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Patients with previous cervical irradiation face a higher risk of developing carotid stenosis (CS) compared to the general population [START_REF] Conomy | Delayed cerebrovascular consequences of therapeutic radiation. A clinicopathologic study of a stroke associated with radiation-related carotid arteriopathy[END_REF][START_REF] Cheng | Accelerated progression of carotid stenosis in patients with previous external neck irradiation[END_REF][START_REF] Dorresteijn | Increased carotid wall thickening after radiotherapy on the neck[END_REF] . Carotid endarterectomy (CEA) for radiation induced carotid stenosis (RICS) is considered as a high-risk procedure by some due to the risk of cranial nerve injury (CNI), difficulty of surgical approach and concern regarding wound healing [START_REF] Hassen-Khodja | Surgical Management of Atherosclerotic Carotid Artery Stenosis after Cervical Radiation Therapy[END_REF][START_REF] Yadav | Protected carotid-artery stenting versus endarterectomy in high-risk patients[END_REF] . Endovascular treatment of RICS seems to offer similar early outcome than open surgery, with an evident advantage in terms of CNI and wound healing. On the long run, however, carotid artery stenting (CAS)n is associated with higher rates of late neurologic events, restenosis and reinterventions compared to CEA [START_REF] Fokkema | Stenting Versus Surgery in Patients With Carotid Stenosis After Previous Cervical Radiation Therapy: Systematic Review and Meta-Analysis[END_REF] . Considerable improvement in radiation treatment have been achieved over the past years and have resulted in an increase of patients' life expectancy, with studies reporting on follow up of 5 years or more [START_REF] Murphy | Survival Impact of Increasing Time to Treatment Initiation for Patients With Head and Neck Cancer in the United States[END_REF] . As a result, treatment of RICS should be considered on a long-term perspective. The aim of this paper was to report on outcomes of patients undergoing CEA for RICS with a long-term follow up.

METHODS

Study design & inclusion criteria

This is a single center, retrospective study. Information were retrieved from patients charts and outpatient medical records. All patients operated on for RICS from January 1998 to June 2017 were included. Institutional review board approval was not required for this study.

Surgery was indicated for patients with symptomatic stenosis ≥ 60% or high-grade (≥ 80%) asymptomatic stenosis according to NASCET criteria [START_REF] Barnett | Beneficial effect of carotid endarterectomy in symptomatic patients with high-grade carotid stenosis[END_REF] 

Study endpoints

The primary study endpoint was postoperative cerebrovascular event, defined as freedom from any neurological event at one, two and five years following surgery. Secondary end points were early (30 days) postoperative cerebrovascular event, local complications (cranial nerve injury, cervical hematoma, wound healing issue), restenosis > 50%, reintervention and death at any time after the procedure.

Surgery

All operations were performed under general anesthesia. After an incision along the anterior aspect of the sternocleidomastoid muscle, main carotid vessels were dissected and isolated. A systemic bolus of 0.5 to 1 mg/kg of unfractionated heparin was administered intravenously before clamping and antagonized by protamine at the end of procedure. Shunt was used in case of contralateral severe stenosis or occlusion or in case of a non-pulsatile reflux from internal carotid artery observed intraoperatively. Choice of technical reconstruction for surgery was based on preoperative imaging analysis and intraoperative findings. Internal carotid artery (ICA) disconnection at the bifurcation, eversion and re-implantation was performed in all cases amenable to this technique. In case of highly-situated lesion or long length lesion, small diameter ICA, a patch or a bypass was preferred to the eversion technique. Also, in case of unsatisfying result of eversion technique (distal intimal flap, dissection), conversion to bypass was performed. Prosthetic (dacron) patch and (PTFE) graft were used unless concern was great regarding the risk of post-operative infection."

Treatment with a single antiplatelet therapy (aspirin 75-250 mg daily or clopidogrel 75 mg daily) was not discontinued for surgery. In the absence of postoperative complication patients resumed their usual treatment at day 1 and were usually discharged at day 3 following completion of a duplex ultrasound examination. Before discharge, clinical examination by the surgical team took place on a daily basis and CNI and neurological symptoms were intentionally sought. A postoperative duplex imaging was performed in our vascular lab. In case of any neurological event angio-CT scan or MRI and emergency neurovascular examination was performed.

