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ABSTRACT

Background: Thoracic endovascular aortic repair (TEVAR) is increasingly employed in managing both residual type A and type
B aortic dissections. This study aimed to evaluate short- and midterm outcomes following TEVAR and identify factors influencing
technical success, complications, and reintervention across different healthcare systems.

Methods: A dual-centre observational study was conducted on consecutive patients with aortic dissection who were treated with
TEVAR between October 2022 and September 2024 at two institutions: Mansoura University ‘MU’ (Mansoura, Egypt) and
Ludwig Maximilian University ‘LMU’ Hospital (Miinchen, Germany). Patients with residual type A and acute, subacute, or
chronic type B dissections were included. The primary endpoints were technical success, 30-day mortality and reintervention.
The secondary endpoints were aortic remodeling, follow-up survival, and freedom from reintervention.

Results: Fifty-two patients were included, with 42 males (80.8%) and a mean age of 62.7 + 10.5 y. Technical success was achieved
in 51 patients (98.1%), with 30-day reintervention and mortality rates of 7.7% and 3.8%, respectively. The follow-up period (13.8
+ 7.2 m) recorded 9 reinterventions and 5 mortalities. Positive remodeling was achieved in 73.1% of the patients. Kaplan—Meier
estimates at 12 months showed overall and aortic-related survival of 95.4% and 100%, and freedom from overall and aortic-
related reintervention at 84.8% and 86.9%, respectively.

Conclusion: TEVAR is effective in achieving favorable short- and midterm outcomes in aortic dissection across healthcare
systems. Complicated dissections, higher BMI, and clinical malperfusion were associated with worse early outcomes. Persistent
false lumen perfusion at discharge predicted follow-up mortality, whereas additional intraoperative procedures reduced late aortic
reinterventions.
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BACKGROUND

Thoracic endovascular aortic repair (TEVAR) has become the primary management method for residual chronic type A and type
B aortic dissections given its minimally invasive nature and reduced perioperative risk compared with open repair. &2 The
principle of TEVAR is to cover the proximal major aortic entry tear with a stent graft. Coverage of the tear redirects blood flow
into the true lumen, thus potentially resolving malperfusion and reducing the risk of rupture of the false lumen in acute entities.
® Closure of the primary tear also facilitates thrombosis and subsequent regression of the false lumen and re-expansion of the
true lumen, a late effect known as aortic remodeling.

Despite advances in TEVAR, long-term durability and the factors influencing outcomes remain areas of active investigation. This
study aimed to evaluate the outcomes of aortic dissection after TEVAR at two different centers within two different health
institutions, whether it is residual type A dissection or acute, subacute, or chronic type B dissection. In addition, the study sought
to identify factors influencing these outcomes.

PATIENT AND METHODS
An observational study was carried out on consecutive patients with aortic dissection (AD) who were treated with TEVAR
between October 2022 and September 2024. The institutions involved were the Departments of Vascular Surgery at Mansoura
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University ‘MU’ (Mansoura, Egypt) and at Ludwig Maximilian University ‘LMU’ Klinikum (Miinchen, Germany).

The study included prospective data from MU between October 2022 and September 2024 and retrospective data from a
prospectively filled database from LMU between October 2022 and September 2023. Ethical approval for the study was provided
by the local ethical board of both institutions (MU: MD.22.09.694, LMU: 23-0749).

Trial registration: Prospective data (MU: Oct 2022-Sep 2024); retrospective data (LMU: Oct 2022-Sep 2023). Ethical
approvals: MU (MD.22.09.694), LMU (23-0749).

Patients who underwent TEVAR for residual type A aortic dissection and acute, subacute, and chronic type B aortic dissections
were included. Patients with type A aortic dissection, patients with genetic aortic syndromes or connective tissue disorders, and
patients who did not comply with the follow-up protocol were excluded.

Demographic and preoperative clinical data, including comorbidities, symptoms, and indications for surgery, were collected.
Procedure-related details, complications, and reinterventions were collected from electronic medical records. Informed consent
was obtained from all prospective patients for permission to operate and use their clinical records for research purposes. All the
data were anonymized; therefore, consent from retrospective data was unnecessary. The study was conducted in accordance with
the Declaration of Helsinki and the STROBE guidelines. ®

The diagnosis of AD was based on CT-angiography (CTA), and the diagnosis of malperfusion was based on the patient’s
presenting symptoms and/or radiological confirmation. Aortic dissection was categorized by the onset of symptoms and classified
as per the reporting standards into hyperacute (<24 h), acute (1-14 days), subacute (15-90 days), and chronic (>90 days). ® The
chronic subgroup included patients with residual type A dissection who underwent delayed endovascular repair. Treatment
indications included high-risk features (refractory pain, refractory hypertension, bloody pleural effusion, aortic diameter >40 mm,
radiographic malperfusion, readmission, entry tear on the aortic lesser curve, and false lumen diameter >22 mm) ®, malperfusion,
rupture, and rapid aortic growth > 5 mm in 6 months. Both elective and urgent procedures were included, with urgent procedures
including complicated aortic dissections and those who underwent treatment within 48 hours of presentation.

Technical success was defined as the successful implantation of TEVAR, with the exclusion of the entry tear and the absence of
type la or type Il endoleak at the final intraoperative angiography. The thirty-day outcomes collected included postoperative
renal impairment, which was defined as a decrease > 20% of the baseline eGFR, myocardial infarction (MI), stroke/transient
ischemic attack (TIA), spinal cord ischemia (SCI), reinterventions, and mortality. Positive aortic remodeling was defined as a
reduction in the total aortic diameter > 5 mm. Stable remodeling was defined as a change of <5 mm, and negative remodeling
was defined as an increase in total aortic diameter > 5 mm. ® Thirty-day adverse events were defined as the composite outcome
of 30-day respiratory complications, (M), stroke/TIA, SCI, new-onset dialysis, reintervention, and mortality. The follow-up
protocol included clinical examination and CTA imaging within 30 days and 6 months and annually thereafter.

