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A B S T R A C T   

Background: Mechanical thrombectomy (MT) has become an important treatment method for 
acute anterior circulation large vessel occlusion. The carotid artery approach is a fast and 
effective alternative when the transfemoral approach is difficult due to vascular variation. The 
present study reports on seven cases of acute anterior circulation stroke where direct carotid 
approach was used to obtain vascular access. 
Methods and materials: Patients with acute anterior circulation large vessel occlusion treated via 
carotid artery access between January 2018 and January 2020 were retrospectively analyzed. 
Brain computed tomography (CT) and angiographic imaging results, indications for carotid artery 
approach and technical aspects of the method, modified thrombolysis in cerebral infarction 
(mTICI), procedure-related complications, and patient outcomes were evaluated. 
Results: Seven patients were treated using a direct carotid artery approach. Among the seven 
cases, four patients were treated using percutaneous carotid artery puncture, and two patients 
were treated with emergency carotid artery incision and thrombectomy. The remaining case 
involved carotid artery puncture for MCA thrombectomy, followed by carotid artery incision for 
carotid artery thrombectomy. The carotid artery puncture point was exposed via surgical incision 
and sutured after MT. Modified Rankin Scale (MRS) scores 90 days after surgery showed good 
prognosis in three patients, poor prognosis in four patients. 
Conclusion: This case series highlights the advantage of using a transcarotid approach to bypass 
anatomical barriers to achieve faster reperfusion when the femoral approach is not possible. The 
carotid artery puncture point was surgically exposed and sutured to reduce the incidence of 
postoperative complications.   

1. Background 

Acute anterior circulation large vessel occlusion leads to rapid destruction of brain tissue, resulting in cerebral infarction in the 
blood supply area. It has high disability and mortality rates. Five prospective randomized trials published in 2015 [1–5] have shown 
that mechanical thrombectomy (MT) is superior to standard medical treatment in patients with acute ischemic stroke caused by 
anterior circulation large vessel occlusion. The DAWN and DEFUSE3 studies [6,7] have demonstrated that the time window for MT in 
acute anterior circulation large vessel occlusion can be extended to 6–24 h based on the patient’s blood flow compensation condition. 
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Randomized controlled trials have shown that the time from the onset of stroke symptoms to recanalization is a key factor in improving 
functional outcomes [8]. Therefore, shortening the operation time will have a positive impact on MT in patients with acute large vessel 
occlusion [9]. 

Currently, the transfemoral artery approach remains the standard technique for establishing surgical access in neurovascular in-
terventions. Transfemoral arterial approach is the best route due to its location in compressible tissue, large diameter, smooth di-
rection, and more familiarity by neurointerventionists. Anatomical variations present in the patient’s vessels, such as severe curvature 
of the aortic arch, kinking, and coiling of the internal carotid artery (ICA), introduce technical challenges to MT, resulting in delayed 
vascular recanalization or even failure [10]. In these cases, the transcarotid artery approach is a viable alternative. It bypasses 
anatomically disadvantaged areas and significantly reduces the time from establishment of access to successful revascularization. 

The present study describes seven cases of acute anterior circulation ischemic stroke treated via the transcarotid artery approach in 
order to provide some experience for clinical colleagues. 

2. Methods and materials 

2.1. Patient selection and evaluation 

A database of all patients with acute ischemic stroke who had undergone an MT in our hospital between January 2018 and January 
2020 was retrospectively analyzed. Cases of thrombectomy were screened out via direct carotid artery approach due to acute anterior 
circulation large vessel occlusion. All cohort patients underwent a computed tomography angiography (CTA) of the head and neck, 
were confirmed to have anterior circulation large vessel occlusion, and satisfied the indications for endovascular treatment of acute 
ischemic stroke [11]. The patients met the criteria for a complicated surgical path for thrombectomy, with indications for choosing a 
transcarotid artery approach. The study was approved by the institutional review board of our hospital, and all patients or relatives 
signed the informed consent for treatment. 

