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Abstract

:

Background: Hybrid thoracic endovascular aortic repair (TEVAR) without median sternotomy is increasingly being performed in high-risk patients with aortic arch disease. The outcomes of hybrid TEVAR were reported to be worse with a more proximal landing zone. This study aims to clarify the effectiveness of zone 1-landing hybrid TEVAR by comparing the outcomes of zone 2-landing hybrid TEVAR. Methods: From April 2008 to October 2020, 213 patients (zone 1: zone 1-landing hybrid TEVAR, n = 82, 38.5%; zone 2: zone 2-landing hybrid TEVAR, n = 131, 61.5%) were enrolled (median age, 72 years; interquartile range [IQR], 65–78 years), with a median follow-up period of 6.0 years (IQR, 2.8–9.7 years). Results: The mean logistic EuroSCORE was 20.9 ± 14.8%: the logistic EuroSCORE of the zone 1 group (23.3 ± 16.1) was significantly higher than that of the zone 2 group (19.3 ± 12.4%, p = 0.045). The operative time and hospital stay of the zone 1 group were significantly longer than those of the zone 2 group. On the other hand, the in-hospital and late outcomes did not differ significantly between the two groups. There were no significant differences in cumulative survival (66.8% vs. 78.0% at 10 years, Log-rank p = 0.074), aorta-related death-free rates (97.6% vs. 99.2% at 10 years, Log-rank p = 0.312), and aortic event-free rates (81.4% vs. 87.9% at 10 years, Log-rank p = 0.257). Conclusions: Zone 1- and 2-landing hybrid TEVAR outcomes were satisfactory. Despite the high procedural difficulty and surgical risk, the outcomes of zone 1-landing hybrid TEVAR were equal to those of zone 2-landing hybrid TEVAR. If the surgical risk is high, zone 1-landing hybrid TEVAR should not be avoided.
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1. Introduction


The outcomes of hybrid thoracic endovascular aortic repair (TEVAR) have been reported to be worse when performed in more proximal landing zones [1,2]. There are many reports of zone 0- and zone 2-landing hybrid TEVAR for aortic arch diseases, but few reports of zone 1-landing hybrid TEVAR [2,3,4,5,6,7]. This is because an extra-anatomical bypass (right axillary artery [AxA]–left common carotid artery [LCCA]–left AxA bypass) and intracranial blood flow from the brachiocephalic artery (BCA) are required for zone 1-landing hybrid TEVAR. In our previous study, zone 1-landing hybrid TEVAR with extra-anatomical bypass did not influence the total intracranial flow [8]. This study aims to clarify the effectiveness of zone 1-landing hybrid TEVAR by comparing its outcomes with those of zone 2-landing hybrid TEVAR.




2. Materials and Methods


2.1. Ethics Statement and Study Design


This single-center, retrospective, observational cohort study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of Osaka University School of Medicine. Informed consent was obtained from all patients before the procedures.




2.2. Study Population


Of the 752 patients who had undergone TEVAR for aortic arch pathologies between April 2008 and October 2020, 213 who had undergone zone 1- (Figure 1A) and zone 2- (Figure 1B) landing hybrid TEVARs were enrolled. The mean follow-up period was 6.0 years (interquartile range [IQR], 2.8–9.7 years). None of the patients were lost to follow-up, and all patient data were available.




2.3. Indications


The indications for surgical intervention for zone 1 and zone 2 hybrid TEVARs were as follows: aneurysm; aortic diameter expansion by ≥5 mm in 6 months; a maximum aortic diameter > 55 mm; aortic rupture; saccular aneurysm of any size; dissection; malperfusion syndrome; and an initial aortic diameter > 40 mm in TBAD, in addition to the indications for an aneurysm.




2.4. Treatment Strategy


The following anatomy of aorta conditions were satisfied before performing zone 1- and zone 2-landing TEVARs: proximal LZ; diameter: ≤42 mm and length > 15 mm, and proximal stent graft; size ≤ 46 mm and oversizing rate: 10–20%. We selected a stent graft with the same oversizing for aneurysm and dissection.



Debranching procedures were as follows: zone 1-landing hybrid TEVAR; the patients underwent an extra-anatomical bypass from the right AxA to the LCCA and left AxA using a T-shaped, ringed, 8-mm expanded polytetrafluoroethylene graft, and zone 2-landing hybrid TEVAR; the patients underwent intentional covering of the left subclavian artery (LSA) without revascularization or extra-anatomical bypass (right AxA to left AxA and LCCA to left AxA). TEVAR was performed after the bypass within the same surgery. Since 2011, we have blocked the native forward flow of the blood vessel through which the device passes before TEVAR to prevent stroke due to thromboembolism. From 2012 onward, to prevent type 2 endoleak, we embolized the blood vessels using coils or ligated directly. Cerebrospinal fluid drainage was performed on patients with stent graft distal edge Th ≤ 10. The patients with atheroma grade ≥ 3 at the proximal LZ underwent TEVAR using a filter device from 2015, as previously described.




2.5. Follow-Up


Follow-ups were performed during regular patient visits. The patients were followed up with at least once every 3 months for the first year and every 6 months or 1 year thereafter at our hospital for MDCT examination. Patient death was confirmed via telephone interviews with the patients’ families.