Endovascular procedure: The procedures were performed in a hybrid operating room with a fixed imaging system via trans-
femoral arterial access. TEVAR was performed via the use of commercially available thoracic stent grafts (Zenith TX2 Cook
Medical; Bloomington, IN and Ankura Thoracic Stent Graft; Lifetech Scientific, Shenzhen, China). The length of the aortic
coverage treatment was at the discretion of the operator. Oversizing at the proximal and distal landing zones was typically limited
to < 10%. In cases of significant mismatch between proximal and distal landing zones, we employed multiple stent grafts,
including tapered devices when appropriate. Specifically, distal sizing was based on the mean true lumen diameter at the intended
distal landing zone, measured using centerline reconstructions or multiplanar reformatted CTA images. Stent sizing was carefully
tailored to around 10% oversizing to prevent d-SINE. Adjunctive branch vessel stenting was performed using bare metal and
covered stents in cases of malperfusion. Alternatively, dissection membrane fenestration or electroseptotomy can be performed
when feasible.

LSA revascularisation was ensured except in emergency cases or in hemodynamically unstable patients. Several LSA
revascularisation methods have been employed, commonly left carotid subclavian bypass using PTFE or Dacron grafts and, less
often, fenestrated (in situ needle fenestration) procedures. Controlled cardiac reduction was performed before TEVAR
deployment if necessitated by the operator via the Munich Valsalva Implantation Technique (MuVIT) ( or using other reported
techniques (IVC balloon occlusion, rapid pacing, drug induced, etc.).

Endpoints: The primary endpoints were technical success and 30-day outcomes in terms of mortality and morbidity (M,
stroke/TIA, SCI, renal impairment and new-onset dialysis, mesenteric and extremity ischemia, and the presence of endoleak).
The secondary endpoints were aortic remodeling, overall survival, and freedom from reintervention during the follow-up. The
outcomes were further analyzed according to the onset of symptoms (acute/subacute/chronic) and between uncomplicated high-
risk patients and complicated patients.

Statistical analysis: Data was analyzed via SPSS (Statistical Package for Social Sciences) version 26. Qualitative data were
presented as numbers and percentages. Quantitative data were tested for normality via the Kolmogorov—Smirnov test and then
described as the means and standard deviations for normally distributed data and medians and interquartile ranges for nonnormally
distributed data. Pearson’s chi-square test and Fisher’s exact test were used for analyzing categorical variables, and Student’s t
test was used for continuous variables. The Mann-Whitney U test was used for the analysis of nonparametric continuous
variables. Logistic regression was performed for multivariate analysis. Significance was determined at the p < 0.05 level. Kaplan—
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Meier curves were generated to analyze follow-up mortality and reinterventions.

Extensive statistical analysis was carried out to identify factors affecting outcomes. However, owing to the low number of adverse
events observed, the statistical power was limited, which affected the ability to detect significant relationships.

RESULTS

General Cohort

A total of 52 patients were included in the study, with a mean age of 62.7 £+ 10.5 years, and 80.8% were males (42/52). Detailed
demographics and baseline characteristics are presented in Table 1.

Most patients were ASA Class 3 (67.3%). Urgent cases constituted 26.9% (14/52), with clinical malperfusion being the most
common indication (11/14). The three remaining patients included two with uncontrolled pain and one with true lumen collapse
at visceral level (radiological malperfusion). Forty-three patients had type B AD, whereas 9 had residual type A AD. The majority
of type B AD cases were subacute (53.8%). There were no patients with vertebral artery anomalies coming off the aortic arch.
The details are listed in Table 2.

Operative details

LSA revascularization was performed mostly via left carotid-subclavian bypass in 23 patients (44.2%). Most debranching
procedures were performed before TEVAR deployment (93.5%). In situ needle fenestration was performed on 3 patients. 9
patients had previous cervical debranching where 8 had three supra-aortic vessel reconstruction and one had debranching to the
IA and LCC with concomitant left CSB. General anesthesia was commonly used in 48 patients (92.3%), and local anesthesia was
used in 4 (7.7%). Spinal drainage was employed in 5 patients (9.6%). Controlled cardiac reduction output was employed in 15
patients (28.8%), 13 with MuVIT, 1 with drug-induced occlusion, and 1 with IVVC balloon occlusion. This is summarized in Table
2.

Technical success was achieved in 51 patients (98.1%). Technical failure occurred in one patient where the proximal TEVAR
had kinking with slow-forming type la endoleak treated with coil embolization. The median operative time was 123 minutes, the
median fluoroscopy time was 19 minutes, the median contrast dose was 220 mL, and the median radiation dose area product was
914 cGy/cm?. The median duration of the ICU stay was 2 days (0-5), and the total hospital stay was 12 days (8-21). A summary
of the operative details and hospital stay data is provided in Table 3. Additional procedures were performed in 16 patients. Four
patients underwent LRA stenting (one with dissection flap electroseptotomy via the cheese wire technique in the abdominal
aorta), one with an LCC stent, one with a CT stent, one with SMA angioplasty with subsequent stenting and left CIA stenting,
and one with SMA stenting via a physician-modified TEVAR procedure where the CT was chronically occluded and had an
additional right CIA stent. One patient had an RRA stent, one had a right CIA stent, and two patients had PETTICOAT stenting
(one had an additional LRA stent). One had a plug inserted at a pseudoaneurysm of the previous surgically reconstructed
ascending aorta for type A AD, and one had dissection flap fenestration at the abdominal aorta level with a right CIA stent. Two
patients underwent endarterectomy and patch angioplasty of the femoral arteries due to severe calcification. Five patients with
chronic dissection underwent staged repair with a planned second intervention for thoracic false lumen occlusion, three of whom
had physician-modified candy plug and two of whom had ASD plug.

