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Abstract
In the present study, we investigated the relationship between sphenoid sinus, carotid canal, and optic canal on paranasal
sinus computed tomography (PNSCT). This study was performed retrospectively. PNSCT images of 300 adult subjects (159
male, 141 female). Sphenoid sinus (pneumatisation, dominancy, septation, inter-sinus septa deviation), anterior clinoid
process pneumatisation, Onodi cell, carotid and optic canals (width, dehiscence, classification) were measured. In males,
type 3 pneumatised sphenoid sinus (in both sides) and in females type 2 pneumatised sphenoid sinus (right side) and type 3
pneumatised sphenoid sinus (left side) were detected more. Anterior clinoid pneumatisation was present 47.2% in males and
39.7% in females. In male group, more septation (i.e. 22.6%, ≥ 3 septa) in sphenoid sinus were detected. Onodi cell was
present 26.6 and 19.1% in males and females, respectively. Carotid canal protrudation to the sphenoid sinus wall was present
23.9–32.1% inmales and 35.5–36.2% in females. Dehiscence in carotid canal was detected more in females (34%) compared
to males (22%). Optic canal protrudation was 33.3 and 30.5% in males and females. Type 4 optic canal was detected more in
both gender. Optic canal dehiscence was detected 11.3 and 9.9% in males and females. Carotid and optic canal diameters
were higher in males. In pneumatised sphenoid sinuses and in females, type 3 carotid canal (Protrudation to SS wall)
(bilaterally) and type 1 optic canal type (No indentation) (ipsilateral side) were detected more. In elderly patients, carotid
and optic canal width increased. When carotid canal protrudation was detected, there was no indentation in optic canals In
pneumatised SS, carotid canal protrudation was observed with a greater risk in surgery. However, type 1 (non indentation)
optic canal was present in highly pneumatised SS with lower risk for the surgery. In women, the risk of carotid canal
protruding (about 1/3) is greater than that of males, and carotid canal dehiscence rates are also higher in females.
Therefore, physicians should be very careful during the preparatory stages of the sphenoid sinus surgery. Otherwise, it
may not be possible to prevent lethal carotid artery bleeds.
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Introduction

Internal carotid artery or optic nerve injury is a serious com-
plication of transsphenoidal surgery [1, 2]. To reduce surgical
complications, sphenoid sinus and related regional anatomy
should be known for transsphenoidal and functional endo-
scopic sinus surgery [3–7]. Pneumatisation of the sphenoid
sinuses may be shown on a high-resolution CT scan at 2 years
of age. Pneumatisation proceeds more down and posterolater-
al direction. The sinus reaches its mature size until the age of
14 [8]. The degree of pneumatisation of the sphenoid sinus is
highly variable [9].

The pneumatisation of SS sometimes extends into Bthe
vomer, palatine bone, ethmoid bone, occipital bone, anterior
clinoid processes, the lesser wings, the greater wings, the pter-
ygoid process and plates, posterior clinoid processes, and the
clivus^ [10, 11]. Depending on the degree of sinus
pneumatisation, the bone covering the carotid arteries, optic
nerves, maxillary nerves and vidian nerves may be thin or
absent, making these structures susceptible to iatrogenic dam-
age [7, 12].

Intrasinus septa can have posterior insertion on the internal
carotid artery canal, especially in the bulging variant, increas-
ing the risk of damage in the vessel with dramatic conse-
quences. The optic nerve and the internal carotid artery may
present bulging and dehiscence in the sinus [13, 14].

In the present study, we investigated the relationship be-
tween sphenoid sinus, carotid canal and optic canal.

Materials and methods

This retrospective study was conducted in Kırıkkale
University Faculty of Medicine according to the principles
of the Declaration of Helsinki. Paranasal Sinus Computed
Tomography (PNSCT) images were obtained from database
of the Kırıkkale University Faculty of Medicine Radiology
Department. Ethics committee approval was obtained from
Adana City Training and Research Hospital; Clinical
Researches Ethics Committee was also taken (Date:
27.03.2018, Number:184).

Subjects

This study was performed retrospectively. PNSCT images of
300 adult subjects (159 male, 141 female), between 18 and
86 years old, were randomly selected from a digital radiology
database of all PNSCT in Kırıkkale University Faculty of
Medicine Radiology Department. Mean ages of the males
were 33.7 ± 13.7 years; and of the females were 33.4 ±
14.7 years. Most of the patients’ PNSCT indication was the
suspect of sinusitis or nasal septal deviation. However, the

PNSCT results showed no sinusitis. Nasal septal deviation
positive patients were included into the study.

