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Abstract

Background: Endoscopic visualization does not necessarilyespond to an adequate working space.
The need of balancing invasiveness and adequasgliar tumor exposure has recently led to the
description of multiple endoscopic endonasal tpahesoidal approaches. Comparative anatomical
data on these variants are lacking.

Object: To quantitatively compare endoscopic endonasalssphenoidal approaches to the sella and
parasellar region, using the concept of "surgigaamid".

Methods: Four endoscopic transsphenoidal approaches wefermed in 10 injected specimens: 1.
hemisphenoidotomy; 2. transrostral; 3. extendaustastral (with superior turbinectomyy); 4. extended
transrostral with posterior ethmoidectomy. Approdelwver software (part of GTX-Eyes Il) with a
dedicated navigation system was used to quanfstiigical pyramid volume, as well as exposure of
sellar and parasellar areas.. Statistical analyses performed with Friedman’s tests and Nemenyi's
procedure.

Results: Hemisphenoidotomy provided limited exposure of tellar area and a small working
volume. A transrostral approach was necessary tmsx the entire sella. Exposure of lateral
parasellar areas required superior turbinectomyosterior ethmoidectomy. The differences between
each of the modules was statistically significant.

Conclusion: The present study validates, from an anatomioaltpf view, a modular classification

of endoscopic endonasal transsphenoidal approdahies sellar region.

Abbreviations: 3D: three dimensional; CT: computed tomographyC©OM: Digital Imaging and

COmmunications in Medicine; ETA: Extended Transi@sfApproach; GTxEyesll — UHN: Guided-
Therapeutics software developed at University Hedlietwork — Toronto, Canada; HD: high-
definition; HS: Hemisphenoidotomy; PEA: extendednsrostral with Posterior Ethmoidectomy

Approach; TRA: Transrostral Approach.
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Introduction

Endoscopic transnasal surgery provides accesvévaaegions of the skull base, including theasell
region and cavernous sinuses, using the naturaldoos constituted by the nasal cavities and
sphenoid sinus. Several endoscopic transspheraig@baches to the sella and parasellar areas have
been recently describéd?® but relatively limited clinical, and even anatoaliccomparative data are
available.

These variations of endoscopic transsphenoidaksymgsult from the need of balancing invasiveness
with adequacy of sellar tumor exposure. In endosceprgery satisfactory visualization is possible
even through small openings, which might not grameasonable working space; the insufficient
opening of the anterior wall of the sphenoid siaud the sella has been associated with a higher rat
of incomplete pituitary adenoma resectiéhs.

The aim of the present study was to quantify thekimg volume and exposed areas of different
endoscopic transsphenoidal approaches using a aoagmical research method that quantifies the

surgical pyramid, which describes the essentialfea of a surgical approatht’

Materialsand Methods

Ten human, adult heads were dissected in the Anat@ioratory of the University of Brescia: three
were fresh frozen and 7 alcohol-fixed. The artesigdtem was injected via the common carotid and
vertebral arteries with silicone rubber (Xiam&®&TV rubber base and curing agent, Dow Corning,
Midland, MI, USA) stained with red Pintasol (MiXolRed E-L3mix, Kirchheim unter Teck,
Germany).

The specimens underwent computed tomography (C3r) ssing a multidetector 128-slice scanner
(Somatom Definition Flash Siemens, Forcheim, Germany) set with standardronewigation
parameters. The CT scan files were recorded int&®iginaging and COmmunications in Medicine
(DICOM) format.

Two fresh specimens were dissected at the Anatoatpiatory of the University of Vienna. Arterial
injections were performed with the same methodbav& The fresh specimens were not included in
the statistical analysis but used only to colledew material.

All specimens had a sellar type sphenoid sifits.

