pri-
mary chordoma xenograft model and implanted four inde-
pendent patient tumor samples into athymic nude mice. A
serially transplantable xenograft was established from one
of these patient samples. Histopathological analysis and im-
munohistochemical staining for S-100, EMA, and cytokeratin
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AE1/AE3 of the primary patient sample and the xenografts
confirmed the xenografts were identical to the original pa-
tient chordoma. Immunohistochemical staining and western
analysis confirmed the presence of Brachyury, a marker of
chordomas, in the patient tumor and each of the xenografts.
Genome-wide variation was assessed between the patient’s
tumor and the xenografts and found to be > 99.9% concordant.
We have established, to the best of our knowledge, the first
primary chordoma xenograft that will provide a useful pre-
clinical model for this disease and a platform for therapeutic
development.

012. Chondroid Chordoma: Is It Really a Chondrosar-
coma and Does It Matter?

Christopher H. Rassekh (presenter), Courtney B. Shires,
Virginia A. Livolsi, Laurie A. Loevner, Sean M. Grady, Bert
W. O’Malley (Lafayette Hill, PA, USA)

Background: Chondroid tumors of the head and neck
continue to be a unique challenge to manage. A large sub-
set of chondroid tumors arise in the skull base region. Most
challenging of all are the chondrosarcomas and chordomas
of the clivus. An entity called chondroid chordoma was first
described in 1973 but has remained controversial. Immu-
nohistochemical studies have shown that these lesions are
more consistent with a low-grade chondrosarcoma. The
imaging features of chordoma and chondrosarcoma overlap,
but chondrosarcoma frequently has virtually pathognomonic
radiographic features. However, in the clivus both enti-
ties may be particularly difficult to differentiate from one
another and sometimes from other entities as well.

Objectives: The objectives of this study are to (1) de-
termine the decree of discordance between imaging and pa-
thology in chondroid tumors and (2) identify patients with
chondroid tumors of the clivus whose radiographic features
suggested chondrosarcoma but histologically were diagnosed
as chordoma.

Methods: The database of the Department of Pathol-
ogy and Laboratory Medicine from 1991-2011 was searched
for the diagnoses of chordoma, chondrosarcoma, and chon-
droid chordoma of the head and neck to identify chondrosar-
comas and chordomas of the clivus. The pathology reports
and radiology were reviewed to identify discordance or a fail-
ure of radiology or pathology to make a definitive diagnosis.
In addition, all cases diagnosed as chondroid chordoma were
retrieved for further detailed evaluation.

Results: We identified 75 patients with chondroid
tumors histologically diagnosed as chondrosarcoma or chor-
doma. To date, we have identified 26 lesions that involved the
clivus for whom we have sufficient data, and virtually all of
these appeared to at least theoretically have the clivus as the
epicenter. Among the 26 cases, 18 had radiographic features
that suggested both chondrosarcoma and chordoma within
the differential diagnosis. Eleven patients had classic chor-
doma and nine patients had chondrosarcoma histologically,
and six patients had chondroid chordoma diagnosed histo-
logically. However, radiographic features were more consist-
ent with chondrosarcoma in the latter group. The discord-
ance of radiographic features in the classic chordoma and
chondrosarcoma groups was rare. At least two of the patients
in the chondrosarcoma group had some histological features,
which resembled the chondroid chordoma group.

Conclusions: Chondroid chordoma is a rare entity, and
its existence is further questioned by the fact that radiographic
features of these tumors are more suggestive of chondrosarco-
ma. This data combined with the known calcification patterns
of chondrosarcoma and the immunohistochemical profile of
chondroid chordomas have prompted us to extend our study
to evaluate the calcification patterns of all chondroid tumors
in an ongoing subsequent study. Careful imaging evaluation is
of great importance. Pathologic diagnosis of chondroid chor-
doma may suggest a different prognosis than classic chordoma
and a tendency to be lower grade and resemble a low-grade
chondrosarcoma radiographically and clinically.

013. Skull Base Chordoma: Results and Outcomes of
Minimally Invasive Approaches in a Single Institution
Waleed M. Abuzeid (presenter), Nadeem Akbar, Stephen
E. Sullivan, Lawrence |. Marentette, Erin L. McKean (Ann
Arbor, USA)

Objectives: The purpose of this study is to provide
analysis of early outcomes of patients with skull base chor-
doma treated with a minimally invasive surgical approach.

Methods: Aretrospective cohort analysis was performed
based on consecutive patients presenting with chordoma to a
tertiary care academic medical center from 2009 to 2011.

Results: Seven patients were included with a median
follow-up time of 12 months (range, 2-27 months). The mean
age at diagnosis was 56 years (range, 40-76 yrs). Facial pain
and/or headache were presenting symptoms in six patients
(86%). Preoperative cranial nerve palsies were seen in four
patients (57%). The tumor epicenter was the sellar/supra-
sellar region in two patients (29%) and clivus in five patients
(71%), with intradural extension noted in four patients (57%).

Six patients (86%) underwent an expanded endoscop-
ic endonasal approach (EEA), and one patient underwent a
transoral-transpalatal approach. Mean preoperative tumor
volume based on MR imaging was 40.5 cc (range, 1.3-145 cc).
Post-resection, the mean tumor volume was 5.8 cc (range,
0-15.8 cc), representing a mean volume reduction of 86%
(range, 47-100%). Gross total resection was achieved in two
patients (29%). Tumor volume reduction was most limited
with the transoral-transpalatal approach.

Two patients (29%) required intraoperative place-
ment of a lumbar drain. One patient with a suprasellar cister-
nal tumor developed a persistent CSF leak requiring CSF di-
version and three revision endoscopic surgeries, complicated
by pneumocephalus and meningitis. No other postoperative
complications were observed.

Six patients (86%) received adjuvant proton or photon
therapy. One patient refused adjuvant therapy and was the
only patient to experience an early disease recurrence.

Conclusions: Tumor volume can be effectively and ac-
curately calculated using MR imaging, and resection efficacy
derived from these data. The EEA can safely be used to ef-
fectively resect skull base chordoma, including lesions with
limited intradural extension. This surgical resection should
be combined with adjuvant radiation. Long-term follow-up
will be needed to determine disease-free survival.

014. Clivus Chordoma
Ibrahim Sbeih (presenter), (Amman, Jordan)

Chordomas are rare lesions comprising 0.1-0.2% of primary
intracranial tumors. Most authors still differ as to whether
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these tumors are histologically benign or malignant. How-
ever, they are characterized by local aggressiveness and ten-
dency to recur.

We are presenting our experience in 32 cases of clival
chordomas, treated surgically. There were 22 females with age
ranging from 19-57 years ( mean, 35 years ) and 10 males rang-
ing in age from 18-61 years (average, 41 years). Mean presenta-
tion features were increased intracranial pressure and diplopia,
and the abducent nerve was the most common affected nerve.

We achieved gross total resection in 20 patients
and subtotal resection in 10 patients. We used transna-
sal approach in 6 cases, maxillotomy in 8 cases, transbasal
subfrontal in 3 cases, transpetrosal in 3 cases, and retrosig-
moid approach in 12 cases. Perioperative mortality was
encountered in one patient who developed respiratory arrest
12 hours after surgery. Morbidity was encountered in four
patients who experienced increased neurological deficits
and in one patient with CSF leak.

Following surgery, 24 patients received fractionated
radiotherapy and 8 patients received Gamma radiosurgery.

Follow-up period ranged from 19 months to 120 months
(mean of 67.4 months). Eight cases recurred after surgery and
radiotherapy; four of these died 2-5 years after second surgery.
Two patients refused further surgery. One case recurred after
Gamma radiosurgery requiring a second operation . The overall
result of the 32 patients was: 20 patients are still alive and well,
10 are in fair condition, 4 are in poor condition, and 6 died in the
long follow-up period.

We believe that radical surgery has an important role
to play in almost all cases. Postoperatively, the residual tumor
should receive complementary treatment by external beam
radiation, radiosurgery, or proton beam.

015. Micro-Neurosurgical Management of Cavernous
Sinus Meningioma: Single-Surgeon Experience from
Louisiana State University, Shreveport.

Jai D. Thakur (presenter), Vijaykumar Javalkar, Shashikant
Patil, Imad S. Khan, Mathew Burton, Anil Nanda
(Shreveport, USA)

Introduction: Cavernous sinus meningiomas (CSM)
continue to represent a cohort of challenging skull base tu-
mors where the technical success of surgery may not paral-
lel good outcomes. Because different levels of expertise may
be a potential confounding factor in assessing outcomes, this
study focuses on long-term outcomes of patients operated
on for CSM by the senior author (AN).

Methods: A total of 43 CSM (primary + secondary)
patients underwent microsurgical removal by the senior
author from 1996 to 2010. Retrospective analysis to elucidate
perioperative complications and long-term clinicoradio-
logical outcomes was done. Sekhar classification, Modified
Kobayashi grading, and GOS were used to define tumor
extension, tumor removal and clinical outcomes, respectively.

Results: The mean age of the predominantly female
(78%) patients in our study was 55 years. Mean follow-up
time was 54.5 months (range, 6-187 months). The most
common presenting symptom was headache (74%). Pre-
operative cranial nerve dysfunction (CND) was evident in
67% of the patients, of which the most common was second
CN deficit. Complete or partial recovery of CN was signifi-
cantly better in patients with CND inflicted postoperatively
compared with those having CND preoperatively (89% vs.
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63%, P = 0.037). Overall, 35% of the patients showed radio-
logical recurrence after their initial surgery. No significant
difference in recurrence was found among grades of Sekhar
classification. The mean time of recurrence in the patients
treated by surgery alone vs. surgery plus adjuvant SRS was
49 months vs. 50 months, and recurrence rate among the
two groups was not significant( 21% vs. 53%, P = 0.23 ). On
linear regression analysis, preoperative CND was predictive
of tumor recurrence after surgery (P = 0.006). At their latest
follow-up, 74% of patients had good outcomes (GOS 4 or 5).
Extent of tumor removal and extension were not predictive
of good outcomes.

Conclusion: Although fraught with unavoidable post-
operative morbidity, long-term good outcomes and tumor
control is possible in CSM with microsurgery and appropri-
ate use of SRS. In our study, preoperative CND improved in
majority of patients and was predictive of tumor recurrence
after surgery.

016. Surgical Results of 32 Foramen Magnum
Meningiomas with a Special Reference to Vascular
Complications

Soichi Oya, Burak Sade, Bjorn Lobo (presenter), Joung H.
Lee (Cleveland, USA)

Objective: Surgical treatment for foramen magnum
meningiomas (FMMs) is fraught with challenges. In this study,
we aimed to review our surgical technique and operative
results of FMMs with an emphasis on vascular complications.

Methods: Thirty patients harboring FMMs under-
went surgery by the senior author (JHL) at the Cleveland
Clinic between 1993 and July 2011. Clinical data on age,
gender, pre- and postoperative neurological deficits, surgi-
cal approach, complications, and the follow-up results were
reviewed.

Results: Mean age was 503 years (range,
27-87 years), and male/female ratio was 11/21. The most
common clinical symptoms were headache and neck ache
(46.9%), numbness/paresthesia (31.3%), unstable gait (18.8%),
weakness (18.8%). Seven patients (21.9%) were asympto-
matic. Preoperative neurological examination showed de-
creased sensation (31.3%), motor weakness (18.8%), ataxic
gait (18.8%), and cranial nerve (IV, VL,VII, XI-XII) dysfunction
(18.8%). The neurological examination was unremarkable
in 18 patients (56.3%). The average tumor size was 3.4 cm
(range, 1.5-6.0 cm). In 22 patients (69.0%), the tumor was
anterolateral. Transcondylar approach was used in 89.2% of
anterior, lateral, or anterolateral FMMs. Transposition of the
vertebral artery was not performed in any case. Gross total
resection was achieved in 75% of all cases. Cranial nerve inju-
ry was observed in eight patients (25.0%). Three patients had
neurological deficits due to brainstem ischemia (9.4%). Mean
follow-up was 48 months, and 90% of patients have been free
from recurrence or regrowth.

Conclusions: Although a satisfactory resection
can be achieved for FMMs utilizing meticulous skull base
techniques, anterior or anterolateral FMMs carry significant
surgical risks of cranial nerve injury and brainstem ischemia.
The likelihood of cranial nerve recovery is favorable in time
even when multiple lower cranial nerves are involved. How-
ever, ischemic injury of the brainstem due to occlusion of the
vertebral, anterior spinal arteries, and/or medullary perfora-
tors may lead to fatal medical complications and unfavorable
outcome.
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017. Long-Term Clinical and Surgical Outcomes of
Patients with Intracranial Meningiomas

Winward Choy (presenter), Won Kim, Ashley Osborne,
Marko Spasic, Nicole Cremer, Isaac Yang (Los Angeles,
USA)

Introduction: Meningiomas are the second most
common primary CNS neoplasm and are commonly benign
and slow growing. While gross total resection has been as-
sociated with improved survival, complete surgical resection
can be difficult given poor tumor accessibility and proxim-
ity to sensitive structures. We review our institution’s long-
term experience with meningiomas to compare outcomes
and complications associated with gross (GTR) and subtotal
resection (STR).

Methods: We reviewed all patients with meningi-
omas treated at Ronald Reagan UCLA Medical Center from
1996 to 2009. Inclusion criteria included (1) histopathologi-
cally confirmed primary intracranial meningioma, (2) GTR or
STR performed at UCLA, and (3) follow-up 2 2 years. Surgical
and clinical outcomes of GTR vs. STR were analyzed.

Results: Of 203 patients receiving surgical resec-
tion, 106 met our inclusion criteria. There were 41 males and
65 females, and the average age was 54 years at presentation.
There were 84 WHO grade 1(79%), 19 WHO grade Il (18%), and
3 WHO grade III (3%) meningiomas. Average follow-up was
61.2 months (range: 24 to 172 months). Of the 72 patients un-
dergoing GTR, 5 (7%) received radiotherapy. Of the 34 patients
with STR, 19 (56%) received radiotherapy. Overall survival for
both groups was 100%. Compared with STR, GTR was associ-
ated with improved 3-yr PFS (92.5% vs. 75%, P = 0.062) and
5-yr PFS (92.5% vs. 62.5%, P = 0.002). However, GTR was cor-
related with increased complications (11% vs. 2.9%, P = 0.26).
This difference was not statistically significant. Reported com-
plications included hematoma (2), surgical site infections (2),
CSF leak (2), venous infracts (2), and venous thrombosis (1).

Conclusion: Overall, meningiomas are slow grow-
ing tumors with a good prognosis, and surgical resection
can offer excellent rates of tumor control. Although GTR is
associated with longer PFS and should be the goal when
feasible, these findings suggest that a more aggressive sur-
gical approach is correlated with increased risk for surgical
complications.

018. Surgical Management of Jugular Foramen Menin-
gioma

Junting Zhang, Jie Tang (presenter), Zhen Wu, Liwei
Zhang, Guijun Jia, Xinru Xiao, Sumin Geng, Dabiao Zhou
(Beijing, China)

Background and Objective: Jugular foramen meningi-
oma (JFM) presents a challenge for intraoperative protection
of neural and vessel structures and for postoperative nurs-
ing, which are important outcomes for patients with JFM.

Methods: The data of consecutive patients with
JEM, surgically treated in Beijing Titan Hospital from
January 1, 2004 to April 30, 2010, were analyzed retrospec-
tively. The medical data were reviewed, including medical
charts, operation notes, intraoperative neuroelectrophysi-
ological monitoring, neuroimaging, pre- and postoperative
(follow-up) neurological assessments, and other factors.

Results: A total of 21 patients with JFM were includ-
ed, 10 male and 11 female, with average age of 39.6 years
(range, 14-57 years). Ten cases were type A intracranial style,

and 11 cases were type D dumbbell style (intra-extracranial
communicating style). Hoarseness was found in 6 patients,
dysphagia in 9, hearing disorder in 7, diplopia in 2, lingual
atrophy in 2, hydrocephalus in 1, and limb weakness in 6. For
type A cases, the retrosigmoid approach was used in 6 cases,
and the posterior suboccipital horseshoe incision far later-
al approach was used in 4 cases; gross total resection was
achieved in 9, with 1 recurrence. For the 11 type D cases, a
postauricular C shaped incision with the far lateral approach
was used to achieve adequate exposure of the extracranial
part of the tumor—GTR was achieved in 6 with 4 recurrences.
Intraoperative monitoring is very important for neural struc-
ture protection. Gentle manipulation and removal of the tu-
mor without injuring the brainstem and lower cranial nerve
are the keys of the operation. Avoiding injury of the sigmoid
sinus is a very important part of the surgery. Lower cranial
nerves dysfunction was presented in all cases immediately
after surgery; tracheotomies were performed in 3 cases for
prevention of asphyxia. Neural function was recovered in
13 cases, and the rest were stable. The pathology revealed
1 malignant (WHO 3) and 3 atypical (WHO 2) tumors in this
group, which recurred postoperatively. The high ratio of ma-
lignant pathology is quite unique compared with other in-
tracranial meningiomas. No patients needed a permanent
feeding tube. No patients died postoperatively. All patients
lived independent lives.

Conclusion: Although overall outcome of patients
with JFM was significantly favorable after microsurgical
treatment, the neurological deficits remain challenging for
skull base surgeons. It requires multidisciplinary teamwork
to improve exposure and protect neural and vessel structures.

019. Endonasal Endoscopic Approaches to Lesions
Invading the Cavernous Sinus: Reaching Equipoise
Graeme F. Woodworth, Edward McCoul, Vijay Anand,
Theodore H. Schwartz (presenter), (Baltimore, USA)

Background: Lesions involving the cavernous sinus
(CS) have proven to be surgically challenging due to the
deep, complex neurovascular anatomy in this region. Tra-
ditional approaches have focused on transcranial “lateral
to medial” routes. In this study, we detail our series using
an endoscopic endonasal “medial to lateral” route to treat
tumors invading the cavernous sinus and evaluate the out-
comes of this approach.

Methods: We reviewed a prospective surgical data-
base of patients with invasive cavernous sinus lesions who
underwent endoscopic endonasal surgery. Outcomes were
compared based on the Knosp-Steiner (KS) classification, and
histopathological categories.

Results: This review identified 41 consecutive pa-
tients with lesions either arising within or extending into
the CS. The mean follow-up was 16 (range, 12-37) months.
Pathology included pituitary macroadenoma (57%), men-
ingioma/hemangiopericytoma (17%), chordoma/chondro-
sarcoma (13%), and miscellaneous other lesions (metastatic
adenocarcinoma, lymphoma, etc.) (13%). The surgical ap-
proach was transsphenoidal transsellar in 31 patients (76%),
transethmoidal parasellar in 4 (10%), and transmaxillary
transpterygoid in 6 (14%). Average degree of CS resection
varied significantly by KS class (KS1-2, 62% vs. KS3-4, 41%;
P = 0.04). Gross total CS resection was achieved in 47% of
medial (KS1-2) as opposed to 21% of lateral (KS3-4) lesions
(P = 0.05). The recurrence rate for KS 1-2 lesions was also
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significantly lower than those with KS 3-4 status (10% vs.
43%, P = 0.02). Extent of resection was highest for chordoma/
chondrosarcoma (72%) followed by pituitary adenoma (55%)
and meningioma (40%). Two patients with preoperative cra-
nial neuropathy improved, and one remained stable. Com-
plications included new postoperative cranial neuropathy
(2.5%) and CSF leak (2.5%).

Conclusions: The endoscopic endonasal approach
provides a useful and safe medial to lateral approach particu-
larly to the medial compartment of the CS. Although certain
tumors can also be removed from the lateral CS, based on the
consistency, site of origin of the tumor, and the risk to the
patient, lateral to medial approaches or radiosurgery may be
required to control tumor growth in the lateral CS.

020. Direct Healthcare Cost Analysis of Endoscopic
Compared with Sublabial Transseptal Pituitary Surgery
Candace A. Mitchell (presenter), Adam M. Zanation,
Brent A. Senior, Matthew G. Ewend, Charles S. Ebert, Jr.
(Carrboro, NC, USA)

Background and Methods: Completely endoscopic
endonasal approaches to skull base pathology have rapidly
gained popularity in recent years. Evidence of their safety
and efficacy has begun to appear in the literature, and qual-
ity of life (QOL) data available to date also suggest compa-
rable or improved outcomes compared with traditional
approaches. However, data comparing costs of endoscopic
skull base procedures and classic approaches are scarce. We
considered the cost of minimally invasive pituitary surgery
(MIPS) versus classic sublabial transseptal (SLTS) approach-
es. Expanded endonasal approaches were not included. Us-
ing real costs (rather than billed costs) associated with each
surgery, cost effectiveness and sensitivity analyses were
performed in conjunction with our School of Public Health.

Results: Total cost for MIPS was $11,438, and total
cost for SLTS was $21,005. If narrower variability ranges are
employed, the costs changed to $12,513 and $18,095, respec-
tively. Thus, cost differences favor MIPS over SLTS by as much
as $9,567 and a minimum of $5,582. Additionally, factors
identified that contributed most to cost of the MIPS approach
included length of stay, nursing cost, nursing time, and to-
tal number of complications. Monte Carlo simulation of
1000 case scenarios indicated that under a variety of condi-
tions, MIPS remains less costly than SLTS 94-98% of the time.

Discussion: In the current healthcare milieu, cost analy-
ses to justify the use of new techniques are paramount. Our data
suggest that, at least in the case of pituitary resections, endo-
scopic procedures are cost effective as compared with traditional
approaches. We discuss the difficulties of comparing expanded
approaches given the inability to measure specific CPT codes and
the variability in practice and pathologies treated. Further analy-
sis must be done to compare endoscopic procedures for these
highly heterogeneous non-pituitary skull base pathologies, but
our data provide reassurance that endoscopic approaches have
the potential to save valuable healthcare dollars.

