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Introduction

Extended endoscopic endonasal approaches 
for skull base pathologies are gaining popularity 
among neurosurgeons due to a  relatively low rate 
of complications and satisfactory results in terms 
of tumor resection and patients’ quality of life in 
the postoperative period [1]. Anatomical variations 
of the sphenoid sinus anatomy in relation to the 
optic nerve and internal carotid artery (ICA) are of 

great importance. Internal carotid artery injury is 
the most dangerous and life-threatening complica-
tion in patients operated on due to parasellar tu-
mors. Sphenoid septal attachment to the ICA pro-
tuberance within the sphenoid sinus was found to 
be one of the anatomical risk factors for ICA injury 
during transsphenoidal surgery [2]. In previous pub-
lications this anatomical relationship was found in 
only 11% or as many as in 87% of cases [3, 4]. Due 
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A b s t r a c t

Introduction: Internal carotid artery (ICA) injury is the most dangerous and life-threatening complication in patients 
operated on due to parasellar tumors via a minimally invasive endoscopic endonasal approach. Sphenoid septal 
attachment to the ICA protuberance within the sphenoid sinus was found to be one of the anatomical risk factors for 
ICA injury during transsphenoidal surgery.
Aim: To determine the relationship between the sphenoid sinus septa and the parasellar or paraclival internal carotid 
artery prominence based on our own material and a literature review. 
Material and methods: The axial plane scans of computed tomography angiography and a literature review of pre-
viously published papers on the septum variation and its connection with the ICA prominence are provided.
Results: Out of 100 sphenoid sinuses, 49 (49%) had at least one septum inserted at the ICA prominence. In the 
majority of cases 42 (86%) one septum was inserted at the prominence of one of the ICAs. In 7 (14%) cases, two 
separate septa were inserted at the prominences of both ICAs. Patients with multiple septa and those having an in-
complete septum were at higher risk of at least one of them being inserted at the ICA prominence within the sinus. 
Including cases from the literature review, the average number of septa per patient was 1.42. The risk of intersection 
between the septum and the ICA prominence was 32%.
Conclusions: A significant percentage of the intrasphenoidal septa are inserted at the sphenoidal ICA protuberance.
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to this uncertainty in the literature, we decided to 
reevaluate this problem. 

Aim

The aim of the study was to determine the ana-
tomical relationship between the sphenoidal sinus 
septation patterns and the ICA course based on our 
own material and a literature review.

Material and methods

In the first part of the study, we analyzed radio-
logical documentation of 100 patients who were 
treated in our department. We included only adults: 
65 women and 35 men. Their age varied from 20 
to 87, with the mean age of all patients being 55.6 
years. Computed tomography angiography (CTA) 
scans of patients with sellar or presellar types of 
sphenoid sinus pneumatization according to the 
classification presented by Hammer and Radberg 
were included in the study [5]. Patients with a con-
chal type of sphenoid sinus were excluded from the 
study (2 patients). In all cases CTA scans were done 
due to other than skull base tumor pathology. All an-
giograms were performed with 0.6 mm separation 
acquisition, and for the purpose of the study axial 
plane scans were reviewed. Each scan was assessed 
for sphenoid sinus septa quantity, its pattern and 
their relation to the ICA protuberance within the 
sphenoid sinus. During the assessment, complete 
and incomplete septa were taken into consideration. 
The differentiation between complete and incom-
plete septa was based on their simultaneous contact 
with the anterior and posterior sphenoid sinus wall. 
During the assessment of the pattern of the septa, 
those with one dominating main trunk and small 
branches were called “branched”. Each type of sep-
tal pattern is presented in Photo 1. Each exam was 
analyzed at least three times by two independent 
researchers. Where two researchers had different 
opinions, the final decision was based on consensus.

A review of the literature using the MEDLINE da-
tabase was performed to find papers on the septum 
variation and its connection with the ICA promi-
nence within the sphenoid sinus. Such key phrases 
as “sphenoid sinus anatomy” and “sphenoid sinus 
septations” were used to perform the search. Inclu-
sion criteria for review were limited to the English 
language. Exclusion criteria were studies which did 
not refer to the information about the interconnec-

