Endoscopic Transtuberculum Transplanum
Approach to Suprasellar Meningiomas

Thesis
Submitted for Partial Fulfillment of PhD degree
in Neurosurgery

By
Ahmad Mohamad Elsawy
M.B., B.CH, MSc, Ain Shams University

Under the supervision of
Prof. Dr. Hossam El Huseiny Khalil

Professor of Neurosurgery
Faculty of Medicine — Ain shams University

Prof. Dr. Omar Yousef Hammad

Professor of Neurosurgery
Faculty of Medicine — Ain shams University

Prof. Dr. Hamdy Ibrahim Khalil

Professor of Neurosurgery
Faculty of Medicine — Ain shams University

Prof. Dr. Salah Mostafa Hamada

Assistant Professor of Neurosurgery
Faculty of Medicine — Ain Shams University

Faculty of Medicine
Ain Shams University
2018



4 Acknowledgment

First and foremost, I feel always indebted toAUAH, the
Most Kind and Most Merciful.

Id like to express my respectfiul thanks and
profound gratitude to Prof. Dr. Hossam EI Huseiny

Khalil, Professor of Neurosurgery, Faculty of Medicine
— Ain shams University for his keen guidance, kind
supervision,  valuable advice and  continuous
encouragement, which made possible the completion of
this work.

I am also delighted to express my deepest
gratitude and thanks to Prof. Dr. Omar Yousef

Hammad, Professor of Neurosurgery, Faculty of
Medicine — Ain shams University, for his kind care,
continuous supervision, valuable instructions, constant
help and great assistance through out this work.

I am deeply thankful to Prof. Dr. Hamdy

Ibrahim Khalil, Professor of Neurosurgery, Faculty of
Medicine — Ain shams University, for his great help,
active participation and guidance.

1 wish to introduce my deep respect and thanks
to
Prof. Dr. Salah Mostafa Hamada, Assistant
Professor of Neurosurgery, Faculty of Medicine — Ain
Shams University, for his kindness, supervision and
cooperation in this work.

I would like to express my hearty thanks to all
my family for their support till this work was completed.

Last but not least my sincere thanks and
\ appreciation to all patients participated in this study.

\

J




List of Contents

Title Page No.
List of TAbLeS ....ovuurierreieeireineeeeeieeeeeeeens Abjra i Aaa el 5 LAY 1A
List of FiGUTES ..c.cvovvvivieieieieeeeeeeeeeeereeeens Al e A jall 3 LAY 1Uad
List of Abbreviations ...........ccccceeeevveverrnnnne Abjra e daa jall 3 LEY) 1Uad
INtroduction ..o 1
Aim of the WOrK......ccooiiiiiecce e 10
Review of Literature........c.cccciveiiiiiiiececc e 11
» History & evolution of surgical approaches to suprasellar
10010 B0 07 (0] 10 F: Y= J RPN 11
* Origin & patterns of growth of suprasellar meningiomas......... 14
= Microsurgical approaches to suprasellar meningiomas........... 16
» Optic canal decompression & visual outcomes...................... 22
» Endoscopic approaches to suprasellar meningiomas............ 24
Endoscopic Transtuberculum Transplanum Approach to
Suprasellar Meningiomas.........ccocccovvveieeveeiiereseseseseseseeseeseenes 29
* Endoscopic ANatomy........ccccoeeeeiieiee e, 29
B Operative NUANCES .........vvvuuiieeeeeeeeeiiiiiie e e e e e e e eeeearee e e eeeeeeennes 38
Patients and Methods ..........ccccooviiiiiiicii e, 45
THIUStTative CaSeS ..ccviiiiiccicc et e 48
RESULES oo 65
DISCUSSION c..viiiiicc e 75
Summary and Conclusion ... 88
Recommendations .......ccccceeiiiiiic i 91
References ... 92

Arabic Summary



List of Tables

Table No. Title Page No.
Table (1): Demographic characteristics of the

studied CASES......cccoviiiiiciere e 65
Table (2): Clinical presentation of the studied

CASES 1uvviieiurieeitteeesiteeesibeesstbe e e sab e e e bt e e st b e et e e e st e e e nbee e 67
Table (3): Radiological findings of the studied cases......... 68
Table (4): Gross total resection (GTR) of the

studied CaSeS......ccocviiiiieie e 69
Table (5): Postoperative improvement visual

symptoms of the studied cases ........cccceoeeeveenennen, 70
Table (6): Postoperative complications of the

studied CaSeS. ..o 71
Table (7): Comparison according to gross total

resection (GTR) .....ccoceieeeeeeeee e, 72
Table (8): Literature review of clinical outcomes of

extended endoscopic approaches to
suprasellar meningiomas ........c...ccoecvvievnverescennnns 77



Fig. No.

