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ABSTRACT

Background: Pneumatization of the anterior clinoid process (ACP) affects paraclinoid region surgery, this
anatomical variation occurs in 6.6-27.7% of individuals, making its preoperative recognition essential given the
need for correction based on the anatomy of the pneumatized process. This study was conducted to evaluate the
reproducibility of an optic strut-based ACP pneumatization classification by presenting radiological examinations
to a group of surgeons.
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Results: Thirty CT scans were analyzed by 37 evaluators, of whom 20 were neurosurgery residents and 17 were
neurosurgeons. The overall reproducibility of the ACP pneumatization classification showed a Fleiss kappa index of
0.49 (95% confidence interval: 0.49-0.50). The interobserver agreement indices for the residents and neurosurgeons
were 0.52 (0.51-0.53) and 0.49 (0.48-0.50), respectively, and the difference was statistically significant (P < 0.00001).
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Conclusion: The optic strut-based classification of ACP pneumatization showed acceptable concordance. Minor

DOI: differences were observed in the agreement between the residents and neurosurgeons. These differences could be
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INTRODUCTION

The anterior clinoid process (ACP) protrudes posteriorly from the lesser sphenoid wing of the
sphenoid bone, composing the anterior portion of the cavernous sinus’ roof. The base of the ACP has
three attachment points with the adjacent sphenoid bone: The lateral attachment is the medial border
of the lesser sphenoid wing and, laterally, the anterior root of the lesser sphenoid wing extends from
the base of the ACP to the sphenoid body, forming the roof of the optic canal, also called the planum
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sphenoidale. The third point is a minor sphenoid bone, called
the optic strut, that extends below the optic nerve, reaching the
body of the sphenoid and forming the floor of the optic canal
and roof of the superior orbital fissure.*?

The optic pillar is a small bony bridge that extends from the
inferomedial surface of the ACP base to the sphenoid body,
immediately ahead of the carotid sulcus. From its junction
with the ACP, the optic strut slopes gently downward as it
approaches the body of the sphenoid.

Within the context of the anatomy of the sphenoid bone, the
ACP has strategic importance for the surgical approach since
its removal is a critical step in the treatment of paraclinoid
lesions, which are closely related to the ACP, required to
gain a partial medial view of the minor wing of the sphenoid
bone and the cavernous sinus roof. Examples of conditions
requiring ACP removal include aneurysms of the ophthalmic
segment of the internal carotid artery, meningiomas of the
cavernous sinus, and the medial third of the lesser sphenoid
wing and also giant pituitary adenomas. 11213

The microsurgical procedure of anterior clinoidectomy is a key
to the treatment of pathologies that arise from the paraclinoid
region. However, this procedure involves the risks of visual
disturbances, oculomotor nerve palsy/paralysis, bleeding
from the opening of the cavernous sinus, lesion of the internal
carotid artery as well as of the ophthalmic artery, opening of
the paranasal sinuses, and cerebrospinal fluid fistula potentially
leading to meningitis and death. For paraclinoid aneurysm
surgery, the reported rates of morbidity, mortality, and
cerebrospinal fluid fistula with or without meningitis are 5.8—
18%, 0.6-45.4%, and 2.2-14%, respectively. Because anterior
clinoidectomy is imperative for paraclinoid aneurysms,
these rates are likely to be similar to those in patients with
paraclinoid diseases undergoing surgery.>>-5131719.22-24]

Pneumatization of the ACP is an anatomical variation that
occurs in 6.6-27.7% of individuals, making its preoperative
recognition essential given the need for correction based
on the anatomy of the pneumatized process.*!*'®! In 2016,
da Costa et al. published a simplified classification of ACP
pneumatization unifying multiple existing systems.! The
classification includes pneumatization of the optic pillar as
part of the ACP pneumatization complex, resulting in four
types, with a total of five subtypes, of pneumatization: Type
0 - absence of pneumatization; Type 1 — pneumatization in
the optic strut without pneumatization in the ACP body;
Type 2 A - pneumatization through the optic strut of <50%
of the ACP body; Type 2 B - pneumatization through the
optic strut of >50% of the ACP body; and Type 3 - ACP
pneumatization through the sphenoidal plane (with or
without a pneumatized optic strut). Although promising,
this classification requires validation. In the present study, we
studied the a priori reproducibility of the optic strut-based
classification system among different raters.™
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MATERIALS AND METHODS

Patients were selected from project (morphometric analysis of
the ACP of the sphenoid bone), approved by the Institutional
Research Ethics Committee. These patients received skull
base computed tomography (CT) scans (internal and
mastoid ears), because of suspected internal/mastoid ear
disease, at the Department of Radiology and Diagnostic
Imaging from January 1, 2013, to September 6, 2014. Patients
with a history of paranasal sinus disease who had undergone
transsphenoidal surgery, as well as neurosurgical procedures
involving the skull base, were excluded from the study.

Images of skull base tomography (internal and mastoid) were
obtained at the Department of Radiology and Diagnostic
Imaging, using the Brilliance computed tomography (CT) 64
system (Philips) with the following technical specifications:
collimation 20 x 0.625, pitch 0.348, matrix 512, field of
view 200 mm, 140 kpv, 278-600 mA, and cut thickness
0.67 mm. Pneumatization was characterized by the presence
of structures with the same air density.

