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Objective: The purpose of this systematic review and meta-analysis was to incorporate data from the latest clinical studies and compare the safety and efficacy of surgical left subclavian artery (LSA) revascularization and endovascular LSA revascularization during thoracic endovascular aortic repair (TEVAR).



Methods: This study was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and was registered with the PROSPERO database on 16 April 2023 (CRD42023414579). The Embase, MEDLINE (PubMed), and the Cochrane Library databases were searched from January 2000 to May 2023.



Results: A total of 14 retrospective cohort studies with a total of 1,695 patients, were included for review. The peri-operative stroke rates of the surgical and endovascular LSA revascularization groups were 3.8% and 2.6%, respectively (P = 0.97). The peri-operative technical success rates for the surgical and endovascular LSA revascularization groups were 95.6% and 93.0%, respectively (P = 0.24). The peri-operative spinal cord ischemia rates were 1.6% (n = 18) and 1.9% (n = 7) in the surgical and endovascular LSA revascularization groups, respectively (P = 0.90). The peri-operative type Ⅰ endoleak rates for the surgical and endovascular LSA revascularization groups were 6.6% and 23.2%, respectively (P = 0.25). The subgroup analysis showed that the incidence of peri-operative type I endoleak in the parallel stent group was significantly higher than that in the surgical LSA revascularization group (P < 0.0001). The peri-operative left upper limb ischemia rates for the surgical and endovascular LSA revascularization groups were 1.2% and 0.6%, respectively (P = 0.96). The peri-operative mortality rates of the surgical and endovascular LSA revascularization groups were 2.0% and 2.0%, respectively (P = 0.88).



Conclusion: There was no significant difference in the terms of short-term outcomes when comparing the two revascularization techniques. The quality of evidence assessed by GRADE scale was low to very-low. Surgical and endovascular LSA revascularization during TEVAR were both safe and effective. Compared with surgical LSA revascularization techniques, parallel stent revascularization of LSA significantly increased the rate of type I endoleak.
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Introduction

In 1994, Duke et al. first implemented thoracic aortic endovascular repair (TEVAR), which has since been widely used in clinical practice; its safety and efficacy has also been widely recognized (1, 2). To fully exclude aortic lesions, it is generally recommended that the proximal sealing zone be at least 2 cm, which leads to the need to cover the left subclavian artery (LSA) in some patients (3). However, numerous studies have shown that LSA coverage was associated with the risk of stroke, spinal cord ischemia (SCI), and upper limb ischemia, suggesting the need for revascularization of the LSA during TEVAR (4, 5, 6).

The Society for Vascular Surgery (SVS) 2009 Practice Guidelines recommend routine preoperative LSA revascularization during TEVAR where the proximal seal necessitates coverage of the LSA (GRADE 2, level C). In patients where their anatomy affected critical organ perfusion, routine preoperative LSA revascularization was strongly recommended despite the very low quality of evidence (GRADE 1, level C) (7). However, the 2020 SVS Practice Guidelines state that preoperative or concurrent LSA revascularization is necessary for elective TEVAR (GRADE 1, level B) (8). Traditionally, LSA revascularization was achieved through surgical revascularization of the left carotid artery to LSA bypass or LSA to left carotid artery transposition. Protack et al. included 282 patients undergoing TEVAR and surgical LSA revascularization in a single center retrospective cohort study; the results of the 16-year study showed a 98% primary patency rate at 5 years, low morbidity, and the infrequent need for re-intervention (4). Currently, commonly used endovascular LSA revascularization techniques include the parallel stent technique (chimney, sandwich, and periscope technique), in vitro fenestration technique, in situ fenestration technique, and branched arch endografts (9). Thanks to the continuous research of enterprises and medical centers all over the world, a number of new endovascular devices suitable for a variety of technologies have been entered into clinical research, resulting in rapid progress and promising breakthroughs.

At present, there are no large sample randomized controlled studies or clinical guidelines to indicate which LSA revascularization technique is superior. Therefore, the purpose of this systematic review and meta-analysis was to incorporate the latest clinical studies and compare the safety and efficacy of surgical LSA revascularization and endovascular LSA revascularization during TEVAR.



Materials and methods

This analysis was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and was registered with the PROSPERO database on April 16, 2023 (CRD42023414579) (10).


Inclusion and exclusion criteria

Comparative studies [including observational studies and randomized controlled trials (RCTs)] comparing surgical LSA revascularization and endovascular LSA revascularization in TEVAR were included. We excluded studies that: (1) published in non-English language journals; (2) where the number of individual cases was less than 20; (3) studies that only included in vitro and animal experiments; (4) studies where double or triple branch revascularization was performed simultaneously; (5) the data were insufficient for statistical analysis; and (6) abstracts, case reports, letters, and single arm studies.



Search methodology and data extraction

The Embase, MEDLINE (PubMed), and Cochrane Library databases were searched from January 2000 to May 2023. The detailed retrieval of the database process is visible in the Supplementary Appendix S1. Two researchers (F.L. and J.G.) independently reviewed the titles and abstracts of all identified literature. Disagreements were resolved through discussions with the third author (W.W.). The reference lists of included relevant studies were also searched.

Two authors (F.L. and Z.H.) independently extracted data from the included studies using predefined standardized data extraction tables. Extracted data included first author, country of origin, year of publication, study design, study period, number of participants, basic demographics, aortic pathology, LSA revascularization procedures, and major peri-operative outcomes. The primary outcome was peri-operative stroke. Peri-operative SCI, peri-operative type I endoleak, peri-operative mortality, peri-operative technical success, and peri-operative left upper limb ischemia comprised the secondary outcomes. The peri-operative period was defined as the in-hospital period or 30 days. Discrepancies between authors were resolved by consensus.



Quality assessment

The risk of bias in individual studies was assessed using the Cochrane Bias Risk tool for RCTs and ROBINS-I tool for observational studies (11, 12). The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system was used to rate the quality of evidence and strength of each relevant outcome identified.