List of Figures
Title Page No.

Figure (1):

Figure (2):

Figure (3):

Figure (4):

Figure (5):

Figure (6):

Figure (7):

Figure (8):

Figure (9):

Figure (10):

Plain x-ray skull from Cushing and
Eisenhardt seminal study in 1929...................... 11
S. Magill et al. recently proposed a
classification system, which evaluates
tumor size, optic canal involvement &
vascular encasement. .........cccocveriiieninie e 13
Incidence of site of origin of tuberculum
sellae meningioma in a series of 100
PALIENES oo 15
Distinct growth pattern of tuberculum
sellae meningioma..........cccccooveiiiii e cic s 16
Intra-operative image from Arai et al.
study demonstrating bilateral skull base
drilling & un-roofing of optic canal. .................... 18
Craniotomy outlined of the main
surgical routes adopted in Nakamaru et
Al SEUAY v 21
Intra-operative Sketch of optic nerve
before (A) & after (B) anterior
clinoidectomy & optic canal un-roofing.............. 22
Intra-operative 1image demonstrating
optic nerve decompression by un-roofing
of the optic canal, division of the
falciform ligament & opening of dural
sheath (DS) of optic nerve (ON) .......ccocvevvvirnnn. 23
Graph  demonstrating number  of
patients & number of CSF leak rates
over the years, pre & post the
introduction of naso-septal flap in 2006
in Koutourousiou et al. study .........cccceevrvveiiinnnn, 28
Koutourousiou et al. divided the patients
In their series in to 5 quintiles ...........ccccceevvvennene. 28



Fig. No.

List of Figures cont.

Title Page No.

Figure (11):

Figure (12):

Figure (13):

Figure (14):

Figure (15):

Figure (16):

Figure (17):

Figure (18):

Figure (19):

Figure (20):

Endoscopic views in a cadaver showing
nasal step of the standard endoscopic
sellar approach.........cccccooviiiiiii i,
Endoscopic view in a cadaver showing
sphenoid step of the standard endoscopic
approach to the sella........c.ccccevviviiiiiiiiiii,
Endoscopic view in a cadaver showing
exposure of the standard approach to the
sella after removal of sphenoid septa .................
Endoscopic views in a cadaver showing
the nasal step in extended approaches...............
Endoscopic view in a cadaver showing
extended approach to planum
sphenoidale ...
Endoscopic view in a cadaver showing;
Chef’s hat appearance after more lateral
extension of bony work above the level
optic protuberance in extended approach
to the planum ...........ccoooiiiiii,
Endoscopic view in a cadaver showing
intradural step of the extended approach
to the planum ..........ccccoooiiii,
Endoscopic view in a cadaver showing
extended approach to planum, below the
chiasm surgical route ........ccccccovvviieiivniiicenecenn
Endoscopic view in a cadaver showing
extended approach to the planum; above
the chiasm surgical route ..........cc.ccoovevvriiiiinininnnn,
Schematic drawing showing operation
room setting in endoscopic skull base
SUTLZETY .vvevvereeriereireeteeteeteateeseesestestestestesbesbeeseeseeseesens



Fig. No.

List of Figures cont.

Title Page No.

Figure (21):

Figure (22):

Figure (23):

Figure (24):

Figure (25):

Figure (26):

Figure (27):

Figure (28):

Figure (29):

Figure (30):

Figure (31):

Photograph showing positioning of
Instrumentents during bimanual
dISSECEION ..cvvveiie e 40
MRI brain with contrast sagittal &
coronal demonstrating dural based
enhancing lesion, likely tuberculum
sellae Meningioma........c.ccevvvieiieiieie e 48
Identification of sphenoid ostium
underneath superior turbinate. ..........cccccvevneenee. 49
Inferior cut extending anteriorly from
superior edge of choana at junction of
septum & floor of the nose..........coceeevvevvviicieccinenee. 50
Dura opened from sella to tuberculum
dividing coagulated superior
intercavernous sinus (SIS) ......cccccceeeececeeenane, 53
Tumor untethered from the
undersurface of the chiasm by dividing
arachnoid adhesions .........ccccccooeveveiiiciiic e, 54
Opening of intra-canalicular dura over the
infero-medial aspect of the ON to expose
intra-canalicular tumor & adequately
decompress the ON.........ccooveviiiiiiicic i 54
Inspection of the tumor bed ensuring
adequate optic decompression..........cccceevvverveennen. 55
Post-operative contrasted MRI brain
demonstrating gross total resection.................... 56
MRI brain sagittal & coronal contrasted
sequence demonstrating homogenous
enhancing dural-based lesion over the
planum sphenoidale...........ccccccooiiiiiiiiciicie e, 57
Wide anterior sphenoidotomy &
identification of key  anatomical
landmarks .......ccceeveeiiiie 58



List of Figures cont.