Each evaluator received a Google Forms email link (www.
google.com) with a total of 30 examinations to evaluate
the different subtypes of ACP pneumatization. None of the
participants had access to the forms of other participants.
Only fully completed surveys were accepted. The DICOM
files were anonymized and provided on a separate email
link, along with a Microsoft® Office PowerPoint presentation
with JPEG images of the 2016 da Costa et al. article and
ACP pneumatization classification instructions.”! Observer
consensus was calculated using the Fleiss kappa value in
Microsoft® Office Excel 2016.) The 95% confidence interval
(CI) was also calculated. Kappa values <0.40, 0.41-0.60,
0.61-0.80, and >0.80 were considered as fair, moderate,
substantial, and near-perfect agreement, respectively.'"

Three senior neurosurgeons, authors of the original ACP
pneumatic classification paper,”! classified all ACPs by consensus
and did not participate as observers in the analysis. The
consensus classification was considered the reference response
[Figure 1]. Two-tailed Fisher’s exact test was used to assess the
statistical significance of the difference in agreement between the
resident and neurosurgeon groups for each assessed subtype.

Descriptive statistics are presented as numbers or frequencies
as appropriate.

RESULTS

The 30 skull-based CT scans were analyzed by a total of 37
evaluators, of which 20 (54%) were neurosurgery residents
and 17 (46%) were neurosurgeons. In the overall analysis
of the classification, the Fleiss kappa index of interobserver
agreement was 0.49 (95% CI: 0.49-0.50). However, when the
neurosurgeons and residents were analyzed separately, the
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respective Fleiss kappa indices of interobserver agreement were
0.49 (95% CI: 0.48-0.50) and 0.52 (95% CI: 0.51-0.53), and the
differences between the general interobserver agreement index
and those among the neurosurgery residents and neurosurgeons
were statistically significant with P < 0.00001 [Table 1].

The overall analysis of all 37 assessors in relation to each
subtype of ACP pneumatization classification revealed
that Type 0 (complete lack of pneumatization) showed
the substantial agreement of 0.66 (95% CI: 0.64-0.68) and
Type 2A demonstrated the fair agreement of 0.35 (95% CI:

Figure 1: This is a panel of skull-based computed tomography
containing all the examples of each type of anterior clinoid. (a and b)
The axial and coronal views of a Type 0, absence of pneumatization.
(c and d)The axial and coronal views of a Type 1, pneumatization
of the optic strut without anterior clinoid pneumatization. (e and f)
The axial and coronal views of Type 2A (left side) and 2B (right
side), this subtype presents a pneumatized anterior clinoid and
optic strut, the difference is the volume of pneumatization in the
anterior clinoid, the Type 2A has less than 50% and the Type 2b has
more than 50% of aeration. (g and h)The axial and coronal views
of Type 3, pneumatization of the anterior clinoid, optic strut, and
planum sphenoidale.

0.33-0.36). The other subtypes showed fair to moderate
concordance, summarized in [Table 2].

The same trends were found when analyzing the subtypes by
evaluator group. Among the neurosurgeons [Table 3], Type
0 also showed the best interobserver agreement with a Fleiss
kappa value of 0.65 (95%: 0.63-0.67), while Type 2 A showed
a kappa value of 0.34 (95% CI: 0.32-0.36). The resident group
[Table 4] had an interobserver agreement index of 0.66 (95%
CI: 0.64-0.68) for type 0 and 0.35 (95% CI: 0.33-0.36) for
Type 2A.

Table 1: Evaluation of the interobserver agreement between all
the evaluators according to the subtype of classification of the
pneumatization of the previous clinoid process.

Type Fleiss kappa Lower Upper P-value
Type 0 0.667444891 0.649088146 0.685801636 <0.00001
Type 1 0.41640958  0.398052835 0.434766325 <0.00001
Type 2A  0.350713232 0.332356487 0.369069976 <0.00001
Type 2B 0.557913147 0.539556402 0.576269891 <0.00001
Type 3 0.386333481 0.367976736  0.404690225 <0.00001

Table 2: Evaluation of the interobserver agreement between all
the evaluators according to the subtype of classification of the
pneumatization of the previous clinoid process.

Type Fleiss kappa Lower Upper P-value

Type 0  0.667444891 0.649088146 0.685801636 <0.00001
Typel  0.41640958 0.398052835 0.434766325 <0.00001
Type 2A  0.350713232 0.332356487  0.369069976  <0.00001
Type 2B 0.557913147 0.539556402 0.576269891  <0.00001
Type3  0.386333481 0.367976736 0.404690225 <0.00001
Table 3: Interobserver agreement among neurosurgeons

according to the classification of the pneumatization of the
anterior clinoid process.

