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Abstract Introduction Preoperative high-resolution computed tomography (HRCT) is essential
in patients undergoing transsphenoidal surgery to identify potential high-risk anatomic
variations. There is no consensus in the literature, as to which grading system to use to
describe these variants, leading to inconsistent terminology between studies. In
addition, substantial variability exists in the reported incidence of anatomic variants.
In this study, we performed an institutional imaging analysis and literature review with
the objective of consolidating and clearly defining these sphenoid sinus anatomical
variations. In addition, we highlighted their surgical implications and propose a
checklist for a systematic assessment of the sphenoid sinus on preoperative CT.
Methods Review of the literature and retrospective analysis assessing several ima-
ging parameters in 81 patients who underwent preoperative HRCT imaging for
endoscopic transsphenoidal tumor resection from January 2008 through July 2015
at Rush University Medical Center.
Results The most common sphenoid pneumatization patterns were sellar (45%) and
postsellar (49%) types. Anterior clinoid process (ACP) pneumatization was seen in 17%
of patients with high concordance of ipsilateral optic nerve (ON) protrusion. ON
protrusion and dehiscence was present in 17 and 6% of patients, respectively. Internal
carotid artery (ICA) protrusion and dehiscence was present in 30 and 5% of patients,
respectively. Dehiscence rates from local bone invasion overlying the ICA and ON
occurred in 17 and 4% of cases, respectively.
Conclusions Our study highlights and reviews the key variants that have potential to
impact surgical complications and outcomes in a heterogeneous patient population.
The proposed preoperative CT checklist for patients, undergoing transsphenoidal
surgery, consistently identifies these higher risk anatomical variants.
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Introduction

The transsphenoidal approach for sellar tumor resection has
been the standard of care for decades, as it provides a safe and
direct route to the ventral skull base.1 The sphenoid bone is
one of the most complex bones in the human body and is
made up of four parts: the body, the lesser and greater wings,
and the pterygoid processes.2 The sphenoid sinus is a part of
the sphenoid body and it is considered the main surgical
entry point to the ventral skull base due to its location and
bony anatomical landmarks. The appearance of the sinus
depends largely on its degree of pneumatization.3,4

Preoperative imaging assessment is essential to optimal
surgical planning. The evaluation of the sphenoid sinus should
include the pathological displacement of the normal anatomy
by the tumor or anatomical variations that can put patients at
risk for complications during transsphenoidal surgery. The
rates of protrusion, dehiscence, and pneumatization reported
in prior studies are variable (►Tables 1 and 2). The variability
may not only relate to the differences in patient populations,
but also, how these terms are defined and measured.

In this study, we performed an institutional imaging
analysis and literature review with the objective of consoli-
dating and refining these sphenoid sinus anatomical varia-
tions. In addition, we highlighted their surgical implications
and propose a checklist for systematic assessment of the
sphenoid sinus on preoperative computed tomography (CT).

Methods

A retrospective review of patients, who underwent preopera-
tive CT imaging (�1 mm axial acquisitions with 1 mmmulti-
planar reformatted images) for endoscopic transsphenoidal
tumor resection from January 2008 through July 2015 at Rush
University Medical Center, was performed. The relevant clin-
ical information including patient’s demographics (age, sex,
and ethnicity) and history, tumor type, operative parameters,
and follow-up data was obtained. Patients with preoperative
CT imaging with > 1 mm slice thickness were excluded from
the analysis.

Imaging analysis was resultant of a consensus between the
simultaneous assessments of a senior radiology resident and a
neuroradiology fellow. Any indeterminate caseswere resolved
by a neuroradiology attending with 20 years of experience.

The pneumatization of the sphenoid sinus, lateral recess,
anterior clinoid process (ACP), and dorsum sellae was eval-
uated. The CT scans were also assessed for sphenoethmoidal
(Onodi) cells, sphenoid osteology, septation pattern/inser-
tion site, protrusion, and/or dehiscence of the internal car-
otid artery (ICA) and optic nerve (ON).