Fig. No. Title Page No.
Figure (32):  Bone removal marked with

neuronavigation, patty 1s placed over

sella, dura is Incised. .......cccceevvveeeiiii i, 59
Figure (33):  Tumor identified underneath the dural

incision & debulking was initiated...................... 59
Figure (34): Brain tumor interface is identified after

adequate debulking........ccccccooovviiiiiiiiiiiiiie e 60
Figure (35): Tumor is delivered after untethering

from frontal lobe by dividing arachnoid

DANAS. oo 60
Figure (36):  Tumor delivered after cutting &

coagulation of its dural attachment.................... 61
Figure (37):  Inlay duragen.........cooeoeeeereresreneenieeseneennen, 61
Figure (38):  Inlay fascia lata. ......ccccccoeevieeeseeeeseeceere e, 62
Figure (39):  Onlay fascia lata........ccccocevvveeeeeeeseecseneeeeeen, 62
Figure (40): Vascularized naso-septal flap un-tucked

from the nasopharynx & secured in

PLACE. ..o 63
Figure (41):  Surgicel is placed over edges of naso-

septal flap & fibrin glue is then applied

over the multi-layered reconstruct........c..c......... 63
Figure (42):  Final layer of gel foam pledgets padding

IS placed. ....cooooeeiiiicc 64
Figure (43): Post-operative contrasted MRI brain

showing gross total resection of lesion. .............. 64
Figure (44): Sex distribution of the studied cases. ................. 66
Figure (45): Clinical presentation of the studied

CASES. tutiieiuriieiitie ettt e et e et e e bt e b e e e nnee e 67
Figure (46):  Radiological findings of the studied

CASES. tutiieiuriieiitie ettt e et e et e e bt e b e e e nnee e 68
Figure (47):  Gross total resection of the studied

CASES. tutiieiuriieiitee et e ettt e et e et et e e e e e e 69



List of Figures cont.

Fig. No. Title Page No.
Figure (48): Postoperative  improvement  visual

SN2 001 0] 70} 1/ 1= PR 70
Figure (49): Postoperative complications of the

studied CASES.......coviiiiiiicre e 71
Figure (50): Comparison according to GTR regarding

maximum diameter..........cccoceviiiiiieiii e, 73
Figure (51): Comparison according to GTR regarding

vascular encasement.............cccoeviiiieie e, 73
Figure (52): Comparison according to GTR regarding

1mprovement of visual symptoms............ccocu....e. 74
Figure (53): Comparison according to GTR regarding

postoperative complications..........cceceeveeireeirnenne. 74

Vi



List of Abbreviations

Abb. Full term
ACA...ccooeeii, Anterior cerebral artery
AcoA.....ccceevennnn.. Anterior communicating artery
BA ... Basilar artery

CSF .coeeeeeii, Cerebrospinal fluid

1 D) IR Diabetes Insipidus
GTR....ccoovvveee. Gross total resection
ICA...ccos Internal carotid artery
OCR......cccovvnnnn. Optico-carotid recess
PCA.....ccoeeee Posterior cerebral artery
PEA.....ccccccei. Posterior ethmoidal artery
SCA..ccoeeeeeiiieis superior cerebellar artery

SIS i, superior inter-cavernous sinus
VAo Vertebral artery

vii



Introduction &

INTRODUCTION

“There i1s today nothing in the whole realm of surgery
more gratifying than successful removal of a meningioma with
perfect functional recovery, especially should a correct
pathological diagnosis have been previously made. The
difficulties are admittedly great, sometimes insurmountable,
and though the disappointments still are many, another
generation of neurological surgeons will unquestionably see
them largely overcome” a quote by Harvey Cushing the man
who resected the first suprasellar meningioma via a transcranial
approach in 1916.

