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AbstrAct:   Introduction: In endoscopic endonasal transsphenoidal procedures, ICA injury occurs in up to 3.8% [1]. The highest hazard 
of injury is in case of contact between the ICA and pituitary gland, during opening of the dura. Preoperative imaging, i.e. CTA, 
MRA, supports objectively intraoperative techniques of imaging. CTA as well as MRA are essential to access anatomic details 
in variability of cavernous segments of the ICA (C4 ICA). 

  Aim: The aim of the study was to measure the space between Internal Carotid Arteries and distances between the pituitary 
gland and ICA on both sides. 

  Material and methods: Anatomic relations between left and right ICAs were accessed on CTA (coronal scans) at levels: A – 
The most concave point of the C4–C5 bend; B – The most convex point of the C4 bend; C – The C4 posterior ascending portion. 
Distances between pituitary gland and ICAs were measured on both sides on MRA (axial scans): A’ – The most concave point 
of C4–C5 bend; B’ – The most convex point of the C4 bend. The Statistica 13 (StatSoft) software was used for the statistical 
analysis. The Mann-Whitney U test was applied to determine differences between the groups. To analyze the strength of 
correlations between the quantitative variables, Spearman’s rank correlation coefficients were calculated. The results were 
considered statistically significant at the level of P < 0.05. 

  conclusion: Distance reduction was shown between pituitary glands and cavernous segment (C4) of ICAs on both sides, 
which is related to age. This has impact on surgical planning and highlights the risk of intraoperative injury of ICAs.

Keywords:   adenoma, cavernous segment (C4) of internal carotid artery (ICA), computed tomography angiography (CTA), endoscopic 
endonasal transsphenoidal surgery, magnetic resonance angiography (MRA), pituitary gland

AbbrevIAtIons

CTA – computed tomography angiography 
ICA – internal carotid artery 
MRA – magnetic resonance angiography 
PETC – piezoelectric osteotome in endoscopic transsphenoidal 
craniotomies

IntroductIon

Detailed understanding of parasellar anatomy is crucial in case of 
low Internal Carotid Artery (ICA) injuries in all transsphenoidal 
endoscopic operations. However, there is still an important ques-
tion of how to decrease the risk of ICA injury or to avoid it entirely. 
The lesions of the sellar and suprasellar space require surgical access 
which extends to the edges of the cavernous sinuses bilaterally, to 
the sellar floor inferiorly and to the tuberculum sella superiorly. The 
extent of bone removal is determined by required approach i.e. su-
prasellar, planum, clival, retroclival and cavernous sinus. Although 
dura opening in extended methods (i.e. suprasellar, retroclival, cav-
ernous sinus) is performed, there is a hazard of not only ICA inju-
ry, but also damage to other vessels (i.e. anterior cerebral artery or 
basilar artery) [2]. Thus, localization of the cavernous ICA segment 
is indispensable before sellar dura opening, both on preoperative 
imaging and intraoperative monitoring or microvascular Doppler 
probe. Preoperative imaging is essential to access specific anatomic 
details in variability of cavernous carotid arteries. According to Fujii, 
Jho et al. [3, 4], in case of normal-sized sella, the cavernous carotid 

arteries are separated by a distance of 13.9–17 mm. The difficulties 
occur when pituitary masses e.g. macroadenomas splay or encase 
the cavernous part of the ICA. Moreover, Dusick et al. [1] suggest 
that it is hardly possible to differentiate precisely sellar dura from 
cavernous sinus dura. Transition between sellar dura and cavern-
ous dura is an unreliable intraoperative marker of cavernous ICAs. 
Ample armamentarium of surgical navigation tools confirms fixed 
skull base landmarks. Also, intraoperative Doppler probe in transs-
phenoidal procedure indicates the trajectory of the ICA but all these 
devices require some subjective interpretation. Preoperative imag-
ing supports objectively intraoperative techniques.