The detailed methods used for imaging analysis were as
follows:

• Sphenoid sinus pneumatization:

Sphenoid pneumatization (►Fig. 1) was modeled after the
Güldner classification, which describes conchal, presellar,
sellar, or postsellar types by evaluating the posterior extent
of pneumatization with respect to the sella.4 In the midline

image, a plumb line is drawn perpendicular to the planum
sphenoidale at the anterior and posterior walls of the sella and
then compared with the posterior extent of pneumatization.
The “conchal” pneumatization describes minimal or absent
pneumatization. “Presellar” pneumatization describes the

Table 1 Incidences of sphenoid pneumatization patterns by
classification system

Hammer’s/Radberg’s Classification

Paper Conchal
(%)

Presellar
(%)

Sellar
(%)

Current study, year 0 6 94

Hamberger
et al,19615

3 11 86

Renn et al, 19756 0 20 80

Fujii et al, 19797 0 24 76

Banna and Olutola,
19838

3 11 86

Ouaknine and
Hardy, 19879

3 12 85

Sethi and Pillay,
199510

0 27 73

Sareen et al,
200511

– 25 75

Abuzayed et al,
200912

– 20 80

Lazaridis et al,
201013

4 28 68

Wang et al, 201014 0 2 98

Lu et al, 201115 6 29 66

Perondi et al,
201316

5 9 86

Vaezi et al, 201517 2 24 74

Anusha et al,
201418

< 1 7 93

Locatelli 201719 1 5 94

Güldner’s Classification

Paper Conchal
(%)

Presellar
(%)

Sellar
(%)

Postsellar
(%)

Current study, year 0 6 45 49

Liao et al, 200120 4 36 14 46

Kayalioglu et al,
200521

2 9 53 36

Zhou 200522 3 26 59 12

Hamid et al, 200823 2 21 55 22

Cho et al, 201024 1 9 47 43

Li et al, 201025 2 31 21 47

Güldner et al,
20124

< 1 7 57 36

Tomovic et al,
201326

2 7 48 43

Wiebracht and
Zimmer, 201427

0 9 37 54

Halawi et al, 201528 0 20 51 29

Rahmati et al,
201629

0 2 15 84
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posterior extent of pneumatization anterior to the anterior
wall of the sella. “Sellar” pneumatization extends posterior to
the anterior wall of the sella but not beyond the posterior wall.
“Postsellar” pneumatization extends beyond the posterior
wall of the sella. An additional postsellar subdivision in the
Güldner classification was not utilized as dorsum sella pneu-
matization was evaluated separately, in our study.

• Lateral recess pneumatization:

Lateral recess pneumatization (►Fig. 2) was defined as
pneumatization extending up to or beyond a line drawn
between the maxillary and vidian nerves (corresponding to
Vaezi’s type II/III).17

• Anterior clinoid process (ACP) pneumatization:

It is pneumatization extending into the body of the ACP
beyond the level of the optic strut (►Fig. 3).

• Dorsum sellae pneumatization:

It is defined as pneumatization extending into the super-
ior aspect of the dorsum sellae (►Fig. 4).

• Sphenoethmoid cells (Onodi cells):

It is extension of the most posterior ethmoid air cell
superolaterally to the sphenoid sinus extending adjacent to
the ON (►Fig. 5).

• Sphenoid osteology (access dimensions):

Multiple measurements of the sphenoid sinus were
performed (►Fig. 6) including presellar height, presellar
depth, maximum infrasellar depth, presellar width, max-
imum sphenoid sinus width, and intercarotid distance at
the level of the midcavernous ICA segment.27 Intercarotid
distance measurements were obtained at a midcavernous
ICA level where there was generally greatest protrusion into
the sphenoid sinus.23,27 The intercarotid distance was mea-
sured at the same level in patients with bony destruction by
a mass.

• Septation pattern/insertion site:

Sphenoid septa were defined as single or multiple. The
category of multiple septa included diverging, accessory,
double, cruciate, etc.11,23,26,27,42,43 Each septum was
evaluated individually to determine whether it is inserted
on the bone underlying the ON, ICA, both, or neither
(►Fig. 7).

