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L'endartériectomie carotidienne 1

Cette technique est considérée comme le gold standard pour la prise en charge des lésions sténosantes carotidiennes. Elle consiste à réaliser une extraction de la plaque d'athérome de la paroi artérielle. Cette exérèse peut se faire de différentes façons.

Il est possible de réaliser une endartériectomie par éversion (Figure 1) avec section de l'artère carotide interne à son origine, l'éversion permettant l'exposition de la plaque de proximal en distal jusqu'à la rupture finale de celle-ci, puis anastomose l'artère carotide interne à la commune. Les avantages principaux de cette technique sont l'absence de mise en place de matériel étranger amenant ainsi un faible risque d'infection, et la possibilité de recoupe de la carotide en cas d'excès de longueur initiale [START_REF] Ricco | Prosthetic Carotid Bypass Grafts for Atherosclerotic Lesions: A Prospective Study of 198 Consecutive Cases[END_REF] . Les inconvénients sont essentiellement l'impossibilité de mettre en place un shunt tant que l'éversion n'est pas totalement réalisée 2 , ce qui peut prolonger un bas débit cérébral, et des difficultés techniques à réaliser l'éversion en cas de la lésion est trop longue dans sa portion distale. 

Stenting carotidien

La technique endovasculaire avec mise en place d'un stent (Figure 4) dédié nécessite une voie d'abord percutanée la plupart des cas fémorale bien que les artères radiale et humérale 

SHORT AND MID TERM RESULTS OF CAROTID BYPASS IN ATHEROSCLEROTIC CAROTID BIFURCATION LESIONS

13 Abstract:

Introduction: The current gold standard surgical treatment of atheromatous carotid stenosis remains endarterectomy by eversion technique. However, there are other techniques such as carotid artery bypass surgery. There are few data in the litterature discussing short-and midterm results of this technique. The aim of this study was to assess the need of reintervention and the permeability results of carotid artery bypass.

Method:

We conducted a retrospective monocentric descriptive study including all patients who underwent carotid bypass surgery between January 2010 and December 2021 for carotid bifurcation stenosis. Patient demographics, indications for bypass surgery, peri-operative and postoperative complications, reinterventions data were collected. The primary endpoint was primary permeability, defined as patent bypass that does not require further surgical intervention, either open or endovascular, after the initial intervention.

Results:

We included 43 patients during 12 years. Average age was 71 years. Most patients were males (86%). The average follow-up time was 2.6 years (+/-2.4 years). The main indications for bypass surgery were endarterectomy failure in 13 cases (30.2%) and post carotid artery endarterectomy stenosis in 10 cases (23.2%). For the primary end-point, there was no reoperation due to stenosis at 1 year. However, 2 patients (4.6%) underwent reoperation for restenosis at 16 months and at 5 years, respectively. Regarding short-term complications, we observed transient ischemic attack in 1 patient (2.3%), 5 patients needed reinterventions due to hematoma (11.6%), 5 patients had peripheral nerve injuries (11.6%), and 1 patients had surgical site infection which needed a new venous bypass (2.3%).

Conclusion: Carotid artery bypass surgery appears to be an effective and reliable technique

with good midterm outcomes and low rate of reintervention for restenosis. This technique could be used more widely in case of difficulties of other techniques.

Introduction:

Nowadays, the carotid endarterectomy by eversion is the standard surgical treatment for atherosclerotic lesions involving the carotid bifurcation. [START_REF] Naylor | Management of Atherosclerotic Carotid and Vertebral Artery Disease: 2017 Clinical Practice Guidelines of the European Society for Vascular Surgery (ESVS)[END_REF][START_REF] Ricco | Prosthetic Carotid Bypass Grafts for Atherosclerotic Lesions: A Prospective Study of 198 Consecutive Cases[END_REF][START_REF] Dorafshar | Interposition Grafts for Difficult Carotid Artery Reconstruction: A 17-Year Experience[END_REF][START_REF] Koncar | Carotid replacement with Dacron graft in 292 patients[END_REF][START_REF] Veldenz | Carotid graft replacement: A durable option[END_REF][START_REF]Surgical repair of radiation-induced carotid stenosis[END_REF][START_REF] Sacco | An Updated Definition of Stroke for the 21st Century: A Statement for Healthcare Professionals From the American Heart Association/American Stroke Association[END_REF][START_REF] Kumar | Restenosis after Carotid Interventions and Its Relationship with Recurrent Ipsilateral Stroke: A Systematic Review and Meta-analysis[END_REF][START_REF] Brott | Stenting versus Endarterectomy for Treatment of Carotid-Artery Stenosis[END_REF][START_REF] Doig | Incidence, Impact, and Predictors of Cranial Nerve Palsy and Haematoma Following Carotid Endarterectomy in the International Carotid Stenting Study[END_REF][START_REF] Jaillant | A prospective survey of the incidence of cranial and cervical nerve injuries after carotid surgery[END_REF][START_REF] Roddy | Choice of material for internal carotid artery bypass grafting: vein or prosthetic ? Analysis of 44 procedures[END_REF][START_REF] Becquemin | Polytetrafluoroethylene grafts for carotid repairs[END_REF][START_REF] Richard M Green | Eversion endaterectomy of the carotid artery : technical considerations and recurrent stenoses[END_REF][START_REF] North American | Beneficial effect of carotid endarterectomy in symptomatic patients with high-grade carotid stenosis[END_REF] However, several descriptive studies 2 -3 -4 -5 relate a interest in bypass revascularization as alternative method to the gold standard.

In addition, it may be useful in specific indications such as a history of cervical radiotherapy [START_REF]Surgical repair of radiation-induced carotid stenosis[END_REF] , an excessive atheromatous plaque, a postendarterectomy restenosis which the endarterectomy could be difficult to realise [START_REF] Richard M Green | Eversion endaterectomy of the carotid artery : technical considerations and recurrent stenoses[END_REF] .

However, the literature is poor about its long-term outcomes, particularly in terms of surgical re-intervention.

The aim of this study was to evaluate the short and long term results of carotid bypass revascularization. Indeed, we assess the rate of re-operation for restenosis and procedural complications.

Methods:

This study was a retrospective monocentric descriptive study conducted in the department of vascular and endovascular surgery of the University Hospital of Besançon.

Study population

We included all patients operated by a carotid bypass for an atherosclerotic lesion between 01/01/2010 and 31/12/2021. Surgical indication was either asymptomatic or symptomatic stenosis with respect to current guidelines. The stenosis was confirmed by a morphologic assessment (CT scan or MRI) associated with a duplex ultrasonography. Indications were in accordance with ESVS and SVS guidelines 1 .

The stenosis was considered as symptomatic when a transient ischemic attack (TIA), stroke or amaurosis occurred in the 6 months preceding the identification of the carotid lesion.

Thus, the primary aim was bypass primary permeability defined by a surgical or endovascular intervention to maintain or restore the permeability of the bypass in case of restenosis identified by ultrasounds.

Post-operative complications such as compressive hematoma, peripheral neurological disorders, local infection and stroke events have been researched exhaustively.

Events definitions

Complications were considered per procedure if they occurred during the surgery and did not exceed the operative period. Complications were considered procedural up to 30 days after the procedure.

A neurological ischemic accident occurs during or post procedure was defined by an acute neurological event with focal symptoms and signs, lasting 24 hours or more, compatible with a focal cerebral ischemia with MRI or CT confirmation.

TIA during procedure was defined as an acute neurological event with symptoms and focal signs, lasting less than 24 hours with normal brain MRI or CT [START_REF] Sacco | An Updated Definition of Stroke for the 21st Century: A Statement for Healthcare Professionals From the American Heart Association/American Stroke Association[END_REF] .

Compressive hematoma was defined as a hematoma responsible of dyspnea, or swallowing disorders that required a surgery management.

A peripheral nerve lesion was identified as such, a deviation of the tongue in relation to a hypoglossic nerve injury (XII), dysphonia caused by an upper laryngeal nerve injury (XI), a facial nerve injury (VII) more particularly the marginal branch of the mandible by falling of the homolateral corner of the mouth, asymmetrical smile.

Statistical Analysis

We conducted a descriptive analysis of the data. Quantitative data are presented in the form of mean and standard deviation and qualitative data in the form of population and percentage.

