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ABSTRACT
Objective — to evaluate the results of endoscopy-assisted surgical treatment of patients with «high» tortuosity of the ICA.
Material and methods. Endoscopy-assisted surgical reconstruction of high tortuosity of the ICA was made in 11 patients. All procedures were carried out at the Sklifosofsky Research Institute for Emergency Medicine (Moscow) and Republican clinical hospital
of Kabardino-Balkaria (Nalchik) for the period from 01.01.18 to 31.12.18.
Results. There were no intraoperative and postoperative complications (blood flow velocity increased by 66.2% after surgery).
Neurological improvement after surgery was noted in all patients. Partial or complete regression of dizziness was observed in 5
(45.5%) patients. Tinnitus disappeared in 7 (63.6%) patients.
Conclusion. Approach to the distal parts of ICA is traumatic, requires the use of additional techniques and considerable surgical
experience. Endoscopic technique is valuable to reduce the risk of injury of soft tissues, neurovascular structures and improve
functional outcomes.
Keywords: ICA tortuosity, endoscopic assistance, surgical treatment, outcomes.
INFORMATION ABOUT THE AUTHORS:
Lukyanchikov V.A. — https://orcid.org/0000-0003-4518-9874
Khasauov R.Kh. — https://orcid.org/0000-0002-3480-8521
Kordonskaya O.O. — https://orcid.org/0000-0003-0432-2915; e-mail: Dr.kordonskaya@gmail.com
Dalibaldyan V.A. — https://orcid.org/ 0000-0002-5993-3310
Senko I.V. — https://orcid.org/0000-0002-5743-8279
Corresponding author: Kordonskaya O.O. — e-mail: Dr.kordonskaya@gmail.com
TO CITE THIS ARTICLE:
Lukyanchikov VA, Khasauov RKh, Kordonskaya OO, Dalibaldyan VA, Senko IV. Endoscopy-assisted surgical treatment of carotid artery kinking. Pirogov Russian Journal of Surgery = Khirurgiya. Zhurnal im. N.I. Pirogova. 2020;2:13-19. (In Russ.)
https://doi.org/10.17116/hirurgia202002113

Background
Hemodynamic disturbances in patients with internal
carotid artery (ICA) kinking is one of the causes of ischemic strokes. Kinking is found in 25% of patients with cardiovascular failure [1, 2]. Surgical correction of tortuosity
reduces hemodynamic deficiency in certain cerebral hemisphere and is considered as preferable treatment for this pathology. Certain surgical difficulties are observed in patients
with so-called «high» tortuosity. This kinking is localized
above the line between the mandibular angle and the apex
of the mastoid process (projection of CI—CII). Visualization of these ICA deformations is traumatic and requires
additional techniques and surgical experience. We used endoscopy-assisted dissection of high kinking of the ICA in
order to reduce injury of soft tissues, neurovascular structures and improve the functional outcomes.
Purpose — to evaluate the results of endoscopy-assisted surgical treatment of distal ICA kinking.

Material and methods
There were 11 patients with high ICA kinking who
were underwent endoscopy-assisted surgical treatment for
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the period from 01.01.18 to 31.12.18. All patients were operated at the Sklifosovsky Research Institute for Emergency Care (Moscow) and Republican Clinical Hospital (Nalchik). Age of patients ranged from 43 to 82 years [Me=54;
47; 68]. Men/women ratio was 1: 3.
Tinnitus was predominant complaint in 9 (81.9%) patients, dizzy — in 7 (63.6%), permanent headache — in 4
(36%). Previous transient ischemic attack in unilateral
middle cerebral artery pool was noted in 2 (18%) patients,
ischemic stroke — in 1 (9%). Concomitant arterial hypertension was diagnosed in 7 (63.6%) patients, diabetes mellitus 2 type — in 2 (18%). Doppler ultrasound of supraaortic arteries with analysis of blood flow velocity before
and after tortuosity, MRI of the brain and CT angiography were performed in all patients. According to Doppler
ultrasound data, all patients were diagnosed with hemodynamically significant «high» ICA tortuosity (with more
than 2-fold difference in blood flow velocity before and
after tortuosity) (Fig. 1). Concomitant atherosclerotic lesion of ICA wall was detected in 3 patients. However, septal stenosis did not exceed 30%.
According to CT angiography, severe S-shaped tortuosity was revealed in 5 (45.5%) patients, coiling in 3
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Fig. 1. Duplex scanning of ICA. Distal ICA tortuosity.
a — right ICA (white arrow); b — left ICA (white arrow).
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Fig. 2. 3D-CT angiography of the brain.
a — CT-scan, direct plane, left ICA coiling; b — CT-scan, left lateral plane, left ICA kinking; c — CT-scan, left lateral plane, S-shaped tortuosity
of the left ICA.