2.6. Outcome Criteria


The primary outcomes of interest were (1) aortic events; known or suspected events, such as stroke, aneurysm enlargement ≥ 5 mm in diameter, or any cases of endoleak; stent graft migration; aortic rupture; aortic dissection; and prosthetic infection; and (2) aorta-related death (defined as death due to adverse events secondary to aortic pathologies). False lumen (FL) reperfusion was defined as persistent FL flow from a proximal entry tear at dissecting aortic aneurysm. We defined a stroke as having neurologic symptoms.




2.7. Statistical Analyses


Results are expressed as mean ± standard deviation and median (IQR) according to the normality of the distribution, assessed using the Shapiro–Wilk test, and compared using the Mann–Whitney U test. Categorical variables are presented as counts and percentages using the chi-square test or Fisher’s exact test. The curves for overall survival and freedom from aorta-related death and aortic events were estimated using the Kaplan–Meier product-limiting method and compared using the log-rank test. Estimates are provided with 95% CIs. All p values were 2-sided, and statistical significance was set at p < 0.05. All statistical analyses were performed using JMP statistical software, version 16.0.0 for MacOS X (SAS Institute Inc., Cary, NC, USA).





3. Results


3.1. Preoperative Patient Characteristics and Measurements


Preoperative patient characteristics and measurements are listed in Table 1. The median patient age at surgery was 72 years (IQR, 65–78 years); 43 (20.2%) patients were older than 80 years, and 42 (19.7%) patients were females. The patient age was significantly higher in the zone 1 group (73 years, IQR: 68–79 years) than in the zone 2 group (71 years, IQR: 61–77 years; p = 0.022). The pathologies were attributed to aneurysms in 144 (67.6%) patients and dissection in 69 (32.4%). The number of patients who had type B aortic dissection was significantly higher in the zone 2 group (n = 58, 44.3%) than that in the zone 1 group (n = 11, 13.4%; p < 0.001). Eleven (5.2%) patients had a history of median sternotomy before this study. Thirty-three (15.5%) patients underwent emergency procedures. The mean logistic EuroSCORE was 20.9 ± 14.8%; the logistic EuroSCORE of the zone 1 group (23.3 ± 16.1%) was significantly higher than that of the zone 2 group (19.3 ± 12.4%, p = 0.045).



The median maximum diameter of the aorta was 51 mm (IQR, 44–60 mm). The mean diameter of proximal LZ was 31.3 ± 3.5 mm; 32.4 ± 3.1 mm in the zone 1 group and 30.7 ± 3.6 mm in the zone 2 group (p = 0.001), respectively. The median length of proximal LZ was 20.0 mm (IQR, 16.9–24.0 mm); 20.0 mm (IQR, 16.5–25.0 mm) in the zone 1 group and 19.0 mm (17.0–24.0 mm) in the zone 2 group (p = 0.462), respectively. The mean diameter of the distal LZ was 27.1 ± 4.2 mm.




3.2. Procedure and Stent Grafts


The procedures and stent grafts used are listed in Table 2. All procedures were successful, and the median operating time was 160 min (IQR, 130–204 min): 191 min (IQR, 161–220 min) in the zone 1 group and 140 min (IQR, 112–171 min) in the zone 2 group; the operating time in the zone 1 group was longer than that in the zone 2 group (p < 0.001).



Proximal devices such as TAG and CTAG (Gore Medical, Flagstaff, AZ, USA) were used in 162 (76.1%) patients, Zenith TX2 and TXD (Cook Medical, Bloomington, IN, USA) in 17 (8.0%), Relay Plus and Relay NBS (Terumo Aortic, Inchinnan, Scotland, UK) in 26 (12.2%), and Talent and Valiant (Medtronic Inc., Minneapolis, MN, USA) in 8 (3.8%). The median size of the proximal stent graft was 36 mm (IQR, 34–38 mm); 37 mm (IQR, 34–40 mm) in the zone 1 group and 34 mm (IQR, 34–37 mm) in the zone 2 group (p = 0.004). The median oversizing rate of the proximal devices was 14% (IQR, 10–18%); 13% (IQR, 10–17%) in the zone 1 group and 14% (IQR, 10–19%) in the zone 2 group (p = 0.154). The median thoracic spine (Th) at the distal edge of the stent graft was 8 (IQR 7–9).




3.3. In-Hospital Outcomes


The in-hospital outcomes are presented in Table 3. The median postoperative hospital stay was 10 days (IQR, 8–16 days). The 30-day mortality rate was 0.5% (n = 1). The hospital mortality rate was 0.9% (n = 2); one (0.5%) patient in the zone 1 group had an abdominal embolic event and one (0.5%) had an aneurysm rupture due to a type 1a endoleak. Two (1.0%; one [1.2%] in the zone 1 group and one [0.8%] in the zone 2 group) patients experienced a stroke, and two (1.0%; one [1.2%] in the zone 1 group and one [0.8%] in the zone 2 group) had spinal cord injury. Endoleaks were reported in 11 (5.2%) patients, including type 1a (n = 3; 1.4%), type 1b (n = 1; 0.5%), and type 1c endoleaks (n = 7; 3.3%). Aortic events and endoleaks did not differ significantly between the groups. Of the two patients with type 1a endoleaks, one was treated successfully with conventional arch repair and the other experienced an aneurysm rupture. One patient with a type 1b endoleak underwent TEVAR. All type 1c endoleaks were detected based on LSA. We embolized the LSA using the coils, and the type 1c endoleak disappeared.