tion between sphenoid septa and the ICA protuber-
ance. Any papers referenced by studies obtained 
from the initial Medline search were included in the 
study. We did not identify any review papers before 
this publication. Publications where it was impos-
sible to estimate the correct number of septa were 
excluded from the analysis [6, 7]. Factors such as the 
visualization method on which the study was based, 
the number of patients included in the study, the 
quantity of septa, average septa per patient, and the 
quantity of septa that had interconnection with the 
ICA protuberance were assessed. Since 1995, when 
Sethi et al. published the first paper where we found 
information about the interconnection between in-
trasphenoid septa and the ICA protuberance, we 
have been able to identify another 9 papers which 
had been published by the end of 2015. There were 
two purely anatomical [8, 9], 5 radiological [4, 10–
13] and 3 combining those two methods of assess-
ment [3, 4, 14]. There were studies which included 
patients with [4, 11, 12] or without [3, 8–10, 13, 14] 
pathology within or in proximity to the sphenoid 
sinus. A summary of all the studies is presented in 
Table I.

The paper does not report on primary research. 
All data analyzed were collected as a part of routine 
diagnosis. The paper does not report on the use of 
experimental or new protocols. Patients were diag-
nosed and treated according to best medical knowl-
edge. Due to above-mentioned reasons, ethics com-
mittee approval was not obtained.  

Statistical analysis

For statistical analysis, the c2 test was used to 
compare single septum and multiple septa groups, 
complete and incomplete groups and also to com-
pare “regular septa” with “branched septa” when 
a  normal distribution was observed. P < 0.05 was 
considered statistically significant.

Results

In the 100 patients included in the study, 136 
septa were identified, which gives 1,36 septa per pa-
tient. The quantity of septa within the sinus varied 
from none to three per patient. In 2% of sphenoid si-
nuses, either a complete or incomplete septum was 
not visualized. In the majority of cases (63%) one 
septum was found. In the rest of sinuses, more than 
one septum was recognized (35%). Those patients 
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had two (32%) or three septa (3%) within the sinus. 
One hundred out of 136 (73%) septa were assessed 
as complete and 36 (27%) as incomplete. Branched 
septa were identified only in patients in whom 
a complete septum was identified. They accounted 
for 15.4% of all septa and 21% out of only complete 
septa. In 21 (21%) cases a typical single midline sep-
tum dividing the sphenoid sinus into two parts of 
comparable size was found. Out of 100 sphenoid si-
nuses, 49 (49%) had at least one septum inserted at 
the ICA protuberance. In the majority of cases (42; 
86%), one septum was inserted at the protuberance 
of one of the ICAs. In 7 (14%) cases, two separate 
septa were inserted at both ICAs. We did not find 
any case where one ICA had a connection with more 
than one septum. Septa were more often inserted 

in the left ICA protuberance (23/42; 55%) than the 
right one (19/42; 45%). Among patients with a sin-
gle septum, its insertion at the ICA protuberance 
was recorded in 22 (35%) cases. In patients with 
multiple septa there was a higher rate that at least 
one of them would be inserted at the parasellar or 
paraclival ICA prominence. This pattern was found in 
33 out of 35 (94%) cases. When 3 septa were identi-
fied in all cases there was at least one interconnec-
tion between the septum and the ICA. The presence 
of multiple septa is statistically significant in terms 
of the risk of interconnections between the septum 
and the ICA protuberance (p < 0.05). The presence 
of an incomplete septum was also related to a high-
er incidence (p < 0.05) of connection between the 
septum and the ICA protuberance. This was pres-

Photo 1. Computed tomography angiography representing different types of sphenoid sinus patterns.  
A – Short thin white arrow indicates incomplete septa; White arrow head indicates complete septa. B – Scan 
where “branched type” of the septum was identified. C – Scan represents “typical” midline septum which 
divides sinus into two comparable compartments. D – Example of the sinus with two septa that have inter-
connection with both ICA protuberances. On scans A and D the white circle indicates a point of intercon-
nection between the septum and the ICA protuberance

A

C

B

D
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ent in 22/36 (61%) of cases of incomplete and in 
36/100 (36%) of complete septum. A similar rate of 
interconnection between the septum and the ICA 
protuberance was found when regular septa were 
compared to “branched septa”. An interconnection 
was found in 33 out of 79 (41.7%) sphenoid septa 
cases with regular septation patterns, and in 9 out 
of 21 (42.8%) where branched septa were recorded. 
This difference was not statistically significant (p = 
0.93) (Table II).

In total (including this paper) we were able to 
identify 903 patients (Table I). In those patients, ex-
cluding the paper of Sethi et al., we identified 1242 
septa. The average number of septa per patient was 
1.42. In 903 patients in 287 cases of sphenoid si-
nuses, we were able to identify at least one septum 
that had an interconnection with the ICA protuber-
ance within the sphenoid sinus. This gives the risk 
of interconnection between the septum and the ICA 
protuberance of 32%. The left and right ICA protu-
berance had an interconnection with septum in 58% 
and 42% of cases, respectively.

