Favourable Neurological Outcomes in Thoracic Endovascular Aortic Repair with RELAY™ Branched – An International Perspective
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ABSTRACT
Background 
While open surgical repair continues to be the mainstay option for aortic arch reconstruction, the associated mortality, morbidity, and high turn-down rates have led to a need for the development of minimally invasive options for aortic arch repair. Though RELAY™ Branched (Terumo Aortic, Inchinnan, UK) represents a promising option for complex endovascular aortic arch repair, neurological complications remain a pertinent risk. Herein we seek to present multi-centre data from Europe documenting the neurological outcomes associated with RELAY™ Branched. 

Methods 
Prospective data collected between January 2019 and January 2022 associated with patients treated with RELAY™ single-, double-, and triple-branched endoprostheses from centres across Europe was retrospectively analysed with descriptive and distributive analysis. Follow up data from 30 days and 6-, 12-, and 24 months postoperatively was included. Patients follow up was evaluated for the onset of disabling stroke (DS) and non-disabling stroke (NDS).

Results 
Technical success was achieved in 147 (99.3%) cases. Over 24 months period, in total, 6 (4.1%) patients suffered DS and 8 (5.4%) patients suffered NDS after undergoing aortic arch repair with RELAY™. All patients that developed postoperative DS had been treated with the double-branched RELAY™ endoprosthesis.

Discussion 
The data presented herein demonstrates that RELAY™ Branched is associated with favourable neurological outcomes and excellent technical success rates. Key design features of the endoprosthesis and good perioperative management can contribute greatly to mitigating neurological complications following endovascular aortic arch repair.



BACKGROUND
While open surgical reconstruction continues to be the mainstay treatment for pathologies of the aortic arch, it is associated with high mortality and morbidity rates: open repair of acute type A aortic dissection (ATAAD) and complicated type B aortic dissection (TBAD) have been reported to carry in-hospital mortality rates as high as 27% and 32% respectively.1 Unsurprisingly, given the invasiveness of surgical aortic arch repair, which necessitates cardiopulmonary bypass (CPB) and hypothermic circulatory arrest (HCA), many patients are declared unfit for surgical intervention.2 Though the frozen elephant trunk (FET) technique for arch reconstruction provides a hybrid open-endovascular option for aortic arch repair and has been associated with improved perioperative outcomes relative to techniques such as conventional elephant trunk (cET), it remains highly invasive and debilitating complications such as stroke, bleeding, and visceral ischaemia continue to be omnipresent risks.3,4 The enduringly high turn-down rate (up to 40%) for open surgical aortic arch reconstruction exemplifies this growing issue.5 

There is therefore a need for a less invasive approach to the management of aortic arch pathologies, particularly in patients for whom the risks of surgical intervention may outweigh the benefits thereof. Thoracic endovascular aortic repair (TEVAR) – having revolutionised the management of TBAD – can provide a suitable alternative avenue for arch repair without the need for sternotomy, HCA, and CPB while still allowing entry tear closure, preservation of true lumen (TL) flow, and false lumen (FL) thrombosis.6 Increasing interest in the use of TEVAR for aortic arch repair has highlighted the challenge of endovascular navigation around the aortic arch, wherein coverage of the arch vessels by the endograft easily precipitates neurological injury and procedural complications.5 

This has been met with the development of specialised endografts, such as RELAY™ Branched (Terumo Aortic, Scotland) which is available in single-, double-, or triple-branched configurations to preserve patency of the innominate (IA), left common carotid (LCCA), and left subclavian arteries (LSA) during deployment along the aortic arch. Crucially, this enables on-label use throughout aortic arch zones 0 to 4. 

