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ABSTRACT

Background: Internal carotid artery (ICA) is a major source of blood supply to the brain. Awareness of
the petrous and cavernous parts of ICA is significant for radiological diagnosis and surgical interventions
on skull base. Though several angiographic studies and few endoscopic skull base studies have been done
on the artery, there are very few cadaveric dissection studies available in the literature on both the parts.
Aims: To study the morphology and morphometry of the petrous and cavernous parts of the ICA.
Materials and Methods: The study was conducted on fifty, formalin fixed head and neck specimens in the
department of Anatomy, Pushpagiri Institute of Medical Sciences and Research Centre, Thiruvalla, Kerala,
India. The petrous and cavernous parts of the ICA were dissected. The appearance of their curvatures were
studied, and any deviations from the normal were noted down. Their length and diameter were measured
in cms, and analyzed using mean, standard deviation and ‘t’ test.

Results: No abnormal curvatures were noted in the petrous part, but redundant curvature was observed in
the cavernous part in 30%, and was more frequent on the right side. Aneurysms were noted in 4% and 10%
of the petrous and cavernous parts respectively. The mean length and diameter of the petrous part were 3.8
=+ 0.39 cm and 0.49 £ 0.24 cm respectively, and those of the cavernous part were 3.59 £ 0.46cm and 0.48
+ 0.1cm respectively.

Conclusion: Petrous part of ICA is fairly constant in appearance, whereas redundant curvature can affect
the cavernous part (30%), and was more frequent on the right side. Aneurysms were less common, but
observed in both the parts. There is no significant difference between the length and diameter of both the
parts, which measured approximately 3.5 —4 cm and 0.5 cm respectively.

© 2020 Published by Innovative Publication. This is an open access article under the CC BY-NC license
(https://creativecommons.org/licenses/by-nc/4.0/)

1. Introduction

the sinus by piercing its dural roof at the anterior end. Now
it is seen in relation to the base of the brain and is called

Internal carotid artery [ICA] arises from the common
carotid artery at the level of the upper border of the thyroid
cartilage. Its course is divided into four parts, namely the
cervical, petrous, cavernous and cerebral parts. Cervical part
has a vertical extent from its origin to the base of the skull.
It then enters the lower end of the carotid canal that lies
within the petrous temporal bone. The petrous part runs
through the carotid canal and traverses the foramen lacerum,
before entering the cavernous sinus. The cavernous part runs
forwards within the sinus from behind forwards and exits
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the cerebral part. The branches arising from the petrous part
are the carotico-tympanic and pterygoid arteries, and those
from the cavernous part are the cavernous, hypophyseal and
meningeal branches. !

Petrous part of the artery follows the curvatures of
the carotid canal. Cavernous part has a slightly tortuous
appearance generally, but when it is marked, it has been
described as redundant curvature.? Variations in the length
and calibre of the vessel have been reported to affect the
haemodynamics of the vessel. Understanding this altered
hemodynamics is essential in managing patients with
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vascular conditions like cerebrovascular accidents. >
Aneurysm affecting the petrous and cavernous parts
of the ICA have been described in literature. They are
generally reported to be idiopathic and do not cause any
symptoms. They are generally noticed incidentally during
radiological studies.* Aberrant course of the petrous part
of ICA with bony dehiscence of the carotid canal into the
middle ear cavity, resembling a retro-tympanic mass, and as
a cause of hearing loss, has also been reported in literature.>
Awareness of variations in the course and dimensions
of the petrous and cavernous parts of the ICA would
be useful for radiologists in interpreting the findings on
cranial contrast arteriography, MR angiography and duplex
ultrasonography. Otolaryngologists and neurosurgeons
contemplating head and neck surgeries and skull base
surgeries should be aware of the variations affecting these
segments of the arteries in order to prevent complications.
In view of the paucity of literature on these two parts of
the artery, the present study was conducted to evaluate the
variations in the morphology of the petrous and cavernous
parts of the ICA, along with the morphometric analysis.

2. Materials and Methods

The study was carried out on both sides of 25 head and
neck specimens obtained from human cadavers of both the
sexes, that were routinely used for undergraduate teaching.
It was conducted in the Department of Anatomy, Pushpagiri
Institute of Medical Sciences and Research Centre,
Thiruvalla. Specimens that showed gross deformities were
excluded from the study. The ICA was dissected using the
Cunningham method.

