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Abstract

Background
Congenital absence of the internal carotid artery (ICA) is a very rare congenital anomaly of the ICA. Most
reports in the literature are of individual cases, and most were diagnosed by computed tomographic
angiography (CTA) or digital subtraction angiography (DSA). There are few reports on the diagnosis of
congenital absence of the ICA by carotid Doppler ultrasound (CDUS).

Case presentation:
A 61-year-old male patient who was admitted to the hospital because of dizziness and showed no
abnormality on CDUS conducted at another hospital. CDUS conducted at our hospital found
maldevelopment of the right common carotid artery (RCCA) with normal a blood �ow velocity and
spectrum. A high-resistance frequency spectrum could be detected in the “ICA” that continued directly
from the RCCA, and two adjacent small blood vessel branches were also observed. Super�cial temporal
artery tap and tracing of the courses of the small blood vessels con�rmed that the RCCA directly
continued to the external carotid artery (ECA). The �nal diagnosis was congenital absence of the ICA,
which was con�rmed during the clipping of an anterior communicating artery (ACoA) aneurysm.

Conclusion
CDUS, as a noninvasive and rapid screening tool for cervical vascular diseases, offers a new approach
for the diagnosis of congenital absence of the ICA.

Background
The internal carotid artery (ICA) is one of the main arteries that supplies blood to the brain and one of the
most stable blood vessels in human body. Congenital anatomical variation rarely occurs, and congenital
absence of the ICA is even rarer, with an incidence rate of less than 0.01% [1–3]. Congenital absence of the
ICA often has no obvious clinical symptoms; therefore, it is often discovered by chance during physical
examination. However, ICA absence is often accompanied by the formation of an intracranial aneurysm
[1], which may lead to serious complications, such as aneurysm rupture and bleeding and even death.
Therefore, early and accurate diagnosis of congenital absence of the ICA is an important measure to
prevent stroke. Carotid Doppler ultrasound (CDUS), the most commonly used screening tool for carotid
artery diseases, allows the dynamic observation of the courses, lumen diameters and wall structures of
the carotid arteries; provides information about the blood �ow velocity and spectrum; and aids in the
evaluation of hemodynamic changes and the diagnosis of congenital dysplasia. Congenital absence of
the ICA is rare and is usually diagnosed by computed tomographic angiography (CTA) or digital
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subtraction angiography (DSA) in the clinic. Radiologists may not have adequate knowledge about this
disease and its ultrasonic characteristics. Therefore, missed diagnosis may occur.

Case Presentation
The patient was a 61-year-old male who was admitted to hospital due to dizziness for more than half a
month. He was known to have had hypertension for more than half a month and denied a history of heart
disease, diabetes, cerebrovascular disease or mental illness. He had smoked for 40 years, with an
average consumption of 20 cigarettes/day. He had a 40-year history of drinking history and consumed an
average of approximately 100 ml of alcohol/day. Physical examination showed that the patient was
conscious and had a blood pressure of 162/86 mmHg. The bilateral frontal lines were symmetrical, and
the nasolabial grooves showed no shallowing. No skewness in the corner of the mouth was observed. No
eyelid ptosis was found. Bilateral facial sensation, shallow sensation and muscle tension of trunk and
limbs revealed no abnormalities. Bilateral pathological signs were negative. CDUS performed at an
outside hospital showed no abnormality.

CDUS conducted at our hospital showed uneven intima-media thickening of the bilateral common carotid
arteries (CCAs) and a "bifurcation structure" comprising a directly continuing "ICA" and two adjacent small
blood vessel branches observed in the right common carotid artery (RCCA) (Fig. 1a). The measured
values of the RCCA suggested maldevelopment of the RCCA with normal blood �ow velocity and
spectrum (Fig. 1b). The right "ICA" showed a high-resistance spectrum, indicated by sawtooth-like
changes during diastole upon temporal artery tap (Fig. 1c). After tracing the course of two small blood
vessels, we was con�rmed that the right "ICA" was actually the external carotid artery (ECA), the RCCA
continued directly to the ECA, and the two small blood vessels were branch arteries of the ECA. Therefore,
congenital absence of the ICA was considered.

