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Introduction: Endovascular repair using off-the-shelf endografts is a viable solution in patients with ruptured or symptomatic complex aortic aneurysms. This analysis aimed to present the peri-operative and follow-up outcomes in urgent and emergent cases managed with the t-Branch multibranched thoracoabdominal endograft.



Methods: Prospectively collected data from all consecutive urgent and emergent cases managed in two aortic centers between January 1st, 2014, to November 30th, 2022, using the t-Branch device (Cook Medical Inc., Bjaeverskov, Denmark) were analyzed. Patients presenting with ruptured aortic complex aneurysms were characterized as emergent and patients with aneurysms >90 mm of diameter, or symptomatic aneurysms were characterized as urgent. Technical success, 30-day mortality, major adverse events (MAE) and spinal cord ischemia (SCI) rates were assessed.



Results: 225 patients (36.5% females, 72.5 ± 2.8 years) were included; 73.0% were urgent. The mean aneurysm diameter was 109 ± 3.9 mm and 44.4% were type I–III TAAAs. Females (p = .03), para-renal aneurysms (p = .02) and ASA score IV (p < .001) were more common in emergent cases. Technical success was 97.8%. Thirty-day mortality and MAE rates were 17.8% and 30.6%, respectively. SCI rate was 14.7%, (4.8% paraplegia rate) with 22.2% of patients receiving prophylactic cerebrospinal drainage. Thirty-day mortality (13.3% vs. 26.7%, p = .04) and MAE (26.0% vs. 43.0%, p = .02) were more common among emergent cases while technical success (97.6% vs. 98.3%, p = .9), and SCI (13.3% vs. 18.3%, p = .4) were similar. Survival at 12-months was 83.5% (SE 5.9%) for the urgent and 77.1% (SE 8.2%) for the emergent group (log rank, p = 0.96).



Conclusion: T-Branch represents an effective and safe solution for the management of urgent and emergent cases with complex aortic aneurysms, with high technical success, promising early mortality and SCI rates.
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Introduction

Mortality in ruptured thoracoabdominal aneurysms (rTAAAs) is high; even when treatment is applied (1, 2). Open surgical repair (OSR) shown higher mortality rates, exceeding 50% in ruptured TAAA with high associated morbidity, especially in terms of renal and cardiac complications (1, 2). In urgent scenarios, endovascular management of TAAAs may provide an early survival benefit, however comparative studies on OSR and complex endovascular aortic repair are still lacking (3–6). Endovascular aortic repair for urgent cases may be achieved by means of different complex techniques, including parallel grafts, surgeon-modified endografts and off-the-shelf devices (7–9). However, limited data exist in the available literature and only few studies focus on urgent complex aortic repair (10, 11).

Promising data, have shown that the off-the-shelf branched devices can be applied in urgent complex aortic cases, including type I–III TAAAs, with low early mortality (10–13). However, there are still issues to be resolved, with spinal cord ischemia (SCI) rates still concerning and raising to 15%, probably as a result of long segment aortic coverage, blood loss, hypotension and the inability to using a staged approach (10, 11). At the same time, some other technical or anatomical issues, as device malrotation, aortoiliac tortuosity, and hostile TV anatomy may affect technical success (10).

The aim of this analysis is to investigate the peri-operative outcomes and follow-up survival in patients managed urgently or emergently for complex aortic aneurysms using the t-Branch device.



Materials and methods


Study design and patient cohort

The STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) statement was followed (14). Two aortic-center data, including all urgent and emergent cases, managed between January 1st, 2014, and November 30th, 2022, using the t-Branch device (Cook Medical Inc., Bjaeverskov, Denmark) were prospectively collected in a common database.

All patients managed urgently or emergently for degenerative or post-dissection, thoraco-abdominal aortic (TAAAs), para- and juxta-renal aneurysms, treated with t-Branch, were considered eligible (15). All elective cases as well as patients managed with other off-the-shelf devices, physician modified endografts as well as cases managed with parallel grafts were excluded from this analysis. Patients managed for acute aortic dissections were not included.

All patients underwent clinical evaluation by a vascular specialist. All patients underwent a preoperative computed tomography angiography (CTA) of the entire aorta and iliac arteries with a minimum slice thickness of 3 mm.