Statistical analysis

Review Manager software (RevMan Version 5.4; Nordic Cochrane Centre, Copenhagen, Denmark) was used to summarize the data included in the meta-analysis. Relative risks (RRs) with 95% confidence intervals (CIs) were calculated to generate forest plots and to express differences for dichotomous outcomes. The I2 statistic was used to examine heterogeneity across the studies. Studies with an I2 > 50% were considered to have significant heterogeneity and random effects models were used to pool the results. Otherwise, a fixed effect model would be applied. A P value <0.05 was considered statistically significant. When significant clinical heterogeneity existed, subgroup analysis or sensitivity analysis was performed.




Results


Study characteristics and risk of bias

Of 1,268 records identified, 14 studies (retrospective cohort studies) with 1,695 patients were included in this systematic review (13–26). The PRISMA flow diagram is shown in Figure 1. No RCTs were identified and all included studies were published between 2017 and 2023. The included studies were geographically dispersed, with four from the United States, four from Europe, and six from China. The sample size ranged from 30 to 837 patients. Follow-up ranged from 13 to 36 months. Of 1,695 patients who underwent TEVAR and LSA revascularization, 1,204 underwent surgical LSA revascularization and 491 underwent endovascular LSA revascularization. Further study characteristics were summarized in Tables 1, 2.


[image: Figure 1]
FIGURE 1
Study flow diagram according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement.



TABLE 1 Characteristics of the included studies.
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TABLE 2 Details of aortic pathology and LSA revascularisation.
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Based on the ROBINS-I tool, we identified seven studies with low risk of bias, five with moderate risk of bias, one with serious risk of bias and one with critical risk of bias (Figure 2 and Supplementary Table S1). Six relevant outcomes were analyzed using the GRADE system. The quality of evidence was “very low” for two outcomes and “low” for four outcomes (Supplementary Table S2).


[image: Figure 2]
FIGURE 2
Risk of bias graph for included studies using the risk of bias in Non-randomised studies of interventions (ROBINS-I) tool.




Peri-operative stroke

All included studies provided data for peri-operative stroke (Figure 3). Of the 1,695 patients included, the pooled peri-operative stroke rate was 3.4% (n = 1,695). The peri-operative stroke rates of the surgical and endovascular LSA revascularization groups were 3.8% and 2.6%, respectively. Compared with endovascular LSA revascularization, patients with surgical LSA revascularization showed a higher peri-operative stroke rate; however, the difference was not significant (RR: 1.01; 95% CI: 0.57, 1.81; I2 = 0; P = 0.97).


[image: Figure 3]
FIGURE 3
Forest plot from a fixed effects analysis of peri-operative stroke. CI, confidence interval; M-H, Mantel-Haenszel.




Peri-operative technical success

Eight studies described data regarding peri-operative technical success (Figure 4). Of the 496 included patients, the pooled rate of peri-operative technical success was 94.3% (n = 468). Peri-operative technical success rates for the surgical and endovascular LSA revascularization groups were 95.6% and 93.0%, respectively, with no significant difference observed between the groups (RR: 1.03; 95% CI: 0.98, 1.07; I2 = 44%; P = 0.24).


[image: Figure 4]
FIGURE 4
Forest plot from a fixed effects analysis of peri-operative technical success. CI, confidence interval; M-H, Mantel-Haenszel.




Peri-operative SCI

Ten studies reported data regarding peri-operative SCI (Figure 5). Of the 1457 patients included, the pooled peri-operative SCI rate was 1.7% (n = 25). The reported peri-operative SCI rate was 1.6% (n = 18) in the surgical LSA revascularization group and 1.9% (n = 7) in the endovascular LSA revascularization group, with no significant difference observed between the groups (RR: 0.94; 95% CI: 0.38, 2.33; I2 = 0; P = 0.90).


[image: Figure 5]
FIGURE 5
Forest plot from a fixed effects analysis of peri-operative SCI. CI, confidence interval; M-H, Mantel-Haenszel; SCI, spinal cord ischemia.




Peri-operative type I endoleak

Data on peri-operative type I endoleak (Figure 6) were reported in eight studies, which included 452 patients, with an overall pooled peri-operative type I endoleak rate of 13.7% (n = 62). Peri-operative type I endoleak rates for the surgical and endovascular LSA revascularization groups were 6.6% and 23.2%, respectively. There was no significant difference between the two groups (RR: 0.53; 95% CI: 0.18, 0.57; I2 = 57%; P = 0.25).


[image: Figure 6]
FIGURE 6
Forest plot from a random effects analysis of peri-operative type I endoleak. CI, confidence interval; M-H, Mantel-Haenszel.


The heterogeneity of this outcome was higher than 50%; thus, we conducted a subgroup analysis. The endovascular LSA revascularization group was divided into a parallel stent group and non-parallel stent group. The results showed that the incidence of peri-operative type I endoleak in the parallel stent group was significantly higher than that in the surgical LSA revascularization group (RR: 0.22; 95% CI: 0.10, 0.47; I2 = 0; P < 0.0001). There was no significant difference between the non-parallel stent group and the surgical LSA revascularization group (RR: 2.65; 95% CI: 0.76, 9.22; I2 = 0; P = 0.12).



Peri-operative left upper limb ischemia

Seven studies (1,262 patients) comparing surgical LSA revascularization with endovascular LSA revascularization reported peri-operative left upper limb ischemia events (Figure 7). Of the 1,262 included patients, the pooled rate of peri-operative left upper limb ischemia was 1.1% (n = 14). Peri-operative left upper limb ischemia rates for the surgical and endovascular LSA revascularisation groups were 1.2% and 0.6%, respectively. No significant difference was found between the two groups (RR: 1.04; 95% CI: 0.27, 3.90; I2 = 0; P = 0.96).


[image: Figure 7]
FIGURE 7
Forest plot from a fixed effects analysis of peri-operative left upper limb ischemia. CI, confidence interval; M-H, Mantel-Haenszel.




Peri-operative mortality

Thirteen studies described data regarding peri-operative mortality (Figure 8). Of the 1,641 patients included, the pooled peri-operative mortality rate was 2.0% (n = 33). The peri-operative mortality of the surgical and endovascular LSA revascularization groups were 2.0% and 2.0%, respectively, with no significant difference observed between the two groups (RR: 0.94; 95% CI: 0.43, 2.08; I2 = 0; P = 0.88).