3.4. Late Outcomes


The late outcomes are summarized in Table 4. Late deaths were reported in 38 (17.8%) patients, including deaths due to stent graft infection (n = 1), cardiac events (n = 3), cerebrovascular diseases (n = 6), malignant diseases (n = 10), and infectious diseases (n = 17). Twelve (5.6%) patients had late aortic events: one (0.5%) had RTAD, three (1.4%) had distal stent graft-induced new entry (SINE), one (0.5%) had a prosthetic infection, four (1.9%) had type 1a endoleak, and two (0.9%) had type 1b endoleaks (n = 1, 0.5%).



Figure 2A shows the 10-year rate of cumulative survival was 73.6% (95% CI: 64.7–80.9%). The survival rates at 10 years in the zone 1 and zone 2 groups were 66.8% (95% CI: 51.9–79.0%) and 78.0% (95% CI: 66.8–86.2%), respectively, with no significant differences (log-rank p = 0.074) (Figure 3A).



Figure 2B shows the aorta-related death-free rate at 10 years was 98.6% (95% CI: 95.7–99.5%). The 10-year event-free rates for the zone 1 and zone 2 groups were 97.6% (95% CI: 90.7–99.4%) and 99.2% (95% CI: 94.8–99.9%), respectively, with no significant differences (log-rank p = 0.312) (Figure 3B).



Figure 2C shows the aortic event-free rates at 1, 3, 5, and 10 years were 92.0% (95% CI: 87.5–95.0%), 89.4% (95% CI: 84.5–93.0%), 86.7% (95% CI: 81.1–90.9%), and 85.5% (95% CI: 79.4–90.1%), respectively. The 10-year event-free rates for the zone 1 and zone 2 groups were 81.4% (95% CI: 69.2–89.4%) and 87.9% (95% CI: 80.4–92.8%), respectively, with no significant difference (log-rank p = 0.257) (Figure 3C).




3.5. Comparison of the Outcomes in Aortic Pathologies


Comparisons of the outcomes for aneurysms and dissections between the two groups are presented in Supplementary Table S1. For both aneurysms and dissections, the preoperative patient characteristics did not differ significantly between the two groups. The operative time and hospital stay in the zone 1 group were significantly longer than those in the zone 2 group. In contrast, in-hospital and late outcomes did not differ significantly between the two groups. In addition, the aorta-related death and aortic-event-free rates in aneurysms and dissections did not differ significantly between the two groups (Supplementary Figure S1A–D).





4. Discussion


It is a well-known fact that total arch replacement (TAR) is the first-choice treatment method for aortic arch diseases [9,10,11,12,13]. However, despite recent developments in surgical techniques and the perioperative management of aortic arch diseases, TAR, which requires sternotomy, hypothermic circulatory arrest, selective cervical arterial perfusion, and cardiopulmonary bypass, remains a high-risk procedure, particularly in older adults with significant comorbidities [14,15,16,17]. Some previous studies have reported that high-risk patients aged > 75 years have significantly lower in-hospital mortality, and hybrid TEVAR improves short- and mid-term outcomes, particularly in high-risk patients [18,19]. Some recent studies reported that the long-term results of hybrid TEVAR are equivalent to those of TAR [20,21,22,23]. However, the outcome of TAR is better than that of hybrid TEVAR in terms of aortic event-free and aortic reintervention-free rates [21,23]. Hybrid TEVAR has been established as the minimally invasive first-line treatment for aortic arch diseases at our institution since 2008 [24,25,26].



Zone 0-landing hybrid TEVAR requires a median sternotomy; therefore, zone 1- and zone 2-landing hybrid TEVARs should be recommended from the viewpoint of surgical invasiveness. In our previous study, zone 0-landing hybrid TEVAR performed relatively well. The stroke (1.5%), 30-day mortality (0.5%), 10-year aortic event-free (94.9%), and 10-year aorta-related death-free (82.3%) rates of zone 0-landing hybrid TEVAR were equal to those of zone 1- and zone 2-landing hybrid TEVARs. However, some studies have reported that the outcomes of hybrid TEVAR were worse in the more proximal landing zone. Zone 0 had an increased 30-day mortality rate compared to zone 1 (9.3% in zone 0 vs. 3.7% in zone 1), and zone 1 had an increased rate of ischemic stroke compared to zone 2 (7.7% in zone 1 vs. 6.6% in zone 2) [1,2]. However, as previously reported, zone 0 landing hybrid TEVAR is undoubtedly advantageous for avoiding the bird-beak configuration [25,27]. There is also a zone 0-landing hybrid TEVAR with the chimney technique, but as previously reported, a type 1a endoleak may occur; therefore, it is not recommended except in severe cases [28,29,30].