Patients with anatomy deemed unsuitable for the t-Branch were managed via open surgery, hybrid repair or other endovascular techniques (16). Hemodynamically unstable patients, that were not considered able to undergo imaging or directly transferred to the hybrid room were excluded from the study (1, 17). All cases were managed in dedicated hybrid operating rooms by the same experienced teams under general anesthesia and with a target activated clotting time of 200–350 s Patients with unsuitable anatomy were managed with open or hybrid repair or other endovascular techniques (16). The technical details of the procedure have been described previously (16).



Data collection

Patients' sex, age, and comorbidities, including coronary artery disease (CAD), myocardial infarction (MI), previous coronary-aortic bypass (CABG) or coronary stent angioplasty (PTCA), hypertension (HTN), dyslipidemia (DLP), tobacco use (ever or active), chronic obstructive pulmonary disease (COPD), diabetes mellitus (DM), chronic renal disease (CRD), cerebrovascular events [stroke; minor or major, transient ischemic attack (TIA)] and peripheral arterial disease (PAD) were noted and analyzed. Aneurysm type (degenerative or post-dissection), diameter and extension (TAAA, juxta-renal or para-renal aneurysm) were recorded. Crawford's classification was also noted for TAAAs.

Technical success, the duration of operation and fluoroscopy time, volume of contrast, presence of endoleak at completion angiography and its type, as well as the use of cerebrospinal fluid drainage (CSFD) were recorded. Acute kidney injury (AKI), myocardial infarction, stroke (major, minor or TIA), SCI (paraplegia or paraparesis, immediate or delayed), respiratory failure, ischemic colitis, and access complications were collected. Major adverse events, as defined by the reporting standards, were also recorded (19). The length of intensive care unit (ICU) and hospital length of stay (LOS) were both analyzed.

Follow-up included the clinical and imaging re-evaluation, with CTA, within 30 days, at 12th month and yearly, thereafter. Survival was recorded during follow-up. All patients' data were deidentified and inserted in a common database. This study complied with the Declaration of Helsinki and no approval from the local ethics committee was required due to its retrospective nature and unidentifiable information.



Definitions

All patients managed for ruptured aneurysms were characterized as emergent while cases managed for symptomatic aneurysms without radiologic signs of rupture but with the presence of symptoms, including aneurysm-related pain, peripheral embolization, or diameter over 90 mm were characterized as urgent (15).

Technical success was defined according to the SVS reporting standards as the appropriate endograft deployment with TV patency without evident type I/III endoleak or limb occlusion at final angiography (19). MAEs at 30 days included all-cause mortality, MI, respiratory failure requiring >24 h from anticipated mechanical ventilation or reintubation, renal function decline resulting in >50% reduction in baseline eGFR or new-onset dialysis, bowel ischemia requiring surgical resection or not resolving with medical therapy, major stroke and paraplegia (grade 3) (18). Any new onset, immediate or delayed neurologic deficit of the lower limbs, not attributable to other pathologic entity, including any paraplegia (classes 0–2 of the modified Tarlov's Scoring Scale) or paraparesis (classes 3–5 of the modified Tarlov's Scoring Scale) up to 30 days postoperatively was characterized as SCI (19, 20). AKI was the reduction of the baseline by >25% or any new onset dialysis after repair (19). Myocardial infarction was defined any acute coronary syndrome with typical clinical symptoms and/or electrocardiographic changes and/or troponin elevation.



Outcomes

Primary endpoints were technical success, 30-day mortality, MAE and SCI rates. Follow-up survival was a secondary endpoint. The cohort was divided into urgent and emergent cases and a comparative analysis was provided.



Statistical analysis

Continuous data were reported using mean ± standard deviation for normally distributed variables and medians and ranges for non-normally distributed variables. categorical data were expressed as absolute numbers or percentages. Independent two-sample t test was used for normally distributed continuous variables, and the Wilcoxon rank sum test for non-normally distributed continuous and ordinal variables. P value was considered significant when it was <.05. Kaplan-Meier estimates were performed to assess survival during follow-up. Estimates were considered reliable in case of standard error <10%. No adjustment for missing was performed. Statistical analysis was performed by SPSS 22.0 for Windows software (IBM Corp, Armonk, NY).