Follow-up

month, 6 months, 12 months and yearly thereafter. Realization of duplex imaging follow up was left to the usual angiologist in charge of the patient. Amendment of postoperative CNI as well as any neurological symptoms were noted. In case of any abnormal finding, angio-CT scan and further neurological examination by a neurovascular specialist were performed.

Freedom from restenosis was defined as the absence of stenosis > 50% based on NASCET criteria during follow-up.

Statistical analysis

All data were analyzed with XLSTAT © (Addinsoft © , Long Island, NY, USA). Categorical data are given as count and percentage. Continuous data are presented as mean and standard deviation. Skewed data are given as median and range. Kaplan Meier curves were used for survival plots based on a log-rank test.

RESULTS

Patient and lesion characteristics

During the study period, a total of 128 patients with 162 RICS (Fig. 1) were treated in our center. Mean age was 68 ± 10 years old and the majority (67%) of patients were male. A median interval of 16 years [10-120] was noted between radiotherapy and surgery (Table 1). Indication of cervical irradiation was laryngeal cancer (n=56, 44%), oropharyngeal cancer (n=36, 28%), breast cancer (n=14, 11%), lymphoma (n=12, 9%) or miscellaneous malignant diseases (n=10, 8%) like thyroid and parotid neoplasia. Eleven (9%) patients had permanent tracheostomy. Forty-five patients (35%) were symptomatic, with transient ischemic attack presented with high-grade CS ≥ 80% and/or rapidly progressive CS on closely iterative imaging studies. The common carotid bifurcation and origin of the internal carotid artery were involved in 137 cases while the common carotid artery was involved in 44 cases and the vertebral artery in 12 cases.

Surgical management

All procedures were performed under general anesthesia. A cervical approach following the anterior aspect of the sternocleidomastoid muscle was systematically used. Bilateral staged surgery was performed for 34 patients. Procedures consisted in eversion in 79 (49%) cases, patch in 24 (15%) cases (23 dacron, 1 vein), prosthetic bypass graft in 51 (31%) cases, venous bypass graft in 8 (5%) cases. Twelve patients (9%) underwent a combined vertebral artery revascularization for an associated vertebro-basilar hemodynamic failure. Twelve patients (9%) required a sternotomy in order to perform a revascularization from the ascending aorta and seven (5%) a carotid-carotid crossover bypass for proximal concomitant lesions. Surgical technique-based outcomes are summarized in Table 2. All study subjects underwent carotid surgery ipsilateral to the site of previous radiation therapy. Before 

Early outcomes

At 30 days, 2 deaths (1,5%) were noted: 1 secondary to immediate postoperative thrombosis resulting in fatal stroke despite immediate surgical revision and thrombectomy; another 2 cases (1.5%). These data translate into a 2.5% rate of early postoperative cerebrovascular event. Five patients (4%) developed pulmonary infection, 4 of which occurred following sternotomy. Local operative morbidity consisted in 4 cases (3%) as follows: 2 patients had wound abscess locally evacuated (no reintervention was necessary) and 2 others presented a wound hematoma requiring a surgical evacuation. Three more patients experienced a delayed (more than 15 days) wound healing. No plastic surgical management was required. These patients were followed up every week on an outpatient basis and healing was achieved 

Follow-up & late outcomes

After a median follow-up of 29 months [2-199], 17 (13%) patients were lost to follow up.

Three more patients (1,8%) experienced a TIA and no additional stroke was noted. Two patients (1,5%) had an asymptomatic carotid thrombosis at 2 and 4 months . Four (3%) patients were diagnosed with a > 50% restenosis at 25, 26, 47 and 53 months of follow up, respectively (Figure 2). Two of them were reoperated on without additional complication.

(Figure 3). The primary patency rate was 96% (Figure 4) and freedom from neurologic event was 98% at 3 years (Figure 5). Overall, 17 (13%) patients died after an interval of 25 months [10-120] after surgery of cancer (n=12), cardiac event (n=3) and general infection (n=2).

(Figure 6 and Table 3).