Subjects with previous trauma or surgery history, sinonasal
tumour, acute and chronic rhinosinusitis, sinonasal polyposis,
CSF leak, and marked facial deformity were not included to
the study.

CT imaging and analysis

All of the scans were obtained with routine PNS-computed
tomography imaging in the supine position, with no contrast
or sedation being used for the procedures. The images were
acquired using a 64-slice CT (MSCT; Brilliance 64, Philips
Medical System, Best, the Netherlands). All of the scans were
obtained using the following parameters: tube voltage =
120 kV, effective mAs = 350, slice thickness = 1.00 mm, field
of view (FOV) = 180 mm and image matrix = 768 × 768. The
images were transferred to a commercially available worksta-
tion, and the raw data was reconstructed using bone algo-
rithms. After scanning, the coronal, axial, and sagittal images
were reconstructed with a slice thickness of 1.00 mm. The
coronal and axial plan was often preferred.

The following measurements were performed:

1. Sphenoid sinus pneumatisation (SSP): it was classified as
types 1 to 3 at coronal plane (Fig. 1) [15]:

Type 1: SSP extends medially to the Vidian canal.
Type 2: SSP extends medially to the foramen rotundum.
Type 3: SSP extends laterally to the foramen rotundum.

2. Anterior clinoid process pneumatisation (ACPP): it was
classified at coronal plane as 0: absent, 1: right, 2: left, 3:
bilateral (Fig. 2).

3. Sphenoid sinus dominancy: it was classified as 0: none/or
not available due to multiple septation, 1: right
dominancy, 2: left dominancy.

4. Sphenoid sinus septation: it was classified as 0: no
septation, 1: incomplete septa, 2: one complete septa
(Fig. 3), 3: one complete + one incomplete septa, 4: dou-
ble septa, 5: ≥ 3 septa (Fig. 2) [16].

5. Sphenoid sinus inter-sinus septa deviation: it was classi-
fied as type 1: no deviation (Fig. 4), type 2: deviation to
the right, type 3: deviation to the left, type 4: BS^ shaped
deviation.

6. Onodi cell: it was evaluated at coronal slice as 0: absent,
1: present (Fig. 5).

7. Optic canal width: at coronal plane, both optical canals
were measured as mm at the widest site internally without
including bone structure (Fig. 3).

8. Optic canal dehiscence: it was classified at coronal plane
as 0: absent, 1: right, 2: left, 3: bilateral (Fig. 6).
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9. Optic canal classification: both optical canals were classi-
fied according to the relationship with the sphenoid sinus
wall (Fig. 1) [17, 18]:

Type 1: No indentation.
Type 2: Indentation to SS wall.
Type 3: Protrudation to SS wall.
Type 4: Extends laterally to the sphenoid sinus and pos-
terior ethmoid cell (Fig. 7a).

10. Carotid canal width: at coronal plane, both carotid canals
were measured at the level associated with the sphenoid
sinus wall as mm at the widest site internally without
including bone structure (Fig. 4).

11. Carotid canal dehiscence: it was classified at coronal
plane as 0: absent, 1: right, 2: left, 3: bilateral (Fig. 8).

12. Carotid canal classification: both carotid canals were
classified according to the relationship with the sphenoid
sinus wall (Figs. 8 and 9):

Type 1: No indentation.
Type 2: Indentation to SS wall.
Type 3: Protrudation to SS wall (Fig.7b).

Statistical analysis

SPSS for Windows 16.0 (SPSS, INC, an IBM Company,
Chicago, Illinois), Mann-Whitney U test, Chi-square test,
independant sample t test and Pearson correlation test were
used.

p value < 0.05 was considered as statistically significant.

Results

Sphenoid sinus pneumatisation and septation, anterior clinoid
process pneumatisation, values in males and females are
shown on Table 1:

SS pneumatisation: In males, type 3 (37.7%) and, in fe-
males, type 2 pneumatisation (41.8%) were detected more on
the right; and type 3 pneumatisation (39.0% in males and
48.9% in females) was detected on the left (p > 0.05) (Table
1). Anterior clinoid pneumatisation was present 47.2% inmales
and 39.7% in females. In both males and females, bilateral
pneumatisation was detected (p > 0.05) (Table 1).