• Protrusion and/or dehiscence of the ICA and ON:

Protrusion of a neurovascular structure into the sphenoid
sinus was defined as whether �50% of a structure was
displaced into the sphenoid sinus (►Fig. 8). To determine
the percentage of neurovascular protrusion, a linewas drawn

Table 2 Rates of neurovascular protrusiona/dehiscence secondary to anatomic variation

Paper (study, year) Sample type/size Protrusion
ON (%)

Dehiscence
ON (%)

Protrusion
ICA (%)

Dehiscence
ICA (%)

Renn 19756 Cadaver, 50 – 4 – 4

Fujii et al, 19797 Cadaver, 25 – 4 – 8

Cho et al, 201024 Cadaver, 59 56 4 34 2

Meloni et al, 199230 CT, 100 – 8 – 5

Dessi et al, 199431 CT, 150 8 – – –

DeLano et al, 199632 CT, 150 – 24 – –

Sirikci et al, 200033 CT, 92 32 23 26 23

Sapçi et al, 200434 CT, 100 – 14 – –

Kazkayasi et al, 200535 CT, 267 4 1 5 2

Unal et al, 200636 CT, 56 31 8 30 5

Hewaidi and Omami, 200837 CT, 300 35 30 41 30

Davoodi et al, 200938 CT, 399 26 37 42 42

Güldner et al, 20124 CBCT, 644 14 17 11 3

Rahmati et al, 201629 CBCT, 103 33 – 39 –

Batra et al, 200439 HRCT, 64 – – 16 13

Tomovic et al, 201326 HRCT, 170 26 2 28 3

Anusha et al, 201418 HRCT, 300 2 7 3 10

Itagi et al, 201740 HRCT, 100 25 18 –

Dal Secchi et al, 201841 HRCT, 90 – – 54 4

Current Study HRCT, 81 17 6 30 5

Abbreviations: CT, computed tomography; HRCT, high-resolution CT; ICA, internal carotid artery; ON, optic nerve.
aSome of the above papers were re-calculated using 50% exposure or analogous definition of protrusion.

Journal of Neurological Surgery—Part B Vol. 81 No. B3/2020

Preoperative CT Imaging of the Sphenoid Sinus Raseman et al. 253

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



between the outer margins of the bony indentation and then
the percentage of the neurovascular structure encompassed
by that line was evaluated. ICA and ON protrusion was
evaluated on axial and coronal images, respectively. Dehis-
cence of neurovascular structures was defined as absence of
bone or inability to discern the presence of bone overlying
the ICA or ON with attempted confirmation on multiples
slices and/or planes (►Figs. 9 and 10). Cases, in which the
walls of the optic canal or carotid sulci were
absent, secondary to mass invasion were considered “dehis-
cent by mass” (►Fig. 11).

• Variation due to pathology or previous surgery:

Anatomic variability due to the existing tumor, secondary
pathology, prior functional endoscopic sinus surgery (FESS),
or congenital etiologies was noted.

Review of the literature was performed using PubMed
search filters: “Sphenoid Sinus,”[Mesh] AND “Surgical Proce-
dures, Operative,”[Mesh] AND “pneumatization”[All Fields].
Additional relevant articles were obtained by reviewing the
references of the articles retrieved from the primary search.

Results

Demographics
Our cohort comprised in 81 patients, 44 (54%) males and 37
(46%) females. The mean age was 53.7 years with patient ages
ranging from 17 to 83 years. The racial makeup of patients was
65,16,14, and4%White,Black,Hispanic, andAsian, respectively.

Themost common diagnosis was pituitary adenoma (85%),
followed by Rathke’s cleft cyst (5%). Additional tumor types
included meningioma, pilocytic astrocytoma, schwannoma,

Fig. 1 Güldner’s classification of sphenoid sinus pneumatization. Sagittal CT images in themidline demonstrate examples of (A) conchal, (B) presellar, (C)
sellar, and (D) postsellar pneumatization types. Note that the presellar pneumatization example (B) is on the margin of pre-sellar and sellar types, but is
ultimately presellar as only the rostrum of the sella is exposed and there is no pneumatization along the floor of the sella. CT, computed tomography.
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pituitary xanthogranuloma, metastatic breast cancer, choles-
terol granuloma, osteosarcoma, and pituitary hyperplasia.