DISCUSSION

The main result of this study is the low postoperative neurological morbidity following CEA for RICS. We observed 1 fatal stroke and 2 TIA in the 30-day postoperative period and 3 additional TIA after a median follow up of 29 months. Additionally, 7 (4.3%) CNI were noted, 3 of which consisting in worsening of pre-existing deficit. These data compare favorably with previously published reports for CEA (Tables 4,5).

The exact incidence of RICS is unknown , however it is likely to increase in the foreseeable future given the progress of treatment for head and neck neoplasia and the consecutive increase of life expectancy of these patients [START_REF] Murphy | Survival Impact of Increasing Time to Treatment Initiation for Patients With Head and Neck Cancer in the United States[END_REF][START_REF] Tribius | Survival and overall treatment time after postoperative radio(chemo)therapy in patients with head and neck cancer[END_REF][START_REF] Liang | Survival impact of waiting time for radical radiotherapy in nasopharyngeal carcinoma: A large institution-based cohort study from an endemic area[END_REF] . Reflecting this notion, we observed only 17 deaths in this cohort of 128 patients over a median follow up of 25 months. Natural history of RICS is not completely elucidated, however it seems that RICS lesions become more and more unstable over time, making these lesions prone to embolize [START_REF] Sugihara | Preferential impairment of nitric oxide-mediated endothelium-dependent relaxation in human cervical arteries after irradiation[END_REF][START_REF] Fokkema | Radiation-induced carotid stenotic lesions have a more stable phenotype than de novo atherosclerotic plaques[END_REF][START_REF] Sano | Relationship between histologic features and outcomes of carotid revascularization for radiation-induced stenosis[END_REF] . Indeed, pathologic reports [START_REF] Fokkema | Radiation-induced carotid stenotic lesions have a more stable phenotype than de novo atherosclerotic plaques[END_REF] suggest that initially, radiation therapy induces a fibrotic (supposedly more stable) transformation of carotid atherosclerotic lesions. But later on, these lesions transition into large necrotic core lesions, a feature highly associated with unstable plaque . Paralleling these notions, some reports have clearly established a higher incidence of cerebrovascular event with RICS compared to standard atherosclerotic lesions [START_REF] Scott | Risk of cerebrovascular events after neck and supraclavicular radiotherapy: a systematic review[END_REF] and that this effect is dose and time dependent [START_REF] Liang | Survival impact of waiting time for radical radiotherapy in nasopharyngeal carcinoma: A large institution-based cohort study from an endemic area[END_REF] . In other words, the longer the follow up and the higher the dose of radiation, the higher the rate of stenosis and the higher the risk of stroke. Based on previously cited pathological and clinical reports , and since the delay between irradiation and surgery is here more than 10 years (median of 16 years), we believe that the majority of RICS that we operate on have unstable macroscopic characteristics. As a consequence, endovascular treatment may be best offered to more recent (fibrotic) lesions. Upholders of endovascular difficulty in distinguishing planes resulting in high CNI rate and difficulty with wound healing in particular in case of previous reconstructive surgery. In sharp contrast, in this cohort of 168 RICS lesions, we observed only 7 cases (4.3%) of CNI and 4 cases (3%) of wound complications: 2 wound hematomas requiring urgent reintervention and 2 wound abscess treated with local dressing care. In the literature, CNI rate ranges within 0 to 23% initially but permanent injury is found to be comprised between 0 to 5% [START_REF] Kashyap | Carotid artery repair for radiationassociated atherosclerosis is a safe and durable procedure[END_REF][START_REF] Hassen-Khodja | Surgical Management of Atherosclerotic Carotid Artery Stenosis after Cervical Radiation Therapy[END_REF]17,[START_REF] Tallarita | Outcomes of carotid artery stenting versus historical surgical controls for radiation-induced carotid stenosis[END_REF] , while delayed wound healing are reported to range between 0 to 10% [START_REF] Kashyap | Carotid artery repair for radiationassociated atherosclerosis is a safe and durable procedure[END_REF][START_REF] Hassen-Khodja | Surgical Management of Atherosclerotic Carotid Artery Stenosis after Cervical Radiation Therapy[END_REF]17,[START_REF] Tallarita | Outcomes of carotid artery stenting versus historical surgical controls for radiation-induced carotid stenosis[END_REF] . Also, the surgical risk of CNI has to be weight against that of potential contralateral stroke associated with guidewire manipulation in the aortic arch during CAS procedures. In terms of surgical tips, though we do not use routinely this approach, a retro-jugular approach favored by some may be helpful in reducing the incidence of CNI [START_REF] Coscas | Open surgery remains a valid option for the treatment of recurrent carotid stenosis[END_REF] .