Anterior clinoid process pneumatisation: Anterior
clinoid pneumatisation was present 47.2% in males and
39.7% in females. In both males and females, bilateral
pneumatisation was present in 25.7 and 22.7%, respectively
(p > 0.05) (Table 1).

SS septation: In males, one complete septa (34.6%) and ≥ 3
septa (22.6%) in males and one complete septa (41.8%) and 1
complete + 1 incomplete septa (31.2%) were detected in fe-
males (p = 0.002, χ 2 = 19,121) (Table 1).
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Fig. 1 On coronal PNSCT, bilateral anterior clinoid process
pneumatisation (*), protrusion of the bilateral optic canal to the
sphenoid sinus wall (type 3) (white thin arrow) and bilateral sphenoid
sinus pneumatisation extends to foramen rotundum lateral (type 3) (white
thick arrow) are shown

Fig. 2 On coronal PNSCT, bilateral anterior clinoid process
pneumatisation (*) and multiple intersinus septa are shown



SS inter-sinus septa deviation: In males, deviation to the
left (48.1%) and deviation to the right (45.4%) were detected
in both groups (p > 0.05) (Table 1).

SS dominancy: Left SS dominancy was detected in both
males and females (p > 0.05) (Table 1).

Onodi cell: Onodi cell was detected in 26.6% of the males
and 19.1% of the females (p > 0.05) (Table 1).

Carotid canal classification and dehiscence values in males
and females are shown on Table 2. Carotid and optic canal
diameter values are shown on Table 3.

Carotid canal classification: In males, type 3 carotid canal
(protrudation to SS wall) was observed 32.1% on the right
side and 23.9% on the left side. In females, type 3 carotid
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Fig. 5 On coronal PNSCT, bilateral Onodi cells (*) and bilateral anterior
clinoid process pneumatisation are demonstrated

Fig. 6 On coronal PNSCT, dehiscency in left optic canal (white arrow) is
shown

Fig. 3 On coronal PNSCT, measurement of bilateral optic canal (white
arrow) and one complete septa of the the sphenoid sinus (*) are
demonstrated

Fig. 4 On coronal PNSCT, measurement of bilateral carotid canal (white
arrow) and no deviation of the sphenoid sinus inter-sinus septa (*) are
demonstrated



canal was observed 35.5% on the right side and 36.2% on the
left side (p > 0.05) (Table 2).

Carotid canal dehiscence was detected in 22% of the males
and 34% of the females (P = 0.038, χ2 = 8.451) (Table 2).
Bilateral dehiscence was present in 5.0% of the males and
9.9% of the females (Table 2).

Carotid canal diameter: In males, carotid canal diameter
was higher than those in females (p < 0.05) (Table 3).

Optic canal classification and dehiscence values in males
and females are shown on Table 4:

Optic canal classification: On the right side, in both males
and females, type 4 (extends lateral to the sphenoid sinus and
posterior ethmoid cell) was detected more. In males, 45.9%

and, in females, 34.8% type 4 classification were observed
(P = 0.048, χ2 = 7.893) (Table 4).

Optic canal dehiscence was detected in 11.3% of the males
and 9.9% of the females (p > 0.05) (Table 3).

Optic canal diameter: In males, optic canal diameter was
higher than those in females (p < 0.05) (Table 3).

Pearson correlation test results are shown on Table 5:
Age: In older patients, carotid canal width (right) and optic

canal width (right and left) increased (p < 0.05) (Table 5).
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Fig. 7 In a female patient, a on axial PNSCT, protrusion of the bilateral
carotid canal to the sphenoid sinus wall (type 3) is shown. b In the same
patient, on coronal PNSCT, optic canals were seen on course, lateral to
the sphenoid sinus wall and indentation or protrusion is not observed
(type 4)

Fig. 8 On coronal PNSCT, protrusion of the bilateral carotid canal to the
sphenoid sinus wall (white arrow) and bilateral dehiscency on carotid
canals are observed

Fig. 9 On axial PNSCT, protrusion of the bilateral carotid canal to the
sphenoid sinus wall (type 3) (white arrow) is shown



Table 1 Sphenoid sinus pneumatisation and septation, anterior clinoid process pneumatisation values in males and females

Male (n = 159) Female (n = 141) P*

n % n %

Type of the SS pneumatisation R Type 1 45 28,3 29 20,6 P = 0.218
χ2 = 3.045Type 2 54 34,0 59 41,8