[image: Figure 8]
FIGURE 8
Forest plot from a fixed effects analysis of peri-operative mortality. CI, confidence interval; M-H, Mantel-Haenszel.





Discussion

In recent years, several studies have shown that revascularization of the LSA during TEVAR could reduce complications, such as stroke and SCI (27, 28, 29). With the development of new medical devices, more medical institutions have chosen endovascular therapy to reconstruct the LSA. This systematic review and meta-analysis included 14 retrospective cohort studies (1,695 patients) and compared the difference between surgical and endovascular LSA revascularization. The pooled results showed that both treatment methods were safe and effective; there were no significant differences in the outcomes of peri-operative stroke, SCI, type I endoleak, mortality, technical success, and left upper limb ischemia.

A meta-analysis published by Hajibandeh et al. in 2016, which included five studies with a total of 1,161 patients, found that LSA revascularization did not reduce the neurological complications or mortality of patients with LSA coverage (30). However, a relatively small number of studies were included and some relevant studies were omitted. Therefore, the results of the analysis do not fully reflect real world data. Huang et al. added 11 studies in the updated meta-analysis, which included a total of 16 cohort studies (2,591 patients) (31). The pooled results showed that patients who underwent LSA revascularization had a significantly lower incidence of peri-operative stroke than patients who did not undergo LSA revascularization (5.4% vs. 7.8%, P = 0.001). All studies included in the present systematic review and meta-analysis were published after 2016, with peri-operative stroke rates of 3.8% in the surgical LSA revascularization group and 2.6% in the endovascular LSA revascularization group, respectively. Compared with previous studies, the overall incidence rate is still low.

Left carotid-subclavian bypass (CSB) and subclavian transposition (SCT) are traditional methods used for surgical LSA revascularization. Protack et al., from Cleveland Clinic, reported on 282 TEVAR patients who underwent 288 surgical LSA revascularization procedures, with a total of 269 (93%) CSB and 19 (7%) SCT. The incidence of 30-day stroke was 3.5%; the 1, 2, and 5-year primary patency rates were 99.5%, 98.9%, and 98.0%, respectively; and the 1, 5, and 10-year overall survival rates were 82%, 60%, and 42%, respectively. This large sample study conducted over 16 years fully demonstrated the safety and effectiveness of surgical LSA revascularization (4).

Both CSB and SCT techniques provide good patency rates; however, they were both associated with surgical and neurological complications (32, 33). A study by Konstantinou et al. included 211 patients who underwent surgical reconstruction of the LSA either before or after TEVAR. There were 24 cases (11.4%) of local bleeding and 21 cases (10.4%) of re-intervention. Local peripheral nerve injury occurred in 19 patients (9.5%), chylous fistula occurred in eight patients (3.8%), local wound infection occurred in five patients (2.4%), and one patient (0.5%) developed a bypass graft infection. The incidence of stroke was 4.3% (n = 9/211). The incidence of peri-operative stroke in surgical LSA revascularization in the present study was 4.0%, and the incidence of other peri-operative complications was also low. Although there was a higher trend compared to endovascular LSA revascularization, the difference was not significant.

Currently, endovascular LSA revascularization mainly includes parallel stent (chimney and periscope) techniques, fenestration techniques, and single-branched stent techniques. The parallel stent technique was first applied by Crisdo et al. in 2002 as an emergency rescue operation to save LSA blood flow during TEVAR (34). The main advantage of parallel stent technology is that it is not required to be pre-customized and can be used for immediate surgical treatment using commercial stents, resulting in it being commonly used in emergency surgery. The main problem currently affecting the widespread application of the parallel stent technique is the presence of gutter between aortic covered stents, parallel stents, and the aortic wall, leading to type I endoleak. A meta-analysis published by Ahmad et al., which included 11 studies on the use of the chimney graft technique, showed that the incidence of type Ia endoleak ranged from 0 to 20%, and the overall estimated proportion of early type Ia endoleak was 9.4% (95% CI: 6.5%, 13%) (35). Ding et al. reported the results of LSA preservation in patients with type B aortic dissection using the chimney technique; 141 patients underwent LSA revascularization using the chimney technique, and 30 patients (19%) experienced immediate type Ia endoleak (36). In the present study, the incidence of type I endoleak in the endovascular LSA revascularization group was 23.2%. Although there was no significant difference compared to the surgical LSA revascularization group, it remains a problem that deserved attention. However, the subgroup analysis of this study showed that the rate of type I endoleak in the parallel stent group was significantly higher than that in the surgical LSA revascularization group, which may limit the use of parallel stents in the LSA revascularization. In the included literatures, 20 patients in Zhao et al. ’s study received chimney stent implants (14). The 20 patients were divided into a type I endoleak group (n = 11) and a non-type I endoleak group (n = 9). The risk factors for a type I endoleak after chimney stent implantation showed that branch angulation and oversizing were important potential risk factors for postoperative type I endoleak in chimney TEVAR. Most type I endoleak occurred with large branch angles (LSA, >38.8°). In addition, the risk of an endoleak was significantly lower when oversizing of the thoracic stent graft was >11%.

Fenestration techniques include in situ fenestration and pre-fenestration. Mc Williams first reported the success of in situ fenestration in 2004 (37). In 2020, a study by Zhao et al., in China, included 130 patients who underwent in situ laser stent graft fenestration of the LSA during TEVAR. The 5-year follow-up results showed that the LSA patency rate was 97%, and four cases with type I endoleak disappeared during follow-up. There were no neurological complications and no deaths. These results suggest that in situ laser fenestration for LSA revascularization is efficient, safe, and feasible (38). Pre-fenestration included in vitro fenestration and custom fenestration. In 2012, a Japanese study reported the early results of a multicenter clinical trial of 383 patients with a custom fenestration stent (Najuta) for endovascular revascularization of the superior branch of the aortic arch. The technical success rate was 99.22% (n = 380) and the 30-day mortality rate was 1.6% (n = 3). Seven patients experienced cerebrovascular accident (1.8%) and permanent paralysis occurred in three patients (0.8%). Furthermore, ascending aorta dissection was observed in three patients (0.8%) (39). Fenestration with TEVAR was performed with a high success rate and low complication rate for the patients with LSA revascularization. However, the position and size design of the fenestrated stent and the precise release of the stent during the operation requires strict control by the surgeon. Furthermore, the structure of the stent was damaged by fenestration, the long-term safety needs to be further studied.