CT Analysis
The most common sphenoid pneumatization patterns in our
study were sellar (53%) and postsellar (42%) types. The
conchal pneumatization pattern was not seen in any of our
patients. Only 5% of patients had a presellar pneumatization
pattern. Two patients had marked invasion of the sphenoid
sinus precluding identification of their pneumatization pat-
tern and were excluded from this analysis.

ACP pneumatization was seen in 19% of patients. Of 24
total instances of ACP (by side), 18 were demonstrated
ipsilateral protrusion of the ON. Only a single case of ON
protrusion was present without ipsilateral clinoid process
pneumatization.

Dorsum sellar pneumatization pattern was seen in 5% of
patients. One or more sphenoethmoid cell was present in
12% of patients.

The presellar height measured 24 mm (14–31 mm). The
presellar depth of 13 mm (2–20 mm) with a maximum infra-
sellar depthmeasured 25 mm (2–39mm). The presellar width

Fig. 2 Lateral recess pneumatization. Coronal CT image demonstrates
bilateral pneumatization of the lateral recesses with air extending beyond a
line (dashed line) between to the maxillary nerve (V2) and vidian nerve
(VN), which was modeled after Vaezi’s type II/III (Vaezi et al17).

Fig. 3 Anterior clinoid process (ACP) pneumatization. Coronal CT image (A) demonstrates pneumatization of the right optic strut (white arrow),
which does not extend into the ACP. Second coronal CT image (B) demonstrates pneumatization of the optic strut and portions of the bilateral
ACPs, right greater than left (white arrows). CT, computed tomography.

Fig. 4 Dorsum sella pneumatization. Sagittal CT demonstrates
pneumatization extending into the dorsum sella (black arrow). CT,
computed tomography.
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measured16 mm(10–33mm)withamaximal sphenoidwidth
of 36 mm (21–67 mm). The intercarotid distance measured
18 mm (9–26mm) at the level of themid-cavernous segment.

Lateral recess pneumatization was present on at least one
side in 59% of patients.

A majority of patients had multiple sphenoid septa (57%).
Approximately 60% of patients had a septum inserting on
either the ON, ICA, or both. A majority of patients (64%) with
lateral recess pneumatization demonstrated an accessory
septum along the posterolateral margin of the sinus at the
origin of the lateral recess; often originating along the carotid
sulcus. A majority of patients (72%) with this type of acces-
sory septa had lateral recess pneumatization.

Protrusion of the ICA into the sphenoid sinus was present
in 30% of cases. Dehiscence of the ICA secondary to anatomic

variation occurred in 5% of all cases. One of four cases of ICA
dehiscence secondary to anatomic variation had concomi-
tant protrusion.

Protrusion of the ON into the sphenoid sinus was present
in 17% of cases. Dehiscence of the ON, secondary to anatomic
variation, occurred in 6% of all cases. Three of five cases of ON
dehiscence secondary to anatomic variation had concomi-
tant protrusion.

A minority of patients had invasion of the sphenoid sinus
making it difficult or impossible to evaluate portions of the
sinus. Approximately 6% of patients had invasion preventing
evaluationof sphenoiddimensions.Only2%ofpatientshadsuch
extensive obliteration of the sinus that the sellar pneumatiza-
tion pattern could not be evaluated. Destruction of the bone,
overlying the ICA or ON, (“dehiscence by mass”) was presented
in 17 and 5% of patients, respectively. Nine percent of patients
had evidence of prior functional endoscopic sinus surgery.

Discussion

Literature Review and Surgical Implications

Demographics and Tumor Types
Demographics of our patient populationmirrored that of the
United States as a whole.44 Our patient pool was comprised
predominantly of patients with benign tumors, the vast
majority of which were pituitary adenomas. Several these
adenomas were demonstrated invasion of surrounding con-
tiguous structures including the cavernous and sphenoid
sinuses putting these patients at higher risk of vascular
injury at resection. Many of the prior studies were intended
to evaluate normal anatomy and, therefore, would have
excluded patients in our study.17,26,27,34,38 Our intention
was to specifically evaluate a representative patient popula-
tion undergoing transsphenoidal surgery.