Type 3 60 37,7 53 37,6

L Type 1 37 23,3 20 14,2 P = 0.084
χ2 = 4.953Type 2 60 37,7 52 36,9

Type 3 62 39,0 69 48,9

Anterior clinoid process pneumatisation Absent 84 52,8 85 60,3 P = 0.574
χ2 = 1.991Right 13 8,2 10 7,1

Left 22 13,8 14 9,9

Bilateral 40 25,2 32 22,7

SS septation No septation 11 6,9 2 1,4 P = 0.002
χ2 = 19,121Incomplete septa 2 1,3 1 0,7

1 complete septa 55 34,6 59 41,8

1 complete + 1 incomplete septa 27 17,0 44 31,2

Double septa 28 17,6 14 9,9

≥ 3 septa 36 22,6 21 14,9

SS inter-sinus septa deviation** Type1: no deviation 17 10.9 16 11.3 P = 0.540
χ2 = 2.160Type2: deviation to the R 59 37.8 64 45.4

Type3: deviation to the L 75 48.1 58 41.1

Type 4: BS^ shaped deviation 5 3.2 3 2.1

SS dominancy None/or not available due to multiple septation 20 12,6 18 12,8 P = 0.990
χ2 = 0.021Right dominancy 61 38,4 55 39,0

Left dominancy 78 49,1 68 48,2

Onodi cell Absent 116 73,4 114 80,9 P = 0.128
χ2 = 2.319Present 42 26,6 27 19,1

SS sphenoid sinus

*p value shows the results of Chi-square test

**In three cases, there was no intersinus septa

Table 2 Carotid canal classification and dehiscence values in males and females

Male (n = 159) Female (n = 141) P*

n % n %

Carotid canal classification at SS wall R Type 1: no indentation 68 42,8 60 42,6 P = 0.751
χ2 = 0.573Type 2: indentation to SS wall 40 25,2 31 22,0

Type 3: protrudation to SS wall 51 32,1 50 35,5

L Type 1: no indentation 73 45,9 50 35,5 P = 0.053
χ2 = 5868Type 2: indentation to SS wall 48 30,2 40 28,4

Type 3: protrudation to SS wall 38 23,9 51 36,2

Caroid canal dehiscence Absent 124 78,0 93 66,0 P = 0.038
χ 2 = 8.451Right 16 10,1 13 9,2

Left 11 6,9 21 14,9

Bilateral 8 5,0 14 9,9

SS sphenoid sinus

*p value shows the results of Chi-square test
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Gender: In females, carotid canal width and optic canal
width decreased on the right and left (p < 0.05). In females,
carotid canal type (left) was detected as type III (protrudation
to SS wall) and optic canal type (right and left) was detected as
type I (no indentation) (p < 0.05) (Table 5).

Carotid canal (type and width) and optic canal (type and
with): A positive correlation was present between the carotid
canal types and width on the right and left sides (p < 0.05).

There was a positive correlation between carotid and optic
canal width (p < 0.05).

There was a negative correlation between carotid canal
type and optic canal type and optic canal width (p < 0.05)
(Table 5) (Fig. 7a, b).

SS pneumatisation: In pneumatised sphenoid sinuses, type
3 carotid canal (protrudation to SS wall) (bilaterally) and type
1 optic canal type (no indentation) (ipsilateral side) were de-
tected more (p < 0.05) (Table 5) (7a-b). In less pneumatised
sphenoid sinuses, type 1 carotid canal (no indentation)
(bilaterally) and type 4 optic canal type (extends laterally to
the sphenoid sinus and posterior ethmoid cell) (ipsilateral side)
were detected more (p < 0.05) (Table 5). In pneumatised SS,
ipsilateral optic canal width decreased (p < 0.05) (Table 5).

Discussion

The sphenoid sinuses, a pair structure in the body of the sphe-
noid bone, with drainage through the sphenoethmoidal recess
into the nasopharynx, is located in the infero-medial region
compared to the posterior ethmoid. This aspect is particularly
important in sphenoidotomies: after the posterior
ethmoidectomy, the dissection area is infero-medial, outside
this area being a risk of penetration into the anterior cranial
fossa or the orbit [19].