Of particular concern during any form of aortic arch surgery is the potential for iatrogenic neurological deficit, in the form of disabling stroke (DS) and non-disabling stroke NDS). Stroke subtype was classified in accordance with the VARC-2 criteria which delineates DS as modified Rankin scale (mRS) score > 3 and NDS as mRS < 2.7 Though TEVAR negates the use of HCA, the incidence of postoperative neurological deficit caused by coverage of the intercostal arteries (supplying the spinal cord), iatrogenic thromboembolic events, and LSA coverage (potentiating vertebrobasilar insufficiency) is well-documented.8,9 In light of these findings, the present study sought to evaluate TEVAR as an alternative strategy for aortic arch repair by presenting European data on neurological outcomes associated with the use of RELAY™ Branched for aortic arch aneurysm and dissection. Our unique multi-centre analysis provides an insightful angle on the clinical efficacy of this emerging alternative approach to aortic arch repair.





[bookmark: _GoBack]RELAY™ BRANCHED DEVICE DESIGN
The RELAY™ Branched system is designed for retrograde endograft delivery via femoral artery access. Crucially, it is designed specifically for deployment along the aortic arch – the delivery system’s pre-curved inner catheter and dual sheath design facilitates ease of alignment with the curvature of the proximal aorta. Specific design features for proximal aortic deployment include a proximal crown stent and graft material based off the design of the RelayPro™ fabric. The use of support wires and asymmetrical proximal clasping serve to reduce intravascular instrumentation within the aorta.  Another key advantage of the device is its window situated on the endograft’s dorsal aspect, providing a platform for cannulation of one, two, or all three of the arch branches. The window itself is marked with radiopaque markers to clearly delineate the devices positioning and orientation relative to the arch vessels, thereby improving usability during deployment of the branch stents. The single-branched configuration features either an antegrade or retrograde branch stent for cannulation of the IA or LSA respectively, with a large fenestration included to maintain perfusion through the remaining branches. Similarly, the double-branched configuration is designed for cannulation of the IA and LCCA with a large fenestration to maintain LSA perfusion. The triple-branched endograft features branch stents for all three aortic arch branches. These are highlighted in Figure 1. These advantageous features allow an approach to endovascular aortic arch repair that does not compromise LSA perfusion. Maintenance of LSA patency has been associated with lower rates of cerebral and spinal injury: Bradshaw et al. demonstrated a 1.9% incidence of stroke in patients that underwent revascularisation of the LSA compared to 14.3% in those that did not (P = 0.02).8 Similarly, their series reported a 0% incidence of SCI in patients without planned LSA coverage, compared to 4.8% in those with LSA coverage (P = 0.11).9 
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Figure 1. Left: Single-branched RELAY™ endoprosthesis. Middle: Double-branched RELAY™ endoprosthesis. Right: Triple-branched RELAY™ endoprosthesis. Image reproduced with permission from Terumo Aortic.   

ENDOVASCULAR TECHNIQUE

Endovascular repair of the aortic arch is carried out under general anaesthesia to allow control over the patient’s ventilation, blood pressure, and cardiac contractility during endograft deployment.8 Preoperative transoesophageal echocardiography (TOE) can be used to measure the distance between the proximal entry tear and coronary ostia prior to catheterisation; it also allows detection of aortic valve insufficiency or regurgitation and pericardial effusion (which would warrant conversion to open surgery).5 In addition, the placement of temporary intracardiac pacing leads will allow induction of cardiac asystole l ensuring  accurate device deployment.5 Once femoral access is gained, the deployment guidewire is advanced retrograde up the thoracic aorta into the desired position; in repair of the ascending aorta, the guidewire tip is advanced through the aortic valve and into the left ventricle.10 In those  with particularly challenging anatomy, transbrachiofemoral or transeptal guidewire placement provides through-and-through access to improve torque control and provide active conformation of the proximal segment of the endograft.11 Notably, transeptal guidewires (introduced through the femoral vein antegrade through the vena cava and entering the left heart and aorta via the atrial septum) allow improved access to the ascending aorta relative to the transbrachiofemoral approach and circumvents the sharp turn at the IA ostium.11 The delivery sheath is  introduced and the endograft is deployed once the cannulation window is aligned. 15% oversizing of the endograft relative to the native TL diameter is recommended for adequate sealing.12 Subsequently, the arch vessel extensions are introduced and guided into the arch branches. In situations where endovascular stenting of the occluded arch vessels is not feasible, pre-catheterisation extraanatomical revascularisation can be carried out, such as carotid-subclavian bypass.13 