(27.3%) and kinking in 3 (27.2%) (Fig. 2). Circle of Willis was closed in all patients. MRI signs of previous stroke
in unilateral ICA pool were found in 2 patients.
Surgical technique
Surgical treatment of high ICA tortuosity implied
marking of common carotid artery (CCA) and ICA tortuosity using Doppler ultrasound, endoscopy-assisted surgical approach to ICA tortuosity. The following stages were
ICA redressation and resection of tortuosity followed by
anastomosis with ICA ostium.
Preoperative planning is carried out at the first stage
using duplex scanning.
Angle of the mandible, projection of common carotid
artery bifurcation, proximal (point 4) and distal (point 5)
14

ends of tortuosity are marked on the skin. Segment
between the points 4 and 5 is marked as «B». Point 6 is a
center of this segment (center of tortuosity). Perpendicular
from the center of tortuosity to the ramus of the mandible
is a segment «A». A line is drawn on the skin through
the point 1 (bifurcation C) along the inner edge of the
projection of sternocleidomastoid muscle. It is a segment
«C» with a length of 3 cm (Fig. 1).
Surgical intervention is performed under endotracheal anesthesia in patient’s supine position with a roller under the ipsilateral shoulder and head turned in the opposite direction.
An incision of soft tissues is made along the anterior edge of
sternocleidomastoid muscle with a length of 3 cm (Fig. 2).
Dissection of soft tissues results exposure of common,
internal and external carotid arteries. Retractor of the
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Fig. 3. Preoperative planning.
a — marking of the course and level of ICA tortuosity on the skin; b — marking of skin incision and approach in projection of medial edge of
sternocleidomastoid muscle and CCA bifurcation.

Endoscope is consistently passed in cranial direction
during these manipulations parallel to the arterial wall.
Then, we visualize and dissect ICA tortuosity and perform
redressation of ICA loop into surgical wound.
Vascular clamping and assessment of brain tolerance
to arterial occlusion are followed by intersection of the
ICA within its ostium and resection of excessive length of
the artery. At the next stage, we create anastomosis between internal and common carotid arteries in end-to-side
fashion using 6/0 suture. Blood flow restoration and ultrasound control of patency of the anastomosis are followed by closure of the wound with drainage according to
Redon (Fig. 4) [3].
Fig. 4. Scheme of endoscopic dissection of ICA high tortuosity.
ICA — internal carotid artery; PT — pathological tortuosity, M —
mandible, A — segment from the mandible to the projection of the
middle of ICA tortuosity on the skin (perpendicular from the center of
tortuosity marked on the skin to the ramus of the mandible); B — interval
between the points in projections of proximal and distal ends of ICA
tortuosity, C — segment on the inner edge of projection of the
sternocleidomastoid muscle with a length of 3 cm, center of this segment
corresponds to the projection of common carotid artery bifurcation; D —
depth of ICA bifurcation that is equal to the depth of ICA tortuosity and
height of endoscopic camera position above the skin.

endoscope is installed, endoscope is deployed within
surgical wound in cranial direction in accordance with
depth of CCA bifurcation (D), tortuosity (D) and
distance (A) from the angle of the mandible. Endoscope
is fixed in the holder, so that proximal and distal parts of
ICA and surrounding soft tissues are visualized on the
screen. Internal carotid artery is dissected from CCA
bifurcation in distal direction under endoscopic control.
PIROGOV JOURNAL OF SURGERY, 2, 2020

Results
Above-described method was applied in all patients
(100%) for resection and redressation of the ICA. We used
endoscopic assistance for dissection of ICA tortuosity.
There were no intraoperative complications (blood flow
velocity increased by 66.2% after resection of tortuosity).
Patients were followed-up at the intensive care unit within 1 day after surgery. Mean hospital-stay was 10 days
(range 5—13 days). There were no postoperative acute
cerebrovascular accidents and mortality within follow-up
period (90 days). In-hospital partial or complete regression of dizziness was noted in 5 (45.5%) patients. Tinnitus disappeared in 7 (63.6%) patients.
Doppler ultrasound and CT angiography confirmed
resection of tortuosity in 100% of patients. Regression of
hemodynamic deficiency was associated with maximum
variation of blood flow velocity within 20% (Fig. 6).
15
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Fig. 6. Intraoperative image. Insertion of retractor and
endoscope into surgical wound, endoscopy-assisted dissection
of ICA in cranial direction.