Transsphenoidal approaches

Dissections at the University of Brescia were penied using a high-definition (HD) head-camera
with 0° endoscope (Karl Stdtz Tuttlingen, Germany) and an endoscopic pituitang skull base
surgery set (Karl Stof). Four increasingly extended endoscopic endonasaissphenoidal

approaches were performed bilaterally. The appesdiased on the transsphenoidal corridor, as
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defined in the classification by the Cornell gréfipyere considered for the study, except for the
transplanum/transtuberculum approach, because tudy swas focused on lateral extension.
Furthermore, the four approaches considered ingthidy correspond to the steps described by the
Pittsburgh group to perform the endoscopic appréacthe sella turcica, the parasellar structured, a
the middle third of the clivu§;?? with the addition of the posterior ethmoidectorBach approach
was quantified before performing the subsequent ®he posterior wall and floor of the sphenoid
sinuses were left intact throughout the dissections

Hemisphenoidotomy (H8}*%began with lateralization of the middle and supeturbinates. The
sphenoid ostium was enlarged from the sphenoidwmsto the superior turbinate, from the planum
ethmoidalis to the floor of the sphenoid siftiSinus mucosa and sphenoid septa were removed to
better visualize anatomic landmarks inside the splgesinus (Figure 1 and video 1).

The Transrostral Approach (TRA) was performed via binostril dissectidfi,after completing the HS
bilaterally. The posterior portion of the septumsvelisarticulated from the sphenoid rostrum. Next, a
posterior septectomy?* which needs to be about 1 cm wide to allow birlostccess;? was
performed. Subsequently, the sphenoid sinus anteadl was removed, exposing the posterior wall
from carotid prominence to carotid prominence, &od the planum to the clivus craniocauddlly.
Special attention was given to widening the sphasibmy as much as possible: the initial rhomboid
shape after rostrum removal was thus transformedré@ctangular shaped opening (Figure 2 and video
2).

The Extended Transrostral Approach (ETA) was performed by adding a superior turbioeuot to
TRA.?® The superior turbinate was transected close tskhk basé** The sphenoidotomy was then
extended supero-laterally until the medial walltleé posterior ethmoid was reached (Figure 3 and
video 3).

The Extended Transrostral with Posterior Ethmoidectomy Approach (PEA) was accomplished by
removing the posterior ethmoid celf? which were opened in a posterior-to-anterior dioec®® The
resection was carried on until the basal lamella weached’ Next, the previous opening of the
anterior sphenoid sinus wall was extended to thetepior wall of the ethmoid sinuses (Figure 4 and
video 4).

Dissections at the University of Vienna were pearfed using a 3D-HD 0° endoscope (VSiii,
VisionSense, Petach Tikva, Israel) and an endosgofiitary and skull base surgery set (Karl Stprz
(videos 1-4).

Quantitative analysis
Quantitative comparison of approaches was basethatomical features, defining them as “truncated

pyramids” according to Andaluz et i’ The surgical pyramid is defined by: superficiatfaoe
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(surgical window); deep surface (area of exposurejght (the distance between those areas); and
pyramid volume (space available for instruments).tdanssphenoidal endoscopy, the superficial
surface is the nostril at the level of the pyrifoaperture. The deep surface is the posterior vidlie
sphenoid sinus. Superficial area and height arentmmfeatures among transsphenoidal approaches.
Therefore, volumes and deep areas were the oljjdut present study.

ApproachViewer, which is the software incorporaite@& TxEyesll — UHN, a neuronavigation system
that has been developed at the University of Torowas used for quantificatidh.The navigation
hardware was by NDI (Northern Digital Imagfhg/Vaterloo, Ontario, Canada) and included a passive
rigid body, passive probe (pointer) with 4 markensg the Polaris VicfaOptical Tracking System.
The Polaris optical camera emits infrared (IR) fighd captures the IR reflections off sphere marker
attached to the pointer, whose geometry allows odyming its position and orientation via
multiplanar reconstruction. DICOM files were upleddin GTxEyesll software and registration
tolerance of less than 1 mm was considered acdeptab

In addition to standard neuronavigation, this safevallows the collection of deep and superficial
surfaces using the pointer to track their peringteéhus providing real-time visualization and
guantification of the surgical pyramid in axialronal, and sagittal sections, as a 3D renderinguei

5). The quantification procedure was repeated tdocesach approach, tracking both “non-crossing”
and “crossing” pyramids (Figure 6). A non-crosspmgamid is realized by keeping the pointer in
corresponding positions on the deep and the sgpErfiurfaces (i.e. 3 o’clock at both the pyriform
aperture and posterior wall of the sphenoid sinwgjle tracing the deep surface perimeter, obtaginin
the obstacle-free working space granted by theaagbr. In contrast, a crossing pyramid is obtained
by keeping the pointer in opposite position on daad superficial surfaces (i.e. 3 o’clock at the
pyriform aperture and 9 o’clock at the posteriodlveé the sphenoid sinus), defining the maximum
reachable deep surface.