Sphenoid Pneumatization
There is high variability in the rates of sphenoid pneumati-
zation, which are summarized in ►Table 1. Similar to prior

Fig. 5 Sphenoethmoid cell (Onodi cell). Coronal CT image demonstrating
right sided sphenoethmoid cell (Onodi cell) (white arrow) abutting the
adjacent optic nerve/canal (black arrow). CT, computed tomography.

Fig. 6 Sphenoid osteology. Sagittal midline CT image (A) demonstrates presellar depth (solid line), infrasellar depth (dashed line), and presellar
height (dotted line). Both measurements are drawn parallel to the planum sphenoidale/ethmoidale. Axial CT image (B) demonstrates
intercarotid distance (dashed line) and sphenoid width (solid line). Axial CT image (C) demonstrates sellar width (dashed line). Measurements
were adapted from Wiebracht and Zimmer27. CT, computed tomography.
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studies, the majority of our patients demonstrated sellar and
postsellar pneumatization types, though several studies had
a higher proportion of presellar pneumatization compared
with this study. Anatomic variability is the major factor in
reported variability between patients; however, there are
likely study design differences that contribute to differences
in reported incidences. First, comparing the incidence of
sellar and postsellar pneumatization to prior studies was
confounded by older studies using the Radberg classification
and the majority of more recent studies using the Güldner
classification.3,4 Next, defining pneumatization accurately
can be subject to interobserver variability when pneumati-
zation is at the margins of the anterior or posterior sella
(►Fig. 1B). Last of all, differences in methodology between
cadaveric, CT, and radiographic studies make comparison
difficult. For example, our patient population did not include
a case of conchal pneumatization, similar to several other
papers. Articles commonly cite a study by Tan and Ong as
having a conchal pneumatization rate of 28% in their cada-
veric cohort.43 However, the patients were analyzed by side
and not in the midline. In their paper, they do not report a
single case of bilateral conchal pneumatization, just as in our
study. The paper in our review with the next highest inci-
dence of conchal pneumatization was 6%.15

Identification of presellar and conchal pneumatization
types is important as they provide the greatest obstacle to
accessing the sella. Themain bony surface landmarks, such as
the sellar rostrum/floor, parasellar cavernous ICA bend,
lateral optic–carotid recess, and clival recess are not present.
Previously, these types of pneumatization were considered
as a relative contraindication to transsphenoidal surgery.
Nowadays, the better visualization with endoscopes,
improved anatomical knowledge of the ventral skull base,
and use of intraoperative navigation system facilitates safe
sellar bone drilling and surgery.19 Despite the use of naviga-

tion systems, the sellar drilling should always start at the
midline where there is lesser chance of vascular injury. Once
a bone opening is achieved and dura mater is exposed, its
curvature and palpation of the inner skull base surface
provides good intraoperative information on the anatomy
of the sella and proximity to the cavernous sinus and ICA.

Lateral Recess Pneumatization
A binary classificationwas used in this study, defining pneuma-
tization as present, if it extended up to or beyond a line drawn
dissecting the maxillary and vidian nerves (corresponding to
Vaezi’s type II/III; ►Fig. 2).17 The majority of our patients
demonstrated lateral recess pneumatization on at least one side.

Pneumatization of the lateral recess results in increased
exposureof thevidianandmaxillarynervesand impactsaccess
to endoscopic endonasal approaches to the middle cranial
fossa, infratemporal fossa, and petrous apex/infrapetrous
region. In general, these nervesmay be exposed to undesirable
injury when accessing the middle cranial fossa. On the other
hand, identification and exposure of the vidian and/or max-
illary nerves is needed when performing approaches to the
infratemporal fossa and petrous apex/infrapetrous region.
Lateral recess pneumatization facilitates and often shortens
the time for this surgical step of the approach.

The lateral recess pneumatization is of secondary impor-
tance in patients undergoing transsphenoidal access to sellar
pathologies.

ACP Pneumatization
ACP pneumatization is present in aminority of patients, 17% in
ourseriesand6to29% inour literature review.14,18,33,35–37,45–47

Like several other studies, our study found a high number of
patients demonstrating ON protrusion when ipsilateral ACP
was present.18,31,33,35,40 Patients with pneumatization, only
extending intotheoptic strut, generallydidnotmeet thecriteria

Fig. 7 Septation pattern. Axial CT image (A) demonstrates insertion of the sphenoid septum on a protruding right ICA with an accessory septum
on a protruding left ICA. Coronal CT image (B) demonstrates sphenoid septal inserting over the right optic nerve. Possible dehiscence of the left
ON was questioned; however, this was felt to relate to partial volume averaging effects given thin bony coverage was seen on additional
reformatted images. CT, computed tomography; ICA, internal carotid artery; ON, optic nerve.
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for ON protrusion as commonly seen in patients with ACP
pneumatization.