2.2. Inclusion and exclusion criteria 

Inclusion criteria were as follows: anterior circulation stroke up to 24 h since symptom onset; anterior circulation large vessel 
occlusion with favorable collaterals; age >18 years; National Institutes of Health Stroke Scale (NIHSS) score >6; Alberta Stroke 
Program Early CT score (ASPECTS) ≥5; and CT excluding intracranial hemorrhage or large-area cerebral infarction. 

Exclusion criteria were as follows: contrast agent allergy; asthma and/or renal insufficiency; platelet count <50 × 109/L; pregnancy 
or life expectancy <3 months; difficulty with follow-up completion; and patients or their families refused to sign the informed consent. 

Complicated surgical path for thrombectomy required the following: the aortic arch is of type III or is bovine, the angle between the 
left common carotid artery and the horizontal line of the apex of the aortic arch is < 60◦ with or without abdominal aortic tortuosity; 
and the coaxial technique could not deliver the guide catheter to the target carotid artery within 30 min [12]. 

2.3. Evaluation content 

The angiographic images were reviewed for each case. Clinical details and outcome data were obtained from our hospital 
thrombectomy database. Baseline and clinical data for all patients were collected, including gender, age, cardiovascular disease risk 
factors, NIHSS score upon admission, intravenous thrombolysis, time from onset to puncture, time from puncture to recanalization, 
modified thrombolysis in cerebral infarction (mTICI), postoperative complications, and postoperative NIHSS and 90-day mRS scores, 
to evaluate the efficacy and safety of the direct carotid artery approach. 

The time from puncture to recanalization was defined as the time from carotid puncture to the time when the vessel reached mTICI 
level 2b or above. The total ASPECTS score consisted of 10 points that were selected from the basal ganglia area and the central 
semiovale area. The early cerebral infarction with low density at each point reduced the score by one point. The lower the score, the 
larger the infarct area [13]. 

2.4. Operative procedure 

After admission, the patient immediately completed a preoperative examination. A head CT determined whether there was 
intracranial hemorrhage or a large-area cerebral infarction. CTA examination of the head and neck was used to ascertain the presence 
of a large vessel occlusion. Patients without contraindications for intravenous thrombolysis within the time window of thrombolysis 
were administered intravenous thrombolysis before surgery. Patients with anterior circulation large vessel occlusion with anatomical 
variation could choose to be treated via a transcarotid artery approach. 

After a successful general anesthesia administration, the patient was placed in the supine position. First, the femoral artery 
approach was attempted, and an 8 F short guide sheath was placed in the femoral artery to see if the coaxial system consisting of a 125- 
cm diagnostic catheter (ev3-Covidien) and a 260-cm 0.035-inch guide wire could be advanced to the target carotid artery. If difficulties 
or failure were encountered after repeated attempts during the operation, the transcarotid artery approach was immediately utilized. 
The neck was exposed on the proper side of the operation and disinfected. The area about 3 cm above the clavicle was selected as the 
puncture point. The common carotid artery was punctured at a 45◦ angle with an 18-gauge micropuncture needle. A 0.035-inch soft tip 
guidewire was advanced into the ICA using X-ray fluoroscopy. The puncture needle was then withdrawn and a 6F sheath was placed 

J. Si et al.                                                                                                                                                                                                               



Heliyon9(2023)e18484

3

Table 1 
Patient and procedural details.  
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1 male 79 Yes No Yes Yes 20 9 Rt M1 Yes Yes No 32 45 2b SAH 2 
2 male 70 No No Yes No 23 9 Lt M1 & ICA Yes No Yes 43 60 3 Nil 1 
3 female 81 Yes No No Yes 35 8 Lt M2 Yes Yes No 50 73 2b Nil 5 
4 female 87 No Yes Yes Yes 23 7 Lt M1 Yes Yes No 40 66 3 Nil 2 
5 male 75 No No Yes No 28 6 Lt M1 & ICA No Yes No 40 116 2b Nil 6 
6 male 73 Yes Yes No Yes 15 6 Rt M1 & ICA Yes No Yes 35 105 3 ICH 6 
7 male 62 No No Yes Yes 18 8 Lt ICA No No Yes Nil 56 3 Nil 3 