ApproachViewer allows also post-dissection analyseslrawing any areas of interest on CT scans.
Contouring is performed by tracing the desiredaeafin each consecutive axial CT slice to generate
the surface. ApproachViewer then matches eachlngyramid with each area of interest, providing
the absolute and percentage values of target esraqosed by each.

The 14 contoured surfaces, located below the tuherc sellae and above the sphenoid floor, are
shown in figure 7 (see figure for further details).

Each surface was quantified from both nostrilsil@psral and contralateral).

Satistical analysis
Statistical analyses were performed with non-patémanalysis of variance Friedman’s tests using

XL-STAT® statistical software (Addinsoft, Paris, Francetmpare each approach for volume and
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exposed areas. The tests were performed on 20, €xdespt for areas that were not present in all
specimens due to anatomical variations, i.e. clieakss, 16 sides, and VR-line surfaces, 19 sides.
Subsequently, post-hoc tests using the Nemenyixgoiure were performed to obtain pairwise
comparisons. A p-value < 0.05 was considered #tatily significant for both Friedman’s and post-

hoc tests.

Results

The statistical analysis of surgical volumes (Fegbj showed that ETA and PEA had larger volumes
than HS and TRA (p < 0.05). In addition, TRA hasignificantly larger volume than HS (p < 0.05).
The values of mean percentage value of exposedbgrean-crossing and crossing surgical volumes
are shown in the radar charts of Figure 8. All éiman’s tests showed positive results (p < 0.05).
Significant pairwise comparisons are reported gaphical representation in Figure 9.

Analyzing the results regarding the ipsilaterall&el half, the non-crossing HS was proven to caver
significantly smaller surface compared to the otroaches except for the crossing HS and the non-
crossing TRA. Furthermore, the crossing HS wasifsegimtly smaller than crossing and non-crossing
PEA.

The results regarding the contralateral Sella £ dtawed that the non-crossing HS was smaller than
all the other approaches except for the crossing Mi&eover, the percentage of surface covered
performing the crossing HS was significantly lowain all the other crossing approaches.

The results regarding the ipsilateral ICA — met@f showed that non-crossing HS and TRA covered
less surface than crossing and non-crossing PEA.

The contralateral ICA — medial half was signifidgnkess covered using the non-crossing HS
compared to all the other approaches except forctbssing HS and the non-crossing TRA. Non-
crossing HS and TRA were smaller than crossingagmires subsequent to their respective ones.

The results regarding the ipsilateral ICA — latdvalf showed that non-crossing HS and TRA covered
significantly less surface compared to non-crosaimgjcrossing ETA and PEA.

The contralateral ICA — lateral half showed that+woossing HS and TRA covered significantly less
surface than crossing approaches subsequent togébpective ones. On the contrary the non-crossing
and the crossing ETA were significantly differem. addition, the crossing HS was significantly
smaller than crossing TRA, ETA and PEA.

The inter-ICA distance proved that there was aedifice between the non-crossing HS and all the
other approaches, except for the crossing HS; wiviah significantly smaller compared to crossing
and non-crossing TRA, ETA, and PEA.

The clival recess showed that the non-crossing S significantly smaller than crossing TRA, ETA,
and PEA; and the non-crossing ETA and PEA.
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The results regarding ipsilateral and contralatpeahclival ICAs showed that the non-crossing HS
and TRA covered significantly less surface compaedll crossing approaches, except for their
respective ones. Moreover, only for the contraddtsurface, crossing ETA and PEA were larger than
their non-crossing respective approaches. Insigag, for the ipsilateral surface, non-crossing ETA
and PEA were bigger than the non-crossing HS; amdanossing PEA was also larger than non-
crossing TRA. The crossing HS was smaller thansingsETA, PEA and TRA (only for the
contralateral surface).