Results


Patients' characteristics

Since 2014, 1,658 patients were managed in both departments using fenestrated and branched endovascular repair; among them 631 were managed with t-Branch in elective and urgent/emergent setting. In total, 225 urgent and emergent patients were managed using the t-branch device; 165 (73.3%) underwent urgent repair. For the total cohort, the mean age was 72.5 ± 2.8 years and females represented 36.5%. ASA score III was recorded in 64.0% of the cases while 20.4% were ASA score IV. Among comorbidities, HTN was the most common (87.6%), followed by smoking in 52.4% of patients; among them 45.8% were active smokers. Among patients, 12.4% had a previous history of endovascular abdominal aortic repair (EVAR) while 12.4% had undergone previous thoracic repair. The mean aneurysm diameter was 109 ± 3.9 mm and 100 (44.4%) patients were managed for type I–III TAAAs. The remaining baseline characteristics of the total cohort are presented in Table 1.


TABLE 1 The distribution of the pre-operative characteristics of the total cohort including urgent and emergent cases.
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Technical success was 93.7% while eleven technical failures were reported: six due type III endoleaks, three due to endoleak type I, three to unsuccessful TV catheterizations (one due to celiac artery and two due to renal artery failed catheterizations), one due to unintentional CT occlusion and one due to TV iatrogenic trauma. In total, 833 TV were successfully revascularized. The infrarenal aorta was selected as the preferential landing zone in 24 patients (10.7%) while in the remaining cases, a bifurcated distal extension was used. In total, 50 patients received a prophylactic CSFD (22.2%); in no case a therapeutic CSFD was used. Eight patients underwent debranching (3.6%). The estimated operational and fluoroscopy times were 265 ± 47 min and 38.3 ± 10.8 min, respectively while the mean contrast volume was 228 ± 27 ml. For endoleaks detected at completion angiography, no further intervention was performed, except four cases of type III endoleaks that were managed with additional balloon angioplasty. In the remaining cases, a “wait and watch” approach was used until the predischarge CTA. All type Ia endoleaks were eliminated by that time.

Thirty-day mortality was 17.8%. MAE rate was 30.6% while SCI rate was 14.7%. In total, 33 patients developed SCI: 4.8% with paraplegia while the remaining patients presented paraparesis. Among SCI patients, 67% presented symptoms immediately after the procedure and the remaining had delayed SCI. AKI was recorded in 17.8% of cases; with 2% of patients needing permanent dialysis. Two patients (0.9%) presented signs of post-operative MI. A detailed analysis of the total cohort outcomes is presented in Table 2. Thirty-day reinterventions were needed in 30 cases (18%), among them 60% was TV-related. In total, 65 (28.9%) patients presented access complications and 38 (16.9%) needed a secondary access intervention.


TABLE 2 The distribution of post-operative early outcomes, including technical success and mortality of the total cohort.
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Comparative early outcomes between urgent and emergent cases

The mean age among urgent cases was 72.3 ± 3.3 years vs. 73.0 ± 5.6 years in the emergent cohort (p = .8). Female sex was more common among emergent cases (41.2% vs. 25.0%, p = .03). Mean aneurysm diameter was 102 ± 42 mm and 127 ± 85 mm (p = .09) for the urgent and emergent group, respectively. Aneurysm type distribution did not differentiate between the groups for type I–III TAAA; 45.5% in urgent vs. 41.7% in emergent (p = .8) but did significantly differ in pararenal aneurysms with 4.8% in urgent vs. 15% in emergent cases (p = .02).

Regarding comorbidities, cohorts presented similar findings, except the distribution of hypertension and chronic renal disease, which were higher in the urgent group (90.3% vs. 80.0%, p = .04 and 38.2% vs. 30%, p = .04, respectively). Previous thoracic and endovascular aortic aneurysm repair were similar between groups (p = .2 and p = .8, respectively). ASA score IV was more common among patients managed emergently (14.5% vs. 36.7%, p < .001). The distribution of the comparative pre-operative details is presented in Table 3.