ASPECTS=Alberta stroke program early CT score, ICA = internal carotid artery, MCA = middle cerebral artery, M1: M1 segment of middle cerebral artery, Rt: right, Lt: left; NIHSS=National Institutes of 
Health Stroke Scale, rt-PA = recombinant tissue plasminogen activator. 
ICH = intracranial hemorrhage, mRS = modifified Rankin scale, mTICI = the modifified thrombolysis in cerebral infarction, SAH=Subarachnoid hemorrhage. 
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into the ICA through the 0.035-inch guidewire and then secured to the neck skin with sutures. Carotid angiography was then per-
formed to confirm the site of the intracranial occlusion. Distal aspiration thrombectomy was carried out first. If the method failed to 
achieve complete recanalization, stent retrieval technique was used. Balloon angioplasty was applied in cases of severe residual 
stenosis and a stent was deployed if necessary. After a successful vascular recanalization, a surgical incision was performed to expose 
the puncture point of the ICA. The puncture sheath was then pulled out and the puncture point was sutured. After the operation, the 
patient was transferred to the intensive care unit (ICU) after becoming awake. 

For patients with ICA occlusion and/or tandem MCA occlusion, an emergency carotid artery incision and thrombectomy were 
performed. The head was turned to the non-operated side and an incision was made at the anterior edge of the sternocleidomastoid 
muscle. The incision was made layer by layer to expose and open the carotid arterial sheath and expose the carotid artery and its 
bifurcation, ICA, external carotid artery, and other important branches. Then, the external carotid, superior thyroid, and common 
carotid arteries were sequentially blocked. Carotid endarterectomy (CEA) was used to excise the plaque, followed by incision and 
removal of the thrombectomy. The carotid artery in situ stenosis was relieved, the blood vessels were sutured, and the blood flow of the 
external carotid artery, superior thyroid artery, common carotid artery, and ICA was sequentially restored. After the operation, the 
patient was transferred to the ICU after becoming awake. 

2.5. Postoperative management and follow-up 

Postoperative systolic blood pressure was maintained at 120–140 mmHg. Brain CT was reviewed immediately after the operation 
and 24 h after surgery. 

In the absence of symptomatic intracranial bleeding, intravenous tirofiban was administered for 24 h, followed by oral aspirin and 
clopidogrel 24 h later. After stent implantation, intravenous tirofiban was administered for 24 h. At the same time, aspirin (100 mg/ 
day) and clopidogrel (75 mg/day) were taken orally every night. Intravenous antiplatelet aggregator tirofiban and oral antiplatelet 
aggregator in combination with tirofiban were discontinued 6 h later. The rest of the treatment was in accordance with the Chinese 
Stroke Association guidelines for clinical management of cerebrovascular disorders [11]. Brain CT results were re-examined 24 h after 
the operation, the NIHSS score was evaluated, and postoperative intracranial hemorrhage, symptomatic intracranial hemorrhage, and 
death were recorded. Outpatient and telephone follow-up of the patients for 90 days of mRS scores. A good clinical prognosis was 
defined as mRS score of 0–2, and a poor prognosis was defined as an mRS score of 3–6, where 6 represents death [14]. 

3. Results 

3.1. Patients and characteristics 

A total of 367 patients underwent an emergency MT during a two-year period. Seven patients (1.9%) chose the transcarotid artery 
approach because of the difficulty of the transfemoral artery approach. Patient and procedural details are outlined in Table 1. There 
were five males and two females, and the median age was 75 years (range 62–78 years). The median NIHSS score at presentation was 
23, ranging from 15 to 35. Median ASPECTS was 8 (range 6–9). There were three patients with hypertension, two with diabetes, five 
with atrial fibrillation, and five with history of cerebral ischemia. Three cases had MCA occlusion, one case had ICA occlusion, and 
three cases had tandem lesion of ICA and MCA. Five patients received intravenous thrombolysis within the thrombolysis time window. 