In the present study, both groups achieved satisfactory in-hospital and late outcomes. In-hospital mortality was 0.5% (1.2% in zone 1 vs. 0% in zone 2), and over 95% of the patients were discharged. The stroke rate was not significantly different between the groups (0.9%, 1.2% in zone 1 vs. 0.8% in zone 2, p = 1.00) and is superior to that reported in other studies. Regarding cerebral blood flow, our previous study showed that zone 1 and zone 2-landing hybrid TEVARs do not affect the total intracranial blood flow. In addition, this study revealed that the 10-year aortic event-free and aorta-related death-free rates were 98.6% (97.6% in zone 1 vs. 99.2% in zone 2, Log-rank p = 0.312) and 85.5% (81.4% in zone 1 vs. 87.9% in zone 2, Log-rank p = 0.257), respectively, which were superior to those reported in other papers on hybrid TEVAR.



It is an undeniable fact that anatomical consideration is important in stent graft therapy. In this study, zone 1-landing hybrid TEVAR had similar outcomes to zone 2-landing hybrid TEVAR, despite the high procedure difficulty and surgical risk. Therefore, zone 1-landing hybrid TEVAR has more outstanding merit in older adults, who cannot be treated with zone 2-landing hybrid TEVAR, than zone 0 landing hybrid TEVAR.



Limitation


This study has some limitations. First, this was a retrospective study, and some patients had relatively short follow-up periods. Second, the sample size was small for both groups, and more cases are required for further analysis. Therefore, a prospective multicenter study with long-term follow-up is required to confirm our findings.





5. Conclusions


The outcomes of zone 1- and zone 2-landing hybrid TEVAR were satisfactory. Zone 0-landing hybrid TEVAR is higher invasive. The high-risk patient with an unsuitable landing zone at zone 2 should not be discouraged from zone 1-landing hybrid TEVAR.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jcm12165326/s1, Supplementary Table S1: Comparison of the outcomes in aortic pathologies. Supplementary Figure S1: Kaplan–Meier curve of the each aortic pathologies.





Author Contributions


Conceptualization, T.K. (Tomoaki Kudo) and T.K. (Toru Kuratani); Data curation, T.K. (Tomoaki Kudo); Formal analysis, T.K. (Tomoaki Kudo) and T.K. (Toru Kuratani); Supervision, T.K. (Toru Kuratani), Y.S. and S.M.; Validation, T.K. (Tomoaki Kudo), T.K. (Toru Kuratani), Y.S. and S.M.; Writing—original draft, T.K. (Tomoaki Kudo); Writing—review & editing, T.K. (Tomoaki Kudo), T.K. (Toru Kuratani), Y.S. and S.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


All protocols of TEVAR using branched endografts in this study were approved by the Medical Ethics Committee of Osaka University School of Medicine.




Informed Consent Statement


Informed consent was obtained from all patients before the procedures.




Data Availability Statement


Data cannot be shared for ethical/privacy reasons. The data underlying this article cannot be shared publicly due to the privacy of individuals that participated in the study. On reasonable request, the data will be made available by the corresponding author after approval from the Ethical Committee of the University of Osaka.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



DiBartolomeo, A.D.; Ding, L.; Weaver, F.A.; Han, S.M.; Magee, G.A. Risk of Stroke with Thoracic Endovascular Aortic Repair of the Aortic Arch. Ann. Vasc. Surg. 2023. [Google Scholar] [CrossRef]

	



Ma, Y.; Siddiqui, M.S.; Farhan, S.A.; Albuquerque, F.C.; Larson, R.A.; Levy, M.M.; Chery, J.; Newton, D.H. A meta-analysis on the effect of proximal landing zone location on stroke and mortality in thoracic endovascular aortic repair. J. Vasc. Surg. 2023. [Google Scholar] [CrossRef]

	



Kudo, T.; Kuratani, T.; Shimamura, K.; Sakaniwa, R.; Sawa, Y. Long-term results of hybrid aortic arch repair using landing zone 0: A single-centre study. Eur. J. Cardio-Thorac. Surg. 2021, 59, 1227–1235. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, H.; Feng, J.; Guo, M.; Liu, J.; Xu, D.; Lu, Y.; Zhu, H.; Liu, M.; Feng, R. Management of an Isolated Left Vertebral Artery on the Arch During Zone 2 Landing Thoracic Endovascular Aortic Repair: A Multicentre Retrospective Study. Eur. J. Vasc. Endovasc. Surg. 2022, 65, 330–337. [Google Scholar] [CrossRef] [PubMed]

	



Dakour-Aridi, H.; Yin, K.; Hussain, F.; Locham, S.; Azizzadeh, A.; Malas, M.B. Outcomes of intact thoracic endovascular aortic repair in octogenarians. J. Vasc. Surg. 2021, 74, 882–892.e1. [Google Scholar] [CrossRef]

	



Preventza, O.; Tan, C.W.; Orozco-Sevilla, V.; Euhus, C.J.; Coselli, J.S. Zone zero hybrid arch exclusion versus open total arch replacement. Ann. Cardiothorac. Surg. 2018, 7, 372–379. [Google Scholar] [CrossRef]

	



Sun, M.; Wang, Y.; Zhou, T.; Liu, X.; Jing, Q.; Liu, H.; Wang, X. Safety of Left Subclavian Artery Selective Coverage without Revascularization in Thoracic Endovascular Aortic Repair for Type B Aortic Dissections. Ann. Thorac. Cardiovasc. Surg. 2023, 29, 70–77. [Google Scholar] [CrossRef]

	