Discussion

Extended endoscopic endonasal approaches 
usually require a wide opening of the sphenoid sinus 
for sufficient visualization of the posterior wall of 
the sinus and to provide easy access to the operated 
region. This step often requires the removal of the 
septa from the sphenoid sinus. During the sphenoid 
sinus opening and also when a wide opening of the 
sella turcica is required, special attention should be 
paid to the ICA anatomical course.

Our study included 100 adult Caucasian patients, 
both men and women. Gender and ethnic group 
does not seem to influence the septa quantity and 
septation patterns within the sphenoid sinus [10]. 
We included only adult patients but similar observa-
tions can be made for patients over 12 years of age, 
when the sphenoid sinus reaches its full size and fi-
nal anatomical configuration. This is the time when 
the process of pneumatization, which usually starts 
12 months after birth, ends [15]. In none of the pre-
sented patients was there a history of pituitary or 
parasellar tumor, which may affect the anatomy 
of the sinus. For the purpose of our study we used 
CTA axial scans, which were found to be superior in 
most studies in terms of septa identification in pre-
operative imaging, and completely repetitive when 
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compared with coronal scans [3, 14], although one 
publication found the superiority of coronal over axi-
al scans in terms of septa assessment [10]. For prop-
er visualization of soft tissue, magnetic resonance 
seems to be superior to computed tomography (CT) 
scans but there is no doubt that for skull base ori-
entation CT is beneficial [14]. One of the papers was 
based only on MRI scans and it had to be excluded 
from the analysis because it was impossible to es-
timate the quantity of septa that had an intercon-
nection with the ICA protuberance [7]. The comput-
ed tomography with thicker separation acquisition 
scans that we used in our study had been previous-
ly validated and found to be highly reproductive in 
terms of sphenoid sinus septation patterns when an 
endoscopic transsphenoidal approach was used [3]. 
Patients with a conchal or nonpneumatized type of 
pneumatization assessed on sagittal scans were ex-
cluded from the study due to lack of septations in 
this type of the sinus in general. Those two types of 
pneumatization account for about 2% of all sinuses 
in the literature and also in our group [4, 13, 16].

Septa are long and thin layers that divide the 
sinus into compartments. They usually originate at 
the site of fusion of the several synchondroses of 
the sphenoid bone. There is a great variety of septa 
quantity, morphological type, their orientation with-
in the sinus and position with respect to the midline 
[7]. In the present paper, the mean quantity of sep-
ta within the sinus was 1.36 septa per patient. In 
the literature this quantity varied from 1.04 up to as 
many as 2.9 per patient [4, 10]. In 2% of sphenoid si-
nuses, neither a complete nor an incomplete septum 
was visualized. In a  similar percentage of patients 
in the available literature, a lack of septa within the 
well-pneumatized sinus has been recognized [10]. 
However, in one study no septa within the sinus was 
recognized in almost 11% of patients [4]. In most 
of the papers as well as in the present paper, most 
frequently only one septum is recognized [4]. From 
the reviewed papers, the highest reported num-
ber of septa within the sphenoid sinus was 6 [10]. 
Sphenoid sinus septa quantity seems to be higher 
in patients with acromegaly and there is also a high-

Table II. Summary of the results from the present study (n = 100)

Septa quantity In total – 136 septa 0 septum within sinus – 2 (2%)

1 septum within sinus – 63 (63%)

2 septa within sinus – 32 (32%)

3 septa within sinus – 3 (3%)

Septa pattern Incomplete – 36 septa

Complete – 100 septa Branched septum – 21 (21%)

Regular septum – 79 (79%)

Septum–ICA interconnection (+) 49 (49%) sinuses Left ICA – 19 (45%)

Right ICA – 23 (55%)

(–) 51 (51%) sinuses

Septum quantity and the risk of 
septum–ICA interconnection

Single septum
22/63 (35%)

Multiple septa
33/35 (94%)

Statistically significant difference p < 0.05

Septum completeness and the risk 
of septum–ICA interconnection

Complete septum
36/100 (36%)

Incomplete septum
22/36 (61%)

Statistically significant difference p < 0.05

Septum branching and the risk of 
septum–ICA interconnection

Regular septum
33/79 (42%)

“Branched septum”
9/21 (43%)

Difference was not statistically significant, p = 0.93
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er tendency for the conchal type of pneumatization 
in those patients and those septa inserts at the ICA 
protuberance [11].