The trans-sphenoid pathway appears to be the standard
approach in the surgery of pituitary adenomas [20].
Different routes to sella: Btransethmoid, transnasal, trans-
septal, microscopic or endoscopic^ and eventually pass
through the sphenoid sinus to reach the sella. For this
reason, anatomical variations of the sphenoid sinus have
a great influence on the probability of surgical entry and
complications [9]. Preoperative evaluation of the sphenoid
sinus anatomy with computed tomography (CT) is a rou-
tine procedure and may lead to a surgical decision [9]. CT
shows bone/air visualisation at the sphenoid sinus, there-
fore superior to the MR in this region. Additionally, MR

Table 3 Carotid canal and optic
canal diameters in the males and
females

Male Female P*

Mean Median Std. Dev. Mean Median Std. Dev.

Carorid canal diameter (mm) R 5.74 5.76 0.75 5.07 5.11 0.69 0.000

L 5.87 5.89 0.69 5.34 5.31 0.67 0.000

Optic canal diameter (mm) R 4.05 4.05 0.53 3.85 3.89 0.51 0.001

L 4.06 4.06 0.51 3.86 3.84 0.52 0.001

*p value shows the results of the independent sample t test

Table 4 Optic canal classification and dehiscence values in males and females

Male (n = 159) Female (n = 141) P*

n % n %

Optic canal classification
at SS wall

R Type 1: no indentation 6 3.8 10 7,1 P = 0.048
χ2 = 7.893Type 2: indentation to SS wall 27 17.0 39 27,7

Type 3: protrudation to SS wall 53 33.3 43 30,5

Type 4: extends lateral to the sphenoid sinus
and posterior ethmoid cell

73 45.9 49 34,8

L Type 1: no indentation 7 4.4 13 9,2 P = 0.202
χ2 = 4.613Type 2: indentation to SS wall 25 15.7 29 20,6

Type 3: protrudation to SS wall 60 37.7 49 34,8

Type 4: extends laterally to the sphenoid sinus
and posterior ethmoid cell

67 42.1 50 35,5

Optic canal dehiscence Absent 141 88.7 127 90.1 P = 0.686
χ2 = 1.445Right 7 4.4 3 2.1

Left 7 4.4 6 4.3

Bilateral 4 2.5 5 3.5

*p value shows the results of Chi-square test
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might be routine for adenomas and visualisation of the
para-/sellar region.

In the present study, we investigated the relationship be-
tween sphenoid sinus, carotid canal, and optic canal. In males,
type 3 pneumatised sphenoid sinus was detected in both right
and left sides. In females, on the right side, type 2 and, on the
left side, type 3 pneumatised sphenoid sinuses were detected.
In Gibelli et al. [21] study in a sample of 300 CT of the
patients, pneumatisation of the sphenoid sinuses was reported
as pneumatised pterygoid processes (39.6%), dorsum sellae
(32.9%), and clinoid processes (20.3%). A combined
pneumatisation of these three structures was detected in
26.3% of patients. The most frequent type was the combina-
tion pterygoid processes-dorsum sellae (11.3%) and in 9.3%
of the patients, all the three sphenoid structures were affected.
According to the Dal Secchi et al. study [22] on 90 patients’
CT scans, there was the association between the lateral exten-
sion of pneumatisation of the SS and the protrusion of the
parasellar segments of the internal carotid artery (psICA)
(p = 0.014). The presence of the posterior extension of
pneumatisation of the SS and protrusion of the pcICA oc-
curred in 46% of the cases.

Anterior clinoid pneumatisation was present 47.2% in
males and 39.7% in females. In both males and females, bi-
lateral pneumatisation was present. Anterior clinoid process
pneumatisation was detected as 4% (De Lano et al.) [23], 13%
(Bolger et al.) [24], 15.3% in Hewaidi and Omami’s study [7]
and 29.3% (Birsen et al.) [25] in different studies.

In the present study, in male group, more septation (i.e.
22.6%, ≥ 3 septa) in sphenoid sinus were detected. Hamid et
al. [9] reported that there was no intersphenoid sinus septum in
32 patients, a single intersphenoid septum in 212 patients, and
an accessory septum in 32 patients. Multiple intersphenoid
septa were found in 20 patients (6.8%) [9]. Ahmadipour et
al. [26] evaluated the CT scans of the 120 patients diagnosed
with pituitary adenomas (study group) and 125 patients re-
ceiving a spinal trauma (control group). They reported that a
septum of the sphenoid sinus located in the midline 23%. SSS
was directed into the bony shield of the internal carotid artery
in 28% of underlying tumours and in 37% of the control
group. Dal Secchi, et al. [22] reported that deviation of the
sphenoid septum in the direction of the pcICAwas present in
14% and dehiscence of the paraclival segments of the internal
carotid artery (pcICA) was seen in 3.6% of the 90 cases.