The lateral wall of a well pneumatized sphenoid sinus is the medial 
wall of the cavernous sinus, which is located laterally to the sella 
turcica [5], thus if opening of the dura extends up to the edges of 
the cavernous sinus bilaterally, preoperative imaging of the cavern-
ous ICA segment is mandatory. In endoscopic endonasal transs-
phenoidal procedures, ICA injury occurs, ranging from 0 to 3.8% 
[1]. The highest risk of injury is in case of contact between the ICA 
and pituitary gland, during opening of the dura. Moreover, dis-
play of the cavernous ICA segment is also related to exposure of 
the cranial nerves e.g. III, IV, VI. According to Bouthilier et al. [6], 
the ICA is divided into 7 segments (C1 – cervical, C2 – petrous, 
C3 – lacerum, C4 – cavernous, C5 – clinoid, C6 – ophthalmic, C7 
– communicating). A more detailed classification, by DePow-
ell [7], presents consecutive segments: C3–C4 bend, C4 bend, 
C4–C5 bend. Detailed estimation of space interdependence be-
tween ICA C4 bend and pituitary gland reveals access to the cav-
ernous sinus in transsphenoidal endoscopic procedures.
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workstation (Vitrea, Vital Images) from measurement. Imaging 
data were anonymized before the analysis. The use of CTA and 
MRA as imaging techniques allows for an assessment of various 
planes and structures and therefore for an accurate and objective 
assessment of both soft and bone tissues.

The aim of the study was to measure the space between ICAs 
and distances between the pituitary gland and ICA on both sides.

Anatomic relations between left and right ICAs were accessed in 
CTA at levels (coronal scans):

A – The most concave point of the C4–C5 bend; 
B –The most convex point of the C4 bend;  
C –The C4 posterior ascending portion.

Distances between pituitary gland and ICAs were measured on 
both sides (axial scans) in MRA:

A’ – The most concave point of C4–C5 bend; 
B’ – The most convex point of the C4 bend.

results

Anatomic distances between left and right ICAs were accessed on 
CTA (coronal scans) at levels: Median: A – 22.1 mm; B – 16.3 mm; 
C – 20.7 mm. Distances between pituitary gland and ICAs were 
measured on both sides on MRA (axial scans): Median: A’ right 
– 1.4 mm; A’ left – 1.2 mm; B’ right – 1.3 mm; B’ left – 1.1 mm 
(because most of variables do not have normal distribution, we 
use “Median” in the description of the results).

dIscussIon

Endoscopic endonasal transsphenoidal surgery of the skull base 
is challenging mainly due to the proximity of neurovascular 
structures and a high risk of possible iatrogenic injuries. 
However, the risk is decreased with application of preoperative 
radiographic planning, appropriate surgical technique and 
surgeon’s experience.

MAterIAls And Methods

A total of 32 patients with pituitary gland tumor were enrolled. 
All included patients were females (25) and males (7), mean age 
53 years, with skull base lesion limited to the pituitary gland, its 
diameter being less than 1.0 cm without major intracranial exten-
sion and without involvement of nasal and paranasal cavities. All 
patients underwent CT angiography (CTA) and magnetic reso-
nance angiography (MRA) studies in Medical Center Diagnostics 
in Białystok. CTA was performed with a 320 – row CT scanner 
(Aquilion One, Toshiba). After a bolus injection of iodine contrast 
media (lomeprol 400 mg/mL, Bracco, Milan, Italy), volume CT 
scanning of the head was performed. The scan parameters were 
as follows: 120 KV, 300 mA, thickness 0.5 mm and reconstruction 
interval of 0.5 mm. MRA was conducted with a 3 tesla MRI (TI-
TAN, Toshiba) and performed with the following sequence param-
eters: repetition time/echo time = 21/3.4 msec; section thickness 
1.2 mm; flip angle, 15⁰; field of view, 210 x 210; matrix, 544 x 536 
and voxel volume 0.39 mm³. All CT data were transferred to the 

Fig. 1a.–c.   Cavernous sinus anatomy.