The rate of re-intervention was evaluated by the Kaplan Meier method. Analyses were performed using SAS 9.4 (SAS institute, cary, NC, USA).

Results:

Flow chart

From 01/01/2010 to 31/12/2021, 1149 patients were admitted to our chirurgical center with an indication of atherosclerosis carotid revascularization. In total, 43 patients benefited of carotid bypass, 13 in primary indication, 20 for an endarterectomy failure or unsatisfactory arteriographic control and 10 for restenosis post endarterectomy (Figure 1).

Study Population

The mean age was 71 years with a majority of 37 men (86 %). Cardiovascular risk factors were represented by high blood pressure in 34 patients (79%), smoking in 29 cases (67%), dyslipidemia in 25 patients (58%) and 11 patients were diabetic (25.5%). Concerning comorbidities, 20 patients (46.5%) had ischemic heart disease and 18 patients (41.8%) had peripheral arterial disease. Table I shows the population description. About treatment, 36 patients (83.7%) were already treated with antiplatelet agent before carotid surgery and 30 patients (69.7%) were taking statin.

Operative data

Regarding anaesthesia, a total of 55.8% bypass were performed by locoregional anesthesia and 37.2% general anesthesia. The remaining 7% required conversion during the surgery from regional to general anesthesia. About general anaesthesia, the neuromonitoring was performed using brain oximetry or NIRS (Near-Infrared-Spectroscopy). On average, the intervention lasted 2h20 (+/-44 minutes) and the clamping time was 1h (+/-32 minutes).

total duration of 6 weeks. Following this management, the sequels were simple with a good healing evolution.

Follow up

The mean follow-up time was 2.6 +/-2.4 years. Of the 43 patients, 41 had a permeable bypass without stenosis after follow-up (95.3%). Concerning re-intervention, 2 patients required a recovery for restenosis at 1 year and 4 months and 5 years after the first intervention (Figure 2). For the first one, the indication for bypass surgery was a history of radiation therapy with symptomatic carotid stenosis. For the second patient, the indication of bypass surgery was performed with an unsatisfactory arteriographic control after endarterectomy for residual stenosis.

Discussion:

This monocentric retrospective analysis of 43 patients who benefited of a carotid bypass surgery for lesions of the carotid bifurcation supports his legitimacy in terms of primary permeability in the midterm (2 cases; 4.6%), for an average follow-up of 2.6 years. The rate of complications in short and medium terms, especially concerning major complications like ischemic neurological events related to the procedure, is also in favour.

For the population in this study, patients profile was equivalent to the usual population who benefits carotid surgery 1 : men over 60 years of age, hypertensive and smoking. Most of them had asymptomatic carotid atheromatous disease (55.8%). As expected, typical clinical situations leading to carotid bypass were more represented (restenosis post endarterectomy, radiotherapy story, aneurysm associated with stenosis) in equivalent proportion with others studies speaking about this subject 2_3 .

The most represented indications of bypass surgery were per-operative after an endarterectomy failure (30.2%). Concerning the operative indication in these cases, we highlight that the initial atherosclerotic lesion was particularly extensive. However, it doesn't exist any morphological criterion which allows to indicate primary a carotid bypass (e.q length of the lesion).

The second carotid bypass indication in this study was restenosis post endarteriectomy.

Indeed a second endarterectomy surgery is feasible but complex and often requires a patch enlargement thus carotid bypass offers a good alternative.