The lateral optic–carotid recess is the optic strut impres-
sion on the sphenoid sinus bony surface. The pneumatization
of the optic strut and/or ACP facilitates the identification of
the ONs, optic canal and parasellar cavernous ICA during
transsphenoidal surgery.

Dorsum Sella Pneumatization
Inour series, onlya smallminority (5%) of patientshaddorsum
sellar pneumatizationcomparedwith the8 to14%described in
prior studies.23,27 The presence of dorsum sellar pneumatiza-

tion can predispose patients to posterior sellar and upper
clivus bone injury and cerebrospinal fluid (CSF) leak.23

Sphenoethmoid Cells (Onodi Cells)
At least one sphenoethmoid cell was pneumatized in 12% of
patients, similar to prior examinations (ranging from 5–
15%).24,26,30,34–36,43,48 This variant is most commonly asso-
ciated with risk of ON injury at surgery as attempt is made to
enter the sphenoid sinus through the posterior wall of the
ethmoid.49Recognition of this variant is important to avoiding
this unnecessary complication as removal of sphenoethmoidal
air cells can be critical to obtaining a wide sellar access.39 The

Fig. 8 Neurovascular protrusion. Neurovascular structures depicted as white shapes. Black dashed lines drawn between the outer margins of
bony indentation on the sphenoid sinus resulting from the neurovascular structure. The degree of the neurovascular structure encompassed by
the dashed line with respect to the sinus is then visually assessed. ICA protrusion was assessed on axial images and ON protrusion was assessed on
coronal images. Axial CT image (A) demonstrates protrusion of bilateral ICAs with significantly greater than 50% of the ICAs protruding medially
to the dashed line. Axial CT image (B) demonstrates approximately 50% of the right ICA and 40% of the left ICA medial to the dashed lines. The
right ICA would, therefore, barely meet criteria for calling protrusion, whereas the left ICA would be below the threshold. Coronal CT image (C)
demonstrates bilateral protrusion of the ONs, with greater than 50% of the ON lumen encompassed by the dashed lines. Coronal CT image (D)
demonstrates slight indentation of the sphenoid sinus by the right ON without protrusion of either ON. The entirety of the ONs are beyond the
dashed lines at the margin of the sinus. CT, computed tomography; ICA, internal carotid artery; ON, optic nerve.
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ON is located at the apex of the cell and, therefore, the cell
shouldbe entered inferomedially insteadof posterolaterally to
avoid nerve injury2 (►Fig. 5).

Sphenoid Osteology
The sphenoid osteology of our patients was similar to the
paper by Wiebracht and Zimmer which studied patients
undergoing neuronavigation for various intracranial patholo-
gies.27 Small sphenoid volumes arebest evaluated subjectively
or volumetricallyaspatientswithexpansilesellar lesionsoften
still had large sphenoid dimensions with subjectively low
pneumatized sinus volume related to mass expansion into
the sphenoid. Volumetric analysis requirespostprocessing and
does not change clinical management and, therefore, subjec-
tive analysis of residual sphenoid size is felt to be appropriate
in cases where masses encroach on or invade it.

The intercarotiddistance inourpatientswassimilar toprior
with our average intercarotid distance measuring 18 mm, as
comparedwith15 to23 mminpriorexams.12,23,50Thehighest
intercarotid distances in our study were found in cases where
tumors caused laterally displacement of the cavernous ICA.
Narrowing of the intercarotid distance (“kissing carotid
arteries”) puts the carotids at potential risk for injury and
individual analysis of the risks and benefits should be done
when transsellar approach is required.