CTA (Fig. 2) showed that the right ICA (RICA) was absent, the RCCA had no obvious bifurcation, the left
CCA (LCCA) and the left ICA (LICA) were thick, LICA C7 was slightly calci�ed, right anterior cerebral artery
(RACA) A1 was absent, the RACA originated from the left ACA (LACA), and the right middle cerebral artery
(RMCA) originated from an LICA branch. A nodular aneurysm with a diameter of approximately 3.7 mm
could be observed in the anterior communicating artery (ACoA). DSA (Fig. 3) revealed an ACoA aneurysm.
The RICA was not developed, the RACA was supplied by the LACA through the ACoA, and the RMCA was
supplied by the LICA through an anastomotic branch between the cavernous sinuses.

After relevant preoperative examinations were performed, the patient underwent right craniotomy and
clipping of the aneurysm under general anesthesia 8 days after admission. During the operation, an
aneurysm approximately 4×3 mm in size was observed in the ACoA complex of the brain, and the RICA
was not explored. It was observed that the LICA sent out a lateral branch vessel that connected with the
RMCA above the tuberculum sellae and below the dura mater (Fig. 4). Postoperative diagnosis indicated
1. ACoA aneurysm; 2. Congenital absence of the RICA.
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Discussion And Conclusion
At present, the pathogenesis of congenital absence of the ICA is unclear. The disease may be related to
the arrested development or secondary degeneration of the ICA during embryonic development. Published
studies [1–3] have reported that the incidence of congenital absence of the ICA is less than 0.01%;
unilateral absence of ICA is more common, with a ratio of left absence to right absence of approximately
3:1. Bilateral absence accounts for less than 10% of all cases of congenital absence of the ICA. Patients
with congenital absence of the ICA often have no clinical symptoms due to compensation by the
collateral circulation of Willis circle. Some patients may experience noncharacteristic symptoms such as
tinnitus, dizziness, headache, etc., and a small number of patients may be admitted to the hospital due to
aneurysm rupture or epilepsy [4]. Lie [5] divided congenital absence of ICA into 6 types according to the
compensatory pathways of collateral circulation. In Type A (unilateral absence of the ICA), the most
common type encountered in clinical practice, the affected ACA is supplied by the contralateral ACA via
the ACoA, and the affected MCA is supplied by the ipsilateral posterior cerebral artery (PCA). In Type B
(unilateral absence of ICA), the affected ACA and MCA are supplied by the contralateral ACA via the
ACoA. In Type C (bilateral absence of ICA), the bilateral ACAs and MCAs pass through the posterior
communicating artery (PCoA) to supply blood from the posterior cerebral circulation. In Type D (unilateral
absence of ICA), the siphon section of the affected ICA is supplied by the contralateral ICA via the
formation of an anastomotic branch between the cavernous sinuses. In Type E, the bilateral small ACAs
are supplied by the bilateral maldeveloped ICAs, and the bilateral MCAs are supplied by the PCA via the
PCoA. In Type F, the ACA and MCA on the affected side are supplied by anastomosis of the ECA-internal
maxillary artery to the skull base, that is, the skull base microvascular network. In the present case, the
RACA A1 was absent, the RACA was supplied by the LACA via the ACoA, and the RMCA was supplied by
the LICA through an anastomotic branch between the cavernous sinuses; this corresponds to Type D in
the Lie classi�cation and is very rare. According to the study results of Jesse et al. [6], the incidence of
intracranial aneurysms in the general population is approximately 2%-4%, while the incidence of
intracranial aneurysms in patients with congenital absence of the ICA is as high as 25%-43%, which may
be due to congenital dysplasia of the vascular wall or abnormal hemodynamics [7]. Therefore, early and
accurate diagnosis of congenital absence of the ICA and regular monitoring of the occurrence and
development of intracranial aneurysms are important for preventing cerebral hemorrhage and
subarachnoid hemorrhage [8].