In this series, 41 of 43 patients (95.3%) were free of significative restenosis at the follow up date (mean follow-up of 2.6 years). Moreover, no stenosis appeared in the first follow up year post surgery. Others authors showed same results with this surgical technique with a restenosis rate at 2.2% [START_REF] Veldenz | Carotid graft replacement: A durable option[END_REF][START_REF]Surgical repair of radiation-induced carotid stenosis[END_REF][START_REF] Sacco | An Updated Definition of Stroke for the 21st Century: A Statement for Healthcare Professionals From the American Heart Association/American Stroke Association[END_REF][START_REF] Kumar | Restenosis after Carotid Interventions and Its Relationship with Recurrent Ipsilateral Stroke: A Systematic Review and Meta-analysis[END_REF][START_REF] Brott | Stenting versus Endarterectomy for Treatment of Carotid-Artery Stenosis[END_REF][START_REF] Doig | Incidence, Impact, and Predictors of Cranial Nerve Palsy and Haematoma Following Carotid Endarterectomy in the International Carotid Stenting Study[END_REF][START_REF] Jaillant | A prospective survey of the incidence of cranial and cervical nerve injuries after carotid surgery[END_REF][START_REF] Roddy | Choice of material for internal carotid artery bypass grafting: vein or prosthetic ? Analysis of 44 procedures[END_REF] . In comparison, a recent meta-analyse estimated at 5.8% the restenosis risk after a endarterectomy [START_REF] Kumar | Restenosis after Carotid Interventions and Its Relationship with Recurrent Ipsilateral Stroke: A Systematic Review and Meta-analysis[END_REF] . Thus, it seems to be legitimate to consider the carotid bypass as an alternative at the endarterectomy.

However, we noticed another cause of late re-intervention in our series with one case of infection with PTFE prosthesis. Others studies reported substantially identical prevalence either carotid bypass or endarterectomy (0.5% 2 and 0.23% respectively). According to the literature, infections are rare regardless of the material used [START_REF] Naylor | Management of Atherosclerotic Carotid and Vertebral Artery Disease: 2017 Clinical Practice Guidelines of the European Society for Vascular Surgery (ESVS)[END_REF][START_REF] Ricco | Prosthetic Carotid Bypass Grafts for Atherosclerotic Lesions: A Prospective Study of 198 Consecutive Cases[END_REF][START_REF] Dorafshar | Interposition Grafts for Difficult Carotid Artery Reconstruction: A 17-Year Experience[END_REF][START_REF] Koncar | Carotid replacement with Dacron graft in 292 patients[END_REF][START_REF] Veldenz | Carotid graft replacement: A durable option[END_REF][START_REF]Surgical repair of radiation-induced carotid stenosis[END_REF][START_REF] Sacco | An Updated Definition of Stroke for the 21st Century: A Statement for Healthcare Professionals From the American Heart Association/American Stroke Association[END_REF][START_REF] Kumar | Restenosis after Carotid Interventions and Its Relationship with Recurrent Ipsilateral Stroke: A Systematic Review and Meta-analysis[END_REF][START_REF] Brott | Stenting versus Endarterectomy for Treatment of Carotid-Artery Stenosis[END_REF][START_REF] Doig | Incidence, Impact, and Predictors of Cranial Nerve Palsy and Haematoma Following Carotid Endarterectomy in the International Carotid Stenting Study[END_REF][START_REF] Jaillant | A prospective survey of the incidence of cranial and cervical nerve injuries after carotid surgery[END_REF][START_REF] Roddy | Choice of material for internal carotid artery bypass grafting: vein or prosthetic ? Analysis of 44 procedures[END_REF][START_REF] Becquemin | Polytetrafluoroethylene grafts for carotid repairs[END_REF] in this anatomic localization.

We were unable to identify any obvious reason in our case.

Concerning complications related to the procedure, results about central neurological ischemic events were particularly satisfying (no stroke). A recent randomized study comparing endarterectomy vs stenting in symptomatic and asymptomatic patients in the same proportion showed a stroke rate of 2.1% at 30 days [START_REF] Brott | Stenting versus Endarterectomy for Treatment of Carotid-Artery Stenosis[END_REF] for the endarterectomy group. In observational studies concerning PTFE bypass in majority, the neurological ischemic events ranged from 1.5% to 6.5% 2_5_4 . About our case, one hemodynamic TIA with poor carotid clamp tolerance occurred, resolutive spontanly without sequel.