One major drawback of endovascular treatment is the relatively higher rate of restenosis compared with open surgery [START_REF] Fokkema | Stenting Versus Surgery in Patients With Carotid Stenosis After Previous Cervical Radiation Therapy: Systematic Review and Meta-Analysis[END_REF] . Here we observed only 4 cases (3%) of restenosis after a median follow up of 29 months and only 2 cases of (asymptomatic) carotid thrombosis were noted. This translates into a 3-year patency rate of 96% and a 3-year freedom from neurological event of 97% which is in line with other previously published series on open surgery and is notably superior to rates of restenosis and thrombosis observed in endovascular studies [START_REF] Dorresteijn | Outcome of carotid artery stenting for radiation-induced stenosis[END_REF][START_REF] Halak | Neck irradiation: a risk factor for occlusive carotid artery disease[END_REF] (Tables 45).

Radiation therapy result in a more frequent prevalence of common carotid lesions and in lesions that are longer than more common atherosclerotic lesions. Vertebral artery lesions are also more frequently seen in this context [START_REF] Halak | Neck irradiation: a risk factor for occlusive carotid artery disease[END_REF] . This notion is also reflected in our series. Indeed, the most frequent intervention was restricted to bifurcation area (79 eversions, 24 patch), but was deemed necessary (12 cases) to perform bypass stemming from the ascending aorta.

Limitations

This monocentric study is limited due to its retrospective nature and the absence of direct comparison with CAS.

Conclusion

RICS lesions represent a serious clinical issue for which optimal treatment still remains debated to date. Corresponding patients are considered as "high risk" for carotid endarterectomy and carotid artery angioplasty and stenting seems a seducing option. However, the concept of "high risk" is vague. Moreover, with time it seems that RICS lesions develop an unstable phenotype and are prone to become symptomatic. In this context, carotid artery endarterectomy provides a safe and durable treatment for RICS. This experience strongly suggests that open surgery is associated with low postoperative and long-term cerebrovascular events as well as with low CNI and wound healing issues and further support the use of open surgery as a first line treatment for RICS lesions. Prospective and comparative data are required to address this issue. lesion, with calcification and extending on the internal carotid artery. 

  . Diagnosis of stenosis was assessed by duplex ultrasound in all cases. Duplex ultrasound-based degree of stenosis was assessed velocity were sought. Duplex US were performed by the patient's referring angiologist or alternatively by a radiologist. Computed tomography angiography (CTA), magnetic resonance angiography (MRA) or arteriography were adjunctively used preoperatively in routine. Moreover, patients underwent systematically Computed tomography angiography (CTA) or magnetic resonance angiography (MRA) in order to specifically analyze plaque characteristics, intra-cranial collateral circulation and cerebral parenchyma. In case of disagreement between duplex ultrasound and CTA or MRA results, or in at the surgeon's request, additional angiography was also realized. In case of symptomatic lesion, patients were pre-operatively admitted in a dedicated neurological ICU for thorough neurological evaluation. At day 2 following surgery, symptomatic patients were transferred from surgery to neurological unit for another postoperative neurological evaluation. Patients presenting with RICS lesions were not offered CAS treatment. Patients presenting with intracranial stenosis that exceeded the severity of the extracranial stenosis, with severe disability from stroke, with a short life expectancy (estimated < 1 year), or inability to give informed consent were not offered surgery. Preoperative, intraoperative and follow-up data were reviewed based on medical records. Patients without recent medical history were called and offered a consultation.

  clamping systolic blood pressure was increased up to 160mmHg. No intraoperative cerebral monitoring was used in routine. The median carotid cross clamp time was 26 min [7-77] and operative time was 90 min [40-257].