The single-branch stent technique was first proposed by Inoue et al. in 1996, and was successfully used to repair Stanford type B aortic dissection involving the LSA. Subsequently, they reported the early and mid-term results of 17 patients treated with the Inoue single-branched stent for thoracic aortic lesions involving the LSA in 2005, demonstrating the effectiveness of the Inoue single-branched stent (40, 41). A meta-analysis published in 2022 investigated the use of the Castor stent for LSA revascularization (42). The study included 11 articles with a total of 415 patients, and the pooled results showed a technical success rate of 97.5%. The early type I endoleak rate was 1.6%, the 30-day mortality rate was 0.96%, the early re-intervention rate was 0.9%, the incidence of perioperative stroke was 0%, and the 1-year survival rate was 99.7%. The results of this study showed that use of the Castor stent to reconstruct the LSA during TEVAR was feasible and effective.

The main limitations of this systematic review and meta-analysis include the following points. Firstly, the included studies were all retrospective studies; therefore, this study is lacking in RCTs. Secondly, there was a deficiency in long-term follow-up data. Thirdly, the number of articles included in this study was too small to conduct subgroup analyses. Finally, one of the reasons for the absence of a statistically significant difference between these two treatment arms could be the low number of patients in the endovascular LSA revascularization group.



Conclusion

There was no significant difference in terms of short-term outcomes when comparing the surgical and endovascular LSA revascularization techniques. The quality of evidence assessed by GRADE scale was low to very-low. Use of both techniques during TEVAR was found to be safe and effective. Compared with surgical LSA revascularization techniques, parallel stent revascularization of the LSA significantly increased the rate of type 1 endoleak.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



Author contributions

FL: Conceptualization, Data curation, Investigation, Methodology, Software, Supervision, Writing – original draft, Writing – review & editing. ZH: Formal Analysis, Project administration, Validation, Writing – original draft. JG: Resources, Visualization, Writing – original draft. XH: Methodology, Resources, Writing – original draft. HW: Project administration, Resources, Visualization, Writing – original draft. LH: Formal Analysis, Methodology, Writing – original draft. XZ: Data curation, Methodology, Writing – original draft. YZ: Data curation, Formal Analysis, Methodology, Supervision, Writing – original draft, Writing – review & editing. WW: Conceptualization, Funding acquisition, Resources, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article.

This study was supported by Research and Cultivation Fund of Anhui Public Health Clinical Center (2023YKJ04) and the National and provincial key specialty construction plan (Z155080000004).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.1274629/full#supplementary-material



References

1. Dake MD, Miller DC, Semba CP, Mitchell RS, Walker PJ, Liddell RP. Transluminal placement of endovascular stent-grafts for the treatment of descending thoracic aortic aneurysms. N Engl J Med. (1994) 331(26):1729–34. doi: 10.1056/NEJM199412293312601

2. Geisbüsch S, Kuehnl A, Salvermoser M, Reutersberg B, Trenner M, Eckstein H. Increasing incidence of thoracic aortic aneurysm repair in Germany in the endovascular era: secondary data analysis of the nationwide German drg microdata. Eur J Vasc Endovasc Surg. (2019) 57(4):499–509. doi: 10.1016/j.ejvs.2018.08.013

3. Contrella BN, Sabri SS, Tracci MC, Stone JR, Kern JA, Upchurch GR, et al. Outcomes of coverage of the left subclavian artery during endovascular repair of the thoracic aorta. J Vasc Interv Radiol. (2015) 26(11):1609–14. doi: 10.1016/j.jvir.2015.07.022

4. Protack CD, Smith A, Moennich LA, Hardy D, Lyden SP, Farivar BS. Midterm outcomes of subclavian artery revascularization in the setting of thoracic endovascular aortic repair. J Vasc Surg. (2020) 72(4):1222–28. doi: 10.1016/j.jvs.2019.11.049

5. Zamor KC, Eskandari MK, Rodriguez HE, Ho KJ, Morasch MD, Hoel AW. Outcomes of thoracic endovascular aortic repair and subclavian revascularization techniques. J Am Coll Surg. (2015) 221(1):93–100. doi: 10.1016/j.jamcollsurg.2015.02.028

6. von Allmen RS, Gahl B, Powell JT. Editor’s choice—incidence of stroke following thoracic endovascular aortic repair for descending aortic aneurysm: a systematic review of the literature with meta-analysis. Eur J Vasc Endovasc Surg. (2017) 53(2):176–84. doi: 10.1016/j.ejvs.2016.10.025

7. Matsumura JS, Lee WA, Mitchell RS, Farber MA, Murad MH, Lumsden AB, et al. The society for vascular surgery practice guidelines: management of the left subclavian artery with thoracic endovascular aortic repair. J Vasc Surg. (2009) 50(5):1155–58. doi: 10.1016/j.jvs.2009.08.090

8. Upchurch GJ, Escobar GA, Azizzadeh A, Beck AW, Conrad MF, Matsumura JS, et al. Society for vascular surgery clinical practice guidelines of thoracic endovascular aortic repair for descending thoracic aortic aneurysms. J Vasc Surg. (2021) 73(1S):55S–83S. doi: 10.1016/j.jvs.2020.05.076

9. Czerny M, Schmidli J, Adler S, van den Berg JC, Bertoglio L, Carrel T, et al. Editor’s choice—current options and recommendations for the treatment of thoracic aortic pathologies involving the aortic arch: an expert consensus document of the European association for cardio-thoracic surgery (eacts) & the European society for vascular surgery (esvs). Eur J Vasc Endovasc Surg. (2019) 57(2):165–98. doi: 10.1016/j.ejvs.2018.09.016

10. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The prisma 2020 statement: an updated guideline for reporting systematic reviews. Int J Surg. (2021) 88:105906. doi: 10.1016/j.ijsu.2021.105906

11. Higgins JPT, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The cochrane collaboration’s tool for assessing risk of bias in randomised trials. Br Med J. (2011) 343:d5928. doi: 10.1136/bmj.d5928

12. Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, et al. Robins-i: a tool for assessing risk of bias in non-randomised studies of interventions. Br Med J. (2016) 355:i4919. doi: 10.1136/bmj.i4919

13. Bradshaw RJ, Ahanchi SS, Powell O, Larion S, Brandt C, Soult MC, et al. Left subclavian artery revascularization in zone 2 thoracic endovascular aortic repair is associated with lower stroke risk across all aortic diseases. J Vasc Surg. (2017) 65(5):1270–79. doi: 10.1016/j.jvs.2016.10.111

14. Zhao Y, Cui J, Yin H, Wang M, Li Z, Yao C, et al. Hybrid operation versus the chimney technique for reconstruction of a single aortic arch branch: a single-centre experience. Interact Cardiovasc Thorac Surg. (2017) 25(4):575–81. doi: 10.1093/icvts/ivx208

15. Piffaretti G, Pratesi G, Gelpi G, Galli M, Criado FJ, Antonello M, et al. Comparison of two different techniques for isolated left subclavian artery revascularization during thoracic endovascular aortic repair in zone 2. J Endovasc Ther. (2018) 25(6):740–49. doi: 10.1177/1526602818802581

16. Xiang Y, Huang B, Zhao J, Hu H, Yuan D, Yang Y. The strategies and outcomes of left subclavian artery revascularization during thoracic endovascular repair for type b aortic dissection. Sci Rep. (2018) 8(1):9289. doi: 10.1038/s41598-018-27588-7

17. Ramdon A, Patel R, Hnath J, Yeh C, Darling RC. Chimney stent graft for left subclavian artery preservation during thoracic endograft placement. J Vasc Surg. (2020) 71(3):758–66. doi: 10.1016/j.jvs.2019.05.049

18. D'Oria M, Karkkainen JM, Tenorio ER, Oderich GS, Mendes BC, Shuja F, et al. Perioperative outcomes of carotid-subclavian bypass or transposition versus endovascular techniques for left subclavian artery revascularization during nontraumatic zone 2 thoracic endovascular aortic repair in the vascular quality initiative. Ann Vasc Surg. (2020) 69:17–26. doi: 10.1016/j.avsg.2020.05.062

19. Wang M, Dong D, Yuan H, Wang M, Wu X, Zhang S, et al. Hybrid versus in vitro fenestration for preserving the left subclavian artery in patients undergoing thoracic endovascular aortic repair with unfavorable proximal landing zone. Vascular. (2020) 28(1):42–7. doi: 10.1177/1708538119862952

20. Konstantinou N, Kolbel T, Debus ES, Rohlffs F, Tsilimparis N. Fenestrated versus debranching thoracic endovascular aortic repair for endovascular treatment of distal aortic arch and descending aortic lesions. J Vasc Surg. (2021) 73(6):1915–24. doi: 10.1016/j.jvs.2020.10.078

21. Johnson CE, Zhang L, Magee GA, Ham SW, Ziegler KR, Weaver FA, et al. Periscope sandwich stenting as an alternative to open cervical revascularization of left subclavian artery during zone 2 thoracic endovascular aortic repair. J Vasc Surg. (2021) 73(2):466–75. doi: 10.1016/j.jvs.2020.05.063

22. Xie W, Xue Y, Li S, Jin M, Zhou Q, Wang D. Left subclavian artery revascularization in thoracic endovascular aortic repair: single center’s clinical experiences from 171 patients. J Cardiothorac Surg. (2021) 16(1):207. doi: 10.1186/s13019-021-01593-w

23. Dueppers P, Meuli L, Reutersberg B, Hofmann M, Messmer F, Zimmermann A. Early and mid-term outcomes of open versus endovascular left subclavian artery debranching for thoracic aortic diseases. Ann Thorac Cardiovasc Surg. (2022) 28(3):193–203. doi: 10.5761/atcs.oa.21-00206

24. Squiers JJ, DiMaio JM, Schaffer JM, Baxter RD, Gable CE, Shinn KV, et al. Surgical debranching versus branched endografting in zone 2 thoracic endovascular aortic repair. J Vasc Surg. (2022) 75(6):1829–36. doi: 10.1016/j.jvs.2021.12.068

25. Wu X, Li Y, Zhao Y, Zhu Y, Wang S, Ma Q, et al. Efficacy of left subclavian artery revascularization strategies during thoracic endovascular aortic repair in patients with type b dissection: a single-center experience of 105 patients. Front Cardiovasc Med. (2023) 10:1084851. doi: 10.3389/fcvm.2023.1084851

26. Cheng Z, Liu Y, Ma X. Comparative analysis of endovascular repair of single-branched stent-graft and hybrid procedure for patients with type b acute aortic dissection involving the left subclavian artery. J Endovasc Ther. (2023) 2023:35357525. doi: 10.1177/15266028221149920

27. Teixeira PG, Woo K, Beck AW, Scali ST, Weaver FA. Association of left subclavian artery coverage without revascularization and spinal cord ischemia in patients undergoing thoracic endovascular aortic repair: a vascular quality initiative® analysis. Vascular. (2017) 25(6):587–97. doi: 10.1177/1708538116681910

28. Karaolanis GI, Antonopoulos CN, Charbonneau P, Georgakarakos E, Moris D, Scali S, et al. A systematic review and meta-analysis of stroke rates in patients undergoing thoracic endovascular aortic repair for descending thoracic aortic aneurysm and type b dissection. J Vasc Surg. (2022) 76(1):292–301. doi: 10.1016/j.jvs.2022.02.031