Following removal of the brain, sagittal sections of the
head and neck specimens were taken. The petrous part was
exposed by breaking open a part of the petrous temporal
bone (using a chisel and mallet), bordered by the internal
acoustic meatus, superior petrosal sinus and the foramen
lacerum. The cavernous part was exposed by opening the
roof of the cavernous sinus. The curvatures of the two parts
of the arteries were studied and variations in their curvatures
were noted down.

The length of the petrous part was measured from the
lower end of the carotid canal to its upper end. (Figure 1)
The thread was carefully traced along the curvature of the
vessel within the canal. The length of the cavernous part
was measured from its point of entry within the cavernous
sinus to its exit from it by piercing its dural roof (Figure 2)
The length of both parts was measured using a thread and
ruler.

The diameter of the petrous part was measured at the
lower end of the carotid canal, and that of the cavernous
part was measured at the posterior end of the sinus,
using a Vernier caliper. The morphological parameters were
expressed in cms. Their mean and standard deviation were
calculated and analyzed using paired t test. And a p-value

less than 0.05 was considered to be significant.

3. Results

Out of the 50 specimens, 25 belonged to the right side and
25 belonged to the left side. Differentiation of the sex of the
specimens was not done.

Petrous part of ICA showed consistent pattern of
curvature within the carotid canal in all the specimens.
Redundant curvature of the cavernous part of the artery
was observed in 15 specimens (30%), one of them had
aneurysm associated with it (Figure 3). Redundant curvature
was noted with greater frequency on the right side. These
specimens showed significantly greater length and the
diameter compared to those without redundant curvature
(p<0.05).

In one specimen, on the right side (2%) aneurysm was
seen in both petrous and cavernous parts. In yet another
specimen, again on the right side (2%), it was noted in
petrous part only. And in total 5 specimens (10%) — 3 left-
sided and two right-sided; aneurysm was noted in cavernous
part only. Statistically significant increase in the diameter
was noticed in those specimens with aneurysm in both the
petrous (p<0.001) and cavernous parts (p=0.000).

The mean length and diameter of the petrous and
cavernous parts of the ICA are given in Table 1.

Fig. 1: Petrous part of ICA (between the 2 black lines), red arrow
— artery of pterygoid canal

4. Discussion

As per review of literature, ICA within the carotid canal,
initially runs upwards and laterally and then turns medially,
making an acute curvature. As the artery reaches the
foramen lacerum, it gradually bends forwards making an
obtuse angle. It runs over the cartilage covering the foramen
lacerum to reach the posterior end of the cavernous sinus.
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Table 1: Mean length and diameter of the petrous and cavernous parts

Mean length (cm) Mean diameter (cm)
Right (n=25) Left (n=25) Total (n=50) Right (n=25) Left (n=25) Total (n=50)
Petrous part 3.83 +0.45 3.88 +0.33 3.8 +£0.39 0.52 +0.33 0.46 £+ 0.08 cm 0.49 + 0.24
Cavernous part 3.62 +0.45 3.57 £ 0.47 3.59 + 0.46 0.48 +£0.11 0.48 +£0.1 0.48+ 0.1

The above parameters showed no significant side differences.

Fig. 2: Cavernous part of ICA between the two red lines blue arrow
- artery of pterygoid canal, black arrow - meningohypophyseal
trunk; A- terminal segment of cavernous part; B- terminal segment
of petrous part

Our present study showed consistent course and curvatures
of the petrous part of the ICA in all the specimens. The
curvatures of the petrous part of the ICA was studied in
detail by Vijaywargiya et al. in 2017.° They reported the
angle of the first bend to be ranging from very acute to
obtuse. But they found less variability in the angulation of
the second curvature.

The cavernous part of the ICA is generally described to
have a small amount of tortuosity. In our study, redundant
curvature as marked by pronounced tortuosity was noticed
in eight right sided and seven left sided specimens. The
total frequency obtained (30%) is comparable to that (33%)
observed by Jittapiromsak P et al. in their study on nine
cadaveric head and neck specimens.?

The intra-cavernous curve of the ICA correlates with
the curvature of the skull. The intra-cavernous arterial

Fig. 3: Redundant curvature (shown in black arrow)of cavernous
part of the artery associated with aneurysm (red arrow)

branches and intra-cavernous neural structures lie close to
each other in normal type of curvature. But they lie away
from each other in the redundant type. Thus there could be
an intraoperative risk of neural compression in this region in
patients with normal curvature.?

Aneurysms affecting the petrous part of the artery have
been described earlier in the literature. Most of them being
case reports, there is little data available on the frequency
of aneurysm involving the petrous part. They are usually
congenital and discovered accidentally in patients while
doing CT scans for other reasons.”We noticed aneurysm in
the petrous part in only 2 specimens (4%), and both were
right sided.