021. Endoscopic Nasoseptal Flap Repair of Skull Base
Defects: Is Addition of a Dural Sealant Necessary?

Jean Anderson Eloy (presenter), Arjuna B. Kuperan, Mark
E. Friedel, Chirag D. Patel, Pratik A. Shukla, Osama |.
Choudhry, James K. Liu (Newark, USA)

Background: We compared the incidence of postop-
erative cerebrospinal fluid (CSF) leaks in patients undergoing
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endoscopic skull base repair with a pedicled nasoseptal flap
(PNSF), with or without the addition of a dural sealant.

Methods: A retrospective analysis of a prospective da-
tabase was performed on patients who underwent endoscopic
repair of high-flow CSF leaks using a PNSF between December
2008 and August 2011. Repair materials, incidence of postop-
erative CSF leaks, and demographic data were collected.

Results: Thirty-two high-flow CSF leaks were re-
paired with a PNSF alone without dural sealant (Group I), and
42 were repaired with a PNSF with the addition of a dural
sealant (Group II). In Group I, there were no postoperative
CSF leaks (0%), whereas in Group II, there was one delayed
postoperative CSF leak, resulting in a 2.4% leak rate. The inci-
dence of postoperative CSF leakage was not significantly dif-
ferent between the two groups (P > 0.05). The overall postop-
erative CSF leak rate was 1.4% in this cohort.

Conclusions: The use of dural sealants when per-
forming endoscopic PNSF repair of high-flow CSF leaks is not
supported by our data. In addition, this practice may signifi-
cantly increase surgical cost. We encountered no postopera-
tive CSF leaks in patients with high-flow CSF leaks treated
with PNSF alone without dural sealants. Meticulous surgical
technique and proper positioning of the PNSF seem to obvi-
ate the need for dural sealants during endoscopic skull base
reconstruction of high-flow CSF leaks.

022. Pedicled Nasoseptal Flap Preservation for Endo-
scopic Reconstruction of the Cranial Base: Technique
and Approach

Seth E. Kaplan (presenter), Donald D. Beahm, Tyler |.
Kenning, Christopher ]. Farrell, James ]. Evans, Marc R.
Rosen (Philadelphia, USA)

Introduction: The pedicled nasoseptal flap is an ex-
cellent option for repair of skull base defects. Popularized by
Hadad and Bassagasteguy, this neurovascular flap is based on
the septal branch of the sphenopalatine artery and utilizes
tissue from septal mucoperiosteum and mucoperichondri-
um. The flap provides reliable reconstruction of cranial base
defects from the frontal sinus to the clivus and is now con-
sidered the “workhorse” of anterior skull base reconstruc-
tion. Unfortunately, there are instances during endoscopic
skull base surgery in which the pedicle is injured or sacri-
ficed, eliminating its use for reconstruction. The objective of
this paper is to offer surgical techniques and approaches to
the skull base to better preserve this valuable tissue for skull
base reconstruction.

Methods and Results: We describe five approaches
that allow an appropriate level of exposure during endoscop-
ic skull base surgery while preserving the nasoseptal pedi-
cle and flap. All approaches provide protection for at least
one pedicled nasoseptal flap to be used as a rescue flap if
needed. Approaches include: (1) strictly unilateral approach;
(2) limited unilateral septectomy, or the “1.5 Approach”; (3)
hemitransfixion incision with development of a septal muco-
pericondrial/mucoperiosteal flap (without making superior/
inferior nasoseptal flap incisions); (4) septal mobilization and
transposition; and (5) standard harvest of the nasal septal
flap, storage in the nasopharynx, and sutured back in place.
Relevant anatomy and surgical technique are discussed.

Conclusion: The nasoseptal flap is an important
reconstruction option for skull base defects. We identify
five approaches to endoscopic skull base surgery that better
protect both the pedicle and flap while allowing adequate
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exposure of the sella and skull base for tumor resection.
Using our methods, skull base surgeons should be able to
have at least one nasoseptal flap at their disposal as a means
of repairing unanticipated skull base defects.

023. Endoscopic Endonasal versus Microscopic Transs-
phenoidal and Open Transcranial Approaches for Giant
Pituitary Adenomas

Daniel M. Raper, Ricardo |. Komotar, Robert M. Starke
(presenter), Vijay K. Anand, Theodore H. Schwartz
(St. Leonards, Australia)

Objective: Giant (> 4 cm) pituitary macroadenomas
often require surgery to decompress the optic nerves. Com-
pared with traditional open or transsphenoidal microscopic
methods, the extended endoscopic endonasal transsphe-
noidal approach offers the potential for aggressive resection
via a minimal access corridor. We conducted a systematic
review of the literature to further our understanding of the
role of endoscopy in the management of these challenging
lesions.

Methods: MEDLINE search of the modern literature
(1995-2010) was conducted to identify surgical series for
pediatric and adult pituitary adenomas > 4 cm in maximal
diameter. Patient and tumor characteristics, resection, mor-
bidity, and visual outcome were compared by approach.
Chi-square and Fisher’s exact tests with post-hoc Bonferroni
analysis were used for statistical analyses.

Results: Sixteen studies (478 patients) were included.
Compared with the open cohort, the endoscopic cohort had
higher rates of gross total resection (47.2% vs. 9.6%; P < .003)
and improved visual outcome (91.1% vs. 45.7%; P <.003). The
microscopic transsphenoidal cohort had lower rates of total
resection and worse visual outcomes than the endoscopic
group. There were no instances of postoperative CSF leak re-
ported in the endoscopic group. The transcranial group had
a higher rate of perioperative mortality compared with the
transsphenoidal group (P = .004).

Conclusion: In select cases, the endoscopic endona-
sal approach is safe and effective for the treatment of giant
pituitary adenomas, with the potential for gross total resec-
tion and improved visual outcome. CSF leak, which is a major
limitation of the endonasal approach, may be avoided using
meticulous multi-layer closure and vascularized nasoseptal
flaps.

024. The Role of Endoscopic Endonasal Approach in the
Treatment of Cavernous Sinus Meningioma

Daniel M. Prevedello, Ammar Shaikhouni (presenter),
Rodrigo Mafaldo, Leo Ditzel Filho, Daniele de Lara, Brad
Otto, Ricardo Carrau (Columbus, USA)

Objective: Treatment of cavernous sinus (CS) men-
ingioma remains controversial. Radical resection of these
lesions through the transcranial route is associated with sig-
nificant morbidity. Studies have suggested surgical decom-
pression followed by radiotherapy to treat these lesions. This
approach is further favored with the development of endo-
scopic skull base surgery. Prior studies described the use of
transsphenoidal decompression of CS meningiomas. Here we
outline a role for an endoscopic endonasal approach in treat-
ing CS meningioma by decompression or radical resection.
We provide four case illustrations of this approach.

Method: We illustrate our philosophy with four
symptomatic patients with CS meningiomas. Three of these
patients presented with newly diagnosed symptomatic CS
meningioma. Two patients presented with unilateral CN
6 palsy. One patient had unilateral CN 3 and 6 palsies. The
fourth patient had a recurrent tumor and complete right CN
3,4, and 6 palsies as well as partial cranial nerve 7 palsy and
complete hearing loss on that side. As part of her prior sur-
geries, her right ICA was sacrificed. She presented with ra-
diologic tumor progression causing brainstem compression.

Results: The three patients with new diagnoses
underwent endoscopic endonasal cavernous sinus decom-
pression with postoperative cranial nerve improvement,
while the patient with recurrence had a radical endoscopic
endonasal resection of the tumor followed by gamma-knife
focused on the minimal residual on the seventh cranial nerve.
None of the patients experienced endocrine dysfunction.
None of the patients had new neurological deficits.

Conclusion: CS meningiomas can be successfully
managed via a purely endoscopic endonasal approach. Our
experience shows that both decompression and radical re-
section can be safely performed with this approach. The
choice of resection vs. decompression is guided by patient
factors, medical history, and symptoms. We recommend EEA
decompression for new symptomatic CS meningioma with
incomplete loss of CN functions. In patients with total loss of
CN functions, a radical resection of the CS meningioma can
be achieved with EEA.

025. Decision Analysis: Endoscopic Versus Open Resec-
tion of Tuberculum Sellae Meningiomas

Leif-Erik Bohman, Sherman Stein, Jason G. Newman,
James Palmer, Nithin Adappa, Aamir Khan, T. T. Sitterley,
Diana Chang, John Y. Lee (presenter), (Philadelphia, USA)

Introduction: Tuberculum sellae  meningiomas
(TSMs) are challenging tumors for neurosurgical resection.
Open microsurgical approaches pose significant risk to the
optic apparatus, which may be obviated by endoscopic ap-
proaches. However, endoscopic endonasal surgical resection
is a relatively new procedure with its own Achilles heel-CSF
leak.

Materials and Methods: MEDLINE and Embase online
databases were searched for English-language articles con-
taining key words related to tuberculum sellae meningiomas.
Data were pooled, including five of our own patients. Meta-
regression and a decision-analytical model was constructed
to compare 3-year outcomes between open microsurgery
and endoscopic endonasal approaches.

Results: The 3-year recurrence rates were not sta-
tistically different between the two approaches (P = 0.529).
Meta-regression of 28 reports of open craniotomy suggested
a 3-year recurrence rate of 4.6% (SD = 0.699, R2 = 35.5%,
P = 0.005), and meta-regression of eight publications on
endoscopy suggested a 3-year recurrence rate of 9.9% (SD =
0.396, R2 = 2.6%, P = 0.231). In addition, the overall quality
of life (QOL) was not significant between the two surgical ap-
proaches (P = 0.410), despite significant differences in indi-
vidual complication rates. The Monte Carlo simulation yield-
ed an overall average QOL in craniotomy patients of 0.915 (SD
= 0.020) and in endoscopic patients of 0.952 (SD = 0.019).
Endoscopy had a higher CSF leak rate (26.8 vs. 3.5%, P< 0.001)
but a lower rate of injury to the optic apparatus (1.4% vs. 9.2%,
P <0.001) compared with craniotomy.
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Conclusion: Endoscopic endonasal resection of TSMs
appears to be a comparable alternative to traditional open
microsurgical resection. Rates of CSF leak appear to be higher
than open resection, but visual complications are less com-
mon than in open resection. The data are insufficient to pro-
vide a meaningful comparison of recurrence rates; however,
this issue may be resolved as longer follow-up is obtained.

026. A Plausible Mechanism for Optic Nerve Damage: A
Comparative Study of Heat Transfer during Optic Canal
Decompression

Brian C. Kelley (presenter), MyLe Shaw, Jason Sokol, Paul
J. Camarata (Kansas City, USA)

Introduction: Multiple articles have described vision
loss after neurosurgical intervention from heat-induced in-
jury to the optic nerve during exposure to the optic canal.
This project’s objective was to determine factors associated
with heat transfer during drilling of the optic canal that
could lead to possible optic nerve injury.

Methods: On a non-embalmed cadaver, the optic ca-
nal was approached through a standard pterional cranioto-
my. A thermocouple was placed within the optic canal, and
the temperature was recorded during 30-second continuous
drill sessions using both CUSA NXT and Anspach eMax 2 with
a 3-mm diamond burr. The drill power and irrigation rate
were varied for comparison of heat transfer.

Results: There was an incremental increase in optic
canal temperature with both Diamond burr and ultrasonic
aspirator over time (10-, 20-, and 30-second time points).
Stepwise elevations in temperature occurred with increas-
ing sonication amplitudes. Decreases in thermal conduction
were noted in both diamond burr with continuous irriga-
tion (mean, 3.3°C reduction) and sonication with increased
irrigation (from 2 to 4 mL/min) at 50% amplitude (mean,
1.1°C reduction), but was insufficient to combat the heat gen-
eration at 80% amplitude, and may result in a slight increase
in heat conduction (5.5°C increase from baseline at 2 mL/min
vs. 6.8°C at 80% with 4 mL/min). Thermal transfer was compa-
rable between diamond burr with continuous irrigation and
sonication at 50% amplitude with 4 mL/min irrigation (avg. in-
crease from baseline 1.3°C drill vs. 1.1°C ultrasonic aspirator).

Conclusions: Increased drilling times correlated with
increase in temperature from baseline using both bone removal
devices. Elevations in sonication amplitude resulted in incre-
mental increases in optic canal temperature. These temperature
changes can be mediated by irrigation, although the effect of in-
creasing irrigation rate to suppress the rise in temperature de-
creases with increasing sonication amplitude. Thermal transfer
was similar between the diamond burr with continuous irriga-
tion and sonication at low power and high irrigation. This pilot
study has revealed critical information for the development of
further projects with the aim of determining if thermal transfer
from optic canal decompression could contribute to optic nerve
damage, and what techniques could be applied to prevent it.

027. Transsphenoidal Surgery for Acromegaly: Methods
of Surgical Resection, Remission Using Modern Criteria,
and Predictors of Outcome

Robert M. Starke (presenter), Sebastian Koga, Carrie L.
Pledger, Spencer C. Payne, Edward H. Oldfield, John .
Jane, Jr. (Charlottesville, USA)

Introduction: Whether endoscopic or microscopic
surgical approaches are superior for patients with acromegaly
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remains unclear. Recent consensus requires use of more strin-
gent endocrine remission criteria than were previously used.
We reviewed our experience with endoscopic transsphenoi-
dal surgery (ETSS) and microsurgical transsphenoidal sur-
gery (MTS) to assess outcomes and predictors of remission
according to the 2010 consensus criteria.

Methods: The prospectively recorded outcomes of
110 acromegalic patients undergoing surgical therapy were
reviewed. Remission was defined as a normal IGF-I and
either a suppressed growth hormone (GH) less than 0.4 ng/
mL during an oral glucose tolerance test or a random GH less
than 1.0 ng/mL.

Results: Remission was achieved in 19 of 24 microad-
enomas (79%) and 53 of 86 macroadenomas (62%). Baseline
characteristics, remission rates, and complications were not
significantly different between patients undergoing ETSS and
MTS. A postoperative GH level of less than 1.0 ng/mL provided
the best predictor of remission (OR = 45.6, 95% C19.9-210.9,
P < 0.001). Preoperative variables predictive of remission in
univariate analysis included age (P = 0.004), preoperative GH
level (P = 0.006), preoperative IGF-1 (P = 0.009), tumor size
(P < 0.001), and Knosp score (P < 0.001). Preoperative vari-
ables predictive in multivariate analysis included GH > 25 ng/
mL (R = 4.9, 95% CI 1.5-16.5, P = 0.01) and Knosp score of 3
or 4 (OR = 25.0,95% C1 5.0-125.8, P < 0.001).

Conclusions: ETSS and MTS provide high rates of re-
mission according to the updated guidelines for surgery for
acromegaly. Patients with high preoperative GH levels and
Knosp scores are less likely to achieve remission, and the
2010 census guidelines provide excellent postoperative pre-
diction of remission.

028. Surgical Treatment of Trigeminal Neuralgia with-
out Vascular Compression: 20 Years of Experience
Rogelio Revuelta-Gutierrez, Miguel A. Lopez-Gonzalez
(presenter), Jose L. Soto-Hernandez (Beachwood, OH,
USA)

Background: There are few reports on the outcome
of surgical treatment of TGN without vascular compression.

Methods: Between 1984 and 2004, 668 patients un-
derwent MVD for TGN. In 21 patients (3.1%), vascular com-
pression was absent. The surgical strategy in these cases
involved the following: (1) dissection and exposure of the
entire trigeminal nerve root, (2) slight neurapraxia with bi-
polar tips at the trigeminal nerve root, and (3) isolation of
trigeminal nerve with Teflon sponge fragments.

Results: The patients’ (female/male, 20/1) ages
ranged from 33 to 77 years. Their right side was the most
frequently involved (61.9%). Their mean duration of pain
before treatment was 7.6 years (range = 1-20 years). At
surgical exploration, vascular compression or anatomical
abnormalities were absent in 15 patients (71.4%), arach-
noidal thickening was present in 5 (23.8%), and fiber
dissociation of the trigeminal nerve was present in
1 (4.8%). Mean follow-up after surgery was 17.7 months
(range = 4-65 months). Immediate relief from pain oc-
curred in all 21 patients. On Kaplan-Meier analysis, recur-
rence was maintained at 14.8% for 12, 24, and 36 months,
increasing to 43.2% at 48 months. Permanent hypoesthesia
was present in 6 patients (28.6%), whereas loss of corneal
reflex was observed transiently in 1 (4.8%). Motor function
of the trigeminal nerve was intact in all patients. No other
complication was found.
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Conclusion: The proposed surgical plan of standard
MVD plus slight trigeminal nerve root neurapraxia is a safe
and effective management option for TGN without vascular
compression.

029. Comparative Outcome Analysis of Surgical
Procedures Performed in Acute and Intermediate Facial
Paralysis

Yury A. Shulev (presenter), Alexander V. Trashin, Vladimir
L. Rychkov (St. Petersburg, Russia)

Objective: The purpose of this study was to analyze
outcomes after different surgical procedures for facial nerve
(FN) restoration and facial muscles reanimation. Reviewed
procedures included: free nerve graft, FN decompression
in temporal bone, and spinal accessory nerve-facial nerve
anastomosis (AFA).

Methods: Thirty-nine patients with total FN loss were
included in the study. They were divided in two groups. The
first group contained 20 patients with an intermediate facial
paralysis. The interval between FN loss and the operation was
from 1 to 6 months (mean, 4.7 months). All patients in the series
had total FN function loss after acoustic neuroma surgery. In
12 patients, FN was anatomically intact but showed no function
recovery due to stretch injury. Patients in the first group under-
went AFA. The second group consisted of 19 patients with acute
facial paralysis due to FN intratemporal injury. The interval be-
tween FN injury and surgery ranged from 2 to 30 days (mean,
17.4 days). Seventeen patients underwent FN exploration in
the labyrinthine segment of the facial canal through a middle
cranial fossa approach. FN was decompressed in mastoid bone
in 2 patients. Therefore, FN decompression was performed in
14 patients. Surgical exploration was combined with free nerve
graft in 5 patients with total disruption of FN continuity. House-
Brackmann (HB) grading scale was used to evaluate FN functions
in both groups. Preoperative electrophysiological testing dem-
onstrated total facial muscle degeneration. The mean duration
of follow-up was 4.65 years (range, 1-10 yrs).

Results: Overall, in the group after AFA, 4 patients
(20 %) recovered from facial palsy with final HB grade II;
11 (55 %) patients had HB Il and 5 patients (25 %) had HB IV-V.
There were following intraoperative findings in the second
group: FN injury in labyrinthine segment was observed in 17
cases. Two patients had FN injury in the mastoid segment. FN
transection was performed in 5 patients, and we used nerve
graft for FN repair. We found bone impingement and hema-
toma in 11 cases, and FN edema was identified in 3 patients.
Among patients with FN decompression and nerve graft ac-
cording to HB scale, 2 patients (10.5%) achieved HB I, 5 (26%)
had HB 11, 10 (53%) had HB III, and 2 (10.5 %) had HB IV-V.

Conclusion: AFA is a good option for facial muscles
reanimation in intermediate facial paralysis. In total loss of
FN function, early decompression is indicated for the best
functional result in acute facial paralysis. Early nerve graft
for nerve repair gives good results.

030. Extracranial to Intracranial Bypass for Treatment
of Complex, Large and Giant Aneurysms of the Middle
Cerebral Artery: An Analysis of 27 Years of Experience
in 26 Patients

Yashar Kalani (presenter), Peter Nakaji, Yin Hu, Azam
Ahmed, Robert Spetzler (Phoenix, USA)

Complex, large, and giant aneurysms of the middle cerebral
artery are challenging lesions that are not usually amenable

to endovascular therapy, and may require extracranial to in-
tracranial or in-situ bypasses with hunterian ligation of the
parent vessel or excision of the aneurysm. We retrospectively
reviewed our experience between 1983 and 2011 with the
microsurgical treatment of 26 complex, large, or giant middle
cerebral artery aneurysms, where an extracranial to intracra-
nial bypass was used in conjunction with clipping of the aneu-
rysm. Our series consisted of 9 females (34.6%) and 17 males
(65.4%) with a mean age of 35.6 years (range, 4-62 years; me-
dian, 39.5 years). Three of the patients in our series presented
with subarachnoid hemorrhage (n = 3; 11.5%). Twenty-one of
the aneurysms in our series were giant (69.1%), the remainder
were large and complex lesions. At a median follow-up of 63.6
months (range, 1-240 months; median, 36 months), the ma-
jority of the patients (81%) made an excellent recovery (modi-
fied Rankin scores 0-2) from the bypass and microsurgical
clipping of their middle cerebral artery aneurysm. The mean
modified Rankin score for the patients in our series was 1.5
(range, 0-3; median, 1). We advocate the use of an extracranial
to intracranial bypass in the treatment of complex, large, or
giant aneurysms of the middle cerebral artery.

031. Endoscopic Endonasal Pituitary Surgery: Patient
and Societal Costs of Surgical Education

Raj C. Dedhia (presenter), Christopher Lord, Carlos
Pinheiro-Neto, Juan C. Fernandez-Miranda, Eric W. Wang,
Paul A. Gardner, Carl H. Snyderman (Pittsburgh, USA)

Introduction: Endoscopic endonasal surgery for
pituitary lesions is a well-established skull base procedure.
Endoscopic skull base surgery requires a learning curve,
similar to other learned procedures. Simulators are gaining
popularity as tools for developing surgical proficiency with-
out placing the patient at risk. Given the increased morbidity
and costs associated with longer operative times, we sought
to determine the difference in operative times and associ-
ated complications for cases performed solely by attending-
level surgeons versus cases assisted by surgeons-in-training
for standardized skull base procedures.