Outcomes (Table 4)

Perioperative complications were experienced by 15 patients (28.8%). The complications included 3 respiratory-related
complications (2 pneumonia and 1 respiratory failure requiring tracheostomy), 1 major stroke and 1 TIA, 3 SCIs (1 pareses, 1
delayed partial paraplegia, and 1 delayed complete paraplegia), and 1 new-onset dialysis that was permanent. Access vessel
complications were recorded in 8 patients; 6 were treated surgically, and two were followed up with a conservative approach.
The 6 treated patients included three cases of access bleeding (two following the failed percutaneous closure technique and one
for hematoma evacuation), two with femoral occlusion (one with further SFA PTA and stenting), and one with femoral
endarterectomy and patch angioplasty. None of the patients who had CSF spinal drainage (5) had paraesthesis/paralysis of the
lower limbs.

The 30-day period included 4 reinterventions (7.7%) where one patient experienced retrograde type A AD and underwent surgical
reconstruction of the ascending aorta, aortic arch and coronary artery ostia; one case of PETTICOAT stenting for renovisceral
malperfusion followed by laparotomy for suspected aortic rupture; one case of mesenteric ischemia that required ileal resection;
and one case of femoral pseudoaneurysm. For mortality, there were 2 patients (3.8%), one secondary to aortic rupture with
multiorgan failure and one due to a bleeding duodenal ulcer.

The follow-up period of 13.8 + 7.2 months included 9 interventions (17.3%) and 5 deaths (9.6%). Four patients underwent thoracic
false lumen occlusion with a candy plug (one had additional LSA coiling for type Il endoleak). Three patients underwent FEVAR
for ongoing abdominal aorta degeneration with aneurysm formation. One patient underwent an open surgical repair for infrarenal
postdissection abdominal aortic aneurysm, and one patient underwent carotid-subclavian bypass for left upper limb claudication.
The follow-up mortality data included one patient who died during open surgical repair of a postdissection infrarenal aortic
aneurysm and four patients with non-identified aortic-related causes.

Positive aortic remodeling was observed in 38 patients (73.1%), remained unchanged in 12 patients (23.1%), and 2 patients
experienced negative remodeling with an increased total aortic diameter (3.8%). Kaplan—Meier curves demonstrating overall and
aortic survival and freedom from overall and aortic reinterventions are provided in Figures 1 and 2. Figures 3 and 4 illustrate a
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patient with type B aortic dissection with positive remodeling within 6 months.

Factors

Univariate analysis revealed that the intake of beta-blockers was associated with fewer 30-day reinterventions (p .008).
Complicated dissections were significantly associated with 30-day mortality (p .027). Thirty-day adverse events were associated
with higher BMI, complicated dissections, clinical malperfusion, urgent setting, non-intake of beta blockers, and percutaneous
femoral access. Positive remodeling was adversely affected by dyslipidemia (p .016).

Overall follow-up reinterventions were more common in patients with dyslipidemia and no positive remodeling. Follow-up aortic
reinterventions were more common in patients with dyslipidemia and those who did not have additional intraoperative procedures.
Overall mortality during follow-up was associated with intraoperative debranching, increased total operative time, increased
fluoroscopy time, increased contrast doses, and persistent thoracic false lumen perfusion at discharge. The findings that were
found to be significantly associated with different outcomes with p values < .05 are summarized in Table 5. Multivariate analysis
revealed that no factors were significantly related to the outcomes, likely because of the study's small cohort size and low number
of adverse events.

Significant differences were found among the three dissection onset groups. The urgent setting and complicated dissections were
more common in the acute group (p .020 and p .030, respectively). Controlled CO reduction was more common in the acute
dissection group of patients (p .027). The proximal landing diameter was also greater in the acute cohort (p .031). The total
operative and fluoroscopy times were longer in the subacute cohort. Acute dissection patients had longer ICU stays (p .001), but
there were no significant differences in the duration of total hospital stay. The incidence of complications and the 30-day and
follow-up outcomes did not differ among the three groups. (Table 6)

Compared with uncomplicated high-risk dissection patients, urgent dissections were more common in the complicated cohort (p
.001). More medical complications were associated with complicated dissections (p .012). Thirty-day adverse events and
mortality were significantly associated with complicated dissections but were similar regarding 30-day reinterventions. The
follow-up outcomes were similar between the two groups. (Table 7)

DISCUSSION

Thoracic endovascular aortic repair (TEVAR) has emerged as a cornerstone in the treatment of both residual type A and type B
aortic dissections. While the procedure is well-established in acute settings, its durability and outcome predictors, particularly in
heterogeneous clinical populations, remain an area of active investigation. 2 Our study, which included patients treated at two
tertiary centers, aimed to evaluate short- and midterm outcomes and to identify procedural and patient-related factors associated
with complications and survival.

With a technical success rate of 98.1% and a 30-day mortality rate of 3.8%, our findings are consistent with major studies, such
as INSTEAD-XL and ADSORB, confirming the procedural safety and reproducibility of TEVAR in various clinical contexts €9,
Positive aortic remodeling occurred in 73.1% of our cohort, a key surrogate for long-term procedural success. This aligns with
the ADSORB trial, which demonstrated significant aortic remodeling in 63% of patients undergoing TEVAR ©. Remodeling is
especially crucial in preventing aneurysmal degeneration and subsequent reintervention. In our study, a lack of positive
remodeling was associated with increased follow-up reinterventions. These findings reinforce previous evidence that incomplete
aortic remodeling may predict poorer long-term outcomes ©89,

We found that patients with higher BMI, complicated dissections, clinical malperfusion, and urgent presentation had a
significantly higher rate of 30-day adverse events. These results support earlier studies showing that patient-related and
anatomical risk factors substantially impact short-term outcomes following TEVAR. ©19 Notably, complicated dissections were
associated with increased 30-day mortality (p.027), emphasising the importance of early risk identification and aggressive
perioperative optimisation in high-risk cases. ¢%

Intraoperative strategies significantly influenced follow-up outcomes. Additional procedures such as adjunctive stenting,
dissection membrane fenestration, and false lumen occlusion were associated with reduced rates of aortic-related reinterventions.
These findings are in line with the STABLE trial and other reports recommending comprehensive anatomical correction at the
index procedure to enhance long-term durability. @9 This also underscores the benefit of individualised procedural planning,
particularly in patients with persistent perfusion or complex aortic morphology.