The results regarding the ipsilateral Gasseriamglganshowed that the non-crossing HS and the non-
crossing TRA covered less surface compared crogsilg and PEA. The crossing HS was smaller
than the crossing ETA and PEA.

The contralateral Gasserian ganglion showed thattbssing ETA and PEA covered more surface
than non-crossing HS, TRA, and ETA; and the crags$i®. In addition, the crossing PEA was also
superior to crossing TRA and non-crossing PEA.

The results regarding the ipsilateral VR-line scefashowed that non-crossing HS and TRA were
significantly smaller than the crossing PEA. Thentcalateral VR-line surface showed that the

crossing PEA covered more surface than all nonsargsapproaches and the crossing HS.

Discussion

There is disagreement on advantages and limitatbesdoscopic transsphenoidal approaches for the
treatment of sellar tumors with variable nasal givenes$*** Insufficient opening of the sphenoid
sinus is a relatively common error in transsphealogdirgery (ETS)"**and has been related to an
increased risk for pituitary adenoma remnant orumemce:*'®> On the other hand, increased
invasiveness of the approach can lead to sinonaddidity 3>

The aim of the present study was to contributehts tlebate by quantifying working volume and
exposure of four endoscopic transsphenoidal appesawith increasing nasal invasiveness.
ApproachViewer allowed for quantitative comparisointhe approaches based on their anatomical
features, i.e. “truncated pyramid$"The quantification process was performed with iferent
modalities. The aim of non-crossing quantificatiovess to define the largest “working” volume, i.e.
the volume, free of obstacles, that has the highagiical maneuverability for bimanual surgery, as
each point of the exposed area can be reacheddygtraight instruments entering from any point of
the superficial area. The crossing quantificatidoasumented the widest area of exposure, reached by
a straight instrument.

The results of this study showed that HS providésmi#ed working volume, characterized by a long
and narrow tunnel, which explains the limited viailisy between non-crossing and crossing volumes.

In HS, the sphenoid rostrum limits exposure of $hbenoid contralateral to the nostril used for the
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approach. The role of HS has indeed been limitedsrmll lateral pituitary lesions of soft
consistency:*>**Some authofs”#*"3¥extended the clinical applications of HS by addiemoval of

the rostrum and therefore performing a TRA, whidbves a significantly larger working volume,
sphenoidotomy and exposure, as documented hefefwias the less invasive approach that exposes
the sella. While ispilateral areas were not sigaifitly more exposed, contralateral ones were, as
previously reported by others in clinical practiéé’ A binostril technique would intuitively allow a
sum of the working volumes, increasing the manaahibty of instruments:® Recently a variation of
TRA, which entails a submucosal dissection on dde évideo 1), has been described to allow a
binostril approach, but at the same time possibhinishing nasal morbidity’

Increased exposure of the ipsilateral paraseligionewas achieved with ETA and PEA. Although
some authors have described ETA and PEA® a precise indication is still lacking. Superior
turbinectomy was not always performed before pastethmoidectomy?“° Anatomically, this study
showed that ETA and PEA should be performed as fao@ypproaches, which provide increasing
working volume and exposure of the parasellar area.

Possible future implications of this study inclugigimization of surgical instruments for ETS. Non-
crossing volumes provide a detailed descriptiothefworking space, while crossing volumes provide
the maximal exposure obtained with straight insgnte. As the endoscope provides a wide,
panoramic view, even through small openings, thgexan can compensate the restricted working
volume with angled instruments that might allowctgiag areas that are outside those reached by the
crossing modality. Nonetheless, these instrumenist go through the non-crossing volume: if this is
too small, then flexible instrumentation that cam lient at the level of the sphenoid (i.e. past the

restriction of the endonasal corridor) might représa solution.