Fig. 2a.–b.   a. Statistical analysis (We use “Median” instead of “mean” in the description 
of the results, because most of variables do not have normal distribution); 
b. Statistical analysis correlated to age and sex.
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Dynamic scanning immediately after contrast administration 
may increase the sensitivity of MR in detecting small lesions, 
because peak enhancement of the microadenoma occurs after 
the normal pituitary tissue. For better tumor visualization, 
imaging of cranial nerve and vessel trajectory through 
basilar cisterns requires high-resolution heavily T2-weighted 
sequences [14]. However, both MRA and CTA demonstrate 
precisely the relations between vessels and other soft tissues at 
skull base. The pituitary gland enhances briskly after contrast 
administration because it has no blood-brain barrier. Higher 
signal intensity on T1WI sequences (pituitary “bright spot”) is 
a result of the presence of neurosecretory granules in the posterior 
part of the pituitary i.e. neurohypophysis, in contrast to the anterior 
part of the pituitary, called adenohypophysis. The posterior 
pituitary lobe does not include lipid so it does not suppress with fat-

Intraoperative damage or even minor lesion of the cavernous 
segment of the ICA may be a reason for sudden intraoperative 
bleeding, occlusion of carotid artery, vasospasm, late-onset 
formation of carotid shunt and pseudoaneurysm [8]. The use of 
intraoperative neuronavigation with imaging (CTA and MRI) is a 
standard in pituitary surgery before opening the lateral portion of 
the sella turcica and dura mater and this prevents from ICA injuries. 
Advancement in skull base – surgical instruments used to remove 
the posterior bony wall of the sphenoid sinus without damaging 
the dura mater or cavernous segment of the internal carotid artery 
has been currently observed. According to Cappabianca et al. [9] 
the use of low-profile, high-speed microdrills (4–2 mm diamond 
burr) in the procedure of bone removal, bone punches or ultrasonic 
bone curette with an oscillating metal tip, which cut hard bone 
tissue, leaving soft tissue intact (e.g. dura mater), enables operative 
efficiency and safety. However, Cappabianca et al. [9] and Rastinelli 
et al. [10] stressed that ultrasonic bone curettes do not replace high-
speed drills but rather help them. Rastinelli et al. [10] highlighted 
that ultrasonic bone curettes have advantage over high-speed drills 
only in the removal of loose pieces of bone in narrow corridors 
adjacent to vital neurovascular structures. On the other hand, 
piezosurgery used more frequently in maxillofacial procedures 
so far, finds its application also in skull base surgery thanks to its 
maneuverability and low risk of thermal injury. Tomazic et al. [11] 
were the first to use the piezoelectric osteotome in endoscopic 
transsphenoidal craniotomies (PETC) with bone flap reconstruction 
and proved its feasibility in cadaveric model study. The cutting effect 
in piezoelectric surgical devices is reserved for bony structures, 
while soft tissue (e.g. dura mater) remains intact due to its elasticity, 
but only in case when no force is applied. Nonetheless, although 
new equipment is being introduced, good visualization during 
the procedure is still an imperative. Bone dust, obstacles from 
drilling and irrigation hinder accurate visualization and only 
an experienced four-hand surgical team can coordinate steps 
of endonasal endoscopic transsphenoidal procedure with safe 
application of all accessible tools. Mattavelli et al. [12] highlighted 
the significance of preoperative imaging. Pneumatization of the 
sphenoid sinus, bony septations on carotid protuberance, density 
of bone surrounding the later one, length and course of the ICA 
at the skull base may differ as clinical practice shows. Moreover, 
Mattavelli et al. [12] stressed that intraoperative perspective is 
influenced by the surgical corridor but also by the angle of view in 
the surgical field. Intraoperative distortion of the endoscope optic 
can influence ICA visualization. The authors emphasize the role 
of “fish eye effect” which can lead to intraoperative compression 
of distance perception as high as 37% [12]. The “fish eye effect” 
featured by American physic R.W. Wood is based on the idea how 
a fish perceives a hemispherical view from beneath the plane 
of the water. Compression of the distance in the endoscopic 
perspective makes impression that structures situated away from 
the center of view seem to be closer to the screen than they really 
are [12]. Thus, preoperative imaging, estimation of ICA segments 
and comprehensive assessment of anatomical distances impact 
intraoperative surgical decisions.