Methods: After IRB approval was obtained, 51 cases
of endoscopic endonasal pituitary surgery from 2005-2011
were identified. Inclusion criteria included operative dicta-
tion report from two surgeons (otolaryngology and neuro-
surgery) and primary pathology of the pituitary gland. Exclu-
sion criteria included intraoperative lumbar drain placement
in combination with other procedures. Information was
garnered from dictated operative reports, intraoperative
records, and discharge summaries.

Results: Thirteen of 51 cases were identified as
attending only (AO) surgeries, and the remaining 38 had
trainee involvement (TI). Operative times (minutes) for the
AO group were significantly shorter than the TI group (156.5
+ 42.9vs. 198.0 = 54.6, P = 0.02). No major intraoperative
complications were reported in either group. The AO group
had fewer minor intraoperative complications (15% vs. 39%)
and shorter length of stay (2.9 vs. 6.0 days).

Conclusion: This study is the first to compare opera-
tive times and outcomes for attending only versus trainee-
involved cases at a single academic institution. Cases
performed solely by attendings decrease both operative
times and patient morbidity. These results have important
implications for the growing impetus to incorporate en-
doscopic simulation technology into the core curricula of
residency and fellowship training programs.
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032. Early Morning Cortisol Levels as Predictors of
Short- and Long-Term Adrenal Function after Endonasal
Transsphenoidal Surgery for Pituitary Adenomas and
Rathke’s Cleft Cysts

Nancy Mclaughlin (presenter), Pejman Cohan, Philip
Barnett, Amy Eisenberg, Charlene Chaloner, Daniel F.
Kelly (Santa Monica, USA)

Introduction: Patients undergoing pituitary adeno-
ma or Rathke’s cleft cyst (RCC) removal are often admin-
istered perioperative glucocorticoids regardless of lesion
size and preoperative ACTH/cortisol levels. To minimize
unnecessary glucocorticoid therapy, we describe a protocol
in which patients with normal preoperative serum cortisol
and ACTH levels are given glucocorticoids only if postop-
erative day 1 or 2 (POD1 or POD2) cortisol levels fall below
normal.

Methods: A total of 207 consecutive patients under-
going endonasal surgery for an adenoma or RCC were con-
sidered for study. Of these, 68 patients with preoperative
adrenal insufficiency or Cushing’s disease were excluded.
Glucocorticoids were withheld unless POD1/POD2 morning
cortisol values were below normal (=4 pg/dL). Subsequent
adrenal status was assessed through follow-up biochemical
and clinical evaluations.

Results: The 139 patients included 119 with mac-
roadenomas, 14 microadenomas and 6 RCCs (follow-up,
3-41 months; median, 10 months). Nine (6.5%) patients,
all with macroadenomas (mean diameter 26 + 10 mm)
had low POD1/POD2 cortisol values and received glucocor-
ticoids; of these, 5 were weaned off within 3-28 weeks of
surgery. Overall, 12/139 (8.6%) patients were treated for early
(n = 9) or delayed (n = 3) adrenal insufficiency, but only
5 (3.6%) remain on glucocorticoid replacement. No patients
experienced an adrenal crisis.

Conclusion: In patients with normal preoperative
cortisol levels undergoing endonasal removal of a pituitary
adenoma or RCC, normal morning cortisol values on POD1/
POD2 reliably predicts adequate and safe adrenal function
in over 96% of patients. This simple protocol of withholding
postoperative glucocorticoids avoids unnecessary steroid ex-
posure and poses minimal risk to the well-informed, closely
monitored patient.

033. Endoscopic Endonasal Transpterygoid Nasophar-
yngectomy

S. Al-Sheibani, A. Zanation, R. L. Carrau (presenter),
D. M. Prevedello, C. H. Snyderman, B. A. Otto, M. Old
(Columbus, USA)

Objective: To describe our technique for endoscopic
transpterygoid nasopharyngectomy and support its
effectiveness with our early clinical outcomes.

Methods: Our endoscopic endonasal technique com-
prises an extended inferomedial maxillectomy, mobilization of
the pterygopalatine fossa, and removal of the pterygoid plates
and Eustachian tube to access the posterolateral nasopharynx.
Control of the para-pharyngeal and petrous segments of the
internal carotid artery is the keystone of the approach.

Results: Various histopathologies were treated, in-
cluding epidermoid carcinomas (N = 9), lymphoepithelioma
(N = 1), adenoid cystic carcinoma (N = 7), adenocarcinoma
(N = 2), mucoepidermoid carcinoma (N = 2), and sarcoma
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(N = 1). Negative microscopic margins were obtained in 86%
(19/22) of patients. No perioperative mortality, cerebrospinal
fluid (CSF) leak, meningitis, or cerebrovascular accident was
encountered; however, one patient suffered an internal ca-
rotid artery (ICA) injury that was controlled without perma-
nent sequelae. All but one patient received adjuvant therapy
(IMRT, proton and/or stereotactic radiotherapy with or with-
out chemotherapy). Follow-up ranged from 12 to 78 months
(mean = 36 months). Overall survival was 59% (13/22), and
local control was 68% (15/22).

Conclusions: Endoscopic transpterygoid nasophar-
yngectomy for primary and recurrent nasopharyngeal ma-
lignancies is feasible and safe in properly selected patients.
Our preliminary outcomes compare to that of conventional
techniques. Endoscopic resections, however, are demand-
ing; they require specialized equipment and a team versed
in endoscopic oncologic surgery. Long-term follow-up and
reproducibility remain undefined.

034. Proton Therapy of Cancers of the Nasal Cavity and
Paranasal Sinuses—the UFPTI Experience

Robert S. Malyapa (presenter), William M. Mendenhall,
Daniel Yeung, Craig McKenzie, Zuofeng Li, Chris G. Morris,
Nancy P. Mendenhall, Paul Okunieff (Jacksonville, USA)

Aim: Sixty-eight patients with cancers of the nasal
cavity and paranasal sinuses have completed treatment with
proton therapy at UFPTI since January of 2007. The disease
characteristics, treatment planning, delivery techniques,
and follow-up results of 49 patients who have completed
treatment more than 1 year ago are presented.

Method: Of 49 patients, 43 had prior surgery,
23 with close/positive margins. Six patients had biopsy only.
Skull base invasion was noted in 34 of 49 patients, (69%).
Ages ranged from 16 to 82 years with a median of 58 years.
Histology included sinonasal undifferentiated carcinoma,
adenoid cystic carcinoma, esthesioneuroblastoma, mucosal
melanoma, spindle-cell carcinoma, and osteogenic sarco-
ma. Prescribed doses ranged from 64.8 GyE to 69.6 GyE for
postoperative negative margins, to 74.4 GyE for presence of
positive margins or presence of gross unresectable tumor at
1.2 GyE twice a day. Proton treatments were delivered with
orthogonal kV x-ray imaging guidance to achieve 1-mm set-
up accuracy for each fraction.

Results: All patients completed their prescribed
treatment. Follow-ups ranged from 0.4 to 4.1 years (median
2 years). Brisk skin reactions developed in all patients, and
resolved within 4 weeks after completion. Medial retinopathy
occurred within the treated volume in 1 patient at 11 months
after completion without negative impact on vision. Complete
local disease control was noted in 43 of 49 patients (88%). In-
field recurrent disease was noted in 2 postoperative patients
at 9 and 12 months; one of them is free of disease after surgi-
cal salvage. Progressive meningeal seeding was identified in
1 patient within 2 months after radiation and was salvaged by
additional therapy. Six patients who at initial diagnosis were
inoperable and received 74.4 GyE had varying local response,
succumbed to disease progression in 6 months to 20 months.
Five patients who received postoperative proton radiation
died of distant metastasis between 12 and 15 months with-
out any evidence of local recurrence. The overall survival at
1 year and 2 years was 94% and 73%, respectively.

Conclusion: Our experience suggests that patients
with cancers involving the nasal cavity and paranasal
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sinuses with skull base invasion will benefit from high-dose
conformal proton therapy.

035. Chondrosarcomas of the Head and Neck: A
50-Year Review

James P. O’Neill (presenter), Justin Elder, Jeffrey C. Liu,
lan Ganly, Snehel Patel, Mark Bilsky, Dennis Kraus, Jatin
P. Shah (New York, USA)

Summary: Chondrosarcomas of the head and neck
are rare heterogenous malignant tumors of cartilaginous
lineage. The objectives of our study were to report our ex-
perience in the surgical management and to identify factors
predictive of outcome.

Methods: Sixty-six patients with head and neck
chondrosarcomas treated at Memorial Sloan Kettering Can-
cer Center were divided in two cohorts from 1955 to 1985
and 1985 to 2005. Overall survival (0S), disease-specific sur-
vival (DSS), and recurrence-free survival (RFS) were deter-
mined for each cohort by the Kaplan-Meier method.

Findings: Five-year OS was superior in the 1985-
2005 cohort compared with the 1955-1985 cohort (86.5%
vs. 54%). In the 1985-2005 group, 5-year DSS and RFS were
89.5% and 51%, respectively. For RFS, grade, margin status,
and postoperative radiation (PORT) were predictors of out-
come. High- and intermediate-grade tumors had poorer
RFS compared to low grade tumors (22.6% vs 70%, P = 0.02).
RFS was worse with positive margins compared with nega-
tive margins (30.5% vs. 81.5%, P = 0.004). Patients with
positive margins, patients treated with PORT had better RFS
(45.7% vs. 18.2%). Sinus and skull base tumors had poorer
RFS (43.4% vs. 70%, P = 0.35).

For DSS, margin status, anatomical site, and grade
were not predictive. Despite poorer RFS, patients with high-
grade tumors and/or positive margins were salvaged by sur-
gery and/or radiation therapy (RT) such that DSS was simi-
lar to that of patients with low-grade tumors and negative
margins (DSS for high-grade vs. low-grade was 84% and 93%,
respectively, P = 0.1; DSS for positive vs. negative margins
was 90% vs. 89%).

Interpretation: Survival of head and neck chondro-
sarcomas has improved over the past 25 years largely due
to the use of adjuvant PORT. Despite high rates of recur-
rence in high-grade tumors, positive margins, and skull base
locations, DSS is improved by successful salvage with further
surgery and radiation therapy.

036. Small Molecule Inhibitor of CBP/Beta-Catenin
Signaling Enhanced Radiation Sensitivity in Head and
Neck Squamous Cell Carcinoma

Vicky Yamamoto (presenter), Rohit Khanna, Michael
Kahn, Vijay Kalra, Uttam Sinha (Los Angeles, USA)

Background: Survivin is highly expressed in many
types of cancers, including head and neck carcinoma (HNC).
HNC is the sixth most common cancer in the world, and its
5-year survival rate is less than 50%. An increased survivin
expression level in cancers is correlated with increased pro-
liferative index, reduced apoptosis levels, and resistance to
chemotherapy and radiation therapy. ICG-001, developed
by Michael Kahn, Ph.D., is a novel small molecule inhibitor
of Wnt signaling. Previous studies have shown that ICG-001
selectively blocks CBP/beta-catenin interaction and thus

inhibits its downstream target gene expressions, which in-
cludes survivin. The main objective of this study is to ex-
amine the therapeutic effect of this small molecule inhibitor
in head and neck squamous cell carcinoma (HNSCC), which
constitutes more than 90% of all HNC.

Experimental Methods: Three HNSCC cell lines (USC-
001, SCC-71, and SCC-15) were used in the study. Expression
levels of survivin, and other CBP/beta-catenin downstream
target genes, such as cyclin-D1 and S100A4, were determined
by real-time qRT-PCR. In addition, survivin expression was
analyzed by western blotting and immunohistochemistry.
Survivin and Wnt and beta-catenin promoter activities were
analyzed by survivin luciferase and TOPflash assays, respec-
tively. Viable cells were determined by trypan blue exclusion
assay and WST-1 assay. Dead cells were determined by Sytox
Green/Hoechst staining. Caspase activity was determined by
Caspase-Glo assays.

Results: Our in vitro data showed that ICG-001 treat-
ment (at 5, 10, and 25 uM) significantly reduced viable
HNSCC cells and Ki67-positive cells as much as 50%, in a
dose-dependent manner. Western blotting, RT-PCR, immu-
nohistochemistry, and survivin-promotor analysis showed
that survivin expression level was significantly reduced by
ICG-001 treatment. Wnt/beta-catenin promoter activity
was also reduced by ICG-001 treatment. Pretreatment with
ICG-001 enhanced radiation-induced cell death in vitro, de-
termined by WST-1 and Sytox Green/Hoechst assays. Our
preliminary results showed that caspase-6 activity, but not
caspase-3/7 activity, was enhanced in ICG-001 pretreated,
radiation-treated cells.

Conclusion: Inhibiting CBP/beta-catenin signaling by
ICG-001-induced antiproliferative effect in HNSCC. Inhibit-
ing CBP/beta-catenin signaling could also enhance radiation
sensitivity in vitro by causing more cell death, which could
be caspase-dependent.

037. Incidence and Timing of Neck Metastases in
Esthesioneuroblastoma

Victoria E. Banuchi (presenter), Luc Morris, Mark H.
Bilsky, Jatin P. Shah, Dennis H. Kraus (New York, USA)

Purpose: To assess the incidence of cervical lymph
node metastases, at presentation and after treatment, as
well as the effectiveness of salvage therapy for neck failure,
in patients with esthesioneuroblastoma.

Methods and Materials: This was a retrospective
analysis of 59 patients with esthesioneuroblastoma treated
at Memorial Sloan Kettering Cancer Center between 1979
and 2009, with median follow-up of 69 months. Cumulative
incidence of neck failure and survival was assessed using the
Kaplan-Meier method.

Results: Most patients (41; 69%) were male. Tumor
stage at presentation was Kadish Ain 11 patients, Bin 22, Cin
22, and D in 4. Resection via open approaches was performed
in 51 patients, 4 patients had endoscopic resection, and
4 were treated with chemoradiation alone. Overall survival
at 5 years was 85.2%; at 10 years, 76.4%. At presentation,
4 patients (7%) had neck metastases and 13 patients (22%) de-
veloped neck failure subsequently, for a cumulative incidence
of 30.8%. Median time to neck failure was 76 months (range,
17-107 months). The rate was higher in Kadish stage D (50%)
patients than in Kadish A (33.3%, P = 0.012), Kadish B (46.6%,
P = 0.027), and Kadish C (24.5%, P = 0.014) patients. After
neck failure, 2 patients were treated with neck dissection and
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radiation, 9 with surgery followed by chemoradiation, and
2 with chemoradiation. After neck failure, the probability of
survival was 57.1% at 5 years and 42.9% at 10 years. There
was a trend toward poorer survival compared to patients not
experiencing neck failure (P = 0.07).

Conclusion: The rate of regional failure in patients
with esthesioneuroblastoma is significant for all Kadish
stages, generally occurs in a delayed fashion, and negatively
impacts survival.

038. The Use of Radiofrequency Ablation for the
Removal of Juvenile Nasopharyngeal Angiofibroma in
Children

Matthew Whitley (presenter), Brian Dunham, Ken
Kazahaya (Philadelphia, USA)

Juvenile nasopharyngeal angiofibroma (JNA) is an uncom-
mon, highly vascular, benign, but locally aggressive neo-
plasm that occurs almost exclusively in adolescent boys.
The treatment of choice is complete surgical extirpation.
Over the past decade, open surgical approaches have been
replaced with endoscopic transnasal resection of these tu-
mors. The advantages of endoscopic resection include better
cosmesis, decreased operative time, decreased hospital stay,
and more rapid return to normal activity. Because of their
vascular origin, the resection of these tumors can be com-
plicated by excessive bleeding. Numerous techniques have
been developed and utilized in an attempt to circumvent this
issue, the most common of which is preoperative emboli-
zation. Despite this, bleeding continues to pose a challenge
during resection, and several new techniques are being ex-
plored to reduce blood loss at the point of resection. The rad-
iofrequency ablation (Coblation, ArthroCare ENT, Austin, TX)
device is a new instrument that uses bipolar radiofrequency
energy and electrolytes to create a low temperature plasma
field, which disrupts molecular bonds and dissolves tissue.
In this report, we describe our experience over the preced-
ing 5 years in 16 patients that underwent endoscopic trans-
nasal resection of JNA at the Children’s Hospital of Philadel-
phia. Seven of these patients underwent resection utilizing
the radiofrequency ablation device. Patients were analyzed
retrospectively and groups compared in terms of adequacy
of resection, estimated blood loss, complication incidence,
length of hospital stay, and recurrence. In addition, we de-
scribe the technical aspects of the use of this device in the
limited space of the pediatric nasal cavity and nasopharynx.

039. Loss of PTEN Expression in Sinonasal Squamous
Cell Carcinoma

Michelle D. Williams (presenter), Diana Bell, Ehab Y.
Hanna (Houston, USA)

Background: Squamous cell carcinoma (SCC) aris-
ing in the sinonasal and paranasal regions arises from the
surface Schneiderian mucosa and may have biologically dis-
tinct molecular alterations. Identifying altered pathways for
targeted therapy and markers to aid in predicting outcome
and response to therapy are needed. Phosphatase and ten-
sin homolog deleted from chromosome-10 (PTEN), a tumor
suppressor gene associated with regulation of the PI3K path-
way, is altered in many tumor types, including SCC in other
head and neck sites. We sought to determine the incidence
and potential correlation of PTEN expression with clinical
parameters in sinonasal SCC.
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Methods: Tumor tissue from 48 patients with pri-
mary sinonasal SCC who underwent a surgical procedure
from 2001-2008 were included in a paraffin tissue microar-
ray. Immunohistochemical analysis was performed for PTEN
expression using standard techniques (PTEN 6H2.1, 1:100,
Dako, Carpinteria, CA). Each tumor was evaluated for expres-
sion in duplicate cores as negative (loss of PTEN expression)
or positive (staining in the cytoplasm and/or nucleus in any
tumor cells).

Results: Five of 48 (10.4%) sinonasal SCC showed
complete loss of PTEN expression by immunohistochemical
analysis. Internal controls were positive in each case. All five
tumors arose in the maxilla in three males and two females.
Patients were treated with surgery with or without radiation
therapy. One of the five patients developed local recurrence
and was treated with salvage surgery. Three patients are alive
with no evidence of disease (49-105 months follow-up), and
two patients died of other causes with no evidence of disease
at 33 months. Survival curves were not statistically signifi-
cant between PTEN expressing tumor and those with PTEN
expression loss.

Conclusions: PTEN expression is altered in a subset of
sinonasal SCC with 10% showing complete loss by immuno-
histochemical evaluation. The significance of this alteration
in sinonasal SCC is unclear, secondary to limited number of
events. Studies are ongoing to delineate the molecular basis
for this alteration.

040. Endoscopic Endonasal Transcribriform Approach
for Anterior Skull Base Tumors Involving the Cribriform
Plate: Indications, Techniques, and Results in 13 Pa-
tients

Smruti K. Patel (presenter), Mickey L. Smith, Osamah
J. Choudhry, Jean Anderson Eloy, James K. Liu (Newark,
USA)

Introduction: Tumors involving the anterior skull
base have traditionally been treated with a transcranial or
craniofacial approach. The endoscopic endonasal transcri-
briform approach (EEA-TC) is an extracranial approach that
provides direct visualization and exposure of the ventral an-
terior skull base without brain retraction or manipulation of
neurovascular structures. In this study, we reviewed our ex-
perience with EEA-TC for surgical removal of anterior skull
base tumors.

Methods: Retrospective review of a prospective data-
base of endoscopic skull base procedures performed within a
2-year period revealed 13 patients that underwent EEA-TC for
ASB tumors involving the cribriform plate. Nine underwent a
pure endonasal approach. Four underwent a combined cranio-
nasal approach (EEA-TC plus transbasal craniotomy) because
of significant intracranial tumor extension. The pathologies
included olfactory groove meningioma (n = 4), esthesioneu-
roblastoma (n = 3), sinonasal teratocarcinosarcoma (n = 1),
olfactory schwannoma (n = 1), osteoblastoma (n = 1), mela-
noma (n = 1), sinonasal small cell neuroendocrine carcinoma
(n = 1), and adenoid cystic carcinoma (n = 1). All patients
underwent multilayer reconstruction of large cribriform skull
base defects using autologous fascia lata and AlloDerm graft
followed by a vascularized pedicled nasoseptal flap.

Results: Gross-total resection was achieved in 84.6%
(11 cases), and near-total resection was achieved in 15.4%
(2 cases). Postoperative complications occurred in two
patients, including a postoperative hematoma and delayed
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brain abscess in one patient in the pure EEA-TC group, and
pneumocephalus and subsequent bone flap infection in an-
other patient in the combined cranionasal group. There were
no postoperative CSF leaks. Mean follow-up was 10 months
(range: 1 to 23 months).

Conclusion: The EEA-TC is a safe and viable approach
for resection of benign and malignant ASB tumors involving
the cribriform plate. This can be combined with a transcra-
nial approach in cases with significant intracranial extension.
Meticulous multilayer reconstruction of these large skull
base defects with nasoseptal flap repair can minimize the
risk of postoperative CSF leakage.

041. Navigated Transconjunctival
Approaches to the Orbit

Guenther C. Feigl (presenter), Boris Krischek, Rainer
Ritz, Kristofer Ramina, Andreas Korn, Marcos Tatagiba
(Tiibingen, Germany)

Endoscopic

Introduction: Because the orbit is relatively small
yet densely packed with important and delicate anatomical
structures surrounding the eyeball, great surgical skill is re-
quired in order to avoid injury during surgical approaches.
Standard approaches to the orbit involve, in most cases, large
skin incisions and also a craniotomy. In order to evaluate less
invasive surgical approaches to the orbit, a study was de-
signed assessing endoscopic transconjunctival approaches.