б/b
Fig. 5. Intraoperative images.
a — skin incision for minimally invasive approach to ICA; b — dissection
of CCA bifurcation through minimally invasive approach.

Discussion
Surgical treatment of ICA tortuosity implies dissection of kinked ICA segment, resection of tortuosity and
anastomosis in end-to-end or end-to-side fashion. In case
of distal kinking, ICA tortuosity is covered by mandibular angle in front and mastoid process and cervical vertebrae from behind. Surgical approach is complicated by the
proximity of parotid gland, facial, glossopharyngeal, hyoid nerves, pharyngeal nerve plexus and swallowing muscles. Resection of ICA kinking near skull base requires dissection of this segment with mandatory functional preservation of the vessels, nerves and glands [4—9].
The presented approaches for surgical treatment of
distal ICA tortuosity are aimed at enlargement of the
anatomical corridor in order to minimize cranial nerves
16

Fig. 7. Intraoperative image. Endoscopic image, ICA tortuosity
is visualized, dissection of the distal parts of ICA is performed.

injury and ensure enough space for creation of anastomosis.
R. De Palma [10] proposed a method with intersection of posterior belly of digastric muscle and stylohyoid
muscle and occipital artery ligation. This technique is useful for safe isolation of sublingual, glossopharyngeal nerves
and pharyngeal nerve plexus during distal dissection of the
internal carotid artery.
A. Shaha et al. and W. Pearce et al. [11, 12] performed
intersection of posterior belly of digastric muscle, styloХИРУРГИЯ. ЖУРНАЛ ИМ. Н.И. ПИРОГОВА, 2, 2020
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Fig. 8. Intraoperative image. Carotid bifurcation after
resection and redressation of kinking.

б/b
Fig. 9. Intraoperative image. Image postoperative wound with
resected ICA.

Fig. 10. CT angiography of a 47-year-old patient.

pharyngeus, stylohyoid muscles with partial resection of
styloid process in patients with high ICA tortuosity. Some
authors emphasize the traumatism of this approach due
the risk of injury of facial, glossopharyngeal nerves, sympathetic trunk, accessory, vagus, hyoid nerves near the styloid process [13—15].
S. Nelson et al. [16] proposed osteotomy of the posterior margin and mandibular angle for approach to ICA.
This technique of bone splitting and resection is performed
in step-by-step fashion via intra— and extraoral approaches. M. Devil et al. [17] experimentally showed that displacement and osteotomy of the mandible increase the

volume of surgical approach by 14.6 cm3 on the average.
V. Valentini et al. [18] also proposed this method for dissection of distal parts of ICA.
V.V. Krylov et al. [9] reported the method for surgical
treatment of high lesions of ICA. This technique implies
temporary unilateral subluxation of the mandible in order
to enlarge surgical approach and increase the angle of manipulations on the distal parts of ICA.
N.G. Khorev et al. [19, 20] reported original approach
to distal ICA with preservation of stylohyoid muscle and
posterior belly of digastric muscle. The approach is looked
like a tunnel. Branches of retractor form the lateral walls,
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digastric and stylohyoid muscles, facial and glossopharyngeal nerves form superior wall, segment of ICA — inferior wall. This approach is associated with dissection of pharyngeal plexus and hyoid nerve and their displacement upward to visualize ICA.
The main disadvantages of these methods are advanced
traumatism with large skin incision and high risk of injury
of cranial nerves (hyoid and facial nerves, pharyngeal plexus), submandibular and parotid glands, need for subluxation or osteotomy of the mandible, ligation of sternocleidomastoid branch of the external carotid artery, occipital
artery, intersection of digastric and styloid muscles.
Considering of our experience of endoscopic vascular procedures (for example, artery and vein harvesting for
various bypass interventions), we have developed and proposed a technique for dissection of hard-to-reach tortuosity of carotid arteries (distal ICA, proximal CCA) with

Original articles

endoscopic assistance [21, 22]. The proposed method is
valuable to reduce surgical trauma and minimize dimension of skin incision.

Conclusion
Endoscopic assistance is advisable for mobilization
and reconstruction of ICA tortuosity. This atraumatic and
minimally invasive approach is associated with reduced
risk of injury of cranial nerves, submandibular and parotid glands, suprahyoid muscles. The proposed technique
may be used for correction of ICA tortuosity and improvement of cerebral circulation in patients with acute and
chronic cerebrovascular disorders with maximum technical and clinical effect.
The authors declare no conflict of interest.
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