Limitations of the present study

This is an anatomical quantitative study, which Waited to the median variations of endoscopic
transsphenoidal approaches to the sellar regioquantification of the reported approaches in the
clinical setting is also required to validate thiedular classification. Furthermore, prospective
analysis of clinical outcomes, with comparativeagdatill be needed and is on-going in our centre.
Nonetheless, this study follows the IDEAL recomneiwhs?" fully exploiting the preclinical phase
of surgical research.

Conclusions
HS, TRA, ETA, and PEA approaches constitute a nwdutlassification of endoscopic
transsphenoidal surgery for sellar lesions, wittréasing nasal invasiveness, working volume, and

exposure of the parasellar region.
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The results of this anatomical study correlate wieth the intuitions gained from clinical practice,
adding weight to the potential of pre-clinical, tmical research in surgery. In addition, the data
collected might also be useful towards the effitidggsign of new surgical instruments, especially if
curved or flexible.
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Tablelegends

Table1. Volume values in cfi(mean and range) for each of the studied apprsache

HS: Hemisphenoidotomy; Max: maximal recorded value; Min: maii recorded value; PEA: extended
transrostral with Posterior Ethmoidectomy Approach; TRA: Thastsal Approach; ETA: Extended Transrostral
Approach.

Figurelegends
Figure 1. Hemisphenoidotomy (left side). A, lateralizatiohthe middle turbinate; B, visualization of

the ostium of the sphenoid sinus; C, enlargememérspid sinus ostium; D, view of the posterior wall
of the sphenoid sinus.

Mt, middle turbinate; NS, nasal septum; On, optic nepgCa, parasellar internal carotid artery; S, sSla;

sphenoid ostium; Ss, intersphenoidal septum; St, supermnabe.

Figure 2. Transrostral approach (endoscope in right npskil detachment of the sphenoid rostrum;
B, removal of the sphenoid rostrum; C, rhomboidpsith sphenoidotomy; D, rectangular-shaped
sphenoidotomy, achieving an adequate opening.

Mt, middle turbinate; NS, nasal septum; R, sphenoiduostS, sella; St, superior turbinate; black dotted line,

edges of the sphenoidotomy.

Figure 3. Extended transrostral approach (endoscope i migstril). A, superior turbinate removal,
B, result of right superior turbinectomy; C, enlamgent of the sphenoidotomy; D, result of right
extended transrostral approach.

Eb, ethmoid bone; Mt, middle turbinate; NS, nasal septum; @; nerve; psiCa, parasellar internal carotid
artery; S, sella; St, superior turbinate.

Figure 4. Extended transrostral with posterior ethmoidegt@pproach (endoscope in right nostril).
A, curved aspirator showing the additional worksmace behind the ethmoid bone; B, removal of the
posterior part of the ethmoid bone; C, extent ghtiposterior ethmoidectomy; D, extent of left
posterior ethmoidectomy.

Eb, ethmoid bone; Lp, lamina papyracea; Mt, middle turbir@tg;optic nerve; psiCa, parasellar internal carotid
artery; S, sella.

Figure 5. ApproachViewer screen with all approaches (H®egr TRA: purple; ETA: light blue;
PEA: red) shown in the different planes (A, axine; B, coronal plane; C, sagittal plane) and with
volume rendering (3D reconstruction). Results & tlon-crossing recordings in one specimen are

shown.
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Figure 6. Recording modalities used during the dissectiortguantify the surgical pyramid.

A: Non-crossing modality: the pointer is kept atrresponding positions both at the deep and
superficial area (at 12 o’clock in the picture)rexord the widest volume that provides the highest
surgical maneuverability in bimanual surgery (seé tor further details);

B: Crossing modality: the pointer is positionedopposite points (12 o’clock on deep surface and 6

o’clock at superficial area) so as to record theéest possible deep area.

Figure 7. Surface drawing of the areas of interest. A, iseadering of the different surfaces at the
level of the posterior wall of the sphenoid sinughwan endoscopic view; B, rendering in

ApproachViewer of the contoured surfaces.

Sella — half, defined as half of the anterior sellarlwBbunded medially by the projection of the sphenoidal
rostrum, superiorly by the slice tangent to the middleigorf the pituitary gland, inferiorly by the lowest point
of the sellar floor, and laterally by the medial walttod parasellar internal carotid arteries (ICAs).