The hematoma occurrence which needed a reintervention concerned in our experience 5 patients (11.6%). This complication seemed more common in our series compared to observational data suggesting a 1% 2-4 rate of hematoma. [START_REF] Ricco | Prosthetic Carotid Bypass Grafts for Atherosclerotic Lesions: A Prospective Study of 198 Consecutive Cases[END_REF][START_REF] Dorafshar | Interposition Grafts for Difficult Carotid Artery Reconstruction: A 17-Year Experience[END_REF][START_REF] Koncar | Carotid replacement with Dacron graft in 292 patients[END_REF] By comparisons; the prevalence for an endarterectomy surgery is estimated at 3.4% [START_REF] Doig | Incidence, Impact, and Predictors of Cranial Nerve Palsy and Haematoma Following Carotid Endarterectomy in the International Carotid Stenting Study[END_REF] . This result could be explained by the fact that surgery was performed in almost half of cases with second intention after primary endarterectomy. It appears that the operative dose of heparin is not the main factor. The doses varies between 50 UI per kilogram and 100 UI according to the studies 2-4 despite a much lower hematoma level (1% [START_REF] Ricco | Prosthetic Carotid Bypass Grafts for Atherosclerotic Lesions: A Prospective Study of 198 Consecutive Cases[END_REF][START_REF] Dorafshar | Interposition Grafts for Difficult Carotid Artery Reconstruction: A 17-Year Experience[END_REF][START_REF] Koncar | Carotid replacement with Dacron graft in 292 patients[END_REF] ). In addition, most patients were already with antiplatelet treatment before the surgery 2-4 . As already described for endarteriectomy, the most significant factor in the development of cervical hematoma could be the perioperative hypertension [START_REF] Welling | Cervical wound hematoma after carotid endarterectomy[END_REF] . We lack data on this point for our study but we know that 80% of patients who had hematoma where known with a history hypertensive.

A total of 11.6% of patients were affected by a peripheral nerve injury. Most of which were spontaneously resolutive or without consequences after reeducation. This rate was 5.5% for endarterectomy in the randomised ICSS study [START_REF] Doig | Incidence, Impact, and Predictors of Cranial Nerve Palsy and Haematoma Following Carotid Endarterectomy in the International Carotid Stenting Study[END_REF] . In other observational studies evaluating the bypass technique, the rate fluctuates widely ranging from 0.6% 4 to 12.9% 3 . This variability is probably explained by small numbers with sampling fluctuation inherent in this problem. A recent article on carotid surgery in 2022 [START_REF] Jaillant | A prospective survey of the incidence of cranial and cervical nerve injuries after carotid surgery[END_REF] highlights a lot of peri-operative symptoms could explain by nerve damage (52%) but only 8% of patients were still symptomatic at 1 year postoperative.

This study has a number of limitations. The most obvious limitations are the retrospective observational character and the low patient's numbers in spite of an extended exploration period. The surgical indications disparities and the important proportion of bypass practiced in endarterectomy rescue probably make our population heterogeneous.

Conclusion

Carotid bypass for symptomatic or asymptomatic stenosis of the carotid bifurcation appears to be efficient to providing a good primary permeability at midterm. It could be a legitimate surgical alternative in case of endarteriectomy failure due to satisfactory results. Moreover, bypass could be a second alternative to stenting when the endarterectomy is not the best option. This hypothesis must be validated by further studies. 

L'endartériectomie longitudinale (Figure 2 )

 2 , avec ou non mise en place d'un patch, consiste à réaliser une incision longitudinale à partir de l'artère carotide commune jusqu'à l'artère carotide interne au-delà de la lésion, extraction de la plaque d'athérome et fermeture soit directement soit par patch. Les avantages reposent essentiellement sur la notion d'un meilleur contrôle de la rupture de plaque distale, un geste de dissection moindre de la bifurcation carotidienne notamment dans sa partie postérieure. Elle est cependant plus longue à réaliser et modifie l'anatomie de base de la bifurcation, elle peut être problématique en cas d'excès de longueur initiale de la carotide interne 2 .
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 12 Figure 1 : Technique d'éversion 6

Figure 3 :

 3 Figure 3 : Pontage veineux (grande veine saphène) carotide communecarotide interne

Figure 4 :

 4 Figure 4 : technique du flux inversé par abord de la carotide commune pendant la procédure de stenting de l'artère carotide (ROADSTER) 5

Figure 1 :

 1 Figure 1: Flow chart of distribution of different kind of carotid surgery in our center to treat atherosclerotic disease during the study period.