29. Waterford SD, Chou D, Bombien R, Uzun I, Shah A, Khoynezhad A. Left subclavian arterial coverage and stroke during thoracic aortic endografting: a systematic review. Ann Thorac Surg. (2016) 101(1):381–89. doi: 10.1016/j.athoracsur.2015.05.138

30. Hajibandeh S, Hajibandeh S, Antoniou SA, Torella F, Antoniou GA. Meta-analysis of left subclavian artery coverage with and without revascularization in thoracic endovascular aortic repair. J Endovasc Ther. (2016) 23(4):634–41. doi: 10.1177/1526602816651417

31. Huang Q, Chen XM, Yang H, Lin QN, Qin X. Effect of left subclavian artery revascularisation in thoracic endovascular aortic repair: a systematic review and meta-analysis. Eur J Vasc Endovasc Surg. (2018) 56(5):644–51. doi: 10.1016/j.ejvs.2018.07.018

32. van der Weijde E, Saouti N, Vos JA, Tromp SC, Heijmen RH. Surgical left subclavian artery revascularization for thoracic aortic stent grafting: a single-centre experience in 101 patients. Interact Cardiovasc Thorac Surg. (2018) 27(2):284–89. doi: 10.1093/icvts/ivy059

33. Konstantinou N, Debus ES, Vermeulen CFW, Wipper S, Diener H, Larena-Avellaneda A, et al. Cervical debranching in the endovascular era: a single centre experience. Eur J Vasc Endovasc Surg. (2019) 58(1):34–40. doi: 10.1016/j.ejvs.2018.12.010

34. Criado FJ, Barnatan MF, Rizk Y, Clark NS, Wang CF. Technical strategies to expand stent-graft applicability in the aortic arch and proximal descending thoracic aorta. J Endovasc Ther. (2002) 9(Suppl 2):II32–38. doi: 10.1177/15266028020090S206

35. Ahmad W, Mylonas S, Majd P, Brunkwall JS. A current systematic evaluation and meta-analysis of chimney graft technology in aortic arch diseases. J Vasc Surg. (2017) 66(5):1602–10. doi: 10.1016/j.jvs.2017.06.100

36. Ding H, Liu Y, Xie N, Fan R, Luo S, Huang W, et al. Outcomes of chimney technique for preservation of the left subclavian artery in type b aortic dissection. Eur J Vasc Endovasc Surg. (2019) 57(3):374–81. doi: 10.1016/j.ejvs.2018.09.005

37. McWilliams RG, Murphy M, Hartley D, Lawrence-Brown MM, Harris PL. In situ stent-graft fenestration to preserve the left subclavian artery. J Endovasc Ther. (2004) 11(2):170–74. doi: 10.1583/03-1180.1

38. Zhao Z, Qin J, Yin M, Liu G, Liu X, Ye K, et al. In situ laser stent graft fenestration of the left subclavian artery during thoracic endovascular repair of type b aortic dissection with limited proximal landing zones: 5-year outcomes. J Vasc Interv Radiol. (2020) 31(8):1321–27. doi: 10.1016/j.jvir.2020.02.025

39. Yokoi Y, Azuma T, Yamazaki K. Advantage of a precurved fenestrated endograft for aortic arch disease: simplified arch aneurysm treatment in Japan 2010 and 2011. J Thorac Cardiovasc Surg. (2013) 145(3):S103–09. doi: 10.1016/j.jtcvs.2012.11.058

40. Inoue K, Sato M, Iwase T, Yoshida Y, Tanaka T, Tamaki S, et al. Clinical endovascular placement of branched graft for type b aortic dissection. J Thorac Cardiovasc Surg. (1996) 112(4):1111–13. doi: 10.1016/S0022-5223(96)70115-0

41. Saito N, Kimura T, Odashiro K, Toma M, Nobuyoshi M, Ueno K, et al. Feasibility of the inoue single-branched stent-graft implantation for thoracic aortic aneurysm or dissection involving the left subclavian artery: short- to medium-term results in 17 patients. J Vasc Surg. (2005) 41(2):206–12. doi: 10.1016/j.jvs.2004.11.030

42. Yao S, Chen X, Liao Y, Ding G, Li D, Qin G, et al. Systematic review and meta-analysis of type b aortic dissection involving the left subclavian artery with a castor stent graft. Front Cardiovasc Med. (2022) 9:1052094. doi: 10.3389/fcvm.2022.1052094



OPS/images/fcvm-10-1274629-g004.jpg
Cheng 2023
Dueppers 2021
Konstantinou 2020
Piffaretti 2018
Squiers 2022
Wang 2020

Wu 2023

Xiang 2018

Total (95% CI)
Total events

Heterogeneity: Chi*
Test for overall effect

surgical  endovascular
50 51 40 41
17 24 8 2
16 17 19 19
M 42 31 31
31 31 24 24
2 32 77
MM 64 64
13 14 24 24
252 244

41

243,df=7 (P =0.09); I = 44%

1.18 (P =0.24)

100.0%

Risk Ratio

1.00 [0.94, 1.07]
2.13[1.14,3.96]
0.94[0.80, 1.10]
0.98[0.91, 1.05]
1.00 [0.93, 1.07]
1.00[0.92, 1.09]
1.00[0.96, 1.04]
092[0.77,1.10]

1.03[0.98, 1.07]

Risk Ratio
ed. 95%Cl

0.01

0.1 10 100
Favours surgcial  Favours endovascular





OPS/images/fcvm-10-1274629-g005.jpg
surgical  endovascular

Konstantinou 2020
Johnson 2020

Ramdon 2019 0 64
Wang 2020 0 32
Piffaretti 2018 0 42
Bradshaw 2017 0 21
Cheng 2023 0 52
Xie 2021 1 100
D’ Oria 2020 13 721
2
1
Xiang 2018 1 14
Total (95% Cl) 1098
Total events 18

Heterogeneity: Chi? = 1.28, df = 5 (P

.9¢
Test for overall effect: Z = 0.18 (P = 0.86)