TABLE 3 The distribution of pre-operative characteristics between urgent and emergent cases.
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Five patients underwent a left carotid subclavian bypass in the urgent group (3.0%) and three in the emergent group (5.0%, p = .5) while prophylactic CSFD was used equally in both groups (23.0% vs. 20.0%, p = .7). Technical success was similar; 93.3% among urgent and 95.0% among emergent cases (p = .9). Procedural times were similar between groups (264 ± 54 min vs. 267 ± 92 min, p = .8) but fluoroscopy and contrast use were higher in the urgent group (38.7 ± 13.2 min vs. 37.1 ± 17.6 min, p = .04 and 39 ± 13 ml vs. 37 ± 18 ml, p = <.001). Landing to the distal abdominal aorta (above the aortic bifurcation) was performed in 9.0% of urgent vs. 15.0% of emergent cases (p = .3). The incidence of type I, II and III endoleak at completion angiography was similar between groups (p = .9).

Thirty-day mortality was 13.3% in urgent and 26.7% in emergent patients (p = .04). In-hospital mortality was also higher in the emergent cohort (p = .04). The MAE rate was also higher in emergent cases; 26.0% vs. 43.0% (p = .02). There were no significant differences in SCI among groups, with 13.3% in the urgent vs. 18.3% in the emergent group (p = .4). No difference was detected in paraplegia (p = 1.0), AKI rates (p = .3), and need for dialysis rates (p = .1). The only difference was recorded in bowel ischemia; p = .03.

Thirty-day reinterventions were needed in 13.9% in the urgent and 11.7% in the emergent group (p = .7). TV-related reintervention rates were 7.8% vs. 8.3% (p = .9). There were no significant differences between the median (IQR) ICU stay (7 (9) days in urgent vs. 9 (7) days in emergent, p = .2) and LOS (9 I(10) days in urgent vs. 10 (12) days in emergent cases, p = .7). All remaining adverse events are presented in Table 4.


TABLE 4 The distribution of post-operative early outcomes, including technical success and mortality between urgent and emergent cases.
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Follow-up survival for the total cohort and subgroups

The mean follow up was 7.2 ± 4.0 months for the total cohort and 7.8 ± 5.0 months and 5.4 ± 5.5 months for the urgent and emergent group respectively (p = .09). For the total cohort, the survival rates were 82.6% (SE 2.9%) at 6 months, 78.2% (SE 3.7%) at 12 months and 75.4% (SE 4.5%) at 18 months. The estimated survival for the urgent and emergent cohort was 83.5% (SE 5.9%) and 78.9% (SE 4.1%) at 12 months, respectively. When comparing both groups, no difference was detected in survival (log rank, p = .9). The Kaplan Meier curves of the total cohort and comparative survival are presented in Figures 1, 2. No death was aorta related during the available follow-up.


[image: Figure 1]
FIGURE 1
The kaplan meier curve depicts the survival of the total cohort. The estimated rate was rates was 75.4% (SE 4.5%) at 18 months. No death was aorta related during the available follow-up.
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FIGURE 2
The kaplan meier curve of the comparative survival showed no difference between groups (log rank, p = .9).





Discussion

Complex endovascular aortic repair of juxtarenal aortic aneurysms has gained popularity during the last decade while a decision between open and endovascular repair in ruptured cases should be based on patients' anatomy, general status and preferences (21). Regarding TAAAs, specific recommendations on complex endovascular aortic repair under urgent circumstances are lacking (22). In this analysis, the t-Branch device was used to treat a variety of emergent and urgent cases, including thoracoabdominal, juxta- and para-renal aneurysms with an early mortality of 16.8% for the total cohort and 26% for the emergent cases. These findings align to the available literature reporting on 17% 30-day and 25% in-hospital mortality in patients needing urgent complex endovascular repair (23, 24).

Off-the-shelf solutions represent the main approach in patients needing urgent complex aortic repair, including parallel grafts, physician modified endografts with in-situ fenestrations or on-table modifications, and off-the shelf branched devices (21, 22). Off-the-shelf branched endografts may be utilized with good similar technical success in urgent and elective cases, when anatomically feasible (25–28). However, according to the available literature, only a percentage of cases will be suitable for these devices and the feasibility range fluctuates widely between 40% and 90% (29–31). When reported on female patients, the feasibility is even lower, reaching only 22% (32). The application of off-the-shelf endografts in females has been related to 16% mortality in mixed cohorts and 22% in exclusively urgent cases (33). Additional modifications in the available branched devices or newer generations may be able to expand the applicability of the technique in a broader patient population.