Beta-blocker intake was associated with fewer 30-day reinterventions (p .008), reinforcing the central role of optimal medical
management in aortic dissection. This is consistent with previous data showing improved outcomes in patients treated with beta-
blockers after TEVAR. @213 These medications are well-established in guideline-based therapy for aortic dissection ¥, and
registry data from IRAD further support their role in reducing long-term mortality. ¢

Persistent thoracic false lumen perfusion at discharge was significantly associated with higher follow-up mortality. This
observation reflects a known risk factor for continued aortic degeneration and late rupture, as previously highlighted in TEVAR
outcome studies. ©9 Our results suggest that patients with incomplete exclusion of the false lumen should be closely monitored
and may benefit from adjunctive endovascular interventions or planned reintervention.

Finally, apart from medical complications, there was no difference between different operative details and outcomes when
uncomplicated high-risk and complicated patients were compared. This finding highlights the importance of high-risk features
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that favor this category of patients for treatment. A study by Herajérvi and colleagues revealed that early repair of high-risk aortic
dissection may reduce long-term morbidity and mortality. 9

LIMITATION OF THE STUDY

The limitations of the study include the small sample size and the midterm follow-up period, which may have resulted in
additional mortality and/or reinterventions. The study’s relatively small cohort size limited the ability to draw definitive
conclusions from multivariate analysis. Future studies with larger sample sizes may better detect subtle variations in outcomes
across different patient demographics or clinical characteristics. Discrepancies in the study period between the two centers were
attributed to challenges in obtaining approval from one center, which limited data collection during the extended timeframe.
Additionally, no patients with known genetic diseases or connective tissue disorders were included. Furthermore, the inclusion
of chronic and residual type A dissections introduces heterogeneity, particularly concerning remodeling potential and timing of
intervention. Conducting the study at two institutions may have introduced variability in procedural techniques and postoperative
care, which could have potentially influenced the outcomes.

CONCLUSION

TEVAR is effective in achieving favorable short- and midterm outcomes in aortic dissection across healthcare systems.
Complicated dissections, higher BMI, and clinical malperfusion were associated with worse early outcomes. Persistent false
lumen perfusion at discharge predicted follow-up mortality, whereas additional intraoperative procedures reduced late aortic
reinterventions.

DECLARATIONS

Ethics approval and consent for participation: Informed consent was obtained from patients participating in the prospective
limb, and in case of incompetency, informed consent was obtained from the guardians. Anonymization of the data was ensured
for those in the retrospective limb. Ethical approval for the study was provided by the local ethical board of both institutions (MU:
MD.22.09.694, LMU: 23-0749).

Availability of data and materials: The datasets used and/or analysed during the current study are available from the
corresponding author upon reasonable request.

Competing interests: NT is a proctor and receives institutional grants from Cook Medical. All the other authors have no
conflicting interests.

Funding: None.

Authors’ contributions: All authors have made substantial contributions to the study as follows: Ahmed Azhar Ali (AAA):
Conceptualization, study design, data collection, statistical analysis, manuscript drafting, and final approval. Ehab M. Saad
(EMS): Data collection, methodology, manuscript review, and final approval. Nikolaos Tsilimparis (NT): Supervision,
methodology validation, critical revision of the manuscript, and final approval. Tamer Khafagy (TK): Data interpretation,
manuscript editing, and final approval. Jan Stana (JS): Methodology, manuscript review, and final approval. Nikolaos
Konstantinou (NK): Manuscript review, and final approval. Maximilian Pichlmaier (MP): Revision of the manuscript and final
approval. Mohamed Shokri AbdelGawad (MSA): Supervision, manuscript review, and final approval. All authors have read and
approved the final version of the manuscript and agree to be accountable for all aspects of the work.

Acknowledgements: None.

ABBREVIATIONS

AD = Aortic Dissection LSA = Left Subclavian Artery

ASA = American Society of Anesthesiologists MI = Myocardial Infarction

CFA = Common Femoral Artery MuVIT = Munich Valsalva Implantation Technique
CIA = Common lliac Artery PETTICOAT = Provisional Extension To Induce
CO = Cardiac Output Complete Attachment

Cr = Creatinine PTA = Percutaneous Transluminal Angioplasty
CSB = Carotid Subclavian Bypass PTFE = Polytetrafluoroethylene

CT = Coeliac Trunk RRA = Right Renal Artery

CTA = Computed Tomography Angiography SCI = Spinal Cord Ischemia

eGFR = estimated Glomerular Filtration Rate SFA = Superficial Femoral Artery

EVAR = Endovascular Aneurysm Repair SMA = Superior Mesenteric Artery

FEVAR = Fenestrated EVAR TEVAR = Thoracic Endovascular Aortic Repair
ICU = Intensive Care Unit TIA = Transient Ischemic Attack

LRA = Left Renal Artery
LCC = Left Common Carotid

207
VASCULAR & ENDOVASCULAR REVIEW

www.VERjournal.com


http://www.verjournal.com/

Role of Thoracic Endovascular Aortic Repair in Aortic Dissections - Factors Affecting Outcome

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Fattori R, Cao P, De Rango P, Czerny M, Evangelista A, Nienaber C, Rousseau H, Schepens M. Interdisciplinary expert
consensus document on management of type B aortic dissection. J Am Coll Cardiol. 2013 Apr 23;61(16):1661-78. doi:
10.1016/j.jacc.2012.11.072. PMID: 23500232.