Distinction between adjacent tumors and normal pituitary 
tissue is based on a preoperative MRI study. Nunes Hoffmann 
et al. [13] proposed an MRI protocol for imaging of the skull 
base in which MRI sequences extend from the vertex to the 
hard palate. To detect small lesions as pituitary microadenoma, 
dynamic contrast-enhanced imaging was recommended. 

Fig. 3.   There is a mean positive correlation between age and measurement B 
(R = 0.35; P = 0.47). Extension of the distance B is correlated with age and 
indicates excessive tortuosity of the cavernous segment (C4) of the ICA in the 
elderly population. This results in increased distance between the cavernous 
segment (C4) of the left and right ICA. A large span of dimension B requires 
special attention in younger individuals, where these distances are the shortest. 
Absence of age impact on distance A and C suggests an anatomically constant 
location of the posterior ascending cavernous section of ICAs on both sides.

Fig. 4.   There is a mean negative correlation between age and measurement A’ left 
(R = -0.41; P = 0.020). Statistically significant reduction of distance between 
the pituitary gland and ICAs on both sides (A’) is related to age. In the elderly 
population, these distances may be as low as 0.0 mm. This has impact on 
surgical planning and highlights the risk of ICA’s intraoperative injury.
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A standard MRI protocol for pituitary gland pathologies uses T2-
weighted axial, coronal and sagittal scans, as well T1-weighted im-
ages in sagittal and coronal planes before and after contrast media 
administration. We additionally used MRA and CTA images to ad-
equately locate a close relation with the cavernous segment of the 
ICA. These imaging methods allow not only for 2D but also 3D vi-
sualization of the carotid artery. As Stamm et al. [19] suggest, CTA 
provides simultaneous visualization of bony and vascular struc-
tures and precisely evaluates internal carotid and vertebrobasi- 
lar systems. In case when evidence of erosion in the lateral and 
posterior sphenoid walls is present, MRA assesses the structure 
of arteries and as Stamm et al. [19] stressed, it should be consid-
ered for visualization of basilar arteries and ICAs.

Following the principles of skull base radiographic imaging, we aimed 
to perform CTA and MRA imaging preoperatively, to access the dis-
tances between neurovascular structures and to gain information 
about a presumed risk of injury to the ICA during endoscopic en-
donasal transsphenoidal surgery. The distances between the pitu-
itary gland and ICAs, measured on axial scans at the most concave 
point of C4–C5 bend (A’) and at the most convex point of C4 bend 
(B’) on both sides, revealed a narrow corridor for surgical approach. 

According to the statistical analysis, there is a strong positive cor-
relation between distances A’ right and B’ right; A’ right and A’ left; 
A’ right and B’ left, B’ right and A’ left; B’ right and B’ left; A’ left and 
B’ left. The distance between the cavernous segment of the ICA 
(C4) and the pituitary gland varies. The angle between the con-
cave point of C4–C5 bend and the convex point of C4 bend is the 
result of ICA’s tortuosity in this particular area and it is not sym-
metrical to the opposite side in majority of cases. Both distances, 
A’ and B’, are shortened in case of tumor invasion into the cavernous 
sinus medial wall which is fenestrated and has less resistance against 
tumor. In a significant number of cases the cavernous segment of 
the ICA (C4) is not in direct contact with either pituitary or tu-
mor, and it is not encased by the tumor. 

Rhoton [17] found that the medial extent of the ICA and the lat-
eral surface of the pituitary gland are frequently separated by only 

suppression techniques. Age and gender of the patient determine 
the height of the pituitary gland, which in women of menstrual 
age is about 9 mm, in pregnant woman about 12 mm and in adult 
men and postmenstrual women reaches 8 mm [13, 15]. Microade- 
nomas (less than 1 cm in diameter) and macroadenomas (more 
than 1 cm in diameter) present heterogenous signal intensity on 
T2WI with hyperintense areas depicting necrotic or hemorrhagic 
areas. Normal pituitary tissue demonstrates strong enhancement, 
as opposed to tumors with less evident contrast enhancement. 