In our study, left SS dominancy was detected in both males
and females. Onodi cell was present 26.6 and 19.1% in males
and females, respectively.

In our study, carotid canal protrudation to the sphenoid
sinus wall was present 23.9–32.1% in males and 35.5–
36.2% in females. Dehiscence in carotid canal was detected
more in females (34%) compared to males (22%). Hewaidi
and Omami [7] reported that internal carotid artery protrusion
into the sphenoid was found in 41% of the patients, and in

30%, there was a dehiscence of the artery. Fuji et al. study [27]
on 25 cadaveric sphenoidal bones showed dehiscent carotid
arteries (8%) in the lateral sphenoid. In Kennedy et al. study
[28], 25% of patients had internal carotid dehiscence on the
bony walls. In our study, dehiscence of the carotid artery was
observed more in females compared to Fuji et al. [27] and
Kennedy et al. [28] rates. If the surgeon is unaware of dehis-
cence or protrusion of the artery, it may even be fatal bleeding
because it is not possible to control the bleeding of an injured
internal carotid artery within the sphenoid sinus. Moreover,
neurological sequelae are inevitable. Infection of the sphenoid
sinus can make the internal carotid artery vulnerable to degen-
erative or protruded arterial injury [29].

In our study, optic canal protrudation was 33.3 and 30.5%
on the right side and 37.7 and 34.8% on the left side of the
males and females, respectively. Type 4 optic canal was de-
tected more in both gender. Optic canal dehiscence was de-
tected 11.3 and 9.9% in males and females. Carotid and optic
canal diameters were higher inmales. Hewaidi and Omami [7]
reported that the protrusion of the optic nerve was found in
35.6%, and dehiscence of the optic nerve was observed in
30.6% of the patients. Our study was similar to their study
for optic canal protrusion, whereas optic canal dehiscence
was lower in our study. Our optic canal dehiscence rates were
approximately 10%; their rates were approximately 30% with
the 3-fold increase compared to our rates. Fuji et al. reported
that 4% of the optic nerves were dehiscent on the lateral sphe-
noidal bone [27]. Optic nerve injury in the event of protrusion
or dehiscence can occur as a complication of surgical trauma
or sinus disease. If the surgeon injures the nerve within the
sinus, the risk of blindness is high [13]. In addition, vision
deficits may be caused by a sphenoid sinus infection or by
an optic canal or sinus compression mucocele. Compression
of the optic nerve can cause nerve ischemia and venous con-
gestion of the nerve. In addition, the optic canal is susceptible
to injury when least nourished [30].

In pneumatised sphenoid sinuses and in females, type 3
carotid canal (protrudation to SS wall) (bilaterally) and type
1 optic canal type (no indentation) (ipsilateral side) were de-
tected more. In elderly patients, carotid and optic canal width
increased. Age-related intracranial signs of atherosclerosis
along the course of the ICA [31, 32], hypertension and oste-
oporosis may cause these increased carotid and optic canal
widths in elderly patients. When carotid canal protrudation
was detected, there was no indentation in optic canals.
Carotid and optic canal diameters increased together. Sirikci
et al. [29] reported that the pneumatised sphenoid sinus could
disrupt the anatomic configuration and weaken the bony in the
lateral wall, creating a greater risk of optic nerve and carotid
artery disease [29]. Excessive pneumatisation of the sphenoid
sinuses with protrusion of both internal carotid arteries was
also reported by Baldea and Sandu [19]. Maniglia et al. [14]
reported that in 75% of the cases, in the well-pneumatised
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sinuses, there is optic nerve impression on the lateral sinus
wall. Baldea and Sandu [19] reported that it can be visualized
endoscopically and represents an orientation landmark to be
avoided. In our study, we showed that carotid canal
protrudation and greater risk in surgery were present in
pneumatised SS similar to Sirikci et al. [29], Baldea and
Sandu [19] and Maniglia et al. [14] studies. However, type 1
(no indentation) optic canal was present in highly
pneumatised SS with lower risk for the surgery. This result
of our study is different from Sirikci et al. [29] study.

To prevent morbid consequences at the time of surgery, cli-
nicians have to determine the location and size of the sphenoid
sinus walls and their relationship to adjacent vital structures [9].