17.1%

43 14.3%
116  35.2%
19 19.3%
18  6.7%
24 75%

sonNNaaso0O0OO
e

359 100.0%

7
4); = 0%

Not estimable
Not estimable
Not estimable
Not estimable

0.26[0.01,6.32)
0.43[0.03, 6.72)
1.05[0.24, 4.57]
1.12[0.18, 7.09]
1.58[0.07, 37.02)
1.71[0.12, 25.31)

0.92[0.39, 2.22]

0.1
Favours surgical

10
Favours endovascular

100





OPS/images/fcvm-10-1274629-g006.jpg
surgical  endovascular
1.4.1 Parallel stent
Dueppers 2021 3 19 24 19.4%
Johnson 2020 0 35 2 18 85%
Piffaretti 2018 142 0 31 78%
Ramdon 2019 3 64 0 17 87%
Xiang 2018 114 10 24 135%
20 2017 110 1 20 13.8%
Subtotal (95% CI) 189 134 T1.7%
Total events 9

Heterogeneity: Tau? = 0.00; Chi? = 4.90, df = 5 (P = 0.43); I = 0%

Test for overall effect: Z = 3.90 (P < 0.0001)
1.4.2 Non-parallel stent

Cheng 2023 3 52
Konstantinou 2020 5 17
Subtotal (95% CI) 69

Total events

41 11.9%
19  16.4%
60 28.3%

Heterogeneity: Tau? = 0.00; cm= =001, df=1 (P 0.90); 2= 0%

Test for overall effect: Z = 1.53 (P = 0.12)
Total (95% Cl) 258
Total events 17

45
Heterogeneity: Tau? = 1.26; Chi? = 16.12, df = 7 (P = 0.02); I = 57%

Test for overall effect: Z = 1.14 (P = 0.25)

194 100.0%

Risk Ratio

0.16 [0.05, 0.46]
0.11[0.01, 2.09]
223[0.09, 53.03]
1.94[0.10, 35.83]
0.17 [0.02, 1.20]
0.18[0.03, 1.22]
0.22[0.10, 0.47]

237[0.26,21.91]
279 [0.62, 12.57]
2.65[0.76,9.22]

0.53 [0.18, 1.57]

Risk Ratio

T

i

—~—

002 01 1 10 50
Favours surgical  Favours endovascular





OPS/images/fcvm-10-1274629-g007.jpg
D’ Oria 2020
Piffaretti 2018
Squiers 2022
Wang 2020
Wu 2023

Xie 2021

Total (95% CI)
Total events

Heterogeneity: Chit =

surgical

Nooood

12

endovascular

coococown

2

34,df =1 (P =0.56); I?=0%

Test for overall effect: Z = 0.05 (P = 0.96)

64
43

295

83.2%

16.8%

100.0%

Risk Ratio
i o

0.80(0.18, 3.63]
Not estimable
Not estimable
Not estimable
Not estimable

2.18[0.11, 44.44]

1.04 [0.27, 3.90]

Risk Ratio
N o

0.01

0.1
Favours surgical

1

10
Favours endovascular

100





OPS/images/fcvm-10-1274629-g008.jpg
surgical  endovascular Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Cheng 2023 152 1 41 90%  0.79[0.05,12.23] —
Dueppers 2021 12 1 24 81%  1.00[0.07,15.08]
D’ Oria 2020 16 721 1 116 139%  257[0.34,19.23] S |
Johnson 2020 135 3 18 320%  047[0.02,153] T &
Konstantinou 2020 o 17 0 19 Not estimable
Piffaretti 2018 1 42 2 31 186%  0.37[0.04,3.89] —_—
Ramdon 2019 2 64 0 17 63%  1.38[0.07,27.57] I
Squiers 2022 103 1 24 91%  0.77[0.05,11.75] _—
Wang 2020 0 32 0 17 Not estimable
Wu 2023 o M 0 64 Not estimable
Xiang 2018 11 0 24 30% 5.00[0.22,115.05] S (R T 4
Xie 2021 0 100 0 43 Not estimable
Zhao 2017 o 10 0 20 Not estimable
Total (95% CI) 1183 458 100.0%  0.94[0.43, 2.08] -
Total events 24
Heterogeneity: Chi = 5.08, df = 7 (P = 0.65); I = 0% T 5 ¥ o T

Test for overall effect: Z = 0.15 (P = 0.88)

Favours surgical

Favours endovascular





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Comparison of surgical and endovascular left subclavian artery revascularization during thoracic aortic endovascular repair: a systematic review and meta-analysis

		Introduction



		Materials and methods



		Inclusion and exclusion criteria



		Search methodology and data extraction



		Quality assessment



		Statistical analysis











		Results



		Study characteristics and risk of bias



		Peri-operative stroke



		Peri-operative technical success



		Peri-operative SCI



		Peri-operative type I endoleak



		Peri-operative left upper limb ischemia



		Peri-operative mortality











		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Comparison of surgical and endovascular
left subclavian artery revascularization
during thoracic aortic endovascular
repair: a systematic review
and meta-analysis









OPS/images/fcvm-10-1274629-t001.jpg
Studies Study | Number of | Number | Number | Ageyears, Hypertension, | Follow-up

(ER/SR) period [EE of ER of SR | mean+SD No.(%) (month)

Bradshaw 2016 | 2007-2014 / ! / /

Zhao 2017 20102016 57 31 2 554+113/ | 25(80.6)/24 (923) | 2(65)/1(38) | 20 (645)21 (80.8) | 27/30
526127

Piffaretti 2018 | 20102017 73 31 2 70+13/66+12 | 21 (67.7) /35 4(13)/6 (14) 27 (87)/34 (80) 24

(83.3)

Xiang 2018 2011-2017 38 24 14 548131/ |21 (87.5)13 (929) / 19 (79.2)/14 (100) 26
531129

Wang 2019 2015-2018 49 17 32 560+106/ | 14 (82.4)/28 (875) / 17 (100)/32 (100) 13
524123

Konstantinou | 2012-2018 36 19 17 6582/680+ | 11 (58)/14(82) | 2(105)0(0) | 18 (947)/13 (765) 1517

2020 3

DOria 2020 | 2013-2018 837 116 721 67+12/64=13 | 75 (65)/468 (65) | 20 (17.0)91 | 105 (91)/661 (92) 7

(126)

Johnson 2020 | 2013-2018 53 18 35 ) 13 (72.0)/26 (743) | 0.(0)/3 (86) | 16 (88.9)/32 (91.4) !