CHALLENGES OF ENDOVASCULAR ARCH REPAIR 
Endovascular repair of proximal aortic aneurysms or type A aortic dissection (TAAD) presents formidable clinical and technical challenges. Key preoperative considerations include the availability of suitable access vessels, and the proximity of the primary entry tear to the sinotubular junction. Nordon et al. place reference here emphasise that endovascular repair is contraindicated in patients with a primary entry tears less than 20 mm distal to the sinotubular junction, as potential coverage of the coronary ostia by the proximal endograft would compromise coronary perfusion.5 Further anatomical contraindications include a proximal landing zone diameter less than 38 mm, aortic valve involvement, and the presence of coronary artery bypass grafts originating from the ascending aorta.14 Due to the limited proximal landing zone and discrepancies in aortic sizing, shorter endografts with wide diameters are favoured 5. There is evidence that shorter endografts show a higher risk of endoleak and made-for-purpose and custom-made devices are essential for favourable outcomes. 
The challenges of endovascular navigation around the mediolateral and anteroposterior tortuosity of the aortic arch, which inhibits torque control, can also be overcome by the deployment of buddy wires and through-and-through catheterisation.11 Moreover, positioning the endograft in ascending aorta, where it is confronted by maximal haemodynamic pressure, may result in misalignment and malorientation due to the windsock effect; this emphasises the need for custom-made grafts such as RELAY™ Branched.15 Intraluminal instrumentation and manipulation of the aorta during proximal aortic repair increases the risk of iatrogenic DS and NDS. , This risk is thought to be augmented in those  undergoing TEVAR with a very proximal seal zone within the ascending aorta.16 Inadvertent embolisation of endothelial plaque intraoperatively may result in embolic stroke, while extension of the dissection into the arch vessels may compromise cerebral and upper limb perfusion.17,18 More distally, inadequate revascularisation of or embolization via the LSA may cause posterior circulation stroke or vertebrobasilar insufficiency, and extensive coverage of the intercostal vessels in the DTA (in cases involving extended TEVAR) may cause  spinal cord ischaemia.12,19 It is possible that embolic protection devices currently under development for use in transcatheter aortic valve implantation (TAVI) may be applied for use in proximal TEVAR in the future.20 




METHODS
Study Design
A retrospective international multi-center analysis of TEVAR using Relay™ Branched was carried out between January 2019 and January 2022. The data was collected in a prospective manner and stored in a registered database. Local ethical approval for data collection was obtained.

Patient Characteristics
A total of 148 TEVAR procedures with Relay™ Branched were performed between January 2019 and January 2022. Of these 148 cases, 38 were females with a male to female ratio of approximately 3:1. The mean age (IQR) was 70 (14.5) years. 72.3% (n = 107) patients were treated with Relay™ Branched for proximal aortic aneurysm and 27.7% (n = 41) were treated for aortic dissection. 46% (n = 68) patients were treated in the acute setting while 54% (n = 80) were treated electively. Patient characteristics are summarized in Table 1.

Follow-up
Our study includes follow-up data for 30 days, 6 months, 12 months, and 24 months post-operatively for all patients. During follow-up, patients were screened for neurological deficit, namely the occurrence of DS or NDS. DS and NDS was defined in accordance with the VARC-2 criteria which delineates DS as modified Rankin scale (mRS) score > 3 and NDS as mRS < 2. Cumulative mortality was also recorded at the end of each follow-up period.



Operative Characteristics
All patients were treated using the Relay™ Branched endograft. The mean procedural time (IQR) was 258 (100) minutes. Technical success was not achieved in only one patient. Another patient passed away after technical success, but the death was reported being not related to the device itself. Operative characteristics are summarized in Table 2. The modal endovascular duration was between 100 and 150 minutes (n = 95). Endovascular durations are summarised in Table 3.