  without any additional surgery. Seven (4,3%) cases of permanent CNI were recorded (3 recurrent or superior laryngeal nerve, 2 glossopharyngeal nerve, 2 hypoglossal nerve), 3 of which were considered as worsening of pre-existing symptoms. Seven (4,3%) cases of transient CNI occurred (3 inferior facial nerve, 2 glossopharyngeal nerve, 2 recurrent or superior laryngeal nerve). The median length of hospital stay was 5 days [2-45].
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 2 Figure 2 -Freedom from restenosis > 50% -Kaplan-Meier estimate in months with CI Dotted-lines represent standard errors for 95% confidence intervals for fractional survival. Yaxis: fractional %.

Figure 3 -

 3 Figure 3 -Freedom from reintervention -Kaplan-Meier estimate in months with CI Dotted-lines represent standard errors for 95% confidence intervals for fractional survival. Yaxis: fractional %.

Figure 4 -

 4 Figure 4 -Primary patency rate -Kaplan-Meier patency estimate in months with CI Dotted-lines represent standard errors for 95% confidence intervals for fractional survival. Yaxis: fractional %.Figure 5 -Freedom from neurologic event -Kaplan-Meier estimate in months with CI Dotted-lines represent standard errors for 95% confidence intervals for fractional survival. Yaxis: fractional %.
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 5 Figure 4 -Primary patency rate -Kaplan-Meier patency estimate in months with CI Dotted-lines represent standard errors for 95% confidence intervals for fractional survival. Yaxis: fractional %.Figure 5 -Freedom from neurologic event -Kaplan-Meier estimate in months with CI Dotted-lines represent standard errors for 95% confidence intervals for fractional survival. Yaxis: fractional %.

Figure 6 -

 6 Figure 6 -Survival -Kaplan-Meier estimate in months with CI Dotted-lines represent standard errors for 95% confidence intervals for fractional survival. Yaxis: fractional %.

  

  

  

  

  

  

Table 1 -Patient characteristics

 1 

	N (%)

Table 3 -Outcomes of patients during follow up

 3 

	Time (months)	12	24	36	48	60	72	84	96	108
	Number at risk	154	146	141	138	135	132	129	128	127

Table 4 -Early outcomes Early results (< 30 days)

 4 

		No.		
			Stroke	TIA	Death
	Author	patients		
			n (%)	n (%)	No.
		(carotids)		
	CEA vs. CAS			
		CEA 27		
		(29)	1 (3)	0 (0)
	Tallarita, 2011			
		CAS 33	2 (5,5)	0 (0)
		(37)		
	CAS			
	Dorresteijn, 2010	24 (24)	1 (4)	2 (8)
	Favre, 2008	135 (149)	2 (1,5)	1 (0.7)
	Protack, 2007	23 (23)	2 (9)*
	CEA			
	Magne, 2011	24 (27)	0 (0)	0 (0)
	Leseche, 2003	27 (30)	0 (0)	0 (0)
	Kashyap, 1999	24 (26)	0 (0)	0 (0)
	Current series	128 (162)	1 (0.6)	2 (1.2)

Table 5 -Long-term outcomes Long term results Author

 5 

		No. patients	Mean Follow-	Stroke	TIA	Restenosis
		(carotids)	up Months	n (%)	n (%)	n (%)
	CEA vs. CAS					
		CEA 27 (29)	58	0 (0)	0 (0)	14
	Tallarita, 2011					
		CAS 33 (37)	58	3 (8)	0 (0)	16
	CAS					
	Dorresteijn,				2 (8)	
		24 (24)	40	2 (8)		30
	2010					
	Favre, 2008	135 (149)	30	3 (2)	3 (2)	12
	Protack, 2007	23 (23)	14	2 (9)	0 (0)	39
	CEA					
	Magne, 2011	24 (27)	28	1 (4)	1 (4)	18
	Leseche, 2003	27 (30)	40	0 (0)	0 (0)	10
	Kashyap, 1999	24 (26)	13	0 (0)	0 (0)	8
	Current series	128 (162)	43	0 (0)	3 (1.8)	0
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