ICA — Medial half, defined as the surface covering thelimieparaselldr*? and paraclinoitf ICAs. Bounded
laterally by the line passing through the cross-sectiomdec® of the intra- and supra-cavernous ICA, according
to Knosp classificatiofi! medially by the medial wall of the ICA, superiorly Hye sphenoid sinus roof, and
inferiorly by the proximal end of the posterior bendafghe cavernous ICA.

ICA — Lateral half, defined as the surface covering therd@iparasellar and paraclinoid ICA. Bounded medially
by the line passing though the cross-sectional centetsedhtra- and supra-cavernous IENaterally by the
projection of the lateral wall of the ICA, and superiahd inferiorly as the previous surface.

Inter-ICA distance, defined as the surface between &t medial points of the paraclival ICAs on both sides.
Bounded superiorly by the proximal end of the posterior bethe cavernous ICA, and inferiorly by the
sphenoid sinus floor.

Clival recess, defined as the posterior extension ogpenoid sinus beyond the coronal plane of the pituitary
fossa posterior waff*®

Paraclival ICA, defined as the projection of the paratli@a.>***°Bounded superiorly by the proximal edge of
the posterior bend of the cavernous ICA, and inferiorlyhayfloor of the sphenoid sinus.

VR-line surface, defined as the plane obtained by the 3D rsiomeof the VR-lin€'® connecting the medial
edge of the Vidian canal to the maxillary nerve (V2)hia coronal plane.

Gasserian ganglion, defined as the portion of sphenoid lsitaral wall not included by the surrounding areas of
interest. Bounded anterolaterally by the medial boofi¢he superior orbital fissure.

1, Sella - half; 2, ICA — medial half; 3, ICA — lateralifhd, inter-ICA distance; 5, Clival recess; 6, Paraliv
ICA; 7, Gasserian ganglion; 8, VR-line surface.

LOCR, lateral optico-carotid recess; On, optic nerve; iffgrplanum sphenoidale; Sph. Floor, sphenoid sinus
floor.

Figure 8. Radar diagrams documenting percentage of exprsed by each approach, quantified with
non-crossing (A) and crossing (B) modalities.
Each circle indicates 20% of additive exposure f@ (center) to 100% (outer circle).

1, contralateral Sella — half; 2, ipsilateral Sella ¥;I&lipsilateral ICA — medial half; 4, ipsilateral AG- lateral
half; 5, ipsilateral Gasserian ganglion; 6, ipsilateral \R-surface; 7, ipsilateral Paraclival ICA; 8, irt@A
distance; 9, Clival recess; 10, contralateral Paracl®al 11, contralateral VR-line surface; 12, contralake
Gasserian ganglion; 13, contralateral ICA — lateral Adlf,contralateral ICA — medial half.

Figure 9. Comparison of approaches. Approaches in rows angpamed to the approaches in the

columns for each of the areas of interest. Areadstefest are distributed according to the anatamic
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subdivision of the posterior wall of the sphenaitus. Green cells indicate a statistically sigrfit
increase of exposure by performing the approadméncolumn with respect to the approach in the
raw, while red cells indicate a statistically sfggant loss of exposure.

See text (Results section) for details.
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HS TRA ETA PEA
MEAN 18,57 28,77 35,49 37,20
MIN 10,97 15,82 25,12 27,38
MAX 27,06 41,88 57,66 58,00

Table 1. Volume values (mean and range) for each of the studied approaches.
HS: Hemisphenoidotomy; Max: maximal recorded value; Min: minimal recorded value; PEA:

extended transrostral with Posterior Ethmoidectomy Approach; TRA: Transrostral Approach;
ETA: Extended Transrostral Approach.
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Modular classification of endoscopic endonasal transsphenoidal approachesto the sellar region:

anatomical quantitative study

Highlights
1. Multiple variations of the endonasal endoscopic transsphenoidal approach to the sella have been
described
2. A modular classification of endoscopic transsphenoidal approaches to the sellais proposed.
3. Theintuitive classification is validated by anatomical datawith anovel quantification,

neuronavigation-based, method.
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