Statistical Analysis
All statistical analyses were performed using SPSS (IBM™ SPSS 28 for Windows) with the R plugin. Propensity score matching was performed to remove any confounding variables in each analysis done. T-test analysis was used for normally distributed data and Mann-Whitney U Test used for non-parametric data following completion of Shapiro Wilk W normality analyses. Frequency analysis was done using the Chi-Square analysis. Statistical significance for all two-tailed tests was set at P < 0.05.


RESULTS
Over a 24 month follow-up period, a total of 6 patients (4.0%) suffered DS and 8 (5.4%) patients suffered NDS after undergoing TEVAR with RELAY™ Branched. These were distributed across the following follow-up intervals: 30 days, 6 months, 12 months, and 24 months. Overall neurological outcomes in the post-operative period are summarized in Table 2. Results for neurological outcomes across all follow-up intervals are summarized in Table 4. Comparison of neurological outcomes depending on branching number is summarized in Table 5. All patients suffering DS and NDS across 24 months of follow-up had been treated with a double-branched RELAY™ Branched endoprosthesis – this is demonstrated in Table 5. 

Follow-Up
2 (1.3%) cases of DS were identified within the first 30 days following the procedure. 5 (3.4%) cases of NDS were identified during the 30 days following the procedure. Both patients who suffered DS were treated with a double-branched endoprosthesis (P = 0.286). At the 6 months’ follow-up, 2 (1.4%) patients showed signs of DS while 1 (0.7%) patients presented with signs of NDS. At 12 months, a further 1 (0.7%) patients developed DS and 1 (0.7%) developed NDS. By 24 months, the total number of DS cases increased by 1 (0.70%) and NDS by 1 (0.7%). 


	Table 1: Demographics

	Gender (Male: Female)
	
	3:1

	Mean Age (IQR)
	
	70 (14.5)

	Pathology (%)
	
	

	
	Aneurysm
	107 (72.3%)

	
	Dissection
	41 (27.7%)

	Urgency (%)
	
	

	
	Acute
	68 (46%)

	
	Elective
	80 (54%)

	Total Cases
	
	148



	Table 2: Operative Characteristics

	Mean Procedural Time (IQR)
	
	258 (100)

	Branching Number (%)
	
	

	
	Single
	17 (11.5%)

	
	Double
	108 (73%)

	
	Triple
	23 (15.5%)

	Technical Success (%)
	
	147 (99.3%)

	Target Vessel Cannulation (%)
	
	146 (99.3%) a

	Disabling Strokes (%)
	
	6 (4.1%)

	Non-Disabling Strokes (%)
	
	8 (5.4%)

	a following percentages are calculated out of 147, one case passed away during the procedure, not related to the device



	Table 3: Endovascular duration (min)

	50-100
	18

	100-150
	95

	150-200
	24

	200-270
	11








	Table 4: Follow-up Results

	
	30 Days
	6 Months
	12 Months
	24 Months
	Total

	Disabling Stroke
	2 (1.3 %)
	2 (1.4%)
	1 (0.7%)
	1 (0.7%)
	6 (4.1%)

	Non-Disabling Stroke
	5 (3.4%)
	1 (0.7%)
	1 (0.7%)
	1 (0.7%)
	8 (5.4%)

	Deaths
	4 (2.7%)
	0 (0%)
	0 (0%)
	0 (0%)
	4 (2.7%)



	Table 5: Relationship between branching number and total Disabling/Non-disabling stroke incidence. 