3.2. Choice of thrombectomy access 

Among the seven cases, six patients were first treated via a transfemoral approach, with a median time of 40 min. When the 
transfemoral approach encountered difficulties and in order to shorten the operation time, the transcarotid artery approach was 
immediately utilized. The seventh patient was preoperatively confirmed to have a type III arch and ankylosing spondylitis. Femoral 
artery puncture was not attempted and a direct carotid incision was chosen instead. Among the seven cases, four patients were treated 
with percutaneous carotid artery puncture, and two cases were treated with select carotid artery incision thrombectomy. For a patient 
with acute tandem lesions, the first carotid artery puncture was performed for MCA thrombectomy, followed by carotid artery incision 
for carotid artery thrombectomy. 

3.3. Recanalization time and mTICI grade 

The time from carotid access to recanalization was 55–135 min, while the median recanalization time was 73 min. Postoperative 
mTICI grading showed that three patients achieved grade 2b blood flow recanalization, and four patients achieved grade 3 blood flow 
recanalization. 

3.4. Postoperative complications and 90-day prognosis 

Postoperative subarachnoid hemorrhage and postoperative cerebral hemorrhage each occurred in one case. No obvious compli-
cations were present in the remaining patients. Carotid artery dissection and cervical subcutaneous hematoma were not found in the 
seven patients. The 90-day mRS score showed that three patients had a good prognosis, four patients had a poor prognosis, and two 
patients died (one case due to postoperative massive cerebral infarction and the other case due to postoperative cerebral hemorrhage). 
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3.5. Case presentation 

A 79-year-old male patient with a 10-year history of atrial fibrillation was admitted to the hospital due to sudden left limb 
movement failure with speech inability for half an hour. Physical examination revealed left limb hemiplegia (NIHSS score: 23). The 
CTA revealed acute right MCA occlusion (Fig. 1A) and a type III aortic arch (Fig. 1B). Initially, the transfemoral artery route approach 
was attempted, but failed after 32 min. Then, the carotid artery was punctured to establish a thrombectomy access (Fig. 1C). The 
common carotid artery was punctured under fluoroscopy, and the thrombectomy stent was delivered into the MCA (Fig. 1D). Complete 
recanalization of the MCA region was achieved after two passes of the stent retrieval thrombectomy (Fig. 1E and F). Surgical incision of 
the neck skin, exposure of the common carotid artery puncture point, and sutures for hemostasis (Fig. 1G). 

The muscle strength of the left limb was grade 3 24 h after the operation, and a small amount of subarachnoid hemorrhage was 
present on a brain CT 24 h after the operation. The patient underwent three months of rehabilitation and medical observation for AF 
with good recovery. The mRS score was 2 without recurrence over the 90-day follow-up period. 

4. Discussion 

The transfemoral approach remains the standard technique for establishing access in neuroendovascular interventions, including 
intra-arterial stroke interventions, due to its relative simplicity and low incidence of adverse events, making it suitable for most pa-
tients [15]. However, anatomical variations present in the vascular access, such as unfavorable aortic arch anatomy, arterial tortuosity, 
and severe peripheral vascular disease, can present potential barriers to the trans-femoral approach, resulting in prolonged procedure 
times and potentially prevent recanalization [14]. Moreover, prolonged and repeated attempts to access the carotid artery via the 
transfemoral artery approach is dangerous, as it increases the risks of vessel dissection and potential embolic complications [16]. 
Therefore, when the transfemoral approach is difficult, other approaches need to be attempted to shorten the operation time and 
reduce surgical complications. Alternative vascular access routes include radial or brachial access and transcervical carotid artery 
access. Transradial or transbrachial approaches provide a favorable method for rapid recanalization of occluded vessels in type II or III 
aortic arches. However, the transradial or transbrachial approach also presents some drawbacks. First, the transradial and trans-
brachial artery routes do not overcome tortuous supra-aortic trunk anatomy and only provide meaningful advantages for the right 
carotid and vertebral arteries. Second, the small caliber of the radial artery increases the risk of arterial injury and postoperative 
arterial occlusion [17]. Third，Almallouhi et al. [18] study has shown that the failure rate of transradial artery thrombectomy (18%) 
was higher than that of transfemoral artery thrombectomy (6.9%). The fastest recanalization can improve the prognosis of patients 
with acute thrombectomy. 