Methods: Using 30°/3-mm and 0°/6-mm rigid endo-
scopes, neuronavigated transconjunctival approaches to the
orbit were performed on four cadavers. A special endoscopic
head frame was designed for this study in order to avoid injury of
anatomical structures due to excessive movement of the endo-
scope tip in the orbit. On each eye, a lateral and medial transcon-
junctival supra- and infrabulbar endoscopic approach to the
extra- and intraconal space were performed. The size of the inci-
sion, maximal depth of penetration in the extra- and intraconal
space, and the distance to the optic nerve were measured.

Results: All showed good exposure and good access to
the extra- and intraconal space. The mean size of the transcon-
junctival incision for the approach was 10.4 mm. The optic
nerve could be exposed through all four approaches. The mean
maximal depths of penetration in the extraconal space were
28.6 mm for the 30°/3-mm endoscope and 20.7 mm for the
0°/6-mm endoscope. In the intraconal space, the mean maximal
depth of penetration was 23.8 mm for the 30°/3-mm endoscope
and 19.4 mm for the 0°/6-mm endoscope. Based on the ac-
quired measurements, a new surgical classification of the orbit
in quadrants and zones was made for endoscopic procedures.

Conclusions: Transconjunctival  endoscopic  ap-
proaches allow a maximal exposure of the extra- and intra-
conal space through a minimally invasive approach. None of
the approaches required a muscle transsection. Infrabulbar
approaches have better cosmetic results then suprabulbar
approaches, which require incision of the eyelid.

042. Augmented Real-Time Navigation with Critical
Structure Proximity Alerts for Endoscopic Skull Base
Surgery
Benjamin J. Dixon (presenter), Michael Daly, Harley Chan,
Allan Vescan, lan Witterick, Jonathan Irish (Toronto,
Canada)

Introduction: Image-guided surgery (IGS) systems
are frequently utilized during cranial base surgery to aid

in orientation and facilitate targeted surgery. We wished
to assess the performance of our recently developed local-
ized intraoperative virtual endoscopy (LIVE)-IGS prototype
in a preclinical setting prior to deployment in the operating
room. This system combines real-time ablative instrument
tracking, critical structure proximity alerts, 3-dimensional
(3D) virtual endoscopic views, and intraoperative cone-
beam CT image updates.

Methods: Skull base procedures were performed on
14 cadaver specimens by seven fellowship-trained skull base
surgeons. Each subject performed two clivus drill-outs; one
with LIVE-IGS and one using a conventional IGS system in
random order. NASA Task Load Index scores were document-
ed for each dissection, and a semistructured interview was
recorded for qualitative assessment.

Results: The NASA-TLX scores for mental demand, ef-
fort, and frustration were significantly reduced when using
the LIVE-IGS system compared with conventional navigation
(P<0.05). The system interface was judged to be intuitive and
most useful when there was a combination of high spatial
demand, reduced or absent surface landmarks, and proxim-
ity to critical structures. Registration performance was suffi-
ciently accurate (~1-2 mm) for its intended purpose. The de-
velopment of auditory icons for proximity alerts during the
trial better informed the surgeon while limiting distraction.

Conclusion: The LIVE-IGS system provided accurate
and intuitive, dynamic feedback to the operating surgeon.
Further refinements to proximity alerts and visualization
settings will enhance orientation while limiting distraction.
The system is currently deployed in a prospective clinical
trial in skull base surgery.

043. Transoral Robotic Surgery and Endoscopic Endo-
nasal Approach as Complementary Techniques for the
Resection of Extensive Malignancies of the Skull Base
R. L. Carrau (presenter), E. Ozer, D. M. Prevedello, D. de
Lara (Columbus, USA)

Background: Oncologic resection of the clivus, na-
sopharynx, and craniovertebral junction and infratemporal
fossa is a challenging endeavor due to their complex and
protected anatomy.

Objective: Our goals were to design a cadaveric mod-
el that identified the surgical landmarks from the transoral
robotic and endoscopic perspectives and identify advantages
and limitations of each technique. This would serve as a tem-
plate for the complementary use of these techniques.

Material and Methods: Cadaveric specimens were
dissected using a da Vinci surgical robot and endoscopic en-
donasal instruments in a fashion that mimicked our operat-
ing room environment. We then applied the techniques and
lessons learned in the laboratory to resect tumors that origi-
nated at the nasopharynx or clivus, and extended below the
level of the hard palate.

Results: In preparation for the dissection of the na-
sopharynx, we expanded the sinonasal corridor, exposed the
pterygopalatine and infratemporal fossae, and completed a
transpterygoid EEA with a detailed anatomical dissection of
the infratemporal fossa, nasopharynx, posterior skull base
(clivus), and craniovertebral junction. Using TORS, we incised
the glossopalatine fold and transected the soft palate later-
ally, dissected the parapharyngeal space and infratemporal
fossa, and extended the dissection medially to expose the
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nasopharynx. We identified that the ET represented a transi-
tion zone that marked the most effective resection field of
each approach. TORS did not require a palatal incision to con-
trol the craniocervical junction or upper cervical spine.

The EEA and TORS were applied as complementary
techniques to treat two patients presenting with a large chor-
doma of the clivus extending to C2, and an adenoid cystic
carcinoma of the nasopharynx extending into the medial
pterygoid muscle at a level that was below that of the hard
palate. Both surgeries were completed without complica-
tions, and the patients recovered uneventfully.

Conclusions: A thorough understanding of the anat-
omy from the endoscopic and robotic perspectives is critical
for the planning and safe oncologic resection of tumors in
this area. The surgical team must be versed in both robotic
and endoscopic techniques before embarking in such a proce-
dure. Our model provides the opportunity to acquire anatom-
ical familiarity; however, clinical experience is mandatory as
anatomical models fall short of real clinical scenarios. TORS
and EEA seem complementary for select advanced tumors in
these complex areas.

044. A Thermal Injury Alarm System in the Expanded
Endonasal Approach to the Skull Base

Bruce L. Tai (presenter), Albert |. Shih, Erin L. McKean,
Stephen E. Sullivan (Ann Arbor, USA)

Expanded endoscopic endonasal approaches to the skull
base allow the surgeon to access and remove benign and ma-
lignant tumors of the ventral and ventral lateral skull base.
The procedure utilizes the natural nasal corridors and avoids
incisions on the head and face. This technique often includes
drilling the bone that surrounds the optic nerve, cavernous
sinus, and branches of the trigeminal nerve to expose the
pathology. Due to the nature of the shallow, confined space
in the skull, the ability to cool the burr tip is limited and
high temperature exists at the bone-burr interface. Thermal
injury from drilling adjacent to these nerves is of particular
concern because neurosurgeons have no way to gauge the
tissue temperature. This research aims to develop a system
to provide surgeons real-time temperature feedback at criti-
cal nerves during the surgery.

The electrical power generated by the drill console is
the key information because it drives the drill motor to main-
tain a certain rotation speed. Changes in drill power are near-
ly proportional to changes in temperature at the bone-burr
interface. As in many cutting processes, approximately 99%
of the energy consumption converts into heat, and part of the
heat flows into the bone and propagates to the surrounding
tissues. Through a statistically designed experimental study,
the conversion model of power-to-heat generated can be cre-
ated. Preliminary results have demonstrated this approach in
an ex vivo bone drilling setup.

Having known the heat generation on the burr-bone
interface, a bio-heat transfer model can be applied to calculate
the temperature response around the drilling site. The model is
established from patients’ preoperative CT and MRI data with
the exact anatomic shape of bone and nerve, and the burr lo-
cation is tracked via the intraoperative navigation system. This
thermal analysis module will be able to provide a real-time
thermal map onto the patient 2-D CT images. Surgeons can
select CT images of interest to view the drilling temperature si-
multaneously. This system is expected to dramatically improve
the quality of life in patients suffering from skull base tumors.
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045. Vagus Nerve Monitoring During Skull Base
Surgery: A Transnasal Nerve Monitoring Technique
Christopher A. Schutt (presenter), Boris Paskhover,
Benjamin L. Judson (New Haven, USA)

Objective: The vagus nerve is at risk during open
resection of skull base tumors involving the high para-
pharyngeal space and infratemporal fossa, particularly with
less invasive approaches where the superior exposure may
be limited. Nerve monitoring using an endotracheal nerve
monitoring system is well established for thyroid surgery.
However, an oral endotracheal tube limits operative expo-
sure of some skull base tumors either by being in the surgi-
cal field or by preventing full mobilization of the mandible
with transcervical approaches. We describe the novel use
of a commercially available nerve-monitoring endotra-
cheal tube, which is placed transnasally during open skull
base surgery for infratemporal fossa or high parapharyngeal
space tumors.

Methods: Ten patients underwent open resection of
tumors including paraganglioma (3), nerve sheath tumor
(2), meningioma (1), deep lobe parotid tumor (pleomorphic
adenoma) (2), poorly differentiated sarcoma (1), and a giant
ranula (1). A nerve monitor endotracheal tube (Medtronic,
Santa Rosa, CA) was placed transnasally during the initiation
of general anesthesia. A video-assisted intubating laryngo-
scope was used to confirm placement of the endotracheal
tube nerve monitor electrodes at the level of the glottis. The
vagus nerve was identified lower in the neck, and stimulation
confirmed successful monitoring of the nerve. Manipulation
of the nerve superiorly, where there was more limited expo-
sure, also stimulated the nerve.

Results: In all 10 cases (100%), the vagus nerve was
identified and stimulated, confirming successful nerve
monitoring. One patient experienced minor epistaxis,
which was managed conservatively. Three patients had in-
volvement of the vagus nerve by tumor and had expected
postoperative vagal deficits. One patient had dissection of
the vagus nerve off of the tumor with a transient vagal defi-
cit. No patients had vagal nerve injury or weakness other
than from the intended dissection of the nerve at its inter-
face with the tumor. Five patients underwent transcervical
approaches, three underwent maxillary swing with a tran-
scervical approach, and two underwent double mandibular
osteotomy.

Conclusion: Transnasal vagal nerve monitoring is a
novel and simple method that allows for continuous nerve
monitoring when using less invasive open surgical approaches
for tumors that put the vagus nerve at risk.

046. Postoperative Imaging of the Transpalpebral “Eye-
lid” Approach for the Surgical Treatment of Anterior
Cranial Fossa Lesions: What the Neuroradiologist and
Skull Base Surgeon Need to Know

Allison Weyer (presenter), Michael Spearman, Khaled Abdel
Aziz, Erik Happ, Michael F. Goldberg (Pittsburgh, USA)

Purpose: The purposes of this study are: (1) To in-
troduce the transpalpebral “eyelid” approach for the surgi-
cal treatment of anterior cranial fossa lesions with review
of the relevant skull base, orbital, and periorbital anatomy,
(2) to review the expected postoperative imaging findings
following the transpalpebral approach to the anterior cranial
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fossa, and (3) to discuss complications associated with this
relatively new surgical technique.

Description: The concept of minimally invasive skull
base surgery has evolved considerably during the last couple of
decades, and it is critical for the neuroradiologist and skull base
surgeon to be aware of these developing surgical techniques
and expected postoperative imaging appearances. The neuro-
surgical department at our institution has adapted the tradi-
tional supraorbital frontal mini-craniotomy for anterior cranial
fossa lesions by utilizing the natural skin crease of the upper
eyelid rather than the more traditional ciliary or supraciliary
approach.

Fifty patients have undergone this treatment at our
institution for a variety of indications (most commonly ante-
rior circulation aneurysm and meningioma), the largest case
series at a single institution to date. Based on this experience,
the purpose of our presentation will be to (1) describe this
technique in detail and review the relevant anatomy; (2) re-
view the expected postoperative imaging findings, such as the
unique bony defect seen in this type of craniotomy; and (3)
review the wide range of complications that can be well char-
acterized on imaging, including eyelid hematoma, infection,
exophthalmos/enophthalmos, CSF leak, and cerebrovascular
accident.

Summary: This study (1) introduced and described
the transpalpebral “eyelid” approach for surgical treatment
of anterior cranial fossa lesions, a relatively new technique
that is gaining broader use in the neurosurgical community;
(2) reviewed the relevant skull base, orbital, and periorbital
anatomy; and (3) reviewed postoperative imaging findings,
including complications.

047. Intraoperative CT-Guidance to Confirm Decom-
pression Following an Endonasal Approach for the
Treatment of Cervicomedullary Compression

Abhiram Gande (presenter), Matthew ). Tormenti, Maria
Koutourousiou, Alessandro Paluzzi, Juan C. Fernandez-
Miranda, Carl H. Snyderman, Paul A. Gardner (Pittsburgh, USA)

Introduction: Cervicomedullary compression often
requires an anterior approach to address the compressive
vector. In certain cases an endoscopic endonasal approach
is ideal for decompression. It is essential that adequate de-
compression be achieved and verified before the patient
leaves the operating room. The purpose of this study was to
evaluate the use intraoperative CT (IO-CT) in assessing the
adequacy of decompression.

Methods: A retrospective chart review revealed
11 cases of EEA odontoid resection I0-CT verification of de-
compression. Operative reports and review of imaging was
used to determine if further decompression was performed
following the intraoperative scan.

Results: Out of 11 EEA cases, 4 (36%) patients
showed evidence of residual compression following
an initial 10-CT. Further operative decompression was
undertaken following the first scan in all cases. A second
intraoperative scan was then used to confirm complete
decompression. No patient left the operating room with
residual compression.

Discussion: 10-CT provided valuable utility in
36% of the cases after the initial resection was incom-
plete. The standard fluoroscopic guidance may not provide
adequate resolution and enhanced utility like IO-CT.

048. Real-Time Imaging with the O-Arm for Skull Base
Applications: A Cadaveric Feasibility Study

Shaan M. Raza (presenter), Alfred P. See, Michael Lim
(Baltimore, USA)

Introduction: Although intraoperative imaging/navi-
gation has established its critical role in neurosurgery, its
role in cranial base surgery is currently limited. Due to issues
such as poor bony resolution and accuracy, surgeons have to
rely on anatomic landmarks that can be distorted by pathol-
ogy when drilling out critical structures. Though originally
developed for spinal application, we hypothesized that the
0-Arm could address the above issues for use in cranial base
procedures.

Methods: A cadaveric study was performed where
heads underwent a pre-procedure scan via the O-Arm, a
fluoroscopic device capable of providing 3-dimensional im-
ages through the use of cone-beam technology. Pre-proce-
dure scans were taken and then registered to a Stealth S7
machine. Key cranial base landmarks were identified on
these scans and then subsequently identified under direct
visualization after (1) endoscopic endonasal dissection and
(2) a middle fossa approach. We then quantified the dif-
ference in distance between the preplanned and identified
structure during surgery. This difference was considered the
error.

Results: For anterior cranial fossa structures, the
mean error was 0.25 mm (anterior septum), 0.27 mm (left
septum), and 0.32 mm (right septum). For middle fossa
structures, the errors were: 0.11 mm (foramen spinosum),
0.44 mm (foramen rotundum), and 0.21 mm (foramen
ovale).

Conclusion: Based on this preliminary cadaveric
study, we feel the O-Arm can provide the necessary imag-
ing resolution at the skull base to be employed for intraop-
erative navigation during cranial base approaches (open and
endoscopic). This study warrants further investigation into
its clinical use in patients undergoing similar surgical pro-
cedures.

049. Confocal Laser Endomicroscopy (CLE) for Diag-
nosis and Histomorphologic Imaging of Brain Tumors
in Vivo

Cleopatra Charalampaki (presenter), Sebastian Foersch,
Axel Heimann, Konstantin Mpoukouvalas, Oliver Kempski
(Graz, Austria)

Introduction: Intracranial neoplasia forms a hetero-
geneous group of different neuropathologic entities, some
of which belong to the most aggressive types of tumors in
humans. Early detection and histopathologic evaluation dur-
ing surgery are crucial for a curative resection. Confocal la-
ser endomicroscopy (CLE) is a novel technique that allows
in vivo histologic imaging with miniaturized endoscopic
probes at excellent resolution. The aim of the current study
was to evaluate CLE for in vivo diagnosis and histomorpho-
logic imaging in different types and models of intracranial
neoplasia.

Methods: First, in vivo histomorphology of healthy rat
brains and two different C6 glioma cell line xenografts were
evaluated in rats (n = 13). One cell line expressed EYFP, the
other cell line was used for staining experiments with differ-
ent fluorescent dyes (fluorescein, acriflavine, FITC-dextrane,
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and indocyanine green). To evaluate future application in
patients, fresh surgical resection specimens of different
human intracranial tumors (n = 15) were examined with
CLE. Tissue specimens included glioblastoma, meningeoma,
craniopharyngeoma, acoustic neurinoma, a brain metastasis,
medulloblastoma, and an epidermoid tumor. H&E staining
served as gold standard. Healthy brain tissue of the same pa-
tient attached to the samples served as control.

Results: In all models, CLE yielded high-quality imag-
es of the histomorphology of normal brain tissue and differ-
ent brain tumor types. Different fluorescent agents displayed
distinct aspects of tissue and cell structure, such as nuclear
patterns, axon pathways, and intercellular configuration. In
brain tumor xenografts, the tumor margin could frequently
be visualized. CLE diagnosis of and discrimination between
neoplastic vs. healthy brain tissue was easy to perform based
on tissue and cellular architecture, and resemblance with
histopathology was excellent. Even the primary tumor origin
of the brain metastasis could be diagnosed.

Conclusion: Confocal laser endomicroscopy allows
immediate in vivo morphologic imaging of normal and neo-
plastic brain tissue at high resolution. Our findings suggest
that this technology might be transferred to scientific and
clinical application in neurosurgery and neuropathology.
This might impact intraoperative diagnosis and treatment of
patients with brain cancer, for example, to screen for free tu-
mor margins, improving the surgical resection of malignant
brain tumors, but also open the door to in vivo molecular and
functional imaging of intracranial neoplasia and other types
of neurologic disorders.

050. Combined Intraoperative MRI and Endoscopic
Endonasal Approaches for Nonpituitary Skull Base
Lesions

Devon Haydon (presenter), Ravindra Uppaluri, Gregory
Zipfel, Bruce Haughey, Anne Getz, Michael Chicoine (St.
Louis, USA)

Introduction: Endonasal endoscopic approaches and
intraoperative MRI (iMRI) are becoming established as valu-
able surgical techniques for pituitary tumors, but there has
been little reported in combining these two techniques for
nonpituitary skull-base tumors. We report our initial expe-
rience with this strategy using a movable high-field-strength
iMRI.

Methods: Review of a prospective database of 470
iMRI procedures performed at Barnes-Jewish Hospital since
April 2008 identified 11 patients who underwent 13 endo-
scopic endonasal resections for nonpituitary skull base neo-
plasms using 1.5T iMRI. Demographic, radiologic, surgical
decision making, operative time, extent of resection, patient
morbidity, and outcomes data were analyzed.

Results: Eleven patients (6 male; 5 female) safely
underwent 13 endoscopic endonasal surgeries with iMRI.
Mean age at surgery was 44 years (range, 12-70 years). Mean
operative time was 10.4 hours (range, 4.9-13.6 hours). Pathol-
ogy revealed chordoma (3), meningioma (3), epidermoid cyst,
chondrosarcoma, craniopharyngioma, adenoid cystic carci-
noma, and nasopharyngeal angiofibroma. iMRI demonstrated
gross total resection (GTR) in 3 cases and subtotal resection
(STR) in 10 cases. Additional resection was performed in
6 STR cases after iMRI (60%). Tumor tissue was pathologically
confirmed in all post-iMRI resection specimens. Ten of 11 pa-
tients were alive at the time of analysis. One patient developed
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persistent pneumocephalus postoperatively, which resolved
after a planned second stage operation during that admission.
Otherwise, there were no CSF leaks and no meningitis. Patients
noted stable or improved preoperative deficits after 12 (92%) of
the surgeries. One new deficit was observed consisting of mild
diminished sensation in the trigeminal distribution after re-
section of an angiofibroma invading the pterygopalatine fossa.
At last follow-up, surveillance MRI showed stable residual dis-
ease in 55% of patients, while 45% had no evidence of disease.
Mean follow-up was 12 months (range, 1-27 months).

Conclusions: Complex nonpituitary skull base lesions
can be resected safely via the endoscopic endonasal approach
with a movable high-field-strength iMRI. This method may
maximize tumor resection from greater visualization while
minimizing operative morbidity through a less invasive tra-
jectory. Additional investigation is needed to determine the
most appropriate application of this technique.

051. Posterior Cavernous Anterior Transpetrosal Postero-
medial Rhomboid (Dolenc-Kawase Rhomboid) Approach
to Posterior Cavernous and Petroclival Lesions

Suri Ashish (presenter), (New Delhi, India)

The anterior transpetrosal approach involves extradural ex-
posure of the posteromedial (Kawase) triangle, which is
bounded by the arcuate eminence, the greater superficial pet-
rosal nerve (GSPN), and the petrous ridge. It allows exposure
of the tentorium and the middle fossa and the posterior fossa
up to the internal auditory meatus. Despite permitting a key
access point, the exposure is conical and crowded; it does not
allow proper exposure to the Vth nerve. Exiting is from the
tentorium, the VIth nerve in the Dorello canal, and the under-
surface of the attachment of the tentorium to the posterior
clinoid process. Dissection of the posterior cavernous sinus
wall over the V2, V3, and gasserian ganglion permits access to
a posteromedial rhomboid bounded by the arcuate eminence
(posterior), GSPN (lateral), the petrous ridge (medial) and V3,
and the gasserian ganglion (anterior). Ligation and division
of the superior petrosal sinus close to the posterior clinoid
process and gentle elevation of the Vth nerve root permit an
enlarged view of the previous inaccessible areas. A posterior
cavernous anterior transpetrosal posteromedial rhomboid
(Dolenc-Kawase rhomboid) approach with or without zy-
gomatic osteotomy was used in the treatment of petroclival
meningiomas (32); giant dumbell trigeminal schwannoma
(11); clival chordoma (6); clival chondrosarcoma (4); trochle-
ar schwannoma (1); giant posterior fossa craniopharyngioma
(4); middle + posterior fossa epidermoid (2); hypothalamic
hamartoma (1); giant low basilar bifurcation aneurysm (2);
petroclival hemangiopericytoma (1); and bilateral petroclival,
cavernous, and tentorial histiocytosis (Rosai-Dorfman).