	
	Single
	Double
	Triple
	Total
	p-value ǂ

	30 Days
	0
	7 (4.7%)
	0
	7 (4.7%)
	0.286

	6 Months
	0
	3 (2.0%)
	0
	3 (2.0%)
	0.150

	12 Months
	0
	2 (1.4%)
	0
	2 (1.4%)
	0.207

	24 Months
	0
	2 (1.4%)
	0
	2 (1.4%)
	0.286

	ǂ Significant at p <.05
Chi-square test was used to calculate the likelihood ratio with its p-value




DISCUSSION
Our multi-centre data on endovascular repair of the aortic arch with RELAY™ Branched demonstrates that the device is associated with favourable neurological outcomes. In our cohort of 148 patients undergoing TEVAR with RELAY™ Branched for aortic aneurysm (n = 107) and aortic dissection (n = 41), technical success was achieved in 147 (99.3%) cases. Over the 24 month follow-up period, postoperative DS was observed in 6 (4.1%) patients, while NDS was observed in 8 (5.4%) cases. We highlight that all our cases of DS and NDS were observed within the subgroup of patients undergoing TEVAR with double-branched RELAY™; none were observed in the single- or triple- branched group. However, it is worth noting that the double-branched group accounted for 73% (n = 108) of the cohort, with 11.5% (n = 17) of patients underwent single-branched repair and 15.5% (n = 23) undergoing triple-branched repair. Crucially, all cases of DS and NDS occurred in smaller percentages across the follow-up intervals, suggesting that endoprosthesis design and intraoperative aortic manipulation may not account for all cases of perioperative neurological injury – if this were the case, it would be reasonable to expect that DS and NDS would manifest much earlier in the postoperative course. 
Furthermore, our data demonstrate that the design features of RELAY™ Branched facilitate its rapid deployment, with the modal endovascular duration of aortic arch repair being 100 – 150 minutes (Table 3). Prolonged endovascular duration necessarily involves more extensive manipulation and instrumentation within the aortic arch – it is reasonable therefore to argue that the RELAY™ Branched deployment system, by facilitating rapid deployment, further mitigates the risk of perioperative stroke. 
The presented data herein clearly demonstrates that stroke, both disabling and non-disabling, remain very relevant complications of TEVAR, and indeed aortic repair with RELAY™ Branched is no exception. Our results with this endoprosthesis are significantly lower than those reported by Czerny et al., who observed a combined stroke rate of 20%.10 In comparison, Tazaki et al. reported a combined stroke rate of 33% in their experience with the Inoue™ double-branched graft, and 40% with the triple-branched variant.21 We report zero cases of neurological deficit with the triple-branched RELAY™ Branched device. In their CT-based anatomical feasibility study, Milne and colleagues suggest that 70% of patients suffering from aortic arch aneurysm following open surgical aortic repair may qualify as candidates for endovascular repair with a double-branched endoprosthesis.22 With this consideration, the results highlighted herein suggest that RELAY™ Branched may represent a superior alternative associated with a lower incidence of operative mortality and morbidity compared to redo sternotomy. 
Unsurprisingly, DS and NDS increase the risk of in-hospital mortality and have significant adverse effects on quality of life. It is worth highlighting that though spinal cord ischaemia (SCI) is also a significant neurological complication associated with TEVAR (of both the aortic arch and DTA), perioperative stroke is thought to have a greater incidence than SCI, ranging from 2% to 8%.9 Though the underlying mechanism of TEVAR-associated perioperative stroke is not fully clear, cerebral embolization and cerebrovascular insufficiency are likely two separate driving forces that contribute either separately or in unison to the development of stroke.9 
Instrumentation and manipulation of the aorta and the supra-aortic vessels in patients with atheromatous disease has been demonstrated to cause cerebral embolization, whilst planned or inadvertent coverage of the arch vessels during TEVAR may cause cerebrovascular insufficiency.9 There is evidence patients with severe aortic atheromatous disease are at an increased risk of perioperative stroke after TEVAR. Katz et al. report that more than 5 mm of atheromatous disease in aortic arch of DTA was strongly associated with perioperative stroke in TEVAR (OR = 14.8, CI = 1.7 – 675.6, P = 0.0016).23 The clear association between the extent of atherosclerosis in the aortic arch (which may be detected by pre-TEVAR TOE) and the potential for atheromatous cerebral embolization has also been demonstrated in literature.23,24 Patients with a history of embolic stroke and/or coronary artery disease – which may suggest the presence of vulnerable atheroma in the aortic arch – are known to be at increased risk of perioperative stroke after TEVAR.16 This is especially pertinent in candidates for aortic arch repair with RELAY™ Branched: a key limitation of any branched TEVAR endograft is the need for introduction of endovascular instrumentation and devices into the IA, LCCA, or LSA, which may cause inadvertent trauma to the arterial wall and thereby increase the likelihood of embolization or intravascular thrombosis. 