Type Fleiss kappa Lower Upper P-value
Type 0 0.655969482 0.634272316 0.677666648 <0.00001
Type 1 0.413152776  0.39145561  0.434849942 <0.00001
Type 2A  0.344574159 0.322876993 0.366271325 <0.00001
Type 2B 0.480768869 0.459071703 0.502466035 <0.00001
Type 3 0.440465347 0.418768181 0.462162513 <0.00001
Table 4: Interobserver agreement among neurosurgeons

according to the classification of the pneumatization of the
anterior clinoid process.

Fleiss kappa Lower Upper P-value
0.640940185 0.631135462 0.650744909  <0.00001
0.406613598 0.396808874 0.416418321  <0.00001
0.336261697 0.326456974 0.346066421  <0.00001
0.518782002 0.508977278 0.528586725  <0.00001
0.392145417 0.382340694 0.401950141  <0.00001
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DISCUSSION

In an interobserver analysis considering all evaluators, the
reproducibility of the optic strut-based ACP pneumatization
classification was moderate, with a Fleiss kappa value of
0.49 (95% CI: 0.49-0.50), which represents acceptable
interobserver reproducibility. As stated in the original report of
this classification, it is intended as a preoperative guideline for
surgery involving pathologies of the paraclinoid region, which
entails opening the anterior portion of the cavernous sinus
roof and anterior clinoidectomy.””! Thus, preoperative ACP
type recognition may guide intraoperative reconstruction. For
example, in cases of anterior clinoidectomy of subtypes 1, 2A,
and 2B, the neurosurgeon may follow the “yo-yo” correction
procedure proposed by Chi et al. (2006).?' In Type 3 cases,
a different form of the yo-yo correction would be necessary
given the pneumatization involving two distinct pathways
and thus requiring larger grafts, as suggested previously.”!

At least three other clinoid pneumatization classifications
have been proposed;!'!? however, none of them have been
tested for reproducibility. The optic strut-based classification
is, therefore, the first to have been submitted to evaluation
by different observers. Two types of evaluators were
selected, neurosurgeons (46% [17/37] of the sample) and
neurosurgery residents in different training years (54%
[20/37]). We used a statistical calculation capable of decoding
the interobserver agreement of multiple evaluators, the Fleiss
kappa, and found statistically significant differences among
the different groups. There was a difference between the
evaluations of all pneumatization subtypes taken together by
the neurosurgeons or neurosurgery residents. This difference
may be explained in part by the need to use multiplanar
reconstruction tools in DICOM visualization programs,

the residents being more likely to be familiar with such
tools. However, although statistically significant differences
were demonstrated for multiple subtypes, none of them
changed interobserver agreement category according to the
division established by Landis and Koch.'"! For example,
despite the Fleiss kappa values for the residents (0.66) and
neurosurgeons (0.65) in type 0 assessment being statistically
significant, both were substantial agreement.

Among the different subtypes of the classification, 2A
showed the worst interobserver agreement indices,
followed by 3, 1, 2B, and 0. Type 0 predictably had the best
reproducibility since it represents the absence of changes or
pneumatization. In contrast to 2B, subtype 2A showed only
fair reproducibility. Type 3 was not highly prevalent in the
sample and requires better knowledge of the DICOM viewer
program; it was moderately difficult to classify.

The practical aspect of this anterior clinoid classification is
the possibility of preoperative planning for the correction of
possible openings or communication of the sphenoid and
ethmoid sinuses in surgeries of pathologies involving the
paraclinoid region, which requires an anterior clinoidectomy.
In this sense, type 0 indicates that there will be no need
for any intraoperative repair, unless the neurosurgeon
intentionally wishes to open one of these paranasal sinuses.
In Types 1, 2 A, and 2 B, despite the difference in the degree
of pneumatization, the pneumatization route is the same,
the optic strut, and therefore, the repair technique must be
focused on closing the optic strut. In type 3, the correction
should require a technique that includes closing the opening
of the planum sphenoidale with communication to the
ethmoid sinus, and the optic strut with communication to
the sphenoid sinus, [Figure 2] illustrates a clinical case with

Figure 2: This panel of images illustrates a clinical case of a 56-year-old female that presented with visual loss of the left eye, the angiogram
(a-c) showed a paraclinoid aneurysm. The image (d) shows the intraoperative exposure of the anterior clinoid process. The image (e) reveals
the disconnection of the anterior clinoid process from its bone attachments. The image (f) shows the “en bloc” removal of the anterior clinoid
process. The image (g) reveals the communication of the sphenoid sinus through the optic strut promoted by the anterior clinoid removal.

Figure (h) shows the final aspect of the aneurysm clipping.
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Type 2B where it is possible to observe the communication of
the pneumatized optic strut with sphenoid sinus.

Further study is needed to analyze the effect of combining
subtypes 2A and 2B into a single category on the
reproducibility of the optic pillar-based pneumatic ACP
classification. Because classification was based on a single
contact with the CT images in the present study, future
research should also address the possibility of improving
reproducibility through multiple rounds of image evaluation
by the same observer.

CONCLUSION

We found moderate reproducibility of the optic strut-based
classification of ACP pneumatization. This classification
represents a simple and sufficiently reproducible method of
preoperative analysis of patient imaging data to be applied
in clinical practice for planning surgery in the paraclinoid
region.
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