The conclusion of this study is that a posteromedial
rhomboid petrous apex approach is technically demanding
and requires a thorough knowledge of skull base anatomy
and pathology; it provides a safe corridor during the micro-
surgical treatment of a spectrum of skull base lesions.

052. Identifying RNA and Protein Expression Profile of
Bone Invading and Non-Invading Meningiomas
Shahrzad Jalali, Takafumi Wataya, Sidney Croul, Gelareh
Zadeh (presenter), (Toronto, Canada)

Introduction: Although meningiomas are considered
as benign primary brain tumors, a subset invades bone and
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adjacent neural and soft tissues and causes hyperostosis.
Skull base bone-invading meningiomas represent a signifi-
cant clinical challenge because complete surgical resection
is often impossible, resulting in higher recurrence rates and
repeat surgery. This study aims to identify differential gene
and protein expression profile and altered signaling path-
ways of bone-invading and non-invading meningiomas,
with the ultimate goal to establish potential novel therapeu-
tic targets.

Methods: Archived tumor specimens of 75 patients
with either bone invading or non-invading meningiomas
were selected. RNA and tissue microarray were performed
on the samples. The results of the array data were verified
using real-time PCR analysis. Meningioma cell lines (IOMM-
Lee, CH157-MN and F5) were used for in vitro and in vivo
functional studies. Matrigel invasion assay, immunostaining,
and western blotting were used to characterize the behav-
ior of these cells in vitro. Xenograft intracranial meningioma
tumors were generated in mice. Small-animal MRI was used
to study tumor growth pattern and behavior. Meningioma
tumor samples were also used for immunohistochemical
analysis.

Results: RNA microarray data identified 222 differen-
tially expressed genes, of which MMP16 and 19 were select-
ed as novel matrix remodeling metalloproteinases involved
in bone invasion. Real-time PCR analysis confirmed the over-
expression of these genes in bone-invading meningiomas.
In vitro studies identified a direct correlation between the
invasive capacity of the meningioma cell lines and expres-
sion level of MMP16 and MMP19. siRNA inhibition of MMP16
demonstrated diminished proliferation and invasion in vitro
and in vivo. The downstream signaling pathways regulated
by MMP16 were identified as MAPK and AKT. In vivo stud-
ies using xenograft meningioma tumor models showed the
tumor growth and invasion to the underlying bone tissue and
confirmed our in vitro data.

Conclusion: We identify novel pathways that play an
important contributory role to bone invasion in meningi-
omas. These results provide the basis of future studies to ex-
plore potential for targeting MMP16 and 19 in bone-invading
meningiomas.

053. Meningiomas Involving the Dural Venous Sinuses:
Surgical Outcome in 118 Patients

George Al Shamy (presenter), Loyola Gressot, Dima Suki,
Raymond Sawaya, Franco Demonte, Nicholas B. Levine
(Houston, USA)

Introduction: Management of meningiomas involv-
ing the dural venous sinuses can be controversial. Neither
definitive guidelines nor a general consensus of best man-
agement exists. Some surgeons consider tumoral invasion
of the dural venous sinuses a contraindication to surgery,
whereas others advocate aggressive resection with or with-
out venous sinus reconstruction.

Methods: Data from 118 patients who had undergone
resection of a meningioma involving a dural venous sinus at
MDACC between 1993 and 2010 were reviewed. The average
follow-up was 40 months.

Results: Meningiomasinvolved the SSSin the majority
of our patients (85%). Average age of presentation was
55 years old, and women were more commonly affected
(57%). Majority of tumors were large with an average volume
of 32 cm 3. Among the patients, 25% had undergone prior

surgical intervention and 52% had a meningioma of Sindou
grade 3 or more on presentation. Sixty percent of tumors
were WHO grade 1. Simpson grade 1 or 2 resections were
achieved in 50% of the patients. Recurrence rate for these pa-
tients was 18%. Average time to recurrence was 30.8 months.
Five patients received postoperative radiation, all had atypi-
cal tumors, and three of them recurred. Of the patients with
subtotal resection, the rate of progression was 35%, with an
average time to progression of 28.6 months. Thirty percent of
the patients with subtotal resection received radiation. The
majority of these patients had atypical pathology. There was
no difference in progression rate whether these patients re-
ceived radiation or not. The dural venous sinus was ligated
for Sindou grade 5 or 6 tumors, while the sinus was main-
tained for tumors infiltrating a patent’s sinus. Sindou grade
1 or 2 tumors adjacent to the sinus were dissected off of the
patent sinus. Three-month KPS scores were equivalent to
preoperative values. The 30-day neurological complication
rate, the majority of which were transient, was 29%.

Conclusion: Surgical therapy remains the mainstay
of treatment for meningiomas involving the dural venous
sinuses. XRT is usually reserved for atypical pathology but
may not impact the recurrence rate.

054. Long-Term Outcomes of Surgical Treatment and
Predicting the Probability of Skull Base Meningiomas
Recurrence

Yury A. Shulev (presenter), Ovanes R. Akobyan (St.
Petersburg, Russia)

Objective: Skull base meningiomas surgery is a
complicated problem, and a surgeon always has a question:
whether total tumor removal is possible and what the out-
comes might be. The purposes of this research were outcome
analysis of skull base meningiomas surgical treatment and
reliable prognosis scale designing.

Methods: Between 1996 and 2010, 231 patients with
skull base meningiomas underwent surgical treatment. The
mean patient age was 52.2 years (range, 29-80 years), F:M =
3:1. The mean estimated tumor diameter was 3.4 cm (range,
0.5-7.9 cm). Clinical data, magnetic resonance imaging stud-
ies, angiographic data, operative reports, histopathological
findings, and MIB-1 index were analyzed. Mean follow-up
was 74 months (range, 6-146 months). Functional outcomes
were evaluated using the Karnofsky Performance Scale (KPS).

Results: Total removal (Simpson I) was obtained in
209 patients (83.6%); Simpson Il was achieved in 24 patients
(9.6%). In the 231 patients, mean preoperative and follow-up
KPS scores were 76.2 = 11 and 84 = 8, respectively. Tumors
of WHO histopathological grades I, 11, and Il were diag-
nosed in 222 (96.1%), 6 (2.6%), and 3 (1.3%) cases, respec-
tively. The median MIB-1 index was 1.7% (range, 0-41.6%).
Tumor recurrence was observed in 19 patients (8.2%). As
authentic predictors promoting meningiomas’ recurrence,
the following factors were allocated: previous radiation
therapy, tumor localization (median, lateral, multiple fossa
involvement), the size of a tumor (< 3cm), a lesion of cra-
nial nerves, a brain invasion, degree of resection (Simpson
I, II, III, or IV), a tumor histological structure (WHO grade),
and MIB-1 index. As a result, a relapse scale was composed
to forecast meningiomas. Recurrence rate was measured in
terms of points of this scale. Probability of relapse scores
were: low, 0-3 points; average, 4-6 points; high, 7 and higher
points. Low, moderate, and high recurrence rates consisted of
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117 (50.6%), 65 (28.1%), and 49 (21.2%) cases, respectively.
Out of 19 patients with tumor recurrence, 1 had low re-
currence rate (middle fossa), 6 had moderate (middle fossa
and petroclival), 12 had high (middle fossa, petrous ridge,
cranioorbital).

Conclusion: The authors identified a triad of factors
contributing to tumor relapse: midline localization, multiple
fossa involvement, and MIB-1 index more than 3%. Combined
therapy is indicated for patients with high recurrence rate:
microsurgery with following radiosurgery.

055. Clinical Characteristics and Surgical Management
of Meningiomas Invading Dural Sinus

Joshua W. Osbun (presenter), Alessandra Mantovani,
Salvatore DiMaio, Michael R. Levitt, Manuel Ferreira,
Laligam N. Sekhar (Seattle, USA)

Background: Meningiomas involving the dural
sinuses present a challenging problem in surgical manage-
ment. Aggressive attempts at maximum tumor resection
aim to improve patient outcomes and reduce recurrences but
must be balanced with patient safety and risk to the cerebral
venous circulation. The authors review the institution’s
experience with sinus-invading meningiomas.

Methods: A database of 219 patients with histopatho-
logically confirmed meningiomas undergoing surgical resec-
tion from 2007-2011 was reviewed, and 24 patients were
identified with tumors invading dural sinuses as confirmed
by vascular imaging on formal cerebral angiogram, MR ve-
nogram, or CT venogram. We review the characteristics and
surgical management of these tumors.

Results and Surgical Technique: Of 24 meningiomas
(14 female and 10 male) invading dural sinuses reviewed,
18 invaded the superior sagittal sinus and 5 the transverse si-
nus. On imaging, 9 patients had totally occluded sinuses, 5 sub-
totally occluded (50-99% stenosis), and 10 partially occluded
(<50% stenosis). Twenty patients were WHO grade I, and
4 were WHO grade II. A gross total resection was achieved in
19 cases (79.1%). Fourteen patients underwent sinus opening
and reconstruction for tumor removal, 10 of these with prima-
ry suturing and 4 with a patch. In order to assist sinus patency
when sinus reconstruction was planned, patients were placed
on preoperative aspirin and inhibition of platelet function was
confirmed with the VerifyNow platelet function test (Accumet-
rics, Inc.). Antiplatelet therapy was continued 3 months after
surgery. On postoperative venogram, 11 (78.6%) of the recon-
structed sinuses were patent, and the 3 of 4 postoperatively oc-
cluded sinuses had been occluded before surgery. No deaths or
major complications occurred in the study population.

Conclusion: Our study demonstrates techniques for ag-
gressive surgical management of dural sinus invading meningi-
omas that carry low morbidity and high sinus patency. The study
demonstrates that aggressive sinus resection and reconstruc-
tion in conjunction with antiplatelet therapy can be performed
safely and potentially lead to improved patient outcomes.

056. Bone Invasion in Skull Base Meningiomas Resected
by Expanded Endonasal Endoscopic Approaches

Leo F. Ditzel Filho (presenter), Danielle de Lara, Rodrigo
C. Mafaldo, Matthew O. Old, Bradley A. Otto, Ricardo L.
Carrau, Daniel M. Prevedello (Columbus, USA)

Background: Degrees of resection and bone invasion
by skull base meningiomas are known prognostic factors.
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Endonasal endoscopic techniques allow early bone removal
during the approach itself.

Objective: The purpose of this study was to analyze
evidence of bone invasion in a series of skull base meningi-
omas treated with endonasal endoscopic techniques.

Methods: All imaging and pathology reports of 48
consecutive skull base meningiomas operated on endona-
sally by the senior author (DMP) in conjunction with the
skull base team were retrospectively reviewed. Confirmation
of bone invasion was based in pathologic analysis. Cases for
which pathologic review of bone invasion was not recorded
were discarded.

Results: Twenty-three of 48 skull base meningiomas
were evaluated for histologic evidence of bone invasion.
Tumor location was distributed as follows: the olfactory
groove (n = 9), tuberculum sellae (n = 7), sphenopetroclival
(n = 2), and sphenocavernous (n = 5) regions. Microscopic
analysis identified 20 WHO grade I tumors and 3 grade II
lesions; there were no malignant meningiomas. Twenty-two
(95.65%) of the 23 analyzed patients were positive for bone
invasion.

Conclusions: Regardless of the route used, surgeons
tackling skull base meningiomas must be aware of the high
rate of bone invasion related to this pathologic group and
address it accordingly. Further prospective studies are nec-
essary to determine whether complete bone removal will
render lower rates of recurrence.

057. Computer-Aided Volumetric Analysis as a Sensitive
Tool for the Management of Incidental Meningiomas
Victor Chang (presenter), Jack Rock (Royal Oak, USA)

Background: Meningiomas, which are typically slow
growing lesions that depend on location, can be relatively
benign. Knowing their exact rate of growth can be helpful in
determining whether surgery is necessary.

Objective: In this study, we retrospectively reviewed
the meningioma practices of the two senior authors (JR, MR).
Our goal was to measure meningioma growth using a variety
of methods (linear, using diameters, and volumetric, using
the computer-aided perimeter and cross-sectional diameter
methods) to compare rates of growth among the methods.

Methods: Of 295 meningioma patients seen over an
8-year period, we identified a cohort of 31 patients with at
least 30 months of follow-up. Volumes were calculated using
medical imaging software with T1 post-contrast magnetic
resonance imaging. Doubling times and growth rates were
calculated.

Results: Of the 31 patients, 26 (84%) were shown to
have growing meningiomas. The perimeter methodology
measured higher growth rates than the diameter method
for both doubling times as well as percentage annual growth
(P < 0.01). The mean doubling time was 13.4 years (range,
2.1-72.8 years) and 17.9 years (range, 4-92.3 years) compar-
ing perimeter and diameter methods, respectively. The mean
percentage of annual growth was 15.2% (range, 1.8-61.7%)
and 5.6% (range, 0.7-12.2%) comparing perimeter and diam-
eter methods, respectively. Linear growth was calculated at
0.7 mm/year.

Conclusion: Overall, the methods traditionally used
to track meningiomas using cross-sections underestimated
the amount of tumor progression compared with volumes
calculated using computer-aided perimeter methods.
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058. Evaluation of Molecular Alterations in Petroclival
Meningiomas and Their Correlation with Extent of Tu-
mor Resection

Vaishali Suri, (presenter), Sawan Kumar, Laxmi Mohan,
Utkarsh Bhagat, Ashish Suri, M. C. Sharma, Chitra Sarkar
(New Delhi, India)

Objective: The purpose of this study was to examine
molecular alterations in meningiomas and their correlation
with subtotal versus gross total resection.

Methods: Twenty cases of petroclival meningiomas at
first surgery, 10 with gross total resection (GTR) and 10 with
subtotal resection (STR), were included. All the slides were
reviewed and diagnosis reconfirmed. Immunohistochemical
staining was performed for progesterone receptor status, p53
expression and MIB-1 labeling. Fluorescence in situ hybridiza-
tion was performed for chromosome 1p and 14 q alterations.

Results: The majority (95%) of meningiomas were
WHO grade I, with meningothelial meningioma being the
most common (45%). There was only one case of chordoid
meningioma (WHO grade II). Age range was 30 to 60 years
with female preponderance (M:F, 1:2.3 ). Mean MIB labeling
index in cases with STR was higher (range, 1-5%; mean 3%)
than with GTR (range, 1-3%; mean 2%). There was no signifi-
cant difference in progesterone receptor expression as 70%
cases with GTR and 80% with STR showed immunopositiv-
ity. All the 20 cases were immunonegative for p53 protein
expression. Interestingly, 20% of cases with STR showed 1p
deletion, but 14q deletion was seen in none. All cases with
GTR did not show alterations in either chromosome 1p or
14q except one case of chordoid meningioma, which showed
deletion for both 14q and 1p.

Conclusion: No significant difference was noted with
regards to histopathological features, proliferation index,
progesterone receptor, or p53 expression in cases with GTR
versus STR. Presence of 1p deletion in 20% cases with STR
suggests that molecular alterations correlate with the infil-
trative nature of the tumor thus allowing identification of
biologically aggressive meningiomas. This will possibly im-
prove our ability to stratify patients into prognostic subsets
and guide for further therapeutic interventions. Studies on a
larger cohort of samples is warranted

059. Petroclival Meningiomas
Ibrahim Sbeih (presenter), (Amman, Jordan)

Introduction: Petroclival meningiomas are rare tu-
mors constituting 5% of all intracranial meningiomas. They
are difficult lesions to treat because of their location and
neurovascular relationships.

Methods: We operated on 61 cases of petroclival men-
ingiomas in the period between 1990 and 2008. Seven patients
were lost for follow-up. We are presenting our experience with
54 cases (average of age 43 years) that we operated on and who
were followed up for a period ranging from 13-176 months.
There were 36 females, and 18 males. None of our patients had
previous surgeries for their meningiomas.

Results: The main presenting manifestations were cra-
nial nerve involvement, with abducent nerve deficits being the
most common. Other presentations included ataxia, hemipare-
sis, quadriparesis, and features of raised intracranial pressure.
Radiological diagnosis rested on the use of brain MRI, MRA,
MRV, and thin slice CT scan of petrous bone and clivus. Surgical
approaches used were retrosigmoid in 40 patients, petrosal in

9 patients, and combined approaches in 5 patients. We achieved
gross total resection in 38 patients and subtotal resection in
16 patients. Recurrence occurred in all 13 patients who had
subtotal resection, and in 7 patients who had gross total resec-
tion. After a period of observation, Gamma radiosurgery was
used in 11 patients, using 12-15 Gy to the 50% isodose. Tumor
control was achieved in 9 patients. Surgical results were: poor
outcome in 4 patients, fair outcome in 10 patients, and good
outcome in 40 patients. Complications included new cranial
nerve deficits in 15 patients, pyramidal weakness, CSF fistula,
and hydrocephalus. Mortality occurred in two patients.
Conclusion: Petroclival meningiomas are formidable le-
sions to treat. Factors influencing surgical outcome include neu-
rovascular relationship, bony invasion, and multiple intracrani-
al compartment involvement, among other factors. Every effort
should be made to achieve gross radical excision. However, this
is not possible in some cases. For such residual tumors, Gamma
radiosurgery should be used, after a period of observation.

060. Facial Reanimation with Masseteric-Facial Nerve
Anastomosis Following Skull Base Surgery
Nobutaka Yoshioka (presenter), (Osaka, Japan)

Background: Hypoglossal-facial nerve anastomosis has
been widely used for facial reanimation. However, hemiglossal
dysfunction remains a possible disadvantage of this procedure.
Use of the masseteric nerve has recently been shown to be use-
ful as a primary modality for facial reanimation. We present
our experience with masseteric-facial nerve anastomosis for
patients with irreversible facial palsy after skull base surgery.

Methods: In the period from 2009 to 2011, five pa-
tients with irreversible facial palsy after extirpation of skull
base tumors were treated with masseteric-facial nerve anas-
tomosis. The age of the patients ranged from 53 to 61 years
(mean, 57 years), and all were female. The duration of paraly-
sis was no longer than 11 months. Follow-up periods were
from 8 to 31 months (mean, 20 months). The upper division
of the facial nerve was generally selected for masseteric-fa-
cial nerve anastomosis. In four cases, the procedure was per-
formed in conjunction with a cross-face nerve graft between
the contralateral and affected zygomatic branch.

Results: Four patients regained facial movements
within 5 months postoperatively. They were able to produce
a voluntary smile. One case, who had been treated with a
steroid for pneumonia, failed to show reanimation. Masseter
muscle contraction was preserved in every patient.

Conclusions: Masseteric-facial nerve anastomosis is
an alternative method for reanimation of the midface. The ma-
jor advantage over the other cranial nerve donors is the lack of
functional impairment of mastication. Moreover, the masse-
teric nerve has a sufficient nerve length without the need for
interpositional nerve grafting for masseteric-facial anastomo-
sis, and this accelerates facial muscle reinnervation.

061. Detailed Analysis of Neurological Status and Func-
tional Outcome after Spinal Accessory Nerve-Facial
Nerve Anastomosis: Comparison versus Other Reinner-
vation Procedures in Reported Series

Alexander V. Trashin (presenter), Yury A. Shulev, Vladimir
L. Rychkov (St. Petersburg, Russia)

Introduction: Few long-term studies of spinal acces-
sory nerve-facial nerve anastomosis (AFA) for facial nerve
(FN) palsy exist.
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Objective: The purpose of this study was to evaluate
facial reanimation efficacy after spinal accessory nerve-fa-
cial nerve anastomosis (AFA) using scales for neurological
and functional outcome analysis. The authors reported their
long-term results of AFA and compared them with other sub-
stitute procedures according to literature review.

Methods: Between 1998 and 2010, 20 patients un-
derwent AFA with the major trunk of the spinal accessory
nerve. The mean duration of follow-up was 4.65 years (range,
1-10 yrs). All patients in the series had total facial nerve
(FN) function loss after acoustic neuroma surgery. Six pa-
tients had conjoined trigeminal nerve dysfunction. The in-
terval between FN loss and the operation was from 1 to 6
months (mean, 4.7). Twelve patients received facial muscles
retraining and shoulder exercises as well as a facial electrical
stimulation for a year after the surgery. Video-recording of
participants were made, so FN and shoulder function were
measured in each patient by physicians who did not partici-
pate in the surgery. Each patient was carefully evaluated uti-
lizing the House-Brackmann (HB) facial grading systems and
the Yanagihara system (YS) for the severity of paresis; the
Sunnybrook Facial Grading Scale (SFG) for facial symmetry
and synkinesis. Facial Disability Index (FDI) was used for pa-
tients’ self-assessment. The original questionnaire, Shoulder
Disability Index (SDI), which includes four questions about
shoulder function, was generated and used for denervated
segment self-assessment (full marks: 100 points).

Results: Overall, 4 patients (20%) recovered from fa-
cial palsy with final HB grade II, 11 (55%) patients with HB
Il and 5 patients (25%) had HB IV-V. Mean YS score was 27.5
(= 4.06), mean postoperative SFG score was 71.1 (= 9.38).
Self-assessment tools revealed mean total postoperative FDI
of 143.75 (+ 22.82) points and mean SDI of 69.06 (+ 22.16).
Statistical comparison was made for all received data. There
was a significant correlation (P < 0.001) between the HB, YS,
and SFG postoperative scores as well as between total FDI
versus SDI (P < 0.001). Patients who underwent postopera-
tive exercises and electrotherapy showed better outcomes
(P<0.05).