Goto, T.; Shimamura, K.; Kuratani, T.; Kin, K.; Shijo, T.; Kudo, T.; Watanabe, Y.; Masada, K.; Sakaniwa, R.; Tanaka, H.; et al. Quantitative evaluation of blood flow in each cerebral branch associated with zone 1–2 thoracic endovascular aortic repair. Eur. J. Cardio-Thoracic Surg. 2019, 55, 1079–1085. [Google Scholar] [CrossRef]

	



Ikeno, Y.; Yokawa, K.; Yamanaka, K.; Inoue, T.; Tanaka, H.; Okada, K.; Okita, Y. Total arch replacement in octogenarians and nonagenarians: A single-center 18-year experience. J. Thorac. Cardiovasc. Surg. 2020, 160, 346–356.e1. [Google Scholar] [CrossRef]

	



Okita, Y.; Okada, K.; Omura, A.; Kano, H.; Minami, H.; Inoue, T.; Miyahara, S. Total arch replacement using antegrade cerebral perfusion. J. Thorac. Cardiovasc. Surg. 2013, 145, S63–S71. [Google Scholar] [CrossRef]

	



Okada, K.; Omura, A.; Kano, H.; Sakamoto, T.; Tanaka, A.; Inoue, T.; Okita, Y. Recent advancements of total aortic arch replacement. J. Thorac. Cardiovasc. Surg. 2011, 144, 139–145. [Google Scholar] [CrossRef] [PubMed]

	



Shimizu, H.; Hirahara, N.; Motomura, N.; Miyata, H.; Takamoto, S. Current status of cardiovascular surgery in Japan, 2015 and 2016: Analysis of data from Japan Cardiovascular Surgery Database. 4―Thoracic aortic surgery. Gen. Thorac. Cardiovasc. Surg. 2019, 67, 751–757. [Google Scholar] [CrossRef] [PubMed]

	



Okita, Y.; Miyata, H.; Motomura, N.; Takamoto, S.; The Japan Cardiovascular Surgery Database Organization. A study of brain protection during total arch replacement comparing antegrade cerebral perfusion versus hypothermic circulatory arrest, with or without retrograde cerebral perfusion: Analysis based on the Japan Adult Cardiovascular Surgery Database. J. Thorac. Cardiovasc. Surg. 2015, 149, S65–S73. [Google Scholar] [CrossRef] [PubMed]

	



Hiraoka, A.; Chikazawa, G.; Totsugawa, T.; Kuinose, M.; Tamura, K.; Sakaguchi, T.; Yoshitaka, H. Open total aortic arch reconstruction for patients with advanced age in the era of endovascular repair. J. Thorac. Cardiovasc. Surg. 2014, 148, 77–82. [Google Scholar] [CrossRef]

	



Hachiro, K.; Kinoshita, T.; Suzuki, T.; Asai, T. Total arch replacement in octogenarians. Interact. Cardiovasc. Thorac. Surg. 2022, 34, 283–290. [Google Scholar] [CrossRef] [PubMed]

	



Shirakawa, Y.; Kuratani, T.; Shimamura, K.; Torikai, K.; Sakamoto, T.; Shijo, T.; Sawa, Y. The efficacy and short-term results of hybrid thoracic endovascular repair into the ascending aorta for aortic arch pathologies. Eur. J. Cardio-Thoracic Surg. 2013, 45, 298–304. [Google Scholar] [CrossRef]

	



Kudo, T.; Kuratani, T.; Shirakawa, Y.; Shimamura, K.; Kin, K.; Sakamoto, T.; Shijo, T.; Watanabe, Y.; Masada, K.; Sakaniwa, R.; et al. Effectiveness of Proximal Landing Zones 0, 1, and 2 Hybrid Thoracic Endovascular Aortic Repair: A Single Centre 12 Year Experience. Eur. J. Vasc. Endovasc. Surg. 2021, 63, 410–420. [Google Scholar] [CrossRef]

	



Milewski, R.K.; Szeto, W.Y.; Pochettino, A.; Moser, G.W.; Moeller, P.; Bavaria, J.E. Faculty Opinions recommendation of Have hybrid procedures replaced open aortic arch reconstruction in high-risk patients? A comparative study of elective open arch debranching with endovascular stent graft placement and conventional elective open total and distal aortic arch reconstruction. J. Thorac. Cardiovasc. Surg. 2010, 140, 590–597. [Google Scholar] [CrossRef]

	



Shiraya, S.; Nakamura, Y.; Harada, S.; Kishimoto, Y.; Onohara, T.; Otsuki, Y.; Kurashiki, T.; Horie, H.; Nishimura, M. Debranching thoracic endovascular aortic repair for distal aortic arch aneurysm in elderly patients aged over 75 years old. J. Cardiothorac. Surg. 2020, 15, 13. [Google Scholar] [CrossRef]

	



Preventza, O.; Garcia, A.; Cooley, D.A.; Haywood-Watson, R.J.; Simpson, K.; Bakaeen, F.G.; Cornwell, L.D.; Omer, S.; de la Cruz, K.I.; Price, M.D.; et al. Total aortic arch replacement: A comparative study of zone 0 hybrid arch exclusion versus traditional open repair. J. Thorac. Cardiovasc. Surg. 2015, 150, 1591–1600. [Google Scholar] [CrossRef]

	