Riambau V, Bdckler D, Brunkwall J, Cao P, Chiesa R, Coppi G, Czerny M, Fraedrich G, Haulon S, Jacobs MJ, Lachat
ML, Moll FL, Setacci C, Taylor PR, Thompson M, Trimarchi S, Verhagen HJ, Verhoeven EL, Esvs Guidelines
Committee, Kolh P, de Borst GJ, Chakfé N, Debus ES, Hinchliffe RJ, Kakkos S, Koncar I, Lindholt JS, Vega de Ceniga
M, Vermassen F, Verzini F, Document Reviewers, Kolh P, Black JH 3rd, Busund R, Bjoérck M, Dake M, Dick F,
Eggebrecht H, Evangelista A, Grabenwdger M, Milner R, Naylor AR, Ricco JB, Rousseau H, Schmidli J. Editor's
Choice - Management of Descending Thoracic Aorta Diseases: Clinical Practice Guidelines of the European Society
for Vascular Surgery (ESVS). Eur J Vasc Endovasc Surg. 2017 Jan;53(1):4-52. doi: 10.1016/j.ejvs.2016.06.005. PMID:
28081802.

Eleshra A, Kélbel T, Panuccio G, Rohlffs F, Debus ES, Tsilimparis N. Endovascular Therapy for Nonischemic vs
Ischemic Complicated Acute Type B Aortic Dissection. J Endovasc Ther. 2020 Feb;27(1):145-152. doi:
10.1177/1526602819888672. Epub 2019 Dec 4. PMID: 31797707.

Kélbel T, Diener H, Larena-Avellaneda A, Debus S. Advanced endovascular techniques for thoracic and abdominal
aortic dissections. J Cardiovasc Surg (Torino). 2013 Feb;54(1 Suppl 1):81-90. PMID: 23443592,

von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Vandenbroucke JP; STROBE Initiative. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)statement: guidelines for reporting observational
studies. J Clin Epidemiol. 2008 Apr;61(4):344-9. PMID: 18313558.

Lombardi JV, Hughes GC, Appoo JJ, Bavaria JE, Beck AW, Cambria RP, Charlton-Ouw K, Eslami MH, Kim KM,
Leshnower BG, Maldonado T, Reece TB, Wang GJ. Society for Vascular Surgery (SVS) and Society of Thoracic
Surgeons (STS) reporting standards for type B aortic dissections. J Vasc Surg. 2020 Mar;71(3):723-747. doi:
10.1016/j.jvs.2019.11.013. Epub 2020 Jan 27. PMID: 32001058.

Tsilimparis N, Abicht JM, Stana J, Konstantinou N, Rantner B, Banafsche R, Fernandez Prendes C. The Munich
Valsalva Implantation Technique (MuVIT) for Cardiac Output Reduction During TEVAR: Vena Cava Occlusion With
the Valsalva Maneuver. J Endovasc Ther. 2021 Feb;28(1):7-13. doi: 10.1177/1526602820961376. Epub 2020 Sep 30.
PMID: 32996398.

Nienaber CA, Kische S, Rousseau H, Eggebrecht H, Rehders TC, Kundt G, Glass A, Scheinert D, Czerny M, Kleinfeldt
T, Zipfel B, Labrousse L, Fattori R, Ince H; INSTEAD-XL trial. Endovascular repair of type B aortic dissection: long-
term results of the randomized investigation of stent grafts in aortic dissection trial. Circ Cardiovasc Interv. 2013
Aug;6(4):407-16. doi: 10.1161/CIRCINTERVENTIONS.113.000463. Epub 2013 Aug 6. PMID: 23922146.
Brunkwall J, Kasprzak P, Verhoeven E, Heijmen R, Taylor P; ADSORB Trialists; Alric P, Canaud L, Janotta M, Raithel
D, Malina W, Resch T, Eckstein HH, Ockert S, Larzon T, Carlsson F, Schumacher H, Classen S, Schaub P, Lammer J,
Lonn L, Clough RE, Rampoldi V, Trimarchi S, Fabiani JN, Bockler D, Kotelis D, Bockler D, Kotelis D, von Tenng-
Kobligk H, Mangialardi N, Ronchey S, Dialetto G, Matoussevitch V. Endovascular repair of acute uncomplicated aortic
type B dissection promotes aortic remodelling: 1-year results of the ADSORB trial. Eur J Vasc Endovasc Surg. 2014
Sep;48(3):285-91. doi: 10.1016/j.ejvs.2014.05.012. Epub 2014 Jun 22. Erratum in: Eur J Vasc Endovasc Surg. 2015
Jul;50(1):130. Bockler, D [removed]; von Tenng-Kobligk, H [corrected to von Tengg-Kobligk, H]. PMID: 24962744.
Virtue Registry Investigators. The VIRTUE Registry of type B thoracic dissections--study design and early results. Eur
J Vasc Endovasc Surg. 2011 Feb;41(2):159-66. doi: 10.1016/j.ejvs.2010.08.016. Epub 2010 Oct 16. PMID: 20952217.
Lombardi JV, Gleason TG, Panneton JM, Starnes BW, Dake MD, Haulon S, Mossop PJ, Seale MM, Zhou Q; STABLE
Il Investigators. STABLE Il clinical trial on endovascular treatment of acute, complicated type B aortic dissection with
a composite device design. J Vasc Surg. 2020 Apr;71(4):1077-1087.e2. doi: 10.1016/j.jvs.2019.06.189. Epub 2019 Aug
30. PMID: 31477479.