Septation Pattern and Insertion Site
In the vast majority of cases, the sphenoid sinus is divided by
a dominant septum into smaller compartments of unequal
sizes. These compartments can be further subdivided by
additional septa which are commonly at the sites of former
synchondroses.51

Fig. 9 Possible ICA dehiscence. Axial CT image (A) demonstrates possible left ICA dehiscence with minimal density along the anterior margin of
the ICA (white arrow). Coronal CT image (B) of the same patient demonstrates more convincing dehiscence without any density along the
margin of the ICA. However, sagittal CT image (C) demonstrates a possible thin rim of bony coverage of the margins of the ICA. This figure
demonstrates the difficulty in confidently differentiating thin bony coverage from dehiscence. CT, computed tomography; ICA, internal carotid
artery.

Fig. 10 ICA dehiscence. Axial CT image (A) and coronal image (B) demonstrate findings more confidently demonstrating right ICA dehiscence as
compared with ►Fig. 9. CT, computed tomography; ICA, internal carotid artery.
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We defined septa, as single or multiple, given the varia-
bility in nomenclature for describing the presence of more
than a single septum (examples include diverging, accessory,
multiple, double, cruciate, etc.).11,23,26,27,42,43 The majority
of our patients had multiple septa (57%) and all of our
patients had at least one septum, well, within ranges of prior
studies (single, 20–77%; multiple, 20–80%). The majority of
patients (60%) had a septal insertion over the ICA, ON, or
both. This variant has been previously reported to be a source
of potential injury risk to these structures with septal resec-
tion; however, their occurrence is exceedingly common and
the incidence of injury to these structures are extremely
low.31 We still feel the practice of identifying insertion of
septa on neurovascular structures is beneficial, especially in
cases of overlying bony thinning, simply given the potentially
catastrophic consequences of neurovascular injury.

Protrusion and/or Dehiscence of the ICA and ON
There is substantial variation of how the term “protrusion” is
defined in the literature. We adopted the definition of
protrusion as having greater than 50% exposure of the
structure into the sinus26,33,36 (►Fig. 8). Multiple studies
defined protrusion as any degree of indentation of the
structure into the sinus.37,38 Such liberal definitions of
protrusion may lessen the clinical importance of identifying
this potentially higher risk anatomic variant, given that
some degree of bulge is seen in most patients.4,32,39 Analo-
gous descriptors from prior studies, such as “free course”
were not utilized. Multiple grading systems have been
proposed to describe protrusion, which are not consistently
used between studies and, therefore, create confusion in
comparing their results.4,32,34,39 We feel a cut-off of 50% is
intuitive and simple to apply, though there will be
some degree of interobserver variability.

Our study had respective protrusion rates for the ON and
ICA of 17 and 30%,well within the range of prior examinations

(►Table 2). Prior studies were only used as comparison when
we could apply the definition of 50% neurovascular exposure
or analogous description based on the data in their paper.
Protrusion rates of the ICAwere higher in patients with sellar
and postsellar pneumatization types, though could not be
statistically analyzed due to the small number of patients
withpresellar pneumatization inour cohort. A cadaveric study
byChoet al foundhigher ratesofON, ICA, vidian, andmaxillary
nerve protrusion with increasing pneumatization.24

A cadaveric study by Fujii et al found thebone overlying the
ON and ICA is less than 0.5 mm in diameter in the majority of
patients (78 and 88%, respectively) but dehiscent in aminority
of cases (4 and 8%, respectively).7 Early CT studies performed
without high-resolution (HR) acquisitions may have been
inaccurate for assessment of bony dehiscence. A 1996 study
using 4 mm axial sections found an overall dehiscence rate of
24% dehiscence.32 This paper found a dehiscence rate of 71% in
patients with concurrent ON protrusion (> 50%). In contrast,
we found ON dehiscence in only 6% of patients secondary to
anatomic variation with dehiscence in only 21% of cases of
protrusion. The low dehiscence rate, we found, is supported
the existing cadaveric studies and the majority of HRCT
studies. However, despite the low observed dehiscence rate,
our data does support their findings of increased potential for
ONdehiscence inpatientswith concurrentONprotrusion (and
therefore ACP pneumatization).