Iba, Y.; Minatoya, K.; Matsuda, H.; Sasaki, H.; Tanaka, H.; Oda, T.; Kobayashi, J. How should aortic arch aneurysms be treated in the endovascular aortic repair era? A risk-adjusted comparison between open and hybrid arch repair using propensity score-matching analysis. Eur. J. Cardio-Thoracic Surg. 2014, 46, 32–39. [Google Scholar] [CrossRef]

	



Narita, H.; Komori, K.; Usui, A.; Yamamoto, K.; Banno, H.; Kodama, A.; Sugimoto, M. Postoperative Outcomes of Hybrid Repair in the Treatment of Aortic Arch Aneurysms. Ann. Vasc. Surg. 2016, 34, 55–61. [Google Scholar] [CrossRef] [PubMed]

	



Tokuda, Y.; Oshima, H.; Narita, Y.; Abe, T.; Araki, Y.; Mutsuga, M.; Fujimoto, K.; Terazawa, S.; Yagami, K.; Ito, H.; et al. Hybrid versus open repair of aortic arch aneurysms: Comparison of postoperative and mid-term outcomes with a propensity score-matching analysis. Eur. J. Cardio-Thoracic Surg. 2015, 49, 149–156. [Google Scholar] [CrossRef] [PubMed]

	



Shijo, T.; Kuratani, T.; Torikai, K.; Shimamura, K.; Sakamoto, T.; Kudo, T.; Masada, K.; Takahara, M.; Sawa, Y. Thoracic endovascular aortic repair for degenerative distal arch aneurysm can be used as a standard procedure in high-risk patients. Eur. J. Cardio-Thoracic Surg. 2016, 50, 257–263. [Google Scholar] [CrossRef] [PubMed]

	



Kudo, T.; Kuratani, T.; Shimamura, K.; Sawa, Y. Determining the Optimal Proximal Landing Zone for TEVAR in the Aortic Arch: Comparing the Occurrence of the Bird-Beak Phenomenon in Zone 0 vs Zones 1 and 2. J. Endovasc. Ther. 2020, 27, 368–376. [Google Scholar] [CrossRef]

	



Kudo, T.; Kuratani, T.; Shimamura, K.; Sakamoto, T.; Kin, K.; Masada, K.; Shijo, T.; Torikai, K.; Maeda, K.; Sawa, Y. Type 1a endoleak following Zone 1 and Zone 2 thoracic endovascular aortic repair: Effect of bird-beak configuration†. Eur. J. Cardio-Thoracic Surg. 2017, 52, 718–724. [Google Scholar] [CrossRef]

	



Scurto, L.; Peluso, N.; Pascucci, F.; Sica, S.; De Nigris, F.; Filipponi, M.; Minelli, F.; Donati, T.; Tinelli, G.; Tshomba, Y. Type 1A Endoleak after TEVAR in the Aortic Arch: A Review of the Literature. J. Pers. Med. 2022, 12, 1279. [Google Scholar] [CrossRef]

	



Kudo, T.; Kuratani, T.; Shirakawa, Y.; Shimamura, K.; Kin, K.; Sakamoto, T.; Shijo, T.; Watanabe, Y.; Masada, K.; Sakaniwa, R.; et al. Comparison of the Outcomes of Total Endovascular Aortic Arch Repair Between Branched Endograft and Chimney Endograft Technique in Zone 0 Landing. J. Endovasc. Ther. 2021, 29, 427–437. [Google Scholar] [CrossRef]

	



Ahmad, W.; Mylonas, S.; Majd, P.; Brunkwall, J.S. A current systematic evaluation and meta-analysis of chimney graft technology in aortic arch diseases. J. Vasc. Surg. 2017, 66, 1602–1610.e2. [Google Scholar] [CrossRef]

	



Ahmad, W.; Buse, C.; Kroger, J.R.; Mylonas, S.; Majd, P.; Brunkwall, S.; Maintz, D.; Brunkwall, J.S. A Shorter Aortic Arch Sealing Ring (<10 mm) Distal to the Most Distal Chimney Seems to Be an Additional Important Factor Contributing to a Gutter Endoleak in Aortic Arch TEVAR. Ann. Vasc. Surg. 2019, 61, 116–123. [Google Scholar]








[image: Jcm 12 05326 g001] 





Figure 1. (A) Zone 1-landing hybrid TEVAR (zone 1). (B) Zone 2-landing hybrid TEVAR (zone 2). 
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Figure 2. Kaplan–Meier curve in the entire study group. (A) Cumulative survival. The cumulative survival rate at 10 years was 73.6% (95% CI: 64.7–80.9%). (B) Aorta-related death-free rates. The event-free rate at 10 years was 90.8% (95% CI: 77.2–96.7%). (C) Aortic event-free rate. The event-free rate at 10 years was 85.5% (95% CI: 79.4–90.1%). 






Figure 2. Kaplan–Meier curve in the entire study group. (A) Cumulative survival. The cumulative survival rate at 10 years was 73.6% (95% CI: 64.7–80.9%). (B) Aorta-related death-free rates. The event-free rate at 10 years was 90.8% (95% CI: 77.2–96.7%). (C) Aortic event-free rate. The event-free rate at 10 years was 85.5% (95% CI: 79.4–90.1%).