Conclusion: AFA results are comparable with other
reinnervation procedures. This procedure is feasible and
beneficial for patients with total loss of FN function after
skull base surgery and improves quality of life. The best func-
tional result provides AFA combined with subsequent physi-
otherapy. Subjectivity is the main issue in the facial expres-
sion evaluation, so assessment and self-assessment scales are
needed for the global evaluation of FN functions. Denervated
segment function after the substitute procedures must be
measured using specific scales.

062. Microvascular Free Tissue Transfer for Facial
Reanimation of the Paralyzed Face

Amy L. Pittman (presenter), John P. Leonetti, Sam ].
Marzo, Douglas Anderson, Darl Vandevender, Richard
Borrowdale (Maywood, IL, USA)

Preoperative facial weakness may be caused by extracranial,
intratemporal, or intradural facial nerve invasion by a vari-
ety of benign and malignant lateral skull base or posterior
fossa neoplasms. Interposition facial nerve grafting is not
possible when the paralysis is longstanding, when the facial
musculature must be resected, or if a proximal facial nerve
stump is not available. In these situations, the best possible
alternative is free tissue transfer when the goal is restoring
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dynamic facial function. This paper outlines the use of mi-
crovascular free tissue transfer techniques that can be used
for both defect reconstruction and dynamic facial reanima-
tion. The most commonly used free flaps for facial reanima-
tion are the gracilis, latissimus dorsi, serratus anterior, and
inferior rectus abdominus muscle.

Donor muscle flap selection and surgical technique
will be described and case examples will be detailed.

063. Practical Approach to Microvascular Reconstruc-
tion of Significant Skull Base Defects

Matthew Old, Kiran Kakarala (presenter), Amit Agrawal,
Enver Ozer, Ricardo Carrau, Mario Ammirati, Daniel
Prevedello, Theodoros Teknos (Columbus, USA)

Background: Complex defects of the lateral and an-
terior skull base present challenges for the reconstructive
surgeon. With the increasing use of microvascular free flaps
and improved medical modeling technology, reconstruction
of large complex defects can be approached with a practical
algorithm. However, surgeons must be experienced with the
full reconstructive ladder to balance the reconstruction with
patient-oriented factors.

Methods: We reviewed and consolidated our experi-
ence and formulated a practical algorithm for reconstructing
significant anterior and lateral skull base defects.

Results: A comprehensive algorithm was constructed
based on critical analysis of each defect. We included a spec-
trum of reconstructions from optimal to safe and fast as the
surgeon must balance each scenario with patient-oriented
factors (health, prognosis, prior treatment) to achieve a safe,
functional, and cosmetic wound. We divided the defects
based on lateral and anterior skull base and skin versus no
skin involvement. Lateral skull base defects are straightfor-
ward, and the workhorse for our group is the lateral arm fas-
ciocutaneous free flap with or without a vascularized nerve
graft for the facial nerve. Anterior defects are further subdi-
vided based on the amount and site of bone involvement.
Significant bone involvement increases the complexity, and
we use medical modeling and preplanning for our cases. The
scapular system remains the choice of our group for signifi-
cant skin and bone defects of the anterior skull base.

Conclusions: We have constructed a practical algo-
rithm to effectively reconstruct complex anterior and lateral
skull base defects. A safe, effective, and functional recon-
struction requires an experienced surgeon who is familiar
with not only the complex anatomy of the region but also the
reconstructive ladder. This must be balanced with patient-
oriented factors to optimize reconstruction and achieve a
safe, functional, and cosmetic wound.

064. Grading Facial Nerve Function Following Combined
Static and Mimetic Surgical Techniques

Joshua M. Sappington (presenter), John P. Leonetti,
Sam |. Marzo, Douglas Anderson (Oak Park, IL, USA)

The most commonly used facial nerve grading systems were
designed to assess progressive neural recovery with an ana-
tomically in-tact facial nerve. Advanced lateral skull base
tumors that require facial nerve and adjacent musculature
resection and cases of longstanding facial paralysis may ne-
cessitate the use of free muscle transfer in conjunction with
neural grafting, oculoplastic techniques, and static soft-
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tissue tightening to optimize the long-term functional and
cosmetic results. Traditional facial recovery grading tools are
not sufficient to describe and compare functional recovery
results in this patient population.

We propose the following grading system for patients
undergoing combined facial nerve reconstructive techniques.
Case examples will be provided.

065. Magnetic Resonance Imaging after Translabyrin-
thine Complete Excision of Vestibular Schwannomas
James R. Tysome (presenter), David A. Moffat (San Carlos,
USA)

Objectives: To  determine  whether  magnetic
resonance imaging (MRI) at 2 years following complete ves-
tibular schwannoma (VS) excision using a translabyrinthine
approach is sufficient to detect recurrent tumor.

Design: Service evaluation of prospective database.

Setting: Tertiary referral skull base unit.

Participants: Patients who underwent complete
translabyrinthine VS excision with prospectively recorded
MRI results at 2 and 5 years following surgery.

Main Outcome Measures: Evidence of tumor recur-
rence on MRI at 2 and 5 years after surgery.

Results: Of 314 patients in the study, all patients
where MRI was reported to show no recurrence at 2 years
(97%) also had no signs of recurrence on MRI at 5 years. All
eight patients with MRI suspicious of recurrence (linear en-
hancement of internal auditory canal [IAC]) at 2 years had no
progression on MRI at 5 to 15 years. One patient, who had
evidence of definite recurrence (nodular enhancement of
IAC) at 2 years, went on to have radiosurgery at 8 years.

Conclusions: Where patients have MRI with no linear en-
hancement of the IAC at 2 years, no further imaging is required.
Where linear enhancement is seen, no change in enhancement
at 5 years is reassuring, and no further imaging is required.

066. Endoscopic Endonasal Approach to Cholesterol
Granulomas of the Petrous Apex: A Series of 17 Patients
Alessandro Paluzzi (presenter), Matthew Tormenti,
Maria Koutourousiou, Carlos D. Pinheiro-Neto, Juan
C. Fernandez-Miranda, Paul Gardner, Carl Snyderman
(Pittsburgh, USA)

Objective: The aim of this study was to report the
results of a consecutive series of patients who underwent
an endoscopic endonasal approach (EEA) for drainage of a
petrous apex cholesterol granuloma.

Patients and Methods: Seventeen cases with a con-
firmed diagnosis of petrous apex cholesterol granuloma were
identified out of a database of more than 1600 patients who
underwent an EEA to skull base lesions at our institution
from 1998 to 2011. Their clinical outcomes were reviewed
and compared with previous series of open approaches.

Results: Nine patients underwenta transclival approach
and eight patients had a combined transclival and infrapetrous
approach. A Silastic stent was used in 11 patients (65%), a mini-
flap in 4 (24%), and a simple marsupialization of the cyst was
employed in 3 patients (18%). All symptomatic patients had
partial or complete improvement of their symptoms postopera-
tively and at follow-up (mean follow-up was 20 months; range,
3-67 months). Three patients(18%) developed complications

including epistaxis, chronic serous otitis media, eye dryness
and a transient 6th nerve palsy. Two patients (12%) had a symp-
tomatic recurrence of the cyst requiring repeat endoscopic
endonasal drainage. There were no instances of ICA injuries,
CSF leaks, or new hearing loss. The mean postoperative hos-
pital stay was 2 days (range, 0.7-4.6 days). These results were
comparable to previous series of open approaches to petrous
apex cholesterol granulomas. There was a strong correlation
between the size of the cyst and type of approach chosen (Rpb
= +0.67, P = 0.003359) and a very strong correlation between
the degree of medial extension (defined by the v-angle) and the
choice of approach (Rpb = +0.81, P < 0.0001). Based on these
observations, an algorithm for guiding the choice of the most
appropriate route of drainage is suggested.

Conclusions: The EEA is a safe and effective al-
ternative to traditional open approaches to petrous apex
cholesterol granulomas.

067. Comparative Analysis of the Transcranial “Far Lat-
eral” versus the Endoscopic Endonasal “Far Medial” Ap-
proach: Surgical Anatomy and Clinical lllustration
Arnau F. Benet, Daniel M. Prevedello, Jordina Rincon-
Torroella, Ricardo L. Carrau, Juan Carlos Fernandez-Miranda,
Leo F. Ditzel Filho (presenter), Alberto Prats-Galino, Amin B.
Kassam (Columbus, USA)

Objective: Surgical treatment of posterior fossa lesions
is challenging. Traditional transcranial approaches have been
recently complemented with variants of the endoscopic en-
donasal route. However, a qualitative and quantitative study
about their indications is lacking in the literature. The main aim
of the present study was to analyze and compare the surgical
anatomy pertinent to the dorsal transcranial transcondylar “far
lateral approach” (TC-FLA) to that of the ventral endoscopic en-
donasal transcondylar “far medial approach” (EE-FMA) route. In
addition, we propose a classification of the posterior fossa and
provide surgical recommendations based on its boundaries.

Methods: Eight cadaveric specimens were dissected
and analyzed bilaterally. We measured the degree of brain-
stem exposure and the dimensions of the surgical corridor.
Three clinical scenarios are described to complement the
anatomic study and to illustrate the clinical feasibility of the
proposed surgical strategies.

Results: The hypoglossal nerve, vertebral artery, and
hypoglossal canal divide the lower third of the clivus into
ventromedial (VMC) and dorsolateral (DLC) compartments.
These boundaries define the surgical indications of the stud-
ied approaches. The endoscopic endonasal far medial ap-
proach provides a significantly larger exposure of the VMC
brainstem (464.6 + 68.34 mm?) than the far lateral approach
(126.35 = 32.25 mm?) P < 0.01. The transcranial exposure to
the DLC measured 295.24 + 58.03 mm? (74% of the total DLC).
The DLC exposure was not possible using the endonasal route.
A suitable surgical corridor between the two compartments
was observed in 75% of specimens. The spinal root of the ac-
cessory nerve divided this corridor in 44% of specimens. The
surgical corridor for the far lateral approach was significantly
larger (78.19 + 14.54 mm?) than that of the endoscopic en-
donasal far medial approach (23.77 + 15.17 mm?), P = 0.03.
When accessed through a far medial approach, the surgical
corridor was obstructed by the cerebellar hemisphere, which
prevented DLC dissection, whereas the cerebellar hemi-
sphere was retracted laterally during the far lateral approach
allowing dissection of the ventromedial compartment.
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Conclusions: The ventral approach (EE-FMA) offers a
safe, wide exposure of the lower third of the clivus for le-
sions that expand ventromedially to the hypoglossal nerve.
The dorsal (TC-FLA) is most suitable for lesions located dor-
solateral to the lower cranial nerves. The VA and hypoglossal
canals are the most important landmarks to guide the surgi-
cal planning. A combined ventral-dorsal approach should be
considered for resection of extensive lesions involving both
the ventromedial and dorsolateral compartments.

068. Long-Term Quality of Life Outcomes in Minimally
Invasive Pituitary Surgery

Rounak B. Rawal (presenter), Adam M. Zanation, Brent
A. Senior, Matthew G. Ewend, Charles S. Ebert (Chapel
Hill, USA)

Background and Methods: Endoscopic endonasal
minimally invasive pituitary surgery (MIPS) has proven to be
safe and efficacious. Although some data exist on short-term
quality of life (QOL) improvement, virtually no data exist on
long-term QOL outcomes after MIPS. Our hypothesis is that
patients will report no long-term change in sinus disability
after undergoing MIPS. In this study we retrospectively re-
viewed patients who underwent minimally invasive pituitary
surgery (MIPS) from 2002-2009. Rhinosinusitis Disability In-
dex (RSDI) scores and patient demographics were recorded.
Patient responses were stratified as <1 month, <2 months,
<6 months, <1 year, or >1 year after surgery. Pre- and post-
operative mean RSDI scores and the mean absolute change in
RSDI were calculated with 95% confidence intervals.

Results: The postoperative RSDI surveys were filled
out an average of 24 (range, 0-92) months after surgery by
50 patients. Based on RSDI mean scores, there was no sig-
nificant difference in QOL scores between <1 year postopera-
tive patients (n = 24) and >1 year postoperative patients (n
= 26) (P = 0.21). Mean differences in RSDI scores decreased
dramatically in the 1-2 month period to -22 (n = 3) before
becoming positive and approaching O at greater than 3 years
(n = 13). The RSDI score ranges also narrowed during the
time course, as <1 year postoperative patients ranged from
-64 to +65, >1 year postoperative patients ranged from
-53 to +18, and the >3 years cohort ranged only from -20 to
+18. There was no statistically significant difference between
total pre- and postoperative RSDI scores (P = 0.84). A direct
comparison with an expanded (beyond the sella) endonasal
approach prospective cohort is presented and discussed.

Discussion: These data show that MIPS with ap-
propriate postoperative care results in little or no long-term
(24 months mean) sinonasal QOL defects after surgery. Al-
though patients may experience QOL defects and high variance
in the short term, eventual QOL outcomes should increase and
approach similar or better QOL outcomes in the long term. Ret-
rospective design, small sample size, recall bias due to length of
time after surgery, and lack of a non-intervention control group
may contribute to limitations for this study.

069. Weight Profile in Children Following Endoscopic
Endonasal Approach to Craniopharyngioma

Kimberly Foster, Maria Koutourousiou, Matthew
Tormenti, Nii Addo, Carl Snyderman, Elizabeth Tyler-
Kabara (presenter), Paul Gardner (Pittsburgh, USA)

Despite the histologically benign nature of craniopharyngio-
mas, their proximity to critical structures can cause them to
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behave as neurologically destructive tumors in both adults
and children. The majority of pediatric craniopharyngiomas
are treated with a transcranial approach, with visual loss,
endocrine dysfunction, and obesity commonly reported
following resection. With increasing use of the endoscopic
endonasal approach (EEA) in the adult craniopharyngioma
population, this method is now employed to treat children.
We examined our pediatric cohort with particular emphasis
on weight profiles before and after surgery.

From July 2007 to present, 14 children underwent
resection of their histologically confirmed craniopharyngio-
ma via EEA, with 10 children having this procedure as initial
treatment (71.4%). Children presented with headache (n = 9,
64.3%), visual complaints (n = 5, 35.7%), pituitary dysfunction
(n =4,28.5%), and an incidental finding (n = 1, 7%). Three chil-
dren had diabetes insipidus on presentation (21.4%). Preopera-
tive imaging revealed all tumors to be suprasellar, with sellar
(n = 7, 50%), third ventricular (n = 7, 50%), and retroclival
(n = 4, 28.5%) involvement. Preoperative tumor volume ranged
from 1.49 to 45.10 cm? (mean, 11.85 cm?). Mean length of stay
was 16.5 days. All children underwent nasal septal flap recon-
struction, 11 (78.6%) had lumbar drainage used until postop-
erative day 5, and 2 children had placement of EVD intraop-
eratively. All children had postoperative imaging with MRI,
and extent of resection was classified as gross total resection
(GTR, n = 8) and near total resection (n = 6). Two children un-
derwent repeat EEA for recurrence; 1 required postoperative
shunting, and 2 underwent adjuvant stereotactic radiosurgery.
There were no deaths. Complications included CSF leak (n = 1),
subdural hematoma following EVD removal (n = 1), and intra-
parenchymal hematoma with intraventricular extension and
resultant hydrocephalus (n = 1). Seven children had preopera-
tive pituitary dysfunction to some extent (3 of the 4 children
who underwent EEA for secondary treatment), and all children
required some level of postoperative endocrine supplementa-
tion. Visual outcomes showed no new visual deficits and im-
provement in preoperative deficits on formal ophthalmological
evaluation in children with preoperative deficit.

Based on BMI-for-age calculations, no child experi-
enced new-onset obesity following surgery (0%). Five children
were obese preoperatively (BMI > 95 percentile) and remained
as such postoperatively, three of these had prior treatment
with open craniotomy. Two children were overweight (BMI
85 to 95 percentile) and remained as such postoperatively. All
these aforementioned children followed the same trend on
their growth chart, suggesting there was not a change in their
overall weight profile following EEA. One child was obese pre-
operatively but actually lost weight postoperatively and was
no longer obese. Six children had normal BMI-for-age preop-
eratively and did not experience significant weight gain.

EEA is a safe and effective surgical option for pediatric
craniopharyngioma. In particular, it allows for visualization
of hypothalamic structures and may help avoid postoperative
central obesity.

070. High Incidence of Dural Tumor Infiltration in
Endocrine Active Pituitary Tumors without MRI
Evidence of Cavernous Sinus Invasion

Marvin Bergsneider (presenter), Marilene B. Wang,
Jeffrey Suh, Anthony Heaney, Tracie Pham, William Yong
(Los Angeles, USA)

Introduction: The incidence of microscopic dural
invasion for lateral endocrine-active tumors has not been
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extensively studied. Dickerman and Oldfield (J Neurosurg
97: 2002) reported that microscopic dural invasion was
found in 62% of reoperations for Cushing’s disease (CD). Be-
ginning January 2010, patients with endocrine active lateral
adenomas (<15 mm) abutting the cavernous sinus wall, but
meeting no MRI criteria for cavernous sinus invasion, were
given the option for elective excision of the medial cavern-
ous sinus wall.

Methods: From January 2010 to September 2011,
23 of 99 patients undergoing endoscopic pituitary tumor
surgery were identified meeting the above criteria. Thir-
teen patients consented for excision of the adjacent medial
cavernous sinus wall. The distribution was 8 CD (3 redo),
2 medically refractory prolactinomas, 2 acromegalies, and
one TSHoma; with a mean tumor size of 6 = 4 mm. Patients
declining dural excision were six prolactinomas, two CDs,
and two acromegalies. The medial cavernous sinus wall ap-
posing tumor was excised and sent to pathology.

Results: Five patients (38%) showed definite dural
tumor invasion: one CD (0 redo), two prolactinoma, one ac-
romegaly, and one TSHoma. In two additional patients, the
pathology was read as possible dural invasion (one CD, one
TSHoma). No tumor invasion was documented in four pa-
tients, and indeterminate in two patients. At a median fol-
low-up of 8 months, all 13 patients were in remission. Com-
plications included one patient with temporary 6th nerve
palsy and one patient with epistaxis 6 days after surgery.

Conclusion: Lateral endocrine-active pituitary tumors
appear to have a propensity for dural microinvasion, with an
incidence possibly exceeding 50%. Microscopic dural inva-
sion, not predictable based on preoperative MRI, may explain
delayed recurrence. Long-term follow-up and more subjects
will be required to determine if dural excision improves cure
rates. The etiology of the temporary 6th nerve palsy is un-
clear, but its occurrence weighs into the risk-benefit analysis.

071. Short-Term Risk of Recurrence of Surgically Treat-
ed, Radiotherapy-Naive Pituitary Adenomas

Mark P. Piedra (presenter), Nicholas D. Coppa, Aclan
Dogan, Chris Yedinak, Jessica Brzana, Peter E. Andersen,
Johnny B. Delashaw, Maria Fleseriu (Portland, OR, USA)

Introduction: Risk of recurrent pituitary adenoma
(PA) seems highest within 5 years following surgery; howev-
er, despite comparable studies, the absolute risk is unknown.
We aimed to define the natural history of a large cohort with
surgically treated, radiation-naive PAs.

Methods: A retrospective audit of 812 patients with
pituitary tumors treated at our institution between 2001 and
2011 was performed, assessing pituitary function, tumor
characteristics, incidence and timing of recurrence, and need
for additional surgery. Median follow-up was 88 months
(range, 11-494 months). Cushing’s and nonadenomatous pa-
thology cases were excluded.

Results: Mean time to initial recurrence was
33.2 months (STD, 46.3), documented in 57 patients (7.0%),
with 34 males and 23 females and median age 50 years, who
underwent 84 transsphenoidal operations and 14 cranioto-
mies. Presenting median tumor volume was 14.1 cm? (range,
0.2-175 cm3). Extension into the cavernous sinus and/
or suprasellar region was noted in 39 patients. There were
33 non-secreting tumors (60%), 8 growth hormone (15%),
7 silent-ACTH (13%), 5 prolactin (9%), and 1 mixed type (2%).

Early (=4 years) and late recurrence were noted in 45 (79%)
and 12 (21%) patients, respectively. All patients had partial
or panhypopituitarism and nine underwent three or more
operations.

Conclusion: The recurrence rate of PA was low, but
not insignificant. Patients with cavernous sinus and supra-
sellar extension had a disproportionately higher risk of recur-
rence. We conclude that a conservative “wait and see” policy
aimed at sparing patients of the side effects of radiation
should be adopted for most PA.

072. The Relevance of ACTH Monitoring during Surgi-
cal Management of Cushing’s Disease

Daniel M. Prevedello, Danielle de Lara (presenter), Leo
F. S. Ditzel Filho, Rodrigo C. Mafaldo, Bradley A. Otto,
Ricardo L. Carrau (Columbus, USA)

Introduction: The treatment of choice for ACTH-
producing pituitary adenomas is complete removal using a
transsphenoidal approach. However, even after gross total
removal, high levels of ACTH and cortisol can be occasion-
ally found in the first postoperative days. These hormonal
findings could lead to a misdiagnosis of surgical failure
with a later cortisol and ACTH drop. We propose an evalu-
ation of intraoperative plasma ACTH and its correlation
to hormonal postoperative findings to help improve the
prediction of surgical success in patients with ACTH-pro-
ducing adenomas.

Methods: Over 10 months, seven consecutive
patients with ACTH-producing pituitary adenomas were
analyzed. A detailed hormonal profile was performed pre-
operatively followed by at least one intraoperative plasma
ACTH measurement during the endoscopic endonasal trans-
sphenoidal resection of the tumor. ACTH and cortisol were
evaluated postoperatively. The cases were divided according
to tumor size, possible tumor invasion of adjacent structures,
and surgical removal (intra- or extracapsular). All tumors
were ACTH-producing adenomas, confirmed by pathology.

