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ANATOMIC VARIATIONS

Aberrant course of the petrous internal carotid artery associated 
with ipsilateral type 1 proatlantal artery

Kaho Watanabe1 · Akira Uchino1,2  · Hiroshi Kimura3 · Yasutaka Baba1

Received: 15 December 2021 / Accepted: 17 January 2022 / Published online: 24 January 2022 
© The Author(s), under exclusive licence to Springer-Verlag France SAS, part of Springer Nature 2022

Abstract
Purpose To describe an extremely rare case of an aberrant course of the petrous internal carotid artery (ICA) associated 
with an ipsilateral type 1 proatlantal artery (PA) that was diagnosed by cerebral magnetic resonance (MR) angiography.
Case report The patient was a 64-year-old man with double vision. Cerebral MR imaging and MR angiography were sub-
sequently performed using a 1.5-T scanner. MR angiography showed an aberrant course of the petrous right ICA that was 
associated with right type 1 PA. The left vertebral artery (VA) and proximal right VA were absent.
Discussion An aberrant course of the petrous ICA is rare but clinically significant, because it is dangerous during middle ear 
surgery. Type 1 PA is an extremely rare type of persistent fetal anastomosis between the carotid and vertebrobasilar systems. 
Type 1 PA is also clinically significant, because it is dangerous during craniovertebral junction surgery. We found no similar 
cases in the relevant English-language literature.
Conclusion Although both variations were seen ipsilaterally and were located relatively close to each other, the embryologi-
cal development of these variations is quite different. In addition, no similar case has been reported previously. Thus, these 
may have formed incidentally.

Keywords Anatomic variation · Cerebral arteries · Internal carotid artery · Magnetic resonance angiography · Proatlantal 
artery

Introduction

An aberrant course of the petrous internal carotid artery 
(ICA) is a rare but well-known arterial variation [1, 5, 
9]. It is diagnosed radiologically by a lateralized course 
of reduced-caliber ICA and passage through the middle 
ear cavity. Thus, the vertical segment of the petrous ICA 
is absent. Type 1 proatlantal artery (PA) is an extremely 
rare type of carotid-vertebrobasilar anastomosis [3, 4, 10]. 
It arises from the cervical segment of the ICA and travels 
upward parallel to the ICA. It penetrates the dura mater at 

the level of the superior margin of the atlas and enters the 
skull through the foramen magnum to anastomose with the 
proximal V4 segment of the vertebral artery (VA).

We present a case of an aberrant course of the petrous 
ICA that was associated with ipsilateral type 1 PA, which 
was diagnosed by magnetic resonance (MR) angiography. 
To our knowledge, no similar cases have been reported in 
the relevant English-language literature.

Case report

A 64-year-old man with double vision visited a general hos-
pital. A neurological examination revealed no significant 
abnormality; however, cerebral MR imaging and MR angi-
ography were subsequently performed using a 1.5-T scan-
ner (MAGNETOM Aera, Siemens Healthineers, Erlangen, 
Germany). MR angiography was performed with a standard 
3-dimensional time-of-flight technique.

MR imaging showed non-specific small white matter 
lesions (not shown). MR angiography showed an aberrant 
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course of the petrous right ICA that was associated with 
right type 1 PA (Fig. 1). The left VA and proximal right VA 
were absent.

Because there were no symptoms related to the variations, 
and no significant abnormality was found, he was treated 
conservatively. The clinical course was uneventful.

Discussion

Aberrant course of the petrous ICA

An aberrant course of the petrous ICA is a rare but clinically 
significant arterial variation that may cause pulsatile tinnitus, 
hearing loss, otalgia, and aural fullness [2]. The incidental 
diagnosis of the arterial variation by high-resolution CT, CT 
angiography, or MR angiography is not rare. This arterial 

variation is dangerous during middle ear surgery, because it 
runs in the middle ear cavity [5]. Takano et al. [6] reported 
that an aberrant course of the petrous ICA may be associated 
with life-threatening otorrhagia if it is inadvertently injured 
during middle ear surgery, including myringotomy.

Persistent stapedial artery (PSA), which is middle menin-
geal artery arising from the ICA, is thought to be involved in 
the development of an aberrant course of the petrous ICA, 
and the two are often combined [1]. In our case, a PSA was 
not observed. A case involving an aberrant course of the 
petrous ICA associated with an ipsilateral occipital artery 
(OA) arising from the cervical ICA was reported [9].