[image: Jcm 12 05326 g002a][image: Jcm 12 05326 g002b]







[image: Jcm 12 05326 g003a][image: Jcm 12 05326 g003b] 





Figure 3. Kaplan–Meier curve in the each groups. (A) Cumulative survival. The 10-year survival rates in the zone 1 and zone 2 groups were 66.8% (95% CI: 51.9–79.0%) and 78.0% (95% CI: 66.8–86.2%) (Log-rank p = 0.074), respectively. (B) Aorta-related death-free rates. The event-free rates at 10 years for the zone 1 and zone 2 groups were 97.6% (95% CI: 90.7–99.4%) and 99.2% (95% CI: 94.8–99.9%) (Log-rank p = 0.312), respectively. (C) Aortic event-free rates. The event-free rates at 10 years for the zone 1 and zone 2 groups were 81.4% (95% CI: 69.2–89.4%) and 87.9% (95% CI: 80.4–92.8%) (Log-rank p = 0.257), respectively. 
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Table 1. Preoperative patient characteristics and measurements.






Table 1. Preoperative patient characteristics and measurements.












	
	All

n = 213
	Zone 1

n = 82 (38.5%)
	Zone 2

n = 131 (61.5%)
	p Value





	Age (years)
	72 (65–78)
	73 (68–79)
	71 (61–77)
	0.022



	Age ≥ 80 years, n (%)
	43 (20.2)
	19 (23.2)
	24 (18.3)
	0.391



	Female, n (%)
	42 (19.7)
	13 (15.9)
	29 (22.1)
	0.262



	Aortic pathologies
	
	
	
	



	TAA, n (%)
	144 (67.6)
	71 (86.6)
	73 (55.7)
	<0.001



	DAA, n (%)
	69 (32.4)
	11 (13.4)
	58 (44.3)
	



	Acute and subacute, n (%)
	21 (9.9)
	4 (4.9)
	17 (13.0)
	0.725



	Chronic, n (%)
	48 (22.5)
	7 (8.5)
	41 (31.3)
	



	Preoperative complications
	
	
	
	



	Cerebrovascular disease, n (%)
	25 (11.7)
	11 (13.4)
	14 (10.7)
	0.547



	Coronary artery disease, n (%)
	44 (20.7)
	22 (26.8)
	22 (16.8)
	0.078



	CKD stage ≥ 4, n (%)
	30 (14.1)
	15 (18.2)
	15 (11.5)
	0.163



	COPD, n (%)
	19 (8.9)
	12 (14.6)
	7 (5.3)
	0.021



	EF ≤ 40%, n (%)
	1 (0.5)
	1 (1.2)
	0
	0.385



	Previous median sternotomy, n (%)
	11 (5.2)
	6 (7.3)
	5 (3.8)
	0.342



	Emergency, n (%)
	33 (15.5)
	11 (13.4)
	22 (16.8)
	0.507



	Logistic EuroSCORE (%)
	20.9 ± 14.8
	23.3 ± 16.1
	19.3 ± 12.4
	0.045



	Preoperative measurements
	
	
	
	



	Maximum aortic diameter (mm)
	51 (44–60)
	56 (48–64)
	50 (42–58)
	<0.001



	Diameter of proximal LZ (mm)
	31.3 ± 3.5
	32.4 ± 3.1
	30.7 ± 3.6
	0.001



	Length of proximal LZ (mm)
	20.0 (16.9–24.0)
	20.0 (16.5–25.0)
	19.0 (17.0–24.0)
	0.462



	Diameter of distal LZ (mm)
	27.1 ± 4.2
	27.7 ± 4.4
	26.8 ± 4.1
	0.135







Data are represented as mean ± standard deviation and median (IQR: interquartile range). TAA: thoracic aortic aneurysm; DAA: dissecting aortic aneurysm; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; EF: ejection fraction; LZ: landing zone.













 





Table 2. Procedure and stent grafts.
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	All

n = 213
	Zone 1

n = 82 (38.5%)
	Zone 2

n = 131 (61.5%)
	p Value





	Procedure success, n (%)
	213 (100)
	82 (100)
	131 (100)
	1.00



	Operative time (minutes)
	160 (130–204)
	191 (161–220)
	140 (112–171)
	<0.001



	Stent grafts
	
	
	
	



	Type of proximal stent grafts
	
	
	
	



	TAG and CTAG, n (%)
	162 (76.1)
	65 (79.3)
	97 (74.1)
	



	Zenith TX2 and TXD, n (%)
	17 (8.0)
	7 (8.5)
	10 (7.6)
	



	Relay Plus and NBS, n (%)
	26 (12.2)
	8 (9.8)
	18 (13.7)
	



	Talent and Valiant, n (%)
	8 (3.8)
	2 (2.4)
	6 (4.6)
	



	Number of stent grafts (n)
	1.4 ± 0.6
	1.5 ± 0.5
	1.5 ± 0.6
	0.822



	Proximal stent graft
	
	
	
	



	Diameter (mm)
	36 (34–38)
	37 (34–40)
	34 (34–37)
	0.004



	Oversize rate (%)
	14 (10–18)
	13 (10–17)
	14 (10–19)
	0.154



	Distal stent graft
	
	
	
	



	Diameter (mm)
	34 (30–37)
	34 (31–37)
	34 (28–35)
	0.021



	Oversize rate (%)
	19 (14–28)
	20 (14–29)
	19 (13–28)
	0.275



	Th of distal stent graft edge
	8 (7–9)
	8 (7–8)
	8 (7–9)
	0.256







Data are represented as mean ± standard deviation and median (IQR: interquartile range). Th: thoracic spine.