To avoid delayed recanalization time due to failed attempts to transradial arteries, this access was not attempted. The transcarotid 
approach can bypass unfavorable vascular anatomy, shorten the time for establishing thrombectomy access, and achieve faster 
reperfusion [19]. Compared to the transfemoral approach, the catheter guide wire travels a shorter distance in vivo and is more 
controllable during the carotid approach. The transcarotid access allows for the use of a short and soft guide wire, which results in a 
faster and safer catheter exchange [20]. Cerebral angiography through the carotid artery approach is not a new technique. Cases of 
intracranial aneurysms, vascular malformations, and intracranial angioplasty/stent implantation have been reportedly treated using 
the transcarotid approach [15,21,22]. Therefore, when the thrombectomy through the femoral artery approach is difficult, the carotid 
artery approach is also feasible. In summary, when the femoral artery approach presents difficulties with entering the carotid artery, 
similar challenges may be present with the radial or brachial artery. Neurointerventionalists should then opt for a direct transcarotid 
approach as soon as possible, rather than spend too much time on multiple attempts with different catheter and wire combinations. 

Carotid artery approach can be divided into two types: carotid artery puncture and carotid artery incision. The ideal puncture site 
for percutaneous carotid artery puncture is 2–3 cm above the clavicle, which is approximately at the C5–C6 level [19]. If the location of 
the puncture point is too low, the arterial sheath and the carotid artery will run close to a right angle, resulting in the breaking of the 
sheath tube and obstruction of the puncture needle by the clavicle during the operation [19,23]. If the puncture site is too high (too 
close to the carotid bifurcation), the needle may damage the carotid sinus during puncture. In order to improve the safety of percu-
taneous carotid artery puncture, we chose to perform carotid artery puncture under fluoroscopic monitoring. Carotid artery incision 
and CEA are also commonly used surgical methods for thrombectomy [24,25,26]. Acute ICA occlusion is the underlying reason in 
4–15% patients with ischemic stroke [27]. For ICA occlusion caused by internal carotid atherosclerotic plaque, balloon dilation and 
stent implantation are currently used to achieve ICA recanalization [28]. However, this technique has limitations. First, acute ICA 
occlusion may present various difficulties in stent retrieval or thrombectomy. It has been reported that plaque in the initial segment of 
the ICA is hard, and the guidewire fails to pass the ICA occlusion site. In a case report published by our medical team, the ICA 
thrombosis was tough and bulky, and recanalization could not be achieved by an aspiration catheter. In order to avoid distal escape of 
the thrombus, a direct incision of the carotid artery was performed to remove the thrombus [24]. Second, it has been reported that one 