Conclusion

When pneumatised SS is seen, careful handling of functional
endoscopic sinus surgery is necessary, as carotid canal protru-
sion may be a risk. In women, the risk of carotid canal pro-
truding (about 1/3) is greater than that of males, and carotid
canal dehiscence rates are also higher in females. Therefore,
physicians should be very careful during the preparatory
stages of the sphenoid sinus surgery. Otherwise, it may not
be possible to prevent lethal carotid artery bleeds. Different
from the carotid canal, optic canal classification is type 1 (no
indentation) in patients with highly pneumatised sphenoid si-
nus and surgical trauma risks to the optic canal is lower in
these patients. Our study provides detailed measurements in
the sphenoid sinus, carotid canal and optic canal and our rec-
ommendations to the surgeons to avoid complications.

Author contributions Neşe ASAL: Planning, designing, data collection,
literature survey.

Nuray Bayar Muluk: Planning, designing, literature survey, statistical
analysis, writing.

Mikail INAL: Planning, designing, literature survey.
Mehmet Hamdi ŞAHAN: Planning, designing, literature survey.
Adil Doğan: Planning, designing, literature survey.
Osman Kürşat Arıkan: Planning, designing, literature survey.

Compliance with ethical standards

This retrospective study was conducted in Kırıkkale University Faculty of
Medicine according to the principles of the Declaration of Helsinki.
Ethics committee approval was obtained from Adana City Training and
Research Hospital; Clinical Researches Ethics Committee was also taken
(Date: 27.03.2018, Number:184).

Conflict of interest The author Neşe ASAL declares that he has no
conflict of interest.

The author Nuray BAYAR MULUK declares that she has no conflict
of interest.

The author Mikail INAL declares that he has no conflict of interest.
The authorMehmet Hamdi ŞAHANdeclares that he has no conflict of

interest.
The author Adil Doğan declares that he has no conflict of interest.

The author Osman Kürşat Arıkan declares that he has no conflict of
interest.

References

1. Ahuja A, Guterman LR, Hopkins LN (1992) Carotid cavernous
fistula and false aneurysm of the cavernous carotid artery: compli-
cations of transsphenoidal surgery. Neurosurgery 31(4):774–779

2. Fukushima T, Maroon JC (1998) Repair of carotid artery perfora-
tions during transsphenoidal surgery. Surg Neurol 50:174–177

3. Janskowski R, Auque J, Simon C (1992) Endoscopic pituitary tu-
mor surgery. Laryngoscope 102:198–203

4. Stankiewicz JA (1987) Complications of endoscopic nasal surgery.
Occurrence and treatment. Am J Rhinol 1:45–49

5. Buus DR, Tse DT, Farris BK (1990) Ophthalmic complications of
sinus surgery. Ophthalmology 97:612–621

6. Cappabianca P, Cavallo LM, Coloa A et al (2002) Endoscopic
endonasal transsphenoidal approach: outcome analysis of 100 con-
secutive procedures. Minim Invasive Neurosurg 45:193–200

7. Hewaidi GH, Omami GM (2008) Anatomic variation of sphenoid
sinus and related structures in Libyan population: CT scan study.
Libyan J Med 3(3):128–133

8. Scuderi AJ, Harnsberger HR, Boyer RS (1993) Pneumatization of
the paranasal sinuses: normal features of importance to the accurate
interpretation of CT scans and MR images. AJR Am J Roentgenol
60:1101–1104

9. Hamid O, El Fiky L, Hassan O, Kotb A, El Fiky S (2008) Anatomic
variations of the sphenoid sinus and their impact on trans-sphenoid
PituitarySurgery. Skull Base 18(1):9–15

10. Yune H, Holden R, Smith J (1975) Normal variations and lesions of
the sphenoid sinus. Am J Roentgenol 124:129–138

11. Fujioka M, Yung L (1978) The sphenoid sinuses: radiographic pat-
terns of normal development and abnormal findings in infants and
children. Radiology 129:133–139

12. Liu S, Wang Z, Zhou B (2002) Related structures of the lateral
sphenoid wall anatomy studies in CT and MRI. Lin Chuang Er Bi
Yan Hou Ke Za Zhi 16:407–409

13. Maniglia AJ (1989) Fatal and major complications secondary to
nasal and sinus surgery. Laryngoscope 99:276–283

14. Maniglia AJ, Chandler J, Goodwin W et al (1981) Rare complica-
tions following ethmoidectomies: a repor of eleven cases.
Laryngoscope 91:1234–1244