CDUS is the most commonly used screening tool for cervical vascular diseases. It offers the advantages
of high resolution, high safety, convenience and low cost and plays an important role in the diagnosis of
congenital dysplasia of the carotid artery. Because congenital absence of the ICA is rare, most reports are
individual cases, and most cases are diagnosed by CTA or DSA, there are few reports on the diagnosis of
congenital absence of the ICA by CDUS. Radiologists may not have adequate knowledge about this
disease and its ultrasonic characteristics, which may lead to missed diagnosis. In the present case, CDUS
conducted at an outside hospital showed no abnormality. During examination, we found that the patient’s
RCCA was maldeveloped, but its blood �ow velocity and spectrum were normal. When we saw the
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bifurcated structure of the RCCA, we mistakenly thought that the thicker blood vessel that continued
directly was the ICA. Pulse Doppler showed that its resistance index(RI) was signi�cantly higher than that
of the LICA and slightly higher than that of the RCCA; therefore, it was suspected to be the ECA. A
super�cial temporal artery tap was carried out, and the result showed sawtooth-like changes in the
diastolic spectrum. Careful scanning revealed that there were two adjacent small blood vessel branches
at the "bifurcation". By tracing their courses, we observed that the �rst branch was the superior thyroid
artery, and the other branch went towards the side of the head. Therefore, it was con�rmed that the RCCA
continued directly to the ECA. The patient was �nally diagnosed with congenital absence of the ICA.

When absence of the ICA is suspected on ultrasonography, it should be differentiated from ICA occlusion.
Occlusion of the ICA is most often caused by the formation of an atherosclerotic plaque, but it can also
be observed in cases of arteritis, cardiogenic embolism, etc. Ultrasound can not only show the wall
structure of the occluded ICA but can sometimes be used to explore the stump of the ICA [9].
Transthoracic echocardiogram (TTE) can be performed when cardiogenic embolism is considered. Kaya
et al. [10] suggested that dysplasia of the CCA on the affected side is an important clue in the ultrasonic
diagnosis of congenital absence of the ICA. Yilmaz et al. [11] found that most patients with ICA occlusion
showed decreased peak systolic velocity and signi�cantly decreased peak diastolic velocity, and some
even presented with a reversed spectrum in the affected CCA. However, the peak systolic and diastolic
velocity of the CCA in congenital absence of the ICA is normal. Therefore, ICA occlusion can basically be
ruled out when the ICA is not visible and the CCA on the affected side shows a low-resistance spectrum.
In this case, the RCCA was maldeveloped, and the spectrum, blood �ow velocity and resistance of the
bilateral CCAs were very similar, without the obvious wall structure of the RICA. Therefore, it was
considered that the RICA was absent rather than occluded. In addition, because the ICA forms earlier than
the skull base, CT of the skull base can also assist in the diagnosis of congenital absence of the ICA if
the bony carotid canal is maldeveloped or not developed [7].

Taken together, CDUS, as a noninvasive and rapid screening tool for cervical vascular diseases, offers a
new approach for the diagnosis of congenital absence of the ICA. Radiologists should improve their
understanding of the disease and its corresponding ultrasonic characteristics. When maldevelopment of
the CCA is found on one side and pulse Doppler shows that the blood �ow velocity and spectrum are
normal, and the ipsilateral ICA is not visible, the possibility of congenital absence of the ICA should be
considered.
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arterie; RICA: Right internal carotid artery; LICA: Left internal carotid artery; ACA: Anterior cerebral artery;
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Figures

Figure 1

Carotid Doppler ultrasound. a A "bifurcated structure" of the RCCA - a directly continuing "ICA" and two
adjacent small blood vessel branches (arrows). b Pulsed Doppler ultrasound shows that the blood �ow
velocity and spectrum of the RCCA are normal during systole and diastole. c Pulsed Doppler ultrasound
shows an obvious anterograde diastolic blood �ow spectrum of the right "ICA" and typical diastolic
sawtooth-like changes during super�cial temporal artery tap.
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Figure 2

Three-dimensional computerized tomography angiography. The RCCA is thinner than the LCCA and
continues directly to the ECA. The LICA connects with the RMCA via an anastomotic branch between the
cavernous sinuses (long arrow), and the LACA connects with the RACA via the ACoA, showing an ACoA
aneurysm (short arrow).
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Figure 3

Digital subtraction angiography. a The RCCA is obviously thinner than the LCCA, and no bifurcated
structure is found. b The RCCA continues directly to the ECA. c The RMCA is supplied by the LICA via the
anastomotic branch between the cavernous sinuses (long arrow), and the RACA is supplied by the LACA
via ACoA, showing an ACoA aneurysm (short arrow).

Figure 4

Intraoperative macroscopic view. a The anastomotic branch between the cavernous sinuses (arrow)
originates from the LICA and travels under the dura mater and above the tuberculum sellae. b The ACoA
aneurysm(asterisk).