Figure 2 :

 2 Figure 2: Kaplan-Meier curve showing primary permability

INTRODUCTION 4 Les techniques chirurgicales des sténoses carotidiennes

  

	Le but de ce travail est d'évaluer les résultats d'une technique chirurgicale spécifique pour
	traiter les lésions athéromateuses de la bifurcation carotidienne. Il en existe toutefois plusieurs
	avec deux types principaux de procédure en chirurgie ouverte et une technique par voie
	endovasculaire, résumés succinctement ici.
	Que les hommes m'accordent leur estime si je suis fidèle
	à mes promesses !
	Que je sois couvert d'opprobre et méprisé de mes
	confrères si j'y manque !

Quelle que soit la technique employée, le geste peut être réalisé indifféremment sous anesthésies générale ou locorégionale, chaque type d'anesthésie présentant leurs avantages respectifs spécifiques et sont actuellement proposés selon les habitudes des équipes.

Quel que soit le type de chirurgie effectuée, le geste peut entrainer les complications communes à toute chirurgies vasculaires (hémorragie, infection, etc…), mais aussi d'autres plus spécifiques notamment neurologiques : centrales (AVC sur bas débit ou embolisation ou AIT) ou périphériques (lésion nerveuse dans la zone opérée).

  Il existe donc de nombreuses possibilités chirurgicales face à une lésion carotidienne. Les techniques peu invasives comme le stenting sont de plus en plus développées mais ne peuvent remplacer la chirurgie ouverte dans certaines situations ou pour certains types de lésion. Même si l'endarteriectomie reste le choix en première intention, il existe des situations où le pontage est une alternative que ce soit initialement ou en cas de resténose post endarteriectomie ou post stenting. De plus, le pontage carotidien est également une technique dite de « sauvetage » en cas d'échec d'une endarteriectomie ou en cas d'explantation d'un stent sténosé par exemple. Cette chirurgie a donc toute sa place dans la chirurgie carotidienne actuelle, malgré des données pauvres dans la littérature, ce qui nous a conduits à réaliser ce travail.
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Table I .

 I Demographics, risk facors and treatment of included patients

	Characetristics	N = 43 (%)
	Mean age (year) +/-SD	71 +/-6.4
	Sex	Hommes : 37 (86.1%)
		Femmes : 6 (13.9%)
	Risks Factors	
	-Smoking	29 (67%)
	-Dabetes	11 (25.5%)
	-Hyperlipidaemia	25 (58.1%)
	-Hypertension	34 (79%)
	Medical treatment	
	Antiplatelet treatment	36 (83.7%)
	Statin	30 (69.7%)
	Peripheral arterial disease	18 (41.8%)
	Coronary artery disease	29 (46.5%)
	Symptomatic carotid artery stenosis	19 (44.1%)
	Degree of carotid stenosis (mean)	78% +/-9.6
	Asymptomatic carotid artery stenosis	24 (55.8%)
	Degree of carotid stenosis (mean)	75% +/-4.5%

Abstraction : SD : standard deviation

Table II -

 II Carotid bypass indications

	Indications		N = 43
			(%)
	Before the surgery	Post endarterectomy restenosis	10 (23.3%)
		Extensive lesion	7 (16.2%)
		Stenosis after radiation story	3 (6.9%)
		Aneurysm associated with stenosis	3 (6.9%)
	During the surgery	Technical failure of endarterectomy	13 (30.2%)
		(excessive arterial thinning, perforation,	
		dissection, atherosclerotic plaque not	
		controlled)	
		Arteriographic control not satisfactory	7 (16.2%)
		(intimal flap, residual stenosis)	

-A Marie et Julie avec qui malgré les dires, j'ai ris bien plus que deux cents fois. Merci pour avoir déployé votre bonne humeur dans ce service (et votre comique de répétition) qui m'aura fait passé le meilleur semestre de tout mon internat.-A Laurence, c'est avec toi que tout à commencé. Je ne pourrai jamais assez te remercier pour m'avoir fait découvrir ce qui est aujourd'hui mon métier. Je me rappellerai toujours de la première opération que j'ai vue : l'endarteriectomie carotidienne. La boucle et bouclée. J'espère qu'un jour nous pourrons travailler ensemble.

Common carotid to common carotid crossover bypass and other carotid bypass indication than atheromatous stenosis were excluded. Finally, our study concerned 43 patients whose demographic data were collected from the database of the University Hospital of Besançon and the vascular surgery's department files.