Suprasellar  meningiomas arising from  planum
sphenoidale, chiasmatic sulcus, tuberculum sellae and
diaphragma sellae, are about 10% of intracranial meningiomas
and constitute such a challenge for skull base surgeons due to
their location and relation to critical neurovascular structure
mainly the optic apparatus and the anterior cerebral artery
(ACA) complex®. Visual manifestations are the most common
presentation of suprasellar meningiomas. ldeally, suprasellar
meningioma surgery should aim at alleviating visual signs and
symptoms, or at least saving any residual visual function, and
achieving Simpson grade | resection with no or minimal
morbidities®. The introduction of the microscope in
neurosurgery markedly improved the outcomes of surgical
resection of suprasellar meningiomas. Various transcranial
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approaches are well described in the literature used to tackle
suprasellar meningiomas, most commonly performed are
anterior subfrontal approaches and lateral transsylvian
(pterional) approach. In the past few years, with the major
breakthroughs in endoscopic skull base surgery and the advent
of endoscopic extended transsphenoidal approaches, the
endoscopic transtuberculum transplanum approach was
presented as a viable option or alternative to the microsurgical
transcranial route®®. Some authors suggest that if visual
outcome was the sole predictor for choice of the approach to
suprasellar meningiomas, the endoscopic endonasal route will
be superior to open transcranial route, given superior visual
outcome following endoscopic approaches®. Radiosurgery and
fractionated stereotactic radiotherapy has evolved in recent
years, with conventional radiotherapy providing long term
control rates reaching 80% and fractionated stereotactic
radiotherapy showing promising results with shorter follow up
periods®. More recent reports suggest that Simpson grade may
not be a statistically significant predictor for outcome in
modern neurosurgical era®*. Some authors suggest that tumors
extending lateral to the optic and carotids, making GTR not
feasible, is not an absolute contraindication for endoscopic
endonasal route®. These findings highlight the importance of
further studies of extended endoscopic approach to suprasellar
meningiomas with larger number of patients & long term
follow up to further assess feasibility & define the criteria for
proper patient selection to optimize the outcomes.




Aim of the Work &

AIM OF THE WORK

The objective of this study is to add another case series to
the small number of cases reported in the literature for
endoscopic approaches to suprasellar meningiomas, in an effort
to help assess its feasibility with special emphasis on visual
outcome. The study also aims at defining the criteria for proper
patient selection to endoscopic endonasal approaches to
suprasellar meningiomas.
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REVIEW OF LITERATURE

History & evolution of surgical approaches to suprasellar

meningiomas

Cushing and Eisenhardt published their historical paper in

1929 where they classified suprasellar meningiomas in to
four stages according to their size. Stage | & Il were defined as
being asymptomatic thus not encountered in their series. Stage
Il & IV were symptomatic & thus treated surgically. Cushing
and Eisenhardt further elucidated the “chiasmal syndrome” in
suprasellar meningiomas, first described in 1927 by Holmes
and Sargent. Chiasmal syndrome is defined as primary optic
atrophy with bitemporal field defects in the presence of normal
sellae in palin x-ray skull (Fig 1)*.

ARCHIVES of OPHTHALMOLOGY

Volure | (s volome9) JANUARY, 199 Nunber |

MENINGIOMAS  ARISING FROM THE TUBER-
CULUM SELLAE

WITH THE SYNDROME OF PRIMARY OPTIC ATROPHY AND BITEM-
PORAL FIELD DEFECTS COMBINED WITH A NORMAL SELLA
TURCICA IN A MIDDLE-AGED PERSON *

HARVEY CUSHING, MD.
AND

LOUISE EISENHARDT, MD.
BOSTOX

L

Figure (1): Plain x-ray skull from Cushing and Eisenhardt seminal study
in 1929. Arrows are pointing to suprasellar shadow with normal appearing
sella, which characterizes the chiasmal syndrome.°
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Al-Mefty reclassified suprasellar meningiomas as those
arising via arachnoid cap cells from the planum sphenoidale,
tuberculum sella, diaphgrama sella, and anterior clinoid
process’. de Divitiis later distinguished clinoidal meningiomas
from other suprasellar meningiomas®’. Kinjo et al. in 1995
classified diaphragma sellae meningioma into 3 types: 1) Type
A, arising from the upper leaf of the diaphragma sellae anterior
to the pituitary stalk; 2) Type B, arising from the upper leaf of
the diaphragm sellae posterior to the pituitary stalk; and 3)
Type C, arising from the inferior leaf of the diaphragm sellae.
Type C tumors involve the sella and cause enlargement,
mimicking a pituitary adenoma®.

Various prognostic scoring systems have been proposed
to classify these tumors all included tumor size while variably
including optic canal invasion, vascular invasion, brain
invasion, peritumoral edema, previous surgery, previous
radiation, and duration of visual symptoms in their schemes. S.
Magill et al. recently proposed a classification system, which
evaluates tumor size, optic canal involvement & vascular
encasement which they proposed can help for choice of surgical
approach & predict post-operative outcome (Fig 2)*. However
though, these proposed classification schemes have yet to be
externally validated, widely adopted, or prospectively used to
guide surgical approaches.
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