Endovascular management of ruptured AAA have demonstrated improved outcomes during last decade, showing that early mortality in ruptured AAA cases is estimated at 20% (34–36). Compared to standard endovascular repair for ruptured AAA and taking into consideration that 45% of patients in the current study were managed for extensive type I–III TAAAs, the early mortality could be considered acceptable both for urgent and emergent repair. Similar findings confirm the safety of the t-Branch device in the short-term follow-up with mortality rates ranging between 6% and 25% in cohorts mainly represented by urgent TAAAs (10, 16, 18). Early mortality was significantly higher within the emergent cohort in the current study, suggesting that some factors related to the ruptured aortic status, including hemodynamic instability, might affect early findings, while urgent, non-ruptured cases, represent rather an intermediate condition with better outcomes than emergent cases. However, due to the need for faster decision making and management as well, the associated perioperative mortality might be higher than in elective cases (37).

MAE affected one of three cases in the total cohort and are within the reported range in the literature (10). Among these events, AKI was recorded in 17.8% of patients while permanent dialysis was needed only in 2%; aligned to the previously published data (10). For SCI, the reported adverse event rate is ranging between 5% and 17% in the current literature while a statistically significant difference has been reported between patients managed for TAAAs under urgent and emergent setting (10, 11, 18). The emergent setting appears to affect outcomes, with a nearly fourfold increased likelihood of SCI among these patients (18). Factors related to hemodynamic stability, pre-operative anemia, lack of staged repair and the lower use of CSFD potentially affected these findings and need further investigation. Systematically, preventive conservative measures were applied and probably achieved to decrease the difference of SCI between urgent and emergent cases (38).

Reinterventions during the 30-day follow-up are not uncommon after t-Branch for urgent repair (10, 11, 18). The reported rate is up to 25% while freedom from re-intervention during the 24-month follow-up has been estimated between 25% and 40% (11, 18). In the current cohort, the 30-day re-intervention rate was 18%, and 60% of them were TV related. Emergent repair and technical failure seem to be related in t-Branch cohorts with technical failure significantly relating to TV occlusion (10). TV related failures were the most common reason for technical failure in this analysis and TV-related reinterventions were the leading cause of early reintervention. The reintervention rates of both groups remained acceptable, probably affected by the previous experience of the participating departments with the t-Branch device in elective cases and appropriate patient selection (39, 40).

Endovascular repair provides beneficial survival compared to OSR in complex aortic cases; especially when focusing on more recent studies (15). On complex aortic cases and mixed cohorts including elective and urgent cases, endovascular management has achieved similar early and mid-term survival benefit to OSR whereas after 2 years of follow-up, OSR seems to have lower mortality rates (5, 41, 42). Specific comparative data focusing on urgent complex aortic aneurysms are lacking, however according to current experience, branched endovascular repair for ruptured TAAA has been related to a survival rate ranging between 60% and 89% during the midterm follow-up (10, 11, 18, 42). In this analysis, no difference was detected between emergent und urgent cases at 12 months of follow-up. Further long-term data is needed to firmly support these findings.



Limitations

The retrospective design and sample size should be taken under consideration when evaluating the findings of this analysis. Potential type II errors cannot be excluded. The absence of anatomical details, including iliac access (atheromatosis, tortuosity) as well as aortic anatomy should be acknowledged while the application of the device within the IFUs was not examined. TAAAs, juxta- and para-renal aneurysms were included in this analysis and potentially affected our findings. Data on patients managed with open or hybrid repair were not included in the current database and were not available for further assessment. However, all patients were managed with the same device, technique and by the same experienced teams. The selective application of cerebrospinal fluid drainage, as well as the different protocols for its use between the centers may also inserted bias, especially on SCI findings. Long-term follow-up data on survival are missing and firm conclusions cannot be extracted.



Conclusions

The t-Branch device represents an effective and safe solution for the management of urgent and emergent patients needing complex endovascular aortic aneurysm repair with high technical success, less than 20% early mortality and acceptable SCI rates, considering the nature of the intervention. Emergent cases presented higher mortality and MAE rates.
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