Chang H, Rockman CB, Ramkhelawon B, Maldonado TS, Cayne NS, Veith FJ, Jacobowitz GR, Patel VI, Laskowski I,
Garg K. Beta-blocker use after thoracic endovascular aortic repair in patients with type B aortic dissection is associated
with improved early aortic remodelling. J Vasc Surg. 2022 Dec;76(6):1477-1485.e2. doi: 10.1016/j.jvs.2022.06.100.
Epub 2022 Jul 20. PMID: 35868420.

Nejim, B., Mathlouthi, A., Naazie, I., & Malas, M. B. (2022). The Effect of Intravenous and Oral Beta-Blocker Use in
Patients with Type B Thoracic Aortic Dissection. Annals of Vascular Surgery, 80, 170-179.
https://doi.org/10.1016/j.avsg.2021.07.056.

Erbel R, Aboyans V, Boileau C, Bossone E, Bartolomeo RD, Eggebrecht H, Evangelista A, Falk V, Frank H, Gaemperli
O, Grabenwdger M, Haverich A, lung B, Manolis AJ, Meijboom F, Nienaber CA, Roffi M, Rousseau H, Sechtem U,
Sirnes PA, Allmen RS, Vrints CJ; ESC Committee for Practice Guidelines. 2014 ESC Guidelines on the diagnosis and
treatment of aortic diseases: Document covering acute and chronic aortic diseases of the thoracic and abdominal aorta
of the adult. The Task Force for the Diagnosis and Treatment of Aortic Diseases of the European Society of Cardiology
(ESC). Eur Heart J. 2014 Nov 1;35(41):2873-926. doi: 10.1093/eurheartj/ehu281. Epub 2014 Aug 29. Erratum in: Eur
Heart J. 2015 Nov 1;36(41):2779. doi: 10.1093/eurheartj/ehv178. PMID: 25173340.

Tsai TT, Fattori R, Trimarchi S, Isselbacher E, Myrmel T, Evangelista A, Hutchison S, Sechtem U, Cooper JV, Smith
DE, Pape L, Froehlich J, Raghupathy A, Januzzi JL, Eagle KA, Nienaber CA; International Registry of Acute Aortic
Dissection. Long-term survival in patients presenting with type B acute aortic dissection: insights from the International
Registry of  Acute  Aortic  Dissection.  Circulation. 2006  Nov  21;114(21):2226-31.  doi:
10.1161/CIRCULATIONAHA.106.622340. Epub 2006 Nov 13. PMID: 17101856.

208
VASCULAR & ENDOVASCULAR REVIEW

www.VERjournal.com


http://www.verjournal.com/
http://download.journals.elsevierhealth.com/pdfs/journals/0895-4356/PIIS0895435607004362.pdf
https://doi.org/10.1016/j.avsg.2021.07.056

Role of Thoracic Endovascular Aortic Repair in Aortic Dissections - Factors Affecting Outcome

16. Herajarvi J, Mustonen C, Kesévuori R, Raivio P, Biancari F, Jormalainen M, Juvonen T. Impact of high-risk features
on outcome of acute type B aortic dissection. JTCVS Open. 2023 Jan 16; 13:20-31. doi: 10.1016/j.xjon.2023.01.005.
PMID: 37063118; PMCID: PMC10091300.

TABLES AND FIGURES

Table 1. Demographics and baseline characteristics of the study cohort.

Table 2. Patient status and aortic dissection details.

Table 3. Operative details and hospital stay.

Table 4. 30-day and follow-up outcomes.

Table 5. Univariate analysis of significant factors associated with different outcomes.
Table 6. Outcomes according to the onset of dissection.

Table 7. Outcomes in uncomplicated high-risk versus complicated aortic dissection.
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Figure 2. Kaplan—Meier curves with freedom from overall and aortic-related reinterventions.
Figure 3. Preoperative CT scan of a patient with type B aortic dissection.

Figure 4. Six-month follow-up CT scan with positive remodeling.

| N=52
Demographics
Age (y) 62.7 +10.5
Sex (Male) 42 (80.8%)
BMI (kg/m?) 27545
Baseline characteristics
Hypertension 33 (63.5%)
CAD 9 (17.3%)
Dyslipidemia 10 (19.2%)
Smoker 11 (21.2%)
COPD 4 (7.7%)
Diabetes Mellitus 1 (1.9%)
Renal impairment 2 (3.8%)
Dialysis 1 (1.9%)
Serum Cr (mg/dL) 1.0(0.8-1.3)
eGFR (mL/min/1.73m?) 71 (54 — 89)
Stroke/TIA 2 (3.8%)
PAD 3 (5.8%)
Previous AAA open repair 1 (1.9%)
Previous EVAR 2 (3.8%)
Medication
Aspirin 19 (36.5%)
Clopidogrel 4 (7.7%)
Warfarin 2 (3.8%)
DOAC 5 (9.6%)
Beta-blockers 22 (42.3%)

Table 1. Demographics and baseline characteristics of the study cohort.
AAA: Abdominal Aortic Aneurysm, BMI: Body Mass Index, CAD: Coronary Artery Disease, CKD: Chronic Kidney Disease,
COPD: Chronic Obstructive Pulmonary Disease, Cr.: Creatinine, DOAC: Direct Oral Anticoagulant, eGFR: estimated
Glomerular Filtration Rate, EVAR: Endovascular Aortic Repair, PAD: Peripheral Arterial Disease, TIA: Transient Ischemic
Attack.

N=52
Status
Elective 38 (73.1%)
Urgent 14 (26.9%)
ASA score
Class 2 2 (3.8%)
Class 3 35 (67.3%)
Class 4 15 (28.8%)
Preoperative details
Type of dissection
Residual Type A 9 (17.3%)
Type B 43 (82.7%)
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Symptom/Dissection onset

Acute 12 (23.1%)

Subacute 28 (53.8%)

Chronic 12 (23.1%)
Complicated

Uncomplicated high risk 43 (82.7%)

Complicated 9 (17.3%)

Clinical malperfusion

11 (21.2%)

Radiological malperfusion

28 (53.8%)

Types of radiological malperfusion

Renal 10
Mesenteric 6
Extremities 4
Multiple 8
Ascending aorta diameter (mm) 36+8
Proximal landing zone diameter 31+5
Distal landing zone diameter 307
Bovine arch 2 (3.8%)
High angulation 1 (1.9%)
Severe iliac calcification 3 (5.8%)
Iliac tortuosity 5 (9.6%)

Table 2. Patient status and aortic dissection details.