Ramdon 2020 | 2011-2017 81 17 64 68+13/68=11 | 10(59) /43 (67) | 1(6)/10 (16) 15 (88)/55 (86) 8/15

Dueppers 2021 | 2009-2020 48 24 24 75071 i 0013 (125) | 19(79) 117 (71) 36

Xie 2021 2016-2019 143 43 100 584106/ |33 (76.7)/90 (90.0) | 3 (7.0)/9 (9.0) | 33 (76.7)/90 (90.0) 25
554119

Squiers 2022 | 2014-2020 55 PN 31 645+128/ 16 (667)/ 15 | 4 (167)/ 4 (129) | 19(792)/ 29 (936) | 28/34
644101 (48.4)

Cheng 2023 2019~ 9 4 52 630=9.1/ | 33 (80.5)/46 (88.5) | 8 (19.5)/8 (15.4) | 37 (90.2)/ 45 (86.5) 13

2021 601289
Wu 2023 2013-2020 105 41 64 d 51(79.7)/31 (756) | 13 (03)/10 | 54 (84.3)/33 (80.5) 7
(244)

DM, Diabetes mellitus: ER, SR, surgical






OPS/images/fcvm-10-1274629-t002.jpg
Studies Urgent Aortic pathology (ER/SR) Endovascular LSA revascularisation Surgical LSA

intervention revascularisation
(ER/SR) v . : o
Aneurysm Dissection Parallel Fenestration Single-branched
stent stent

Bradshaw 2016 / / ! / 0 33 0 1 10
Zhao 2017 / / / / 20 0 0 10 0
Piffaretti 2018 11 (36)/6 (14) 19 (61)/31 (74) 4(13)/8 (19) 82603 (7) 3 0 0 42 0
Xiang 2018 2(8)/3 (21) 0 (0)/0 (0) 24 (100)/14 (100) 0 (0)/0 (0) 24 0 0 14 0
Wang 2019 0(0)/0 (0) 0(0)/0 (©) 17 (100)/32 (100) 0(0)/0 (0) 0 17 0 / !
Konstantinou 0 (0)/0 (0) 10 (53)/5 (29) 6 (31.6)/12 (70.6) 3 (15.8)/0 (0) 0 19 0 15 2
2020
D'Oria 2020 26 (22)135 (19) | 50 (43)/248 (34) 42 (36)/326 (45) 27 (21)1147 (20) 23 15 75 / /
Johnson 2020 13 (72)/16 (46) 2 (11)/5 (14) 15 (83)/19 (54) 1511 (31) 18 0 0 13 2
Ramdon 2020 / 6 (35)/ 45 (70) 11 (65)/19 (30) 0.(0)/0 (0) 17 0 0 64 0
Dueppers 2021 7291 (4) 6 (25)/6 (25) 13 (34)/12 (50) 5 (21)/6 (25) 24 0 0 2 2
Xie 2021 0(0)/5 (5) 105 (5) 37 (86)/84 (84) 51211 (1) 0 43 0 100 [
Squiers 2022 00/ 3(97) 11 (45.8)/12 (38.7) 12 (50)/18 (58) 1421 (32) 0 0 24 20 1

ER SR srsical LB inft subelavian arteny: CSB. earotid-subcisvian bypass: SCT, subclsvian transposition.






OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





OPS/images/fcvm-10-1274629-g001.jpg
Records identified from*:
Embase (n=681)
MEDLINE(PubMed) (n = 585)
Cochrane Library (n=2)

Records removed before screening:
Duplicate records removed (n=481)

l

Records screened

Records excluded**

(n=787) (n =602)
Reports sought for retrieval Reports not retrieved
(n=185) (n=0)

!

Reports assessed for eligibility
(n=185)

Studies included in review
(n=14)

171 reports excluded:
Reviews (n=38)

Case numbers< 20 (n =34 )
Duplicates (n = 26)
Non-English articles (n =5)

No available data (n = 14)
Conference presentation (n = 7)
Case reports (n = 15)

Not a randomized or non-randomized
comparative study (n= 32)






OPS/images/fcvm-10-1274629-g002.jpg
Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias

i

0%

25% 50% 75%

100%

. Low risk D Moderate risk . Serious risk . Critical risk






OPS/images/fcvm-10-1274629-g003.jpg
Bradshaw 2017
Cheng 2023
Dueppers 2021
D’ Oria 2020
Johnson 2020
Konstantinou 2020
Piffaretti 2018
Ramdon 2019
Squiers 2022
Wang 2020

Wu 2023

Xiang 2018

Xie 2021

Zhao 2017

Total (95% CI)
Total events

Heterogeneity: Chi =
Test for overall effect

surgical  endovascular
0o 21 1 £
152 1 41
2 4 o 2
33 721 5 116
1035 o 18
o 17 o 19
1 42 1 31
5 64 3§ 47
0o 31 o 2
0 32 o 17
0 41 2 64
0 14 0 24
2 100 o 43
110 o 20
1204 491
46 13
.97, df =9 (P =0.84); = 0%
0.04 (P =097)

5.6%
5.3%
2.4%
41.1%
3.1%

5.5%
22.6%
9.4%

3.3%
1.6%

100.0%

Risk Ratio

0.52[0.02, 12.09]
079 [0.05, 12.23]
5.00 [0.25, 98.96]
1.06 [0.42, 2.66]
1.58 [0.07, 37.02)
Not estimable
0.74[0.05, 11.35]
0.44[0.12, 1.67)
Not estimable
Not estimable
0.31[0.02, 6.29]
Not estimable
2.18[0.11, 44.44)
5.73[0.25, 129.23]

1.01[0.57, 1.81]

Risk Ratio
- d. 95% C|
.
S
>
0.01 0.1 1 10 100

Favours surgical

Favours endovascular