15. Vaezi A, Cardenas E, Pinheiro-Neto C, Paluzzi A, Branstetter BF
4th, Gardner PA et al (2015) Classification of sphenoid sinus
Pneumatization: relevance for endoscopic Skull Base surgery.
Laryngoscope 125(3):577–581

16. Kapur E, Kapidzic A, Kulenovic A, Sarajlic L, Sahinovic A,
Sahinovic M (2012) Septation of the sphenoid sinus and its clinical
significance. Int J Collab Res Intern Med Public Health 4(10):
1793–1802

17. DeLano MC, Fun FY, Zinreich SJ (1996) Optic nerve relationship
to the posterior paranasal sinuses.CT anatomic study. AJR Am J
Neuroradiol 17:669–675

18. Reddy UD, Dev B (2012) Pictorial essay: anatomical variations of
paranasal sinuses on multidetector computed tomography-how
does it help FESS surgeons? Indian J Radiol Imaging 22(4):317–
324

19. Baldea V (2012) Sandu OE. CT study of the sphenoid sinus
pneumatization types. Romanian journal of. Rhinology 2(5):17–30

20. Cavallo LM, Messina A, Cappabianca P et al (2005) Endoscopic
endonasal surgery of the midline skull base: anatomical study and
clinical considerations. Neurosurg Focus 19:E2

528 Neurosurg Rev (2019) 42:519–529



21. Gibelli D, Cellina M, Gibelli S, Oliva AG, Termine G, Sforza C
(2017) Anatomical variants of sphenoid sinuses pneumatisation: a
CTscan study on a northern Italian population. Radiol Med 122(8):
575–580

22. Dal Secchi MM, Dolci RLL, Teixeira R, Lazarini PR (2018) An
analysis of anatomic variations of the sphenoid sinus and its rela-
tionship to the internal carotid artery. Int Arch Otorhinolaryngol
22(2):161–166

23. Birsen U, Gulsah B, Yasemin K et al (2006) Risky anatomic vari-
ations of sphenoid sinus for surgery. Surg Radiol Anat 28:195–201

24. Bolger WE, Butzin CA, Parsons DS (1991) Paranasal sinus bony
anatomic variations and mucosal abnormalities: CT analysis for
endoscopic sinus surgery. Laryngoscope 101:56–64

25. Delano MC, Fun FY, Zinrich SJ (1996) Relationship of the optic
nerve to the posterior paranasal sinuses: a CTanatomic study. Am J
Neuroradiol 17:669–675

26. Ahmadipour Y, Lemonas E, Maslehaty H, Goericke S, Stuck BA, el
Hindy N, Sure U, Mueller O (2016) Critical analysis of anatomical
landmarks within the sphenoid sinus for transsphenoidal surgery.
Eur Arch Otorhinolaryngol 273(11):3929–3936

27. Fuji K, Chambers A, Rhoton J (1979) Neurosurgical relationships
of the sphenoid sinus: a microsurgical study. J Neurosurg 50:31–39

28. Kennedy D, Zinrich H, HassabM (1990) The internal carotid artery
as it relates to endoscopic sheno-ethmoidectomy. Am J Rhinol 4:7–
12

29. Sirikci A, Bayazit YA, Bayram M, Mumbuç S, Güngör K,
KanlikamaM (2000)Variations of sphenoid sinus and related struc-
tures. Eur Radiol 10:844–848

30. Sofferman RA, Harris P (1995) The recovery potential of the optic
nerve. Laryngoscope 105(suppl):1–38

31. Damaskos S, Tsiklakis K, Syriopoulos K, der Stelt P (2015) Extra
and intracranial arterial calcifications in adults depicted as inciden-
tal findings on cone beam CT images. Acta Odontol Scand 73:202–
209

32. Damaskos S, Aartman IHA, Tsiklakis K, van der Stelt P, Berkhout
WER (2015) Association between extra- and intracranial calcifica-
tions of the internal carotid artery: a CBCT imaging study.
Dentomaxillofac Radiol 44:20140432

Neurosurg Rev (2019) 42:519–529 529


	Carotid canal and optic canal at sphenoid sinus
	Abstract
	Introduction
	Materials and methods
	Subjects
	CT imaging and analysis

	Statistical analysis
	Results
	Discussion
	Conclusion
	References