According to Leal et al. [16] during transsphenoidal endoscopic 
resection of pituitary macroadenomas, intraoperative microvas-
cular Doppler associated with neuronavigation (MRI and CTA) 
visualizes compatible arterial flow with anatomical location of the 
cavernous segment of the ICA. Nonetheless operative planning is 
based on preoperative imaging studies, both MRA and CTA, and 
still contributes to safe microdissection of tumors adjacent to the 
cavernous segment of the ICA.

Fig. 5.   A strong negative correlation between distances B and A’ right (R = -0.57; P = 0.001) 
confirms the tortuous course of the ICA which has significant impact on relation 
between the ICA and pituitary gland. Wide space between cavernous segments 
of both ICAs (B) in case of increased tortuosity results in short distance between 
the pituitary gland and the most concave point of C4–C5 bend (A’).

Fig. 7.   There is a mean negative correlation between distances B and B’ right (R = -0.36; 
P = 0.045). Reduction of the distance between both ICAs (B) decreases the distance 
between the pituitary gland and the most convex point of the C4 bend (B’).

Fig. 6.   There is a mean negative correlation between distances B and A’ left (R = -0.48; 
P = 0.005). Wide distance between cavernous segments of both ICAs (B) in case 
of excessive tortuosity results in short distance between the pituitary gland 
and the most concave point of C4–C5 bend (A’).
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of ICAs on both sides, in contrast to distance B. Extension of dis-
tance B is correlated with age and indicates excessive tortuosity of 
the cavernous segment (C4) of the ICA in the elderly population;

3.  Both preoperative CTA and MRA play pivotal role in imaging to 
evaluate distances in the region of the central skull base. MRA 
and CTA images locate adequately the relation with the cavernous 
segment of the ICA. These imaging methods allow also 3D 
visualization of the internal carotid artery.

2 mm (range 1–7 mm). However, the author highlighted that only 
in one quarter of patients, the ICA extends through the medial wall 
of the cavernous sinus and it is in direct contact with the pituitary 
gland. In the present study, a prevalent group of individuals have a 
slight space between C4 segment of the ICA and the pituitary gland 
(median: A’ right – 1.4 mm; A’ left – 1.2 mm; B’ right – 1.3 mm; 
B ’left – 1.1 mm). Intraoperative access to the medial wall of the 
cavernous sinus demands retraction of the pituitary gland or el-
evation of the cavernous segment of the ICA (C4) which causes 
risk when no space exists between C4 segment of the ICA and 
the pituitary gland. However, Cebula et al. [18] pointed out that 
the horizontal part of C4 segment of the ICA and its bend may be 
gently skeletonized and retracted allowing access to the medial 
– posterior part of the cavernous sinus.

Anatomic distances between left and right ICAs were estimat-
ed at levels A, B, C. Measurement reveals absence of symmetry, 
which, most of all, is caused by prominent tortuosity in the tra-
jectory of the ICA and tumor invasion. Moreover, the group of 
women (56 years) was significantly older than the group of men 
(34 years) and the estimation of A’ right, A’ left and B distanc-
es revealed greater differences and increased tortuosity of ves-
sel trajectory. The study concerning relation between tortuosity 
and age of the patients confirms that arterial aging is associated 
with increased tortuosity and tendency to vessel enlargement 
[19]. Similar results were obtained in the present study. The sta-
tistical analysis showed a positive correlation between age and 
distances B but also a negative correlation between age and dis-
tances A’ right and A’ left.

conclusIons

1.  Thorough knowledge of anatomy based on preoperative radio-
logical imaging helps in identifying risky steps, allows for ob-
taining potential safety corridors in microdissection and helps 
to anticipate the risk of injury to the cavernous segment of the 
ICA (C4) during opening of the posterior bony wall of the sphe-
noid sinus and dura mater or microdissection of the tumor;

2.  Absence of age impact on distance A and C suggests an anatomi-
cally constant location in the most concave point of the C4–C5 
bend (A) and in the posterior ascending cavernous section (C) 

Fig. 8.   Coronal CTA scan. Measurements of distance between the right and left 
internal carotid artery in the coronal plane.

Fig. 9.   Axial TOF MRA scan (Time of Flight, magnetic resonance angiography). 
Measurements of distance between the pituitary gland and carotid arteries.
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