Sometimes, these aneurysms are large at the time of
diagnosis and are often associated with large thrombus. >0
They are reported to be the cause of varied symptoms
like headache, nasal congestion, hearing loss and tinnitus
in those patients. Further, rupture of the aneurysm as an
initial manifestation of the aneurysm has been reported
in approximately 25% of cases.!! Giant aneurysm in
the petrous part with a thrombus clinically presenting as
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Table 2: Comparison of the length anddiameter of the petrous and cavernous parts of ICA with previous studies.
Vijaywargiya et al. Takegoshi H et Isik Tuncer Present study
20179 [cadaveric al. 20077 2018 8[radiological  (cadaveric study)
study] (n= 56) [radiological study] (n=49) (n=50)
study] (n=345)

Petrous part Length (cm) 3.1 2.67 Not studied 3.8 +£0.39

Diameter (cm) 0.4 0.57 Not studied 0.49 4+ 0.24
Cavernous part Length (cm) 3.79 Not studied Not studied 3.59 £0.46

Diameter (cm) 0.39 Not studied 0.540.6 0.48+ 0.1

stroke,!! and pseudo- aneurysms, secondary to infections
in adjoining areas were also reported. !%13

Aneurysm of cavernous part of ICA was reported by
several authors. 1416 In the present study, we noticed intra-
cavernous aneurysm in 3 left sided and 2 right sided
specimens (10%). In one specimen on the right side, the
aneurysm coexisted with redundant curvature.

Aneurysms in the cavernous part of ICA tend to grow
from large to giant size before they manifest clinically.
Giant aneurysms causing compression of adjacent structures
and presenting with features of paralysis of adjacent
cranial nerves have been described earlier. Rupture of these
aneurysms is rare and results in direct communication
between the carotid artery and cavernous sinus.*

Review of literature shows only one cadaveric study by
Vijaywargiya et al. (2017) on the length and diameter of
petrous and cavernous parts of the artery.® The length and
diameter of the petrous part of the artery were measured on
CT scan by Takegoshi et al. in 20077 and diameter alone
of the cavernous part by Isik Tuncer in 2018.% The findings
of our study in comparison with their findings are given in
Table 2.

The values obtained in our study were slightly on
the higher side than those obtained by Vijaywargiya et
al.® except for the length of the cavernous part, which
was almost similar. The mean diameter obtained in our
study was slightly lesser than those obtained in both the
radiological studies. Whereas the length of the petrous part
was higher than that obtained on the radiological study by
Takegoshi et al.”

In specimens having redundant curvature of the
cavernous part of the artery, a statistically significant
increase in length and diameter of the artery was observed.
Similar observations were noticed by Vijaywargiya et al.®
They also observed that increasing length resulted in
sharper angulations. These findings strongly suggest that
longer and tortuous arteries indicate underlying increased
hemodynamic stress. Specimens showing aneurysm showed
significant increase in the diameter of the vessel in both
petrous and cavernous parts, whereas the length of the same
showed significant increase in the petrous part only.

Sometimes, the petrous part of the artery can have an
aberrant course, causing dehiscence of the bony carotid
canal, giving the appearance of a non-pulsatile mass in

the tympanic cavity. This imposes diagnostic challenges to
the otolaryngologists.” But we did not come across any
such aberrant course of the vessel. Congenital unilateral
absence of the ICA with inter-cavernous anastomosis was
also reported earlier. !7-18

Thorough knowledge of the variations in the course,
curvatures and morphometrical parameters of the petrous
and cavernous parts of the ICA will give a diagnostic edge to
the radiologists. It is also essential to the otolaryngologists
and neurosurgeons contemplating to perform procedures
like endoscopic skull base surgeries. This would help to
avoid devastating consequences that can occur when the
vessel is inadvertently injured in surgical exploration.

5. Conclusion

Petrous part of the ICA is generally constant in its
course and curvatures within the carotid canal, whereas
redundant curvature is present in approximately 30% of the
arteries in their cavernous parts. Redundant curvature of the
cavernous part always presents with increase in length and
diameter of the artery. Aneurysms are present in the petrous
and cavernous parts with a frequency of 4% and 10%
respectively. They are associated with significant increase
in the diameter of the vessel. The mean length and diameter
of the petrous and cavernous parts ranges from 3.5 — 4 cm
and 0.5cm respectively.

6. Abbreviations

ICA - Internal carotid artery, MR - Magnetic resonance
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