ASA: American Society of Anesthesiologists.

N=52
LSA Revascularisation
Cervical debranching 32 (61.5%)
Left CSB 23
Other 9
Fenestration (In situ needle fenestration) 3 (5.8%)

Timing of debranching
Before TEVAR
During TEVAR

29 (93.5%)
2 (6.5%)

Endovascular operative details

Anesthesia (General)

48 (92.3%)

Percutaneous femoral access

31 (59.6%)

Intraoperative SBP reduction
Controlled CO reduction:

30 (57.7%)
15 (28.8%)

MuVIT 13

Drug-induced 1

IVC balloon occlusion 1
Spinal drainage 5 (9.6%)
Number of endografts/patient 1.8+0.6
Scallop (LCC) 2 (3.8%)
Endograft proximal diameter (mm) 38+5
Endograft distal diameter (mm) 33+6

Endograft length (mm)

199 (159 — 233)

Additional procedures

16 (30.8%)

Additional aortic procedures
LCC stent
CT stent
SMA angioplasty & stent + Left CIA stent
SMA PM fenestration & stent + Rt CIA stent
LRA stent
RRA stent
Rt CIA stent
PETTICOAT
PETTICOAT + LRA stent
Dissection flap fenestration & Rt CIA stent
Dissection flap electroseptotomy (cheese wire
technique) + LRA stent
Pseudoaneurysm plug

14 (26.9%)
1

PR RPRPRPWRRE R

Operative outcomes
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Technical success

51 (98.1%)

Endoleak at final angiography

2 (3.8%)

Persistent FL perfusion at final angiography

20 (38.5%)

Total operative time (mins)

123 (74 - 251)

Fluoroscopy time (mins)

19 (12— 36)

Contrast dose (mL)

220 (150 — 310)

Radiation dose (cGy/cm?)

914 (545 — 1861)

Immediate reintervention 5 (9.6%)
Aortic-related 2
Access-related 3

Hospital stay (days)

ICU stay 2(0-5)

Total hospital stay 12 (8 -21)

Table 3. Operative details and hospital stay.

CO: Cardiac Output, CIA: Common lliac Artery, CSB: Carotid Subclavian Bypass, CT: Coeliac Trunk, CTA: Computed
Tomography Angiography, FL: False Lumen, ICU: Intensive Care Unit, IVC: Inferior Vena Cava, LCC: Left Common Carotid,
LRA: Left Renal Artery, MuVIT: Munich Valsalva Implantation Technique, PETTICOAT: Provisional Extension To Induce
Complete Attachment, PM: Physician-modified, RRA: Right Renal Artery, SMA: Superior Mesenteric Artery, TEVAR: Thoracic

endovascular Aortic Repair.

N=52

30-day outcome

Complications (n patients)

15 (28.8%)

Medical complications

Respiratory 3 (5.8%)
Stroke/TIA 2 (3.8%)
SCI 3 (5.8%)
New-onset dialysis 1(1.9%)
Access vessel complications 8 (15.4%)
Endoleak 2 (3.8%)
Persistent thoracic false lumen perfusion 18 (34.6%)
Serum Cr (mg/dL) 1.0(0.8-1.2)
eGFR (mL/min/1.73m?) 79 (54 — 93)
Reintervention 4 (7.7%)
Mortality 2 (3.8%)

30-day adverse events

11 (21.2%)

Follow up outcome

Duration (months) 13.8+7.2
Remodeling
Positive 38 (73.1%)
Stable 12 (23.1%)
Negative 2 (3.8%)
Endoleak 1 (1.9%)
Persistent thoracic false lumen perfusion 12 (23.1%)
Reintervention 9 (%)
Aortic-related 8
FL occlusion 4
FEVAR 3
Post dissection AAA 1
Mortality 5 (9.6%)
Aortic-related 1
During open repair for AAA 1

Table 4. 30-day and follow-up outcomes.

AAA: Abdominal Aortic Aneurysm, Cr: Creatinine, eGFR: estimated Glomerular Filtration Rate, FEVAR: Fenestrated
Endovascular Aneurysm Repair, FL: False Lumen, SCI: Spinal Cord Ischemia, TIA: Transient Ischemic Attack.