Fig. 1. A Head and neck CTA showed acute right middle cerebral artery occlusion, the aortic arch was a bovine arch, and the right common carotid 
artery was obviously tortuous. B We had attempts to establish thrombectomy access via femoral artery puncture were unsuccessful. C The right 
common carotid artery was punctured, and the thrombectomy access was successfully established. D and E After successful carotid artery puncture, 
the right middle cerebral artery thrombectomy was performed to achieve recanalization of the middle cerebral artery (mTICI 2b). F Thrombus 
removed during operation. G The neck skin was incised, the puncture point of the common carotid artery was exposed, and the puncture point was 
sutured to stop the bleeding. 
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year after ICA thrombectomy and stent implantation, 15% of the subjects developed carotid artery restenosis with a cervical artery 
stent and required reintervention [29]. Carotid artery incision and CEA is one of the surgical methods to achieve recanalization of the 
ICA occlusion. Recanalization of the occluded ICA within the time window may achieve favorable outcomes [25]. Emergency carotid 
artery incision would increase the risk of bleeding in patients treated with intravenous rtPA for thrombolysis. However, Frenkel et al. 
[25] believe that surgery after rtPA injection is still a viable option because rtPA has a short half-life (<5 min) and does not increase the 
chance of intracerebral hemorrhage and subcutaneous hematoma. Therefore, carotid artery incision and thrombectomy can be chosen 
for patients with ICA occlusion when an effective access approach cannot be established through the femoral artery approach. For 
acute ICA occlusion caused by carotid atherosclerotic plaque, CEA can be selected to reduce the chance of postoperative cerebral 
infarction recurrence. 

Common complications in MT using the carotid artery approach include cerebral infarction and cerebral hemorrhage, in addition to 
complications caused by carotid artery puncture. Transcarotid artery puncture has a higher chance of complications than transfemoral 
approach [19]. The complications include subcutaneous hematoma, carotid artery dissection, carotid sheath kink, and carotid artery 
peripheral nerve injury. Subcutaneous hematoma is the most common complication after carotid artery puncture. A percutaneous 
hemostatic device can reduce the possibility of a subcutaneous hematoma. However, this device is inconvenient to operate with and 
can induce potential complications, such as subcutaneous hematoma, thrombosis, pseudoaneurysm, infection, and arteriovenous 
fistula [17]. Previous case reports have shown that subcutaneous hematoma formation cannot be completely avoided even with a 
percutaneous hemostatic device. Roche et al. [14] have reported that incision of the carotid artery and the use of purse-string suture to 
treat the puncture point can reduce the incidence of postoperative subcutaneous hematoma. In order to prevent the formation of 
postoperative subcutaneous hematoma, the present study also adopted this method. After recanalization of the occluded vessel, a 
surgical incision was performed to expose the carotid artery puncture point, which was closed with silk suture for hemostasis. Past 
reports also confirm that incision and suturing of the carotid artery can minimize the possibility of subcutaneous hematoma in patients 
who are on preoperative antiplatelet and anticoagulant drugs. Surgical suture is currently the most effective method to prevent a 
subcutaneous hematoma [30]. Suture of the carotid puncture point can reduce the incidence of postoperative subcutaneous hematoma 
without prolonging the time required for vascular recanalization. 

Although the transcarotid approach is an effective surgical method, it has some limitations. First, there is currently no device 
designed specifically for carotid access, which requires shorter length sheaths, catheters, and wires [14]. Second, there are many 
nerves, blood vessels, and lymphatic tissues around the carotid artery. The risk of injury to these tissues is higher when puncturing the 
carotid artery. Third, neurointerventional physicians lack experience in puncturing the carotid artery, which prolongs the operation 
time, reduces the probability of recanalization, and increases the incidence of postoperative complications. 

The present study has several limitations. First, the data in this report are from a single center. Second, there were few cases of the 
carotid artery approach included in the experiments. Third, the lack of a control group resulted in inability to demonstrate the ad-
vantages and disadvantages of carotid artery puncture in normal vascular anatomy. Therefore, transcarotid artery approach safety and 
efficacy need to be further confirmed by multi-center, large sample size, and randomized controlled studies. 

5. Conclusion 

Transcarotid access is an effective alternative when MT cannot be performed via transfemoral access due to anatomical abnor-
malities. It can bypass anatomical obstacles, shorten the operation time, achieve effective recanalization of occluded blood vessels, and 
promote nerve function recovery. For patients with severe carotid artery stenosis, emergency CEA surgery can be performed to prevent 
postoperative restenosis. The carotid artery puncture point in the present study was exposed via surgical incision and sutured after an 
MT. This method can reduce the incidence of postoperative complications, such as subcutaneous hematoma and carotid dissection. 
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