In their report on outcomes associated with the Inoue™ endoprosthesis, Tazaki et al. suggest that the delivery of the device into the aortic arch, as well as the introduction of the endograft branches into the supra-aortic vessels, may have led to multiple embolizations causing stroke.21 Whilst the deployment of the three supra-aortic branches of the Inoue™ endoprosthesis required percutaneous bilateral brachial and left carotid access (which Tazaki et al. identified as a further potential cause of cerebral embolization), RELAY™ Branched can be fully deployed and branched successfully with femoral access alone.12,21 
Coverage of the intercostal arteries is a well-documented cause of SCI post-TEVAR and FET surgery.12,25 Unsurprisingly therefore, coverage of the arch vessels may precipitate cerebrovascular insufficiency resulting in  DS or NDS. Proximal endovascular stenting has been associated with poorer neurological outcomes than distal aortic stenting.19,26 
The LSA is often implicated in such cases – 40% of patients undergoing TEVAR for TAA or TBAD (rather than stenting of the aortic arch itself) require exclusion of the LSA for adequate proximal sealing of the endograft. The management, of the  LSA when covered during endovascular procedures remains subject to debate.19 Exclusion of the LSA without endovascular or extraanatomical revascularisation does not always compromise vertebral artery and left arm perfusion. Anatomical factors (e.g., a complete Circle of Willis or dominant right vertebral artery) may allow vascular collateralisation alone to avoid cerebrovascular insufficiency or limb ischaemia. However, endovascular coverage of the LSA may significantly diminish vertebrobasilar flow and thereby give rise to posterior stroke. This is more common in those  with a dominant left vertebral artery (thought to be present in 60% of individuals) or incomplete Circle of Willis.9 This may be augmented by subclavian steal syndrome, wherein exclusion of the LSA origin may cause retrograde flow in the left vertebral artery, thereby further reducing cerebrovascular perfusion within the Circle of Willis.27 Given how frequently LSA coverage may be required for adequate endovascular aortic arch repair, current Society for Vascular Surgery guidelines recommend routine  LSA revascularisation in elective aortic arch TEVAR cases. 28 Certain circumstances require mandatory LSA revascularisation and include a  history of thoracoabdominal aortic aneurysm repair, coronary artery bypass graft with left internal mammary artery grafting, aortic stent coverage greater than 200 mm, and the development of upper limb ischaemia during the follow-up period.29 
Though evidence on its efficacy for delivering improved clinical outcomes remains mixed, a recent meta-analysis identified LSA coverage without revascularisation as the primary risk factor for perioperative stroke.30 Clough et al., in their study on 293 patients undergoing TEVAR with LSA coverage, found that a lack of LSA revascularisation was associated with a greater risk of perioperative stroke (OR = 5.34; CI 1.42 – 20.40; P = 0.01).31 
Similarly, a study by Holt et al. of 78 patients undergoing endovascular repair of aortic arch aneurysms with LSA coverage reported significantly better overall neurological outcomes in those that underwent pre-emptive LSA revascularisation than those who did not (0% vs. 11.6%, P = 0.061).32 A  key advantage of the RELAY™ Branched system – the present data suggests that the triple-branched configuration may provide optimal technical success (99.3%) and extremely low rates of neurological complication. This avoids any morbidity associated with extraanatomical bypass of the LSA with several vital structures nearby in the left supraclavicular fossa. Additionally, its branch deployment system does not require percutaneous carotid access, which may attenuate the risk of carotid embolization. 