Event
p value
Positive Negative

30-day reintervention 4 48
Beta-blocker intake 0 22 (45.8%) .008
30-day mortality 2 50
Complicated 2 (100%) 7 (14%) .027
30-day adverse events 11 41
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BMI 30.8+4.9 26.0+£3.5 .003
Complicated 5 (45.5%) 4 (9.8%) .014
Clinical malperfusion 5 (45.5%) 6 (14.6%) .041
Urgent setting 7 (63.6%) 7 (17.1%) .005
Beta-blocker intake 4 (36.4%) 18 (43.9%) .049
Percutaneous femoral access 10 (90.9%) 21 (51.2%) .034
Positive remodeling 38 14
Dyslipidemia 4 (10.5%) 6 (42.9%) .016
Follow-up reintervention 9 43
Dyslipidemia 5 (55.6%) 5 (11.6%) .008
Positive remodeling 4 (44.4%) 34 (79.1%) .048
Follow-up aortic reintervention 8 44
Dyslipidemia 5 (62.5%) 5 (11.4%) .004
Additional procedures 0 16 (36.4%) .047
Follow-up mortality 5 47
Intraoperative debranching 2 (40%) 0 .022
Total operative time 294 (238 - 412) 110 (72 - 176) .014
Fluoroscopy time 42 (34 —58) 18 (11 -35) .030
Contrast dose 377 (313 - 443) 200 (150 — 300) .010
Persistent FL perfusion at discharge 4 (80%) 14 (29.8%) .043
Table 5. Univariate analysis of significant factors associated with different outcomes.
BMI: Body Mass Index, FL: False Lumen.
(ﬁiult;) Subacute (N=28) C(:'Qiolnzl)c p value
Age (y) 62.6 +13.2 61.9+10.1 64.3+9.1 .830
Sex (Male) 9 (75%) 24 (85.7%) 9 (75%) 620
Dissection onset to TEVAR
(median, range, days) 5(14) 42 (75) 150 (509) .001
Urgent setting 7 (58.3%) 5 (17.9%) 2 (16.7%) .020
Complicated 5 (41.7%) 2 (7.1%) 2 (16.7%) .030
Controlled CO reduction 9 (75%) 18 (64.3%) 3 (25%) .027
PLZ diameter 33.1+5.1 33.1+4.1 28+54 .031
DLZ diameter 2821472 28.9+8.3 324+8.2 .353
Lo 100 300 76
Total operative time (90 — 140) (166 — 350) (60 — 150) .006
Fluoroscopy time 16 (12 -19) 42 (19-61) 16 (7 -22) .010
. 759 1237 1570
Radiation dose (478 — 1009) (611 — 2264) (447 — 7150) 234
227 300 174
Contrast dose (150 - 303) (170 - 400) (104 - 263) 064
30-day outcomes
ICU stay (days) 5(3-14) 2(1-3) 0(0-1) .001
Total hospital stay (days) 20 (12— 24) 10 (8 — 15) 8 (5-16) .067
Medical complications 5 (41.7%) 6 (21.4%) 4 (33.3%) 401
Type of complications
Respiratory 1 (8.3%) 0 2 (16.7%) .106
Stroke/TIA 1(8.3%) 1 (3.6%) 0 .566
SCI 1(8.3%) 2 (7.1%) 0 .614
New dialysis 0 1 (3.6%) 0 .646
Access complications 2 (16.7%) 4 (14.3%) 2 (16.7%) 972
Persistent FL perfusion 4 (33.3%) 9 (32.1%) 5 (41.7%) .840
Reintervention 1 (8.3%) 2 (71.1%) 1 (8.3%) .987
Mortality 1 (8.3%) 1 (3.6%) 0 .566
30-day adverse events 3 (25%) 5 (17.9%) 3 (25%) .821
Follow up outcomes
Remodeling 125
Positive 6 (50%) 23 (82.1%) 9 (75%)
Stable 6 (50%) 4 (14.3%) 2 (16.7%)
Negative 0 1 (3.6%) 1 (8.3%)
Persistent FL perfusion 3 (25%) 5 (17.9%) 4 (33.3%) .558
Reintervention 2 (16.7%) 4 (14.3%) 3 (25%) 712
Aortic-related 1 4 3 513
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Mortality
Aortic-related

0 5 (17.9%)
0 1

.093
.646

0
0

Table 6. Outcomes according to the onset of dissection.

Uncompl;\cl:a:tzdshlgh risk Con;lpgcgated b value
Age (y) 62.9+10.0 61.8+13.1 775
Gender (Males) 34 (79.1%) 8 (88.9%) .670
Urgent 7 (16.3%) 7 (77.8%) .001
Total operative time (mins) 121 (72 — 241) 165 (117 — 299) .254
Fluoroscopy time (mins) 21 (12 -54) 18 (11 -30) .953
Radiation dose (cGy/cm?) 774 (425 — 1596) 910 (571 — 1650) .666
Contrast dose (mL) 253 (155 — 300) 305 (199 — 396) .580
ICU stay (days) 2(1-5) 3(0-5) .681
Hospital stay (days) 13 (8 - 22) 18 (11-22) 533
Access complication 6 (14.0%) 2 (22.2%) .615
Medical complications 9 (20.9%) 6 (66.7%) .012
30-day reintervention 2 (4.7%) 2 (22.2%) 134
30-day mortality 0 2 (22.2%) .027
30-day adverse events 6 (14.0%) 5 (55.6%) .014
Follow-up Remodeling 220
Positive 33 (76.7%) 4 (44.4%)
Stable 8 (18.6%) 5 (55.6%)
Negative 2 (4.7%) 0
Follow-up reintervention 7 (16.3%) 2 (22.2%) .645
Aortic-related 7 1 1.000
Follow-up mortality 5 (11.6%) 0 573
Aortic-related 1 0 1.000

Table 7. Outcomes in uncomplicated high-risk versus complicated aortic dissection.

ICU = Intensive Care Unit.

Survival
) Cverall
S
T o — Aortic
- {5 'Non-aortic
08| Overall-censored
—— Aortic-censored
+— Non-aortic-censored
Log rank p .267
B on [ em [ t2m | tem |
N at risk 49 45 25 7
Overall Survival SE .022 .022 031 .102
04|
Survivel (%) 100 100 95.4 78.0
N at risk 49 45 29 7
Aortic Survival SE .095 .095 .095 .095
02 Survival (%) 100 100 100 90.0
N at risk 49 45 29 7
Non-aortic Survival SE .022 .022 031 .068
00| Survival (%) 100 100 95.4 86.6

6

12

Follow-up (months)

Figure 1. Kaplan—Meier curves for overall survival and aortic-related survival.

CO: Cardiac Output, DLZ: Distal Landing Zone, FL: False Lumen, ICU: Intensive Care Unit, PLZ: Proximal Landing Zone, SCI:
Spinal Cord Ischemia, TIA: Transient Ischemic Attack.
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Figure 2. Kaplan—Meier curves with freedom from overall and aortic-related reinterventions.

Figure 4. Six-month follow-up CT scan with positive remodeling.
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