An aberrant course of the ICA is more frequently 
observed at the cervical segment, which is referred to as a 
retropharyngeal course of the ICA. This type is also dan-
gerous during pharyngeal surgery, including needle biopsy. 
Recently, an aberrant course of the precavernous–cavernous 
junction ICA was reported. This extremely rare type may 
be formed by segmental agenesis of the ICA with collat-
eral circulation via the proximal segment of the persistent 
trigeminal artery [8].

Type 1 proatlantal artery (PA)

There are four types of fetal anastomosis between the carotid 
and vertebrobasilar systems. These four types of anastomo-
ses: trigeminal, otic, hypoglossal and PA, regress normally 
during early gestational period. If a PA persists, it becomes 
a type 1 PA. A type 1 PA arises from the cervical ICA, 
runs parallel to the ICA, enters the intradural space via 
the foramen magnum, and finally continues to the proxi-
mal V4 segment of the VA. As was observed in our case, 
bilateral VAs are usually absent or hypoplastic [3]. Type 
1 PA is rarely associated with aortic arch variations, such 
as an aberrant course of the right subclavian artery and a 
left VA of direct aortic arch origin [4]. Most type 1 PAs 
are discovered incidentally. However, it remains important 
to recognize this rare arterial variation, particularly before 
performing craniovertebral junction surgery or endovascular 
treatment of vascular lesions of the upper neck. Montechiari 
et al. [3] reported a similar case to our patient and pointed 
out that careful follow-up is necessary, because the inability 
to compensate for the blockage of the posterior circulation 
can lead to catastrophic stroke.

Type 1 PA should not be confused with type 2 PA, which 
is regarded as a persistent first cervical intersegmental 
artery. A type 2 PA arises from the external carotid artery, 
runs posteriorly (similarly to the OA), anastomoses with the 
V3 segment of the VA, and enters the intradural space via 
the foramen magnum [10]. From this rare variation, the dis-
tal segment of the OA arises. Because both types enter the 
intradural space via the foramen magnum, important points 

Fig. 1  Antero-posterior (a), slightly oblique right lateral (b), and 
infero-superior (c) projections of magnetic resonance (MR) angiog-
raphy show the right aberrant course of the internal carotid artery 
(ICA) (long arrows) and right type 1 proatlantal artery (PA) (short 
arrows). The left vertebral artery (VA) and proximal right VA are 
absent. d, e MR angiographic source images show that the right ICA 
is located in the middle ear cavity (long arrow) and right anomalous 
artery is entering via the foramen magnum, indicating type 1 PA 
(short arrows)
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of differentiation between types 1and 2 are origin and proxi-
mal course.

Persistent hypoglossal artery (PHA) is the second most 
common type of anastomosis between the carotid and verte-
brobasilar systems. The PHA arises from the cervical ICA (a 
segment that is slightly distal in comparison to type 1 PA), 
runs upward parallel to the ICA (the same as type 1 PA), 
enters the intradural space via the hypoglossal canal, and 
anastomoses with the distal V4 segment of the VA. PHA 
is sometimes misdiagnosed as type 1 PA [7]. An important 
point of differentiation between type 1 PA and PHA is the 
level at which it enters the intradural space.

Combination of two rare variations

Both rare variations can be associated with other relatively 
common variations. However, our patient had two rare vari-
ations on the same side. No similar cases have been reported 
previously. As mentioned above, a case involving an aber-
rant course of the petrous ICA associated with ipsilateral OA 
arising from the cervical ICA was previously reported [9]. 
Because the OA arising from the cervical ICA is regarded 
as a partial remnant of the PA, our patient may have similar 
embryological relationship between an aberrant course of 
the petrous ICA and type 1 PA.

Although both variations in our patient were seen ipsi-
laterally and were located relatively close to each other, the 
embryological development of these variations is quite dif-
ferent. In addition, no similar case has been reported previ-
ously. Thus, these may have formed incidentally.

Conclusions

In the present case, an aberrant course of the petrous ICA 
associated with ipsilateral type 1 PA was incidentally diag-
nosed. This combination of two rare variations has not 
previously been reported. Thus, these may have formed 
incidentally.
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