 





Table 3. In-hospital outcomes.
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	All

n = 213
	Zone 1

n = 82 (38.5%)
	Zone 2

n = 131 (61.5%)
	p Value





	Hospital stay (days)
	10 (8–16)
	11 (9–19)
	10 (8–14)
	0.005



	Discharge at home, n (%)
	203 (95.3)
	78 (95.1)
	125 (95.4)
	1.00



	30-day mortality, n (%)
	1 (0.5)
	1 (1.2) *
	0
	0.385



	Abdominal embolic event, n (%)
	1 (0.5)
	1 (1.2) *
	0
	0.385



	Hospital mortality, n (%)
	2 (0.9)
	1 (1.2) *
	1 (0.8) +
	1.00



	Abdominal embolic event, n (%)
	1 (0.5)
	1 (1.2) *
	0
	0.385



	Aneurysm rupture, n (%)
	1 (0.5)
	0
	1 (0.8) +
	1.00



	Aortic events
	
	
	
	



	Complications
	
	
	
	



	Stroke, n (%)
	2 (0.9)
	1 (1.2)
	1 (0.8)
	1.00



	Spinal cord injury, n (%)
	2 (0.9)
	1 (1.2)
	1 (0.8)
	1.00



	Cardiac events, n (%)
	0
	0
	0
	1.00



	Abdominal embolic event, n (%)
	1 (0.5)
	1 (1.2) *
	0
	0.385



	New dialysis, n (%)
	0
	0
	0
	1.00



	Aneurysm rupture, n (%)
	1 (0.5)
	0
	1 (0.8) +
	1.00



	RTAD, n (%)
	0
	0
	0
	1.00



	Distal SINE, n (%)
	0
	0
	0
	1.00



	Stent graft infection, n (%)
	0
	0
	0
	1.00



	Bypass graft occlusion, n (%)
	0
	0
	0
	1.00



	Endoleaks
	
	
	
	



	Type 1a, n (%)
	3 (1.4)
	1 (1.2)
	2 (1.5) +
	1.00



	Type 1b, n (%)
	1 (0.5)
	1 (1.2)
	0
	0.385



	Type 1c, n (%)
	7 (3.3)
	3 (3.7)
	4 (3.1)
	1.00



	Type 2, n (%)
	0
	0
	0
	1.00



	Type 3, n (%)
	0
	0
	0
	1.00







Data are represented as median (IQR: interquartile range). RTAD: retrograde type A dissection; SINE: stent graft-induced new entry; *: same patient; +: same patient.













 





Table 4. Late outcomes.
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	All

n = 213
	Zone 1

n = 82 (38.5%)
	Zone 2

n = 131 (61.5%)
	p Value





	Late death, n (%)
	38 (17.8)
	19 (23.2)
	19 (14.5)
	



	Stent graft infection, n (%)
	1 (0.5)
	1 (1.2)
	0
	0.385



	Cardiac events, n (%)
	3 (1.4)
	1 (1.2)
	2 (1.5)
	1.00



	Cerebrovascular diseases, n (%)
	6 (2.8)
	2 (2.5)
	4 (3.1)
	1.00



	Malignancy, n (%)
	10 (4.7)
	7 (8.5)
	4 (3.1)
	0.079



	Infection, n (%)
	17 (8.0)
	7 (8.5)
	9 (6.9)
	0.654



	Others, n (%)
	1 (1.2)
	1 (1.2)
	0
	0.385



	Aortic events
	
	
	
	



	Complications
	
	
	
	



	Stroke, n (%)
	0
	0
	0
	1.00



	Spinal cord injury, n (%)
	0
	0
	0
	1.00



	Cardiac events (%)
	0
	0
	0
	1.00



	Abdominal embolic event, n (%)
	0
	0
	0
	1.00



	New dialysis, n (%)
	0
	0
	0
	1.00



	Aneurysm rupture, n (%)
	0
	0
	0
	1.00



	RTAD, n (%)
	1 (0.5)
	1 (1.2)
	0
	0.385



	Distal SINE, n (%)
	3 (1.4)
	0
	3 (2.3)
	0.286



	Stent graft infection, n (%)
	1 (0.5)
	1 (1.2)
	0
	0.385



	Bypass graft occlusion, n (%)
	1 (0.5)
	0
	1 (0.8)
	1.00



	Endoleaks
	
	
	
	



	Type 1a, n (%)
	4 (1.9)
	1 (1.2)
	3 (2.3)
	1.00



	Type 1b, n (%)
	2 (0.9)
	2 (2.5)
	0
	0.147



	Type 1c, n (%)
	0
	0
	0
	1.00



	Type 2, n (%)
	0
	0
	0
	1.00



	Type 3, n (%)
	0
	0
	0
	1.00







RTAD: retrograde type A dissection; SINE: stent graft-induced new entry.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check CrossRef













nav.xhtml


  jcm-12-05326


  
    		
      jcm-12-05326