Operative Technique

The intervention was performed under loco regional or general anaesthesia. Incision was performed along the border of the sternomastoid muscle. After careful dissection of segment of the internal, external and common carotid arteries, general heparinization was performed (50 IU per kilogram). The three arteries were clamped successively and neurologic tolerance was assessed clinically. When bypass was decided (first choice or as a bailout option after conventional endarterectomy), the distal anastomosis was performed first, at the homolateral distal internal carotid artery, then the proximal anastomosis on the common carotid artery. The type of anastomosis was "surgeon-dependent" but mostly latero-terminal on the common carotid and termino-terminal on the internal carotid. The material used was variable: prosthetic (PTFE: polytetrafluoroethylene) or venous (great saphenous vein's removal). An arteriographic control was performed.

Data collection

All patient characteristics were collected in their medical records.

Ultrasound follow-up data was collected by phone from the vascular physician referring for each patient. All ultrasound were performed by vascular physicians except for one by a radiologist.

Consultation rate and follow-up time were decided by the vascular physician. Report's review permitted to highlight the bypass permeability or the presence of a stenosis considered significant from 50%. All patients had a standard post-operative consultation with their surgeon at approximately 1 month post-operative but they were not followed in long term if no clinical evidence required it.

Bypass indication and material used

Carotid bypass revascularization was decided before the procedure in 23 cases (53.4%) : for a postendarterectomy restenosis (10 cases; 23.2%), a long atheromatous lesion displayed on pre-operating imaging (7 cases; 16.2%), a history of cervical radiotherapy (3 cases; 6.9%), or the presence of a carotid aneurysm in association with the stenosis (3 cases; 6.9%).

When the indication was related to a fail out procedure (20 cases; 46.5%), the causes were a technical endarterectomy failure (13 cases; 30.2%) as an unsatisfactory atheromatous plaque stop, an excessive arterial thinning, perforation of the wall during endarterectomy or distal intimal dissection. It could be also related to an inadequate angiographic result such as residual stenosis or the presence of an intimal flap (7 cases; 16.2%).

In 39 cases (90.7%), the material used was a prosthesis made of expanded PTFE (WL Gore, Flagstaff, Arizona, United States of America), and in 4 cases (9.3%) we harvested a vein from the patient, essentially the great saphenous vein. An arteriographic control was performed for 36 patients (83.7%).

Complications

We counted one single cerebrovascular complication which occurred during the operation, one TIA (1/43, 2.3%) resolutive post clamping for an asymptomatic carotid lesion.

Thirty-one patients were free from complications at 30 days post operative. We have highlighted 5 peripheral nerve lesions (5/43; 11.6%) including paralysis of the hypoglossic nerve with disorder of the swallowing and superior laryngeal nerve trauma with dysphonia, secondarily resolute. There were also a resolute facial paralysis and finally an impairment of the mental branch of the facial nerve.

We also counted 5 compressive hematomas requiring a surgical treatment (5/43; 11.6%) and 1 surgical site infection (1/43; 2.3%).

The only one infection occurred on prosthesis bypass at 1 month post-operative. We treated it by a new saphenous vein bypass. Post-operative samples were positive for wild Citrobacter 

Results:

We included 43 patients during 12 years. Average age was 71 years. Most patients were males (86%). The average follow-up time was 2.6 years (+/-2.4 years). The main indications for bypass surgery were endarterectomy failure in 13 cases (30.2%) and post carotid artery endarterectomy stenosis in 10 cases (23.2%). For the primary end-point, there was no reoperation due to stenosis at 1 year. However, 2 patients (4.6%) underwent reoperation for restenosis at 16 months and at 5 years, respectively. Regarding short-term complications, we observed transient ischemic attack in 1 patient (2.3%), 5 patients needed reinterventions due to hematoma (11.6%), 5 patients had peripheral nerve injuries (11.6%), and 1 patients had surgical site infection which needed a new venous bypass (2.3%).

Conclusion:

Carotid artery bypass surgery appears to be an effective and reliable technique with good midterm outcomes and low rate of reintervention for restenosis. This technique could be used more widely in case of difficulties of other techniques.