Considering the effect that DS and NDS following arch TEVAR may have on patient mortality and quality of life, it is crucial to consider adequate prevention strategies to minimise the risk of perioperative cerebral embolization and cerebrovascular insufficiency. As Czerny et al. discussed,  outcomes in open aortic arch reconstruction have been improved by adjunctive techniques such as  cerebral perfusion and adjustments to HCA.  The endovascular alternative  facilitates an appreciation of the underlying disease process thereby allowing minimal manipulation of the arch and its branches.12 Female patients and those with a history of embolic stroke or coronary artery disease are considered to be at an elevated risk of DS and NDS.9 
As multi-centre data on our cohort’s baseline risk factor profiles were not included in our study, it is difficult to ascertain the relationship between these and the outcomes associated with RELAY™ Branched presented herein. Additionally, patients for whom extensive aortic coverage and prolonged procedural duration (both of which would necessitate increased manipulation and instrumentation in the aortic arch) are anticipated should be appropriately counselled on the risk of perioperative DS or NDS should endovascular repair be undertaken. Preoperative imaging studies provide invaluable information on the location and extent of atherosclerosis, as well as the patency and dominance of both vertebral arteries. This allows surgeons to navigate carefully areas of the aortic arch where atheromatous embolization is likely. The RELAY™ Branched device’s branch deployment process does not require manipulation or instrumentation external to the deployed aortic endograft.12 The self-alignment feature and cannulation window allow safe engagement with the aortic branches from within the primary endograft, reducing the risk of embolization from within the arch itself.  
The utilisation of perioperative haemodynamic optimisation to decrease the risk of cerebral hypoperfusion in patients at risk of cerebrovascular insufficiency should also be considered. Current guidelines recommend employing induced hypertension with vasopressor therapy to increase cerebral perfusion pressure in patients considered to be at risk of ischaemic stroke.33 Interestingly, Chang et al. have highlighted that in patients that suffered SCI following TEVAR in the DTA, spinal radicular artery patency is sometimes preserved following endovascular coverage of the intercostal arteries.34 This suggests that induced hypertension for at-risk groups may reduce the risk of both stroke and SCI. 
Furthermore, perioperative anticoagulation regimens should also be considered. Transcranial Doppler ultrasonography (TCDU) can also aid in the early identification of cerebral embolization, thereby informing intra- and postoperative supportive strategies, and carbon dioxide flushing of the endograft ahead of implantation may attenuate the possibility of air embolization during deployment.35 Further avenues for prevention may be the use of intraoperative electroencephalogram (EEG) and somatosensory evoked potentials (SSEP) monitoring to detect early signs of cerebrovascular insufficiency and embolic stroke. 
Although their application in the context of aortic arch TEVAR has yet to be fully investigated, its use in thoracoabdominal aortic aneurysm repair and congenital cardiac surgery is well-documented .36 Intraoperative neurophysiological monitoring used in conjunction with induced hypertension and vasopressor therapy could be a promising development for neuroprotection in endovascular arch repair – further research into this field is recommended. 



CONCLUSION
Aortic arch TEVAR with the RELAY™ Branched endoprosthesis represents a promising extension of the endovascular surgeon’s armamentarium and provides new therapeutic options to patients that may otherwise be unsuitable for open surgical repair. This is a challenging procedure and has a steep learning curve, with key issues surrounding selection criteria for endovascular arch repair needing to be addressed. Our multicentre data highlights the encouraging clinical efficacy of RELAY™ Branched in treating aortic arch aneurysm and dissection and emphasises its advantages for reducing the development of neurological complications. The RELAY™ Branched endoprosthesis is a useful addition for the treatment of aortic arch pathologies complementary to open aortic arch reconstruction: its on-label use across the aortic arch facilitates speedy and accurate arch repair without compromising arch vessel patency. 
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