Results: Three patients had a microadenoma and four
had a pituitary macroadenoma. One case was an invasive/re-
current adenoma. In all cases, a variable increase in the ACTH
levels was observed intraoperatively. The most prominent
ACTH increases were found in those cases that an extraca-
psular resection could not be performed. Minimal elevation
in ACTH levels were seen in cases with extracapsular resec-
tion, and it correlated with a quick drop in cortisol down to
undetectable levels.

Discussion: Low cortisol and ACTH levels in the first
postoperative days are the ideal findings to predict successful
resection of ACTH-producing pituitary adenomas. Occasion-
ally, despite successful tumor removal, these expected values
are not found in the early days after surgery. In this study, we
found that ACTH levels can be considerably increased during
surgery, especially in invasive tumors. This increase in ACTH
levels would stimulate cortisol production and, consequent-
ly, would delay the expected cortisol “crash” postoperatively.

Conclusion: Intraoperative ACTH can be used as a
baseline parameter to which postoperative ACTH and cortisol
can be compared in the early postoperative period following
surgical removal of ACTH-producing pituitary adenomas. A
delay of the expected cortisol “crash” after surgery may not
be always considered a surgical failure, but can be a predict-
able consequence of tumor manipulation and intraoperative
hormonal release.
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073. Predictive Value of Early Postoperative Growth
Hormone Levels in Determining Long-Term Biochemical
Cure of Acromegaly

Tyler J. Kenning (presenter), Peter G. Campbell,
Christopher Farrell, David Beahm, Madeline Schaberg,
Intekhab Ahmed, Marc Rosen, James |. Evans
(Philadelphia, USA)

Introduction: Using strict biochemical remission cri-
teria, the authors assessed surgical outcomes after endoscopic
transsphenoidal resection of growth hormone (GH)-secreting
pituitary adenomas and identified the predictive value of ear-
ly postoperative GH levels in determining disease remission.

Methods: A retrospective review of a prospectively
maintained database was performed. A total of 35 endo-
scopic procedures for adenoma resection were reviewed.
The average duration of follow-up was 30.7 months. In the
postoperative period, growth hormone levels were obtained
immediately postsurgically, and on each postoperative day
(POD). The thresholds of an age-appropriate, normalized in-
sulin-like growth factor-1 (IGF-1) concentration, a nadir GH
level after oral glucose load of less than 1.0 ug/L, and a ran-
dom GH level of less than 2.5 pg/L were required to establish
biochemical cure postoperatively.

Results: Following 45.7% of the operative procedures
(16 of 35), an endocrinological cure was achieved. Preop-
erative GH and IGF-1 levels were not significantly different
in those patients who achieved biochemical cure (Group A)
and those who did not (Group B). Although, the immediate
POD#0 levels were not significantly different, a lower level
was achieved on each subsequent POD and noted as early
as POD#1 (A: 1.2 = 0.7 pg/L, B: 4.2 = 3.8 pg/L, P = 0.0003)
and POD#2 (A: 1.2 = 0.7 pg/L, B: 5.8 = 7.2 pg/L, P = 0.0001).
In those patients in whom a biochemical cure was attained,
nearly all had a GH level < 2.4 ng/L on POD#1 and later. The
one exception was a patient with a recurrent adenoma, two
previous resections, a preoperative GH level of 9.5 ng/L, and
a POD#1 level of 3.0 pug/L. On POD#2, the level had decreased
to 1.6 pg/L and continued to decline. In this cohort, the use of
a postoperative GH < 2.5 ug/L on POD#1 and later as a predic-
tor of future biochemical remission resulted in a specificity of
100% and a sensitivity of 74%.

Conclusion: Following surgical resection, GH levels
may decrease to acceptable levels as early as the first postop-
erative day. The measurement of growth hormone levels in
the immediate preoperative period may be helpful in predict-
ing future biochemical remission. Used in conjunction with
intraoperative findings and postoperative imaging, obtaining
early postoperative GH levels could potentially identify those
patients who require additional treatment, including early
revision surgery, medical therapy, and radiation.

074. Petrous Apex Cholesterol Granulomas: Endonasal
vs. Infracochlear Approach

Tiago F. Scopel, Juan C. Fernandez-Miranda, Carlos D.
Pinheiro-Neto (presenter), Maria Peris-Celda, Alessandro
Paluzzi, Barry E. Hirsch, Paul A. Gardner, Carl H.
Snyderman (Pittsburgh, USA)

Objectives: This study aims to investigate and
compare the surgical anatomy of two different routes to
access and drain petrous apex (PA) cholesterol granulomas:
the expanded endonasal approach (EEA) and the transcanal
infracochlear approach (TICA).
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Methods: The EEA and TICA to the petrous apex were
performed in 11 anatomical specimens with the assistance
of image guidance. The PA was categorized in three zones:
superior PA, anterior-inferior PA, and posterior-inferior PA.
The maximum drainage window achieved by each approach
was calculated using the imaging studies of each anatomical
specimen.

Results: The EEA was able to reach superior PA and
anterior-inferior PA in all specimens and posterior-inferior
PA in 90% of them. The TICA did not provide access to the
superior PA in any case. The TICA was suitable to reach an-
terior-inferior PA in 80% of specimens and posterior-inferior
PA in 60%. Based on the radiological study, the EEA provided
a drainage window three times larger than the TICA.

Conclusions: The transnasal approach provides reli-
able access to the PA when combined with internal carotid
artery exposure and allows for a large drainage window. The
transcanal approach is less versatile and more limited than
the transnasal approach but provides access to the most pos-
terior and inferior portion of the PA without eustachian tube
transsection. Here we propose a new surgical classification
that may help to decide the most suitable approach to the PA
according to the location and extension of the lesion.

075. The Artery of Davidoff and Schechter: An
Anatomical Study

Christoph J. Griessenauer (presenter), Martin M. Mortazavi,
Shane R. Tubbs (Birmingham, USA)

Introduction: Few reports have mentioned the artery
of Davidoff and Schechter. Therefore, this tentorial branch of
the posterior cerebral artery was studied.

Materials and Methods: Twenty adult latex-injected
cadaveric heads (40 sides) underwent microdissection with
specific attention given to the presence of the artery of Da-
vidoff and Schechter. When identified, measurements were
made and observations given to the source and course of this
vessel.

Results: An artery of Davidoff and Schechter was
identified on 10 sides (25%). This artery was found to always
be a branch of the P2 segment of the posterior cerebral ar-
tery and typically traveled posterolateral under the superior
cerebellar artery and superior to the trochlear nerve to en-
ter the deep surface of the tentorium cerebelli roughly near
the midpoint of the ipsilateral one half of the incisura. From
this point, the vessel traveled posterior to approximately the
midline, where it took an upward course to supply the fal-
cotentorial junction. The average diameter of the vessel was
0.8 mm with a mean length of 1.2 cm. The artery was found to
be more common in male specimens and was more common
on left sides (P < 0.05). Bilateral occurrence was seen in only
one male specimen.

Conclusions: Knowledge of the artery of Davidoff and
Schechter may be important during approaches to the ambi-
ent cistern or in interpretation of imaging such as in tentorial
arteriovenous malformations.

076. The Artery of Percheron: An Anatomical Study
Christoph . Griessenauer (presenter), Martin M. Mortazavi,
Shane R. Tubbs (Birmingham, USA)

Introduction: One variant branch of the P1 segment
of the posterior cerebral artery is the artery of Percheron.
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This unilateral trunk supplies both thalami and potentially
mesencephalic structures as well. As studies of this vessel
are scant in the literature, the present study was performed
to better elucidate its morphology.

Materials and Methods: Twenty-five adult latex-
injected cadaveric heads underwent brain removal and mi-
crodissection with specific attention given to the presence
of the artery of Percheron. When identified, measurements
were made and observations given to the origin and course
of this vessel.

Results: An artery of Percheron was identified on
three sides (12%). The artery was seen on two right and one
left side and in one male and two female specimens; it arose
on average 8 mm lateral to the basilar artery bifurcation. The
average diameter was 2.1 mm, and the length between origin
and brain penetration had a mean distance of 1.5 cm. In all
specimens, the artery of Percheron had a coiled appearance,
especially in its proximal extraparenchymal segment. The
contralateral P1 segment of the posterior cerebral artery was
not absent or hypoplastic in any of the three specimens. All
arteries supplied small branches to the ipsilateral and con-
tralateral thalami and midbrain.

Conclusions: Knowledge of the artery of Percheron
may be important during approaches to the basilar bifurca-
tion or during interpretation of imaging, especially in patients
presenting with bilateral thalamic and midbrain infarctions.

077. Second Stage in Predicative Measure for Transnasal
Transsphenoidal Approach to Petrous Apex Cholesterol
Granuloma

Angela M. Donaldson (presenter), Nael Shoman, Jeffrey
Ksiazek, Myles L. Pensak, Lee A. Zimmer (Cincinnati, USA)

Objective: This study is the second stage in a three-
stage study, which aimed to identify the narrowest petrous an-
gle that would allow a transsphenoidal approach for treatment
of cholesterol granulomas based on our operative experience.

Study Design: Retrospective review.

Setting: University of Cincinnati Medical Center.

Subjects and Methods: Patients in the study were
seen in our tertiary care center from 2000-2010 with iso-
lated petrous cholesterol granulomas on noncontrast orbital/
sella/internal auditory canal CT images of the temporal bone.
The angle between the medial-most aspect of the vertical
portion of petrous internal carotid artery (ICA), vomer, and
occipital protuberance was measured. The distance between
the posterior sphenoid wall (SW) and the medial aspect of
the cholesterol granuloma (CG) was measured.

Results: Seventeen patients had radiographically
evident isolated petrous CGs, and 17/18 or 94% of the CGs
abutted the posterior sphenoid wall (SW), as defined by a
sphenoid wall to medial aspect of CG distance of 5 mm or
less. In our study, a petrous angle of 10 degrees with SW to
CG distance of 7 mm was the narrowest angle for which the
transsphenoidal approach was successful.

Conclusion: The first study in our three-stage study
looked at 400 normal CT scans of the temporal bone and
found that the majority of patients had a petrous angle—
the angle between the medial aspect of the petrous ICA,
the vomer, and the occipital protuberance—between 10 and
20 degrees. This was the second study that looked at a quan-
titative predictive measure of feasibility of the transsphenoi-
dal approach using three consistent landmarks. We found

that the majority of petrous apex CGs in our practice had an
angle between 10 and 20 degrees. We determined that a pe-
trous angle of 10 degrees and a SW to CG of less than 10 mm
is a reasonable cutoff for performing incision and drainage
of petrous apex CGs in the hands of an experienced surgeon.

078. Accessing the Parapharyngeal Space: An
Anatomical Study Comparing the Endoscopic Endonasal
and the Subtemporal Preauricular Approaches

Jason Van Rompaey, Marcos Francisco Mirambeaux Casso
(presenter), C. Arturo Solares (Augusta, USA)

Background: A subtemporal preauricular approach
to the infratemporal fossa and parapharyngeal portion of
the skull base has been the traditional path to tumors of this
region. However, the high morbidity associated with this
procedure has lead to the pursuit of less invasive techniques.
Endoscopic endonasal access utilizing a minimally invasive
transmaxillary/transpterygoid approach could potentially
obviate the drawbacks associated with open surgery.

Methods: A subtemporal preauricular approach and
an endoscopic endonasal transmaxillary/transpterygoid ap-
proach were completed. Access was gained to the superior
portion of the parapharyngeal space by making a pterional
craniotomy and removing the temporal bone lateral and
posterior to the foramen ovale extending to the mandibular
fossa. The same area was accessed endonasally by removal
of the medial and posterior wall of the maxillary sinus. The
medial and lateral pterygoid plates were removed with re-
flection of the medial pterygoid and the tensor veli palatini
muscles exposing the relevant anatomy of the parapharyn-
geal space.

Results: The endoscopic endonasal approach provid-
ed sufficient access to the superior portion of the parapharyn-
geal space. The anatomy of this region was easily identified.
The open approach also provided adequate access; however it
required a larger surgical window causing greater iatrogenic
injury to the bone, muscles, and neurovasculature. However,
the subtemporal approach did provide improved access to
the petrous portion of the internal carotid artery. The endo-
nasal approach provided improved access to the anterior and
medial portions of the superior parapharyngeal space.

Conclusion: Endoscopic endonasal access using a
transmaxillary/transpterygoid approach provided a suffi-
cient surgical window for tumor extirpation. Use of this ap-
proach obviated the morbidity associated with an open pro-
cedure. Further understanding of the endoscopic anatomy of
this region can lead to improvements in morbidity associated
with tumor resection in this dense neurovascular region.

079. Mapping of Transverse and Sigmoid Sinus Junction:
Application in Vertical Extension of Suboccipital Crani-
otomy

Ashish Sonig (presenter), Jai Deep Thakur, Imad
Khan, Sashikanth Patil, Cedric Shorter, Anil Nanda,
Bharat Guthikonda (Shreveport, USA)

Introduction: There is paucity of data regarding the
surface landmarks and the vertical course of the sigmoid
sinus. Moreover, the junction between transverse and sig-
moid sinus is gradual, with transitional dural zone seen over
superior and inferior limb and not at a focal point. Earlier
studies have addressed the distances between various bone
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landmarks and the junction but not the “angle.” We have
used the technique of mapping the sinus and defining the
“GENU?” of the transverse sigmoid junction so that it can aid
the vertical extension of suboccipital craniotomy.

Methods: Eight sides of cadaver skulls were studied.
The asterion and the zygoma root (ZR) were exposed. These two
points were connected with a straight line. A line was drawn
orthogonal to this, passing the asterion. Distances between sev-
eral surface landmarks were measured, like asterion and ZR,
asterion to digastrics point (DG), asterion to spine of Henle, and
asterion to mastoid tip. The entire transverse and sigmoid sinus
was exposed .The thinning of dura was taken as the junction
point, and it was marked on both superior and inferior limbs.
The entire sinus complex was mapped using the x-y coordinate
system. The reference point was asterion, which was set as zero.

Results: Distances between the various surface land-
marks were measured. There was no significant difference
between left and right side. The GENU of the transverse
sigmoid region was defined where the bend angle starts in-
creasing from 30 degrees and end where the sigmoid verti-
cal limb takes a straight trajectory. The mean angle between
the transverse and the sigmoid sinus was 128.42° (SD, 8.7°;
range, 115°-138°); the mean angle that the vertical sigmoid
limb made with the y axis (orthogonal to ZR-A line) was 46.5°
on the right side and 50.1° on the left side. Average thickness
of the GENU was 8.5 mm on left side and 8.4 mm on right
side. In 85.7% cases, asterion overlay the sinus.

Conclusions: Our study focuses on the importance of
the GENU of the transverse sigmoid sinus, as it is paramount
to the operating surgeon to know the orientation of the ver-
tical limb of the sigmoid sinus while performing the suboc-
cipital craniotomy. A strategic burr hole can be placed on the
asterion. From the lower part of the burr hole, at an angle of
not more than 45 degrees to the y axis, the vertical extension
can be safely made without injuring the sigmoid sinus.

080. Minimally Invasive Access to the Posterior Cranial
Fossa: An Anatomical Study Comparing a Retrosigmoidal
Endoscopic Approach to a Microscopic Approach

Jason Van Rompaey (presenter), Carrie Bush, Brian
McKinnon, C. Arturo Solares (Augusta, USA)

Background: The central location and complex neuro-
vascular structures of the posterior cranial fossa make tumor
resection in this region challenging. The traditional surgical
approach is a suboccipital craniotomy using a microscope for
visualization. This approach necessitates a large surgical win-
dow and cerebellar retraction, which can result in patient mor-
bidity. With the advances in endoscopic technology, minimally
invasive access to the cerebellopontine angle can be achieved
with minimal manipulation of uninvolved structures, reducing
the complications associated with the suboccipital approach.

Methods: An endoscopic approach was completed
on anatomic specimens. To access the central structures of
the posterior cranial fossa, a retrosigmoidal approach was
undertaken. A keyhole craniotomy was made in the occipital
bone posterior to the junction of the transverse and sigmoid
sinuses. The endoscope was advanced and photographs were
obtained for review. The exposure was compared with that
obtained with a microscope.

Results: The endoscopic retrosigmoidal approach to
the posterior cranial fossa provided increased exposure to the
midline structures while minimizing the surgical window.
The relevant anatomy was identified without difficulty.
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Conclusion: An endoscopic retrosigmoidal approach
to the midline structures of the posterior cranial fossa is ana-
tomically feasible. The morbidity associated with retraction
of the cerebellum could possibly be avoided, improving pa-
tient outcomes. Retrosigmoidal endoscopy provides access
to anatomical structures that were not possible using a mi-
croscope in a suboccipital approach. Further understanding
of the endoscopic anatomy of the posterior fossa can allow
advances in cranial base surgery with improved safety and
efficacy.

081. Meningiomas of the Cerebellopontine Angle:
Approaches and Outcomes

Tarik F. Ibrahim (presenter), John A. Braca, Avinash V.
Mantravadi, Andrew Mueller, John P. Leonetti, Douglas E.
Anderson (Maywood, IL, USA)

Meningiomas are the second most common tumor of the
cerebellopontine angle (CPA), accounting for roughly 10% of
all neoplasms in this region. We retrospectively reviewed
the medical records of 122 consecutive patients who under-
went surgical resection at our institution by the same senior
neurootologist (JPL) and neurosurgeon (DEA) to determine
the incidence of complications and tumor recurrence with
combined approaches versus more conventional techniques.
Complete records including progress notes and pathology
were reviewed in addition to preoperative and postoperative
imaging. Roughly half the patients underwent a single sur-
gical approach, while the other half underwent a combined
lateral skull base technique. The single approaches (57% of
all performed surgeries) that were used were: retrosigmoid
craniotomy (36%), transpetrosal surgery (18%), and trans-
labyrinthine (3%). The remaining operations were techniques
using combinations of these three and other approaches. We
will compare the degree of tumor resection, the incidence of
tumor recurrence, facial nerve function, postoperative hear-
ing, and other complications as they pertain to single versus
combined approaches. Gross total resection was achieved in
57% of the operations and subtotal resection in 43%. Residual
tumors were either managed conservatively with serial im-
aging (27%) or stereotactic radiosurgery (SRS, 12%), while
only one patient required redo surgery. Of the masses for
which GTR was achieved, 16% recurred on follow-up imaging.
Sixty-six percent were managed conservatively and 33% re-
ceived SRS. Long-term control was achieved in 68% of tumors
with GTR. Ninety-one percent of patients were found to have
an immediate postoperative House-Brackmann (HB) score of
[-11 and 94% achieved a HB I-II at most recent follow-up.

082. Endoscopic Endonasal Skull Base Surgery in the
Pediatric Population

Srinivas Chivukula (presenter), Maria Koutourousiou,
Carl H. Snyderman, Paul A. Gardner, Elizabeth C. Tyler-
Kabara (Pittsburgh, USA)

Introduction: The use of endoscopic endonasal ap-
proaches (EEAs) for skull base pathologies in the pediatric
population has been facilitated by improvements in visuali-
zation and image guidance, as well as by miniaturization of
the instruments. These technological advances have allowed
us to implement minimally invasive EEAs in treating vari-
ous pathophysiologies in the smaller confines of pediatric
patients by improving navigation through their unaerated
sinuses.
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Methods: We conducted a retrospective chart and
imaging review of 134 pediatric patients who underwent
surgeries with EEAs at our institution since July 1999.

Results: A total of 172 EEAs were performed for bony
abnormalities in 21 patients and for skull base tumors in 113.
Eighty-five patients (63.4%) were male and the average age
at the time of surgery was 12.7 years (range, 2.3-17.9 years).
Bony abnormalities included skull base defects (n = 12), basi-
lar invaginations (n = 4), optic nerve compressions (n = 3),
and trauma (n = 2); preexisting neurological dysfunction
resolved in 12 patients (57.1%), improved in 7 (33.3%), and
remained unchanged in 2 (9.5%).

Skull base tumors included angiofibromas (n = 24),
craniopharyngiomas (n = 16), Rathke’s cleft cysts (n = 12),
pituitary adenomas (n = 11), chordomas/chondrosarcomas
(n = 10), dermoid/epidermoid tumors (n = 9), and 31 oth-
er pathologies. In total, 19 tumors were malignant (14.5%).
Fifty-four lesions were solely extradural, and 59 were in-
tradural or intradurally extended. Gross total resection was
achieved in 15 angiofibromas (65.2%), 9 craniopharyngiomas
(56.3%), 8 Rathke’s cleft cysts (72.7%), 7 pituitary adenomas
(70%), 5 chordomas/chondrosarcomas (50%), 6 dermoids/
epidermoids (75%), and in 9 other pathologies (29%).

Sixteen patients (12.4%) showed tumor recurrence
and underwent reoperation. Fifteen patients received adju-
vant radiotherapy, and 5 received chemotherapy. Compli-
cations included CSF leak in 19 cases (14%), meningitis in
6 (4.5%), transient DI in 8 patients (6.0%), and permanent
DI in 11 (8.2%). Eight patients (6.0%) had temporary cranial
nerve palsies; in three (2.2%), the palsy became perma-
nent. The mean follow-up time was 22.7 months (range,
1-122 months); five patients were lost to follow-up.

Conclusions: In our cohort, EEAs have proved a safe
and feasible surgical technique for the management of a va-
riety of pediatric skull base pathologies. When appropriately
indicated, EEAs may allow achieving optimal outcomes in the
pediatric population.