The typical midline septum, which divides the si-
nus into two comparable compartments was seen in 
21% of cases in the present group, which is similar 
to the paper by Zada et al. and significantly more 
common than in the paper presented by Fernandez- 
Miranda et al. [3, 7]. Contrary to the typical midline 
textbook definition of sphenoid sinus septations, 
most septa are asymmetrical [17]. According to 
those findings, other anatomical landmarks should 
be used as a  midline landmark, which is of great 
importance during a transsphenoidal procedure. Ac-
cording to the present and the previous literature, 
the vomer seems to be the best landmark for the 
midline orientation [7]. Other structures, such as the 
midline filum of the sellar dura, can also be useful 
according to Zada et al. [18].

The percentage of sphenoid sinuses where at 
least one septum was involved with the ICA protu-
berance was 49% in the present paper. In the avail-
able literature, the percentage of this interconnection 
ranges from 11% to 87% [3, 4, 10]. In our paper and 
in those we reviewed, usually only one ICA protuber-
ance had an interconnection with the septum. In the 
paper of Poirier et al. both ICAs were involved in 3.4% 
of the cases, which is a  lower rate when compared 
with the our material, 14% [12]. In none of our cases, 
and in those we reviewed only one ICA had a connec-
tion with more than one septum. Patients with mul-
tiple septa have a higher risk that one of the septa 
will connect with the ICA protuberance. The risk of 
the septum having an interconnection was related to 
the number of the septa within the sinus. In the case 
of 3 septa, at least one of them was found to have 
this kind of interconnection. In the paper of Abdul-
lah et al. patients with multiple septa accounted for 
81.8% of sinuses with an interconnection between 
the septa and the ICA protuberance, and in the paper 
of Hamid et al. the presence of accessory septa was 
also found to be more common when in connection 
with the ICA [4, 10]. The second factor that may point 
to an increased risk is presence of incomplete septa. 
Incomplete septa in some papers was defined as an 
accessory septa. In the paper of Fernandez-Miranda  
et al. those two types of septation patterns were 
identified but there was no information about the in-
cidence of interconnection between the ICA protuber-
ance and septa [3]. In patients where a “branched” 

septum was visualized, we did not find that this type 
of septum was more highly predisposed to have an 
interconnection with the ICA protuberance. This type 
of septum in its description is similar to the term 
“complex” septum in the papers that we reviewed.

During surgery the surgeon has to be familiar 
with the patient’s sphenoidal sinus septal anatomy 
before any attempts to remove it are made. As men-
tioned before, it may be attached to the ICA protu-
berance or to the optic nerve. Septum drilling instead 
of septum fracture should be a  preferred method 
for its removal [3, 10]. Several authors pointed out 
that this maneuver is very risky in cases where the 
septum has a connection with the ICA prominence 
[19, 20]. The removal of the septa should be ideally 
performed using a high speed drill and in a paral-
lel direction to the course of the ICA using a  3 or  
4 mm diamond burr [3]. One should keep in mind 
that complete septal removal is not always required 
for proper sella visualization due to the fact that 
their origin is usually lateral to the sella turcica [21]. 
Another important fact about the surgery around 
the sphenoid sinus and ICAs is the proximity of the 
ICA to the midline. In some cases it can be as close 
as 4 mm [17]. In those cases the transcranial route 
should considered. Patients with acromegaly are at 
increased risk of this unfavorable anatomical config-
uration [11]. Additionally, attention should be paid 
to the thin bony wall over the ICA within the sinus 
or its dehiscence over the ICA and when it is cov-
ered only by sphenoidal mucosa. This is seen in up 
to 25% of cases based on radiological and in almost 
5% of cases in anatomical studies [8, 10]. In our un-
published material, lack of bony covering around the 
ICA within the sphenoid sinus was found in 9% of 
cases based on radiological study. In all cases this 
dehiscence is found in the pre-sellar segment, which 
is adjacent to the anterior wall of the sella [8].

Conclusions

Each presented paper, including this one, is 
based on a relatively small number of patients and 
each was based on studies on patients from differ-
ent ethnic groups. In our opinion, this analysis of 
almost one thousand patients gives more complex 
information about this topic by combining different 
techniques and different ethnic groups. We can say 
that the average number of septa within the sinus is 
more than one. The risk of at least one septum hav-
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ing an interconnection with the ICA protuberance is 
estimated to be 32%. 
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