Despite advances in the ability of HRCT to accurately
identify dehiscence, distinguishing extremely thin and
dehiscent bone remains difficult. Often dehiscence may be
suspected on one, or even two, planes of imaging and then
bony coverage is clearly shown on an additional view
(►Fig. 9). In addition, intraoperatively, there may be “clinical
dehiscence” where inadequate bony protection is present
during probing despite suspected thin bony coverage on CT,
further confounding this concept. Until the accuracy of HRCT
for clinical dehiscence is known, cases of both extremely

Fig. 11 ICA dehiscence by mass. Axial CT images (A, B) demonstrate right ICA dehiscence by mass invasion (white arrow) and left ICA dehiscence
by mass invasion (black arrow) respectively. CT, computed tomography; ICA, internal carotid artery.
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thinned bone and bony dehiscence should be identified to
help avoid potential catastrophic complication.

Carefulmanipulation is requiredwhen bonydehiscence of
the ICA or ON is present, including when removing the sinus
mucosa overlying these structures. Though the risk of injury
seems intuitive and is stated in several prior papers, the
literature does not provide direct evidence in the form of
increasing complication rates for these patients.

Variations due to Existing Pathology or Prior Surgery
The most extensive variability arises from the presence of
existing pathology or prior surgical manipulation. The
majority of patients in our study had pituitary adenomas,
which when large, most often expand the sphenoid sinus,
and can demonstrate ICA encasement, cavernous sinus, or
bony invasion. Our study had both benign and malignant
pathologies ranging from Rathke’s cleft cysts to osteosar-
coma. Therefore, each case had to be evaluated on a case-by-
case basis. Features, such as cavernous sinus invasion by
pituitary adenomas (Knosp’s classification) are important,
though not adequately characterized on the precontrast
examinations used in our study.52

A small minority of patients in our study had extensive
sphenoid invasion bymass. More often patients had destruc-
tion of the bone overlying the ICA or ON (“dehiscence by
mass”), present in 17 and 5% of patients, respectively, with
ICA dehiscence occurring more commonly due to proximity
of sellar tumors. This is important to note, because not only is
there loss of bony neurovascular protection, there is also
loss/distortion of normal anatomic landmarks.

Based on the findings gleaned from the current analysis
and previous literature, a preoperative CT checklist is pro-
posed to safely traverse the sphenoid sinuses during sellar
and parasellar surgery.

Preoperative CT Checklist

1. Sphenoid sinus pneumatization pattern.
2. Presence of anterior clinoid process and/or dorsum sella

pneumatization.
3. Presence of sphenoethmoid cells (Onodi cells).
4. Sphenoid osteology (i.e., small residual sinus, “kissing

carotids”).
5. Intersphenoid septa and insertion on neurovascular struc-

tures (especially with protrusion/extreme bony thinning).
6. Presence of ICA/ON protrusion �50% or dehiscence.
7. Variations due to existing pathology or prior surgery.

Modeling after the review by O’Brien et al, we attempted
to pair this CT checklist with amnemonic, “SPHENOID,” to
help clinicians learn this search pattern.53

• Septation pattern and septal insertions.
• Pneumatization pattern (Güldner’s classification).
• History of prior surgery.
• Existing pathology.
• Neurovascular protrusion/dehiscence.
• Onodi cells.
• Intercarotid distance.
• Dimensions (sphenoid cavity).

Limitations and Future Directions
The retrospectivedesigndidnotallowustoassess theaccuracy
ofour dehiscence rates. Definingdehiscence onCT is subject to
inter- and intraobserver due to the difficulty of resolving
extremelythinbone.Havingconsistentdefinitionsofanatomic
variants should help to limit interobserver variability in future
studies. Our sample size was relatively small, though the
incidences of anatomic variantswerewithin the range of prior
studies. Future evaluation is necessary with prospective stu-
dies to evaluate for the accuracy of CT to predict clinical
dehiscence and its impact in surgical complications.

Conclusion

Anatomical variations of the sphenoid sinus can impact ease of
surgery and potential risk for intraoperative injury to neuro-
vascular structures during transsphenoidal surgery. Our study
highlights and reviews the key variants that have potential to
impact surgical complications and outcomes in a heteroge-
neous patient population. The proposed preoperative CT
checklist for patients undergoing transsphenoidal surgery
consistently identifies these higher risk anatomical variants.
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