083. Cochlear Radiation Dose Does Not Predict Hearing
Loss after SRS for Glomus Jugulare Tumors

Bradley C. Lega, James Stephen (presenter), Michael
Ruckinstein, Douglas Bigelow, Michele Alonso-Basanta,
Jay Dorsey, John Y. Lee (Philadelphia, USA)

Stereotactic radiosurgery (SRS) has become a mainstay of
therapy for glomus jugulare tumors (GJT). Although the
length of follow-up remains limited, radiosurgery appears
to provide excellent tumor control rates (~90%) with a fa-
vorable side effect profile. Specifically, the incidence of new
deafness, facial weakness, or swallowing dysfunction after
SRS is less than 10%. The low incidence of new hearing loss
is surprising given the proximity of GJT to the cochlea (mean
cochlear dose >5.3 Gy).

We examined our series of patients who underwent
SRS (gamma knife) for GJT, quantifying mean cochlea radia-
tion dose along with tumor control rates, symptomatic relief,
and incidence of new cranial neuropathies. Nine patients un-
derwent SRS (mean dose of 15.8 Gy to the tumor margin);
two patients had a previous microsurgical resection. We
measured tumor volumes, marginal dose, cochlear volume
receiving 5.3 Gy of radiation, mean cochlear dose, and mean
dose to the internal acoustic canal (IAC).

With a median follow-up of 26 months, one patient
required reoperation. In this case, radiation dose to a portion

of the tumor was inadequate (<6 Gy). Six of nine patients pre-
sented with pulsatile tinnitus, two with hearing loss, and one
with facial weakness. None of these preoperative symptoms
improved after GKS. Eight of nine patients had clinically ser-
viceable hearing pre-SRS; in one patient hearing worsened.
Three of the four patients who received a mean cochlear dose
>8 Gy suffered no hearing loss. Mean radiation received by
the cochlear nerve was 4.7 Gy in patients with intact post-
GKS hearing and 3.5 Gy in the patient who suffered hearing
deterioration.

GKS provides control for glomus tumors, but no
symptomatic relief, especially for pulsatile tinnitus. The low
rate of hearing loss post-GKS that we report is in line with the
literature. Neither dose to the auditory nerve nor the cochlea
predicts hearing loss after GKS. This suggests that thresholds
for cochlear dose derived from data for acoustic neuromas
should not be extrapolated to planning for GJT or other le-
sions. Data suggest that cochlear dose should not limit radia-
tion given to the superior portion of a glomus tumor, as this
may risk progression.

084. Tumor Control Rates Using Linac Radiosurgery in
Treatment of Growing Vestibular Schwannomas

Peter A. Gooderham, Albert D. Tu (presenter), Brian
Westerberg, Brian D. Toyota, Ryojo Akagami (Vancouver,
Canada)

Background: Vestibular schwannomas are com-
mon, histologically benign neoplasms that may have a
very indolent or aggressive clinical course. Previous stud-
ies have suggested that only 30-65% of detected lesions
will continue to grow in size. Treatment may include
surgical resection or primary stereotactic radiosurgery.
The reported efficacy rate of stereotactic radiosurgery
in uncontrolled groups has ranged from 80-100%; how-
ever, many of these studies reflect only a short follow-up
period. Furthermore, many lesions remain in a quiescent
state and the efficacy of a radiosurgery may be overesti-
mated by reflecting patterns of natural history rather than
treatment success.

Objective: The purpose of this study was to determine
the true control rates of stereotactic radiosurgery for vestibu-
lar schwannomas with demonstrated ongoing growth.

Methods: A retrospective chart review of patients
treated with stereotactic radiosurgery for vestibular schwan-
noma between 1998 and 2006 was carried out. Only patients
with demonstrated radiographic evidence of growing lesions
as well as greater than 3 years of follow-up were included.
Patients with neurocutaneous syndromes or incomplete
records were excluded.

Results: A total of 46 patients were identified, 80% of
whom had greater than a 4-year follow-up period. An overall
control rate of 83% was determined. Seventeen percent of le-
sions demonstrated ongoing growth, although only 9% were
referred for further treatment. The average time to treatment
failure post treatment was 43 months.

Conclusions: Although stereotactic radiosurgery
continues to have an important role in the treatment of ves-
tibular schwannomas, this study suggests that its purport-
ed efficacy in growing lesions is lower than the unselected
control rates currently found in the literature. In addition, a
significant proportion of these failures occurred at delayed
time intervals, reiterating the importance of close follow-up
of these patients despite seeming stability.
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085. Outcomes of Stereotactic Radiosurgery and
Stereotactic Radiotherapy for the Treatment of Vestibu-
lar Schwannoma

Marko Spasic (presenter), Patrick Pezeshkain, Brendan
Fong, Winward Choy, Teo Soleymani, Daniel Nagasawa,
Garni Barkhoudarian, Alessandra Gorgulho, Antonio De
Salles, Isaac Yang (Los Angeles, USA)

Introduction: Vestibular schwannoma (VS) is a be-
nign tumor derived from Schwann cells typically in asso-
ciation with CN VIII. Common morbidities of these charac-
teristically slow-growing lesions include hearing loss and
facial nerve damage. Treatment options include observa-
tion, surgical resection, stereotactic radiosurgery (SRS), and
stereotactic radiotherapy (SRT). In this study, we assess the
outcomes of patients with VS treated with either SRS or SRT.

Methods: Patients receiving SRS or SRT for vestibular
schwannoma between 1996 and 2009 were reviewed. Inclu-
sion criteria were: (1) histopathologically confirmed vestibu-
lar schwannoma, (2) SRT or SRS performed at UCLA Ronald
Reagan Medical Center, and (3) functional hearing and/or tu-
mor size assessed pre- and post-SRT or SRS. Functional hear-
ing was categorized as full, partial, or none, with partial be-
ing defined as ability to use the phone with the affected ear.
Tumor control was categorized as increased in size, stable, or
decreased, with a change of greater than 2 mm required to be
considered increased or decreased.

Results: Fifty-four patients met all of the inclusion cri-
teria. Of these, 46 received SRT and 8 received SRS. Twenty-
eight (52%) were male and 26 (48%) were female. The average
age at SRT or SRS procedure was 55 years (range, 23-83 years)
and average radiation dose for SRT was 180 cGy to the 90%
IDL over an average of 30 fractions and for SRS was 1263 cGy
(range, 1200-1400 cGy). Patients had an average radiological
follow-up of 44 months and average clinical follow-up of 36
months. Overall, 94% of patients had either stable or decreased
tumor size on final radiologic follow-up, and 86% had stable
or improved functional hearing on final clinical follow-up.
SRT was associated with a lower rate of tumor size increase
following treatment relative to SRS (6% vs. 25%, respectively;
P = 0.054). Similarly, SRT was associated with fewer adverse
functional hearing outcomes relative to SRS (11% vs. 25%,
respectively, P = 0.296).

Conclusions: Our data show good tumor control over
time and preservation of functional hearing with SRS and
SRT. Furthermore, SRT was associated with superior tumor
control and functional hearing results relative to SRS. Further
research will be needed to determine optimal use of SRT and
SRS for treatment of VS.

086. Role of Radiation Therapy in Clinical Hormonally
Active Pituitary Adenomas: An Update of Their Efficacy
and Safety

Houman Pebdani, Soroush Larijani, Idara Edem, Boris
Krischek, Richard Tsang, Fred Gentili, Gelareh Zadeh
(presenter), (Toronto, Canada)

Introduction: Radiation therapy (RT) plays an
important role in treatment of pituitary tumors that are
resistant to medical and surgical therapy. The continuous
development in the field of RT warrants a reassessment of
its role as either initial or adjuvant therapy in the treat-
ment of pituitary tumors and the adverse effects of this
treatment.
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Objective: The purpose of this study is to assess the
outcome of RT as observed in the treatment of hormonally ac-
tive and inactive pituitary adenomas. An emphasis is placed
on identifying potential prognostic factors, determining the
control rate after radiation and evaluating late toxicity.

Methodology: From 1997 to 2010, 125 patients with
pituitary adenomas received RT, 35 of which were hor-
monally active pituitary adenomas. The median age was
52 years (range, 28-79 years), with 21 females and 14 males
for the hormonally active patients. There were 18 patients
with growth hormone secreting, 5 prolactinoma, and 12 with
Cushing’s disease. The median follow-up was 2.2 years. Tu-
mor control was defined as normalization of basal hormone
level and lack of progression of adenoma assessed by imaging
studies. The variables assessed for tumor control were: age,
sex, tumor type, tumor extension, radiation dose, and radia-
tion field size.

Results: Radiotherapy resulted in stable outcome
in 95% of patients with inactive pituitary adenomas. Sta-
ble outcome was seen in 74% of hormonally active patients
with 24% not requiring any further drug therapy. Hypopitu-
tiarism in one or more axis was observed in 52% of the cases,
with inactive pituitary adenomas and 29% of the cases with
hormonally active disease. One patient died due to develop-
ment of pituitary carcinoma. Cause-specific survival rate was
97% during the course of the study. None of the prognostic
factors for tumor control were found to be significant. On
univariate and multivariate analyses, none of the factors in-
vestigated were identified as predictors of response to RT.

Conclusions: Postoperative RT is indeed effective in
gaining tumor control and thus nullifying the space-occupy-
ing effects of hormonally active pituitary adenomas. Howev-
er, RT falls short in the sphere of biochemical control, which
was observed in less than half of the cohort in our study. In
terms of acute and late effects of RT, data from our study sup-
port the previously well documented adverse effects, with
new-onset hypopituitarism as the most frequent complica-
tion. No patient experienced radiation optic neuropathy or
CNS malignancy in the field of radiation. No predictors of ad-
verse radiation effects were identified.

087. Does Pretreatment Growth Rate of Vestibular
Schwannomas Predict Response to Radiosurgery and
Adverse Radiation Effects?

Soroush Larjani, Houman Pebdani, Caroline Hayhurst,
Michael Cusimano, Fred Gentili, Gelareh Zadeh
(presenter), (Toronto, Canada)

Introduction: Stereotactic radiosurgery (SRS) is a
well-established treatment option for vestibular schwan-
nomas (VSs). An important clinical question is whether
pretreatment tumor growth rate (TGR) predicts pattern of
growth response to SRS and is a determinant of adverse ra-
diation effects (AREs).

Methodology: A retrospective review of a prospec-
tively maintained database of all VS patients treated at our
institution between December 2005 and 2011 using Model
4C Gamma Knife Unit was carried out. All AREs were record-
ed. Patients with clinical and radiological follow-up at least
12 months before and after SRS were selected. Tumor volume
was determined from T1-weighted and FIESTA MRI scans
obtained at 6-month intervals (pre- and post-SRS) using
the ITK-SNAP software. Linear regression and multivariate
analyses were performed with SPSS version 19.0.
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Results: Mean growth rate pre-SRS was +94.6%/year,
and post-SRS was -10.8%/year. We classified tumors into
three categories based on volumetric growth rate: class I
(<52%), class 11 (52%-73%), and class 111 (>73%). We did not find
a direct correlation between pre- and post-treatment TGR
(P > 0.40). A significant correlation was found between pre-
treatment TGR and the extent of reduction in TGR post-SRS
(P> 0.001). Thirty-three percent of VS patients treated with
GKRS experienced non-auditory ARE. Pretreatment growth
rate did not correlate with the occurrence of any AREs. Post-
treatment TGR was a predictor of facial nerve dysfunction.

Conclusion: Tumors with greatest pretreatment
growth rate had the most favorable response to SRS. TGR
pre-SRS did not predict ARE, though target volume predicted
facial nerve dysfunction. Response patterns to SRS can be cat-
egorized into three classes. These results demonstrate that
there are clearly different subtypes of VSs that need further
molecular profiling and correlative molecular imaging to be
able to guide treatment decision. The present results will aid
in patient counseling and decision making for best manage-
ment options and expected outcomes following SRS for VS.

088. Survival in Squamous Cell Carcinoma of the
Temporal Bone: 1965-2011

Mitchell R. Gore (presenter), Adam M. Zanation (Durham,
USA)

Background: Squamous cell carcinoma (SCC) of the
temporal bone is an uncommon entity that has a poor progno-
sis. Tumors may present at an advanced stage given the prox-
imity of the temporal bone to critical structures. We reviewed
the literature from 1965 through 2011 to determine factors
affecting survival, as well as to determine whether there is a
survival advantage for different treatment modalities.

Methods: A meta-analysis was conducted using in-
dividual patient data available from papers published from
1965 through 2011. Patient data were collected for overall
survival at 3, 5, and 10 years. Only patients with histologi-
cally confirmed SCC were included, with other malignan-
cies excluded. Patients were grouped using the University of
Pittsburgh staging system, and were also grouped according
to treatment modality.

Results: A total of 71 papers and 1355 patients
were identified. Overall survival at 3, 5, and 10 years was
47%, 42.3%, and 20.6%, respectively. There was a significant
decrease in survival for T3/T4 tumors vs. T1/T2 tumors at
3, 5, and 10 years (69%, 69%, and 34.8% for T1/2 vs. 42.6%,
34.9%, and 10.6% for T3/4, respectively, P < 0.0005). We found
a male predominance of 1.3:1 (P = 0.0078). We found the
presence of hearing loss, facial nerve paralysis, and parotid
involvement to all indicate a significant decrease in survival
vs. patients without these clinical signs (P < 0.05). We found
a statistically significant survival advantage at 3 years for sur-
gery alone (72.5%) vs. radiotherapy alone (55.7%), P = 0.006.

Conclusions: We present a comprehensive meta-anal-
ysis of patients treated for SCC of the temporal bone reported
from 1965 through 2011, totaling 1355 patients. Statistically
significant survival decreases were seen with involvement of
the parotid or facial nerve, as well as with hearing loss on
presentation. There was a statistically significant decrease in
survival for T3/T4 tumors vs. T1/T2 tumors. Additionally, we
found a survival advantage for patients treated with surgery
alone vs. patients treated with radiation alone at 3 years. To
our knowledge, this represents the largest meta-analysis of

patients with SCC of the temporal bone, and provides valu-
able prognostic and treatment-specific survival data on this
uncommon malignancy.

089. Temporal Meningoencephaloceles: Diagnostic Pit-
falls, Surgical Repair, and Associated Pathologies

Hwa . Son (presenter), Alexandre A. Karkas, Ravi N. Samy,
Philip V. Theodosopoulos, Myles L. Pensak (Covington,
OH, USA)

Objectives: We present our experience in the diag-
nosis and treatment of meningoencephaloceles of the tem-
poral bone, specifically focusing on etiology, intraoperative
findings, concomitant obesity, and recurrence rate.

Patients and Methods: We performed a retrospective
chart review of all patients operated on for meningoencepha-
loceles of the lateral skull base in a tertiary referral center from
1999 to 2011. We included encephaloceles diagnosed preoper-
atively and the ones discovered incidentally intraoperatively. All
imaging scans were retrospectively analyzed to try to correlate
pertinent imaging details to intraoperative findings.

Results: There were a total of 35 patients, 22 females
and 13 males. The average age was 51 years, ranging from
16 to 86 years. The meningoencephalocele was found on the
right side in 16 patients and on the left in 17; 1 patient had
bilateral disease. Clinical manifestations consisted primar-
ily of clear otorrhea with associated conductive hearing loss.
Other common symptoms included aural fullness, rhinor-
rhea, and headache. The distribution of the etiologies was:
idiopathic (22), chronic otitis media or cholesteatoma (9),
iatrogenic (2), and trauma-induced (2). The relationship be-
tween body mass index and spontaneous cerebrospinal fluid
(CSF) leak was analyzed. The surgical repair of the menin-
goencephalocele was performed via a transmastoid approach
in 17 cases, middle fossa approach in 1, and combined trans-
mastoid/middle fossa approaches in 14; there were 3 cases
where an anterior transpetrosal approach was added. The
most frequent site of brain herniation was the tegmen tym-
pani and/or mastoideum, but two cases involved the petrous
apex and two others involved the sinodural angle. Recur-
rence was seen in four patients.

Conclusion: This is one of the largest series of menin-
goencephaloceles of the lateral skull base. They continue to
present as diagnostic and treatment challenges for skull base
surgeons. They may also be growing in importance due to an
increase in the population of patients with obesity.

090. Surgery for Temporal Bone Encephaloceles: A Re-
view of 85 Cases

Spiros Manolidis (presenter), Raj Shrivastava (New York,
USA)

Objective: To describe the presentation, etiology, and
surgical management of brain involvement of the temporal
bone.

Materials and Methods: A retrospective chart re-
view was conducted of 85 patients with tegmen dehiscence,
meningoencephalocele, or cerebrospinal fluid leak in the
middle ear.

Results: The most common etiology was chronic ear
disease with or without cholesteatoma (67%). In 61%, poten-
tial iatrogenic cause for the problem existed due to previous
surgery for chronic ear disease. Twenty-one of the 85 had
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extensive dural exposure alone, 49 had a meningoencepha-
loceles, and 15 had CSF leak. The majority of patients required a
minicraniotomy, mid-fossa approach for repair (61%), grafting
with cartilage or calvarium (94%) and soft tissue reconstruction
(53%). Dural exposure alone was largely amenable to transmas-
toid repair (70%), whereas meningoencephaloceles were more
likely to require minicraniotomy mid-fossa approaches (73%).
Facial nerve involvement by chronic ear disease often required
a minicraniotomy mid-fossa approach. Approximately half
needed a soft tissue flap for reconstruction. Flaps used were
pedicle fascia flaps: temporoparietal fascia flap or superficial
temporalis fascia flap. Only 17% of patients who had undergone
a prior procedure were amenable to transmastoid repair.
Conclusions: Tegmen defects are most commonly
due to chronic ear disease. Dural exposure alone may be re-
paired via a transmastoid approach, whereas herniation of
intracranial contents into the mastoid will likely need a more
extensive approach. Facial nerve involvement, spontaneous
lesions, and history of prior surgery may require a minicrani-
otomy mid-fossa approach. Grafts are often needed for sup-
port. Soft tissue flaps frequently are required for appropriate
repair, especially in patients with facial nerve involvement.

091. Immediate Single-Stage Reconstruction of Com-
plex Frontofaciobasal Injuries

Akram M. Awadalla (presenter), Hesham Ezaldeen, Nagla
F. Mohamed (Tabuk, Saudi Arabia)

Objectives: To determine if immediate (within 6
hours) single-stage repair of complex craniofacial injuries
could be accomplished with acceptable appearance, morbid-
ity, and mortality.

Patients and Methods: Twenty-six patients (19 men,
7 women), with ages ranging from 8-58 years and Glasgow
Coma Scale scores of 5 to 15, had a combined single-stage
repair within 6 hours of their admission after resuscitation.
All patients had accurate CT-3D. Bicoronal skin flap was used
for maximum exposure for frontal sinus exenteration, dural
repair, cortical debridement, calvarial reconstruction, and ti-
tanium mesh placement. Dural grafts were necessary in 22
of 26 patients (85%), and supplementary bone grafting was
required in 19 of 26 patients (73%), of which 6 patients (23%)
had iliac bone grafts, whereas split calvarial grafts were used
in 12 patients (46%) and a full thickness calvarial graft was
used in 1 case (3.8%).

Results: Neurosurgical outcome at both early and late
evaluation was judged as good in 22 of 26 patients (85%),
moderate in 3 of the 26 (11%), and poor in 1 of the 26 (3.8%).
Cosmetic surgical outcome at early evaluation showed 17 of
26 (65%) to be excellent, 4 of 26 (15.5%) to be good, 4 pa-
tients (15.5%) to be fair, and 1 patient (3.8%) to be poor. At
late reevaluation, the fair had improved to good with only
one additional reconstructive procedure, and the poor had
improved to fair with another surgery. Complications oc-
curred in 3 patients (11%): one case (3.8%) had tension pneu-
mocephaly and meningitis, one case (3.8%) had delayed cere-
brospinal fluid leak with recurrent attacks of meningitis, and
one case had maxillary sinus infection (3.8%) secondary to
frontomaxillary fistula associated with wound infection and
hardware exposure. These results compare favorably with
historical data in which an overall infection rate for a staged
repair would be 12.5 to 17.7%.

Conclusion: Theimmediate single-stage repair of com-
plex craniofacial injuries can be performed with an acceptable
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rate of morbidity and mortality, a decreased need for reopera-
tion, and an improved cosmetic and functional outcome.

092. Transcranial Exposure of Large Dural Venous
Sinuses for Direct Transvenous Embolization of High-
Grade Dural Arteriovenous Fistulas

James K. Liu (presenter), Osamah ). Choudhry, Aclan
Dogan, Stanley Barnwell, Johnny Delashaw, Jr. (Elizabeth,
NJ, USA)

Introduction: High-grade  dural arteriovenous
fistulas (DAVFs) with retrograde cortical leptomeningeal
drainage are formidable lesions because of their risk for in-
tracranial hemorrhage. Treatment is aimed at occluding ve-
nous outflow to achieve obliteration of the fistula. In DAVFs
that involve a large dural venous sinus, occluding venous
outflow can be accomplished endovascularly with trans-
venous embolization. In cases of DAVFs with reflux into
cortical leptomeningeal veins, there is usually venous re-
strictive disease downstream that can prohibit endovascular
access via the transfemoral or transjugular routes.

Methods: In this study, we describe our technique
of surgically assisted transvenous embolization in three pa-
tients with high-grade DAVFs involving a large dural sinus
with retrograde cortical leptomeningeal drainage.

Results: Surgically assisted transvenous emboliza-
tion of the DAVF resulted in complete angiographic oblitera-
tion in all three patients on postembolization angiography.
All had improvement of their preoperative symptoms, and
there were no recurrences and no further clinical events after
a mean follow-up of 37 months. There were no complications
of venous hypertension or venous infarction.

Conclusion: Our technique is unique in that the
craniectomy and embolization procedures are performed as
a single stage in the operating room with intraoperative angi-
ography and stereotactic image guidance. In these instances,
a transcranial approach can be performed to expose the large
dural venous sinus distal to the site of occlusion for direct
catheterization of the venous outflow for transvenous embo-
li