
Article Not peer-reviewed version

Early Outcomes of TEVAR: Spinal Cord

Ischemia and Reintervention Rates in a

Single-Center Study

Mehmet Cahit Saricaoglu , Fatma Akça * , Evren Ozcinar , Ali Ihsan Hasde , Ali Fuat Karacuha ,

Salih Anıl Boğa , Onur Buyukcakir , Cagdas Baran , Levent Yazicioglu , Sadik Eryilmaz

Posted Date: 12 August 2025

doi: 10.20944/preprints202508.0833.v1

Keywords: Thoracic Aorta; endovascular procedures; spinal cord ischemia; reintervention; aortic aneurysm

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/3593373
https://sciprofiles.com/profile/3832897
https://sciprofiles.com/profile/3588418
https://sciprofiles.com/profile/3797341
https://sciprofiles.com/profile/3832873
https://sciprofiles.com/profile/4665602
https://sciprofiles.com/profile/4365203
https://sciprofiles.com/profile/4080246


 

 

Article 

Early Outcomes of TEVAR: Spinal Cord Ischemia 
and Reintervention Rates in a Single-Center Study 
Mehmet Cahit Sarıcaoğlu ¹, Fatma Akça ²,*, Evren Özçınar ¹, Ali İhsan Hasde ¹,  
Ali Fuat Karaçuha ³, Salih Anıl Boğa ², Onur Büyükçakır ¹, Çağdaş Baran ¹, Levent Yazıcıoğlu ¹ 
and Sadık Eryılmaz ¹ 

1 Ankara University, Department of Cardiovascular Surgery 
2 Department of Cardiovascular Surgery, Kırıkkale High Specialization Hospital 
3 Department of Cardiovascular Surgery, Trabzon Kanuni Training and Research Hospital 
* Correspondence: Ankara University, Department of Cardiovascular Surgery, Address:Barbaros 

mah.Buğday Sk.Buğday Apt. no:14/14 Çankaya/ANKARA, Phone: +90 543 460 11 75, E-mail: 
akcaafatma@gmail.com, Fax: +90-312-3625639, ORCID: https://orcid.org/0000-0001-5633-9933 

Abstract 

Objective: Data based on the technical successes of endovascular procedures and certain advantages 
over open surgery have recently led to their being the preferred treatment protocol for thoracic aortic 
interventions. The aim of this study is to present the single-center results, especially focusing on 
spinal cord ischemia and reintervention, and to examine their relationships with various variables. 
Methods: Data from patients who underwent TEVAR between February 2012 and August 2023 were 
retrospectively collected. Primary outcomes were spinal cord ischemia and early reinterventions. 
Secondary outcomes included stroke, arm ischemia, and 30-day mortality outcomes. Results: In the 
dataset of 146 patients, 116 (79.45%) were male, with an average age of 63.23 ± 12.50. Among the 
complications, postoperative stroke was observed in 20 patients (13.7%), and arm ischemia, likely 
due to occlusion of the subclavian artery, was observed in 10 patients (6.84%). Spinal cord ischemia 
was observed in 11 patients (7.5%), while TEVAR-related reintervention was required in 38 patients 
(26%). No significant relationship was found between SCI and the variables (p-value > 0.05); however, 
a statistically significant relationship was observed between reinterventions and smoking, diabetes, 
and lesions located in the distal zone (p-value < 0.05). Conclusions: This study has demonstrated that 
the risk of reintervention is increased in cases with a history of diabetes mellitus, smoking, and aortic 
pathologies located in the distal thoracic zone. However, the current findings need to be supported 
by larger randomized multicenter studies. 

Keywords: Thoracic Aorta; endovascular procedures; spinal cord ischemia; reintervention; aortic 
aneurysm 
 

Introduction 

Thoracic endovascular aortic repair (TEVAR) has emerged as a pivotal intervention for the 
treatment of various thoracic aortic pathologies, including thoracic aortic aneurysms, type B aortic 
dissections, and traumatic aortic injuries. This minimally invasive procedure has been offering 
significant advantages over traditional open surgical approaches, including reduced recovery times, 
and lower perioperative morbidity and mortality for over the past two decades. With the evolution 
of endovascular techniques and consistently high procedural success rates, TEVAR has become the 
preferred first-line treatment for thoracic aortic pathologies in anatomically eligible patients [1–3]. 

However, despite its numerous benefits, TEVAR is not without complications. Serious issues 
such as spinal cord ischemia (SCI) and the need for early or late reintervention remain significant 
concerns. Additionally, vascular injuries, including access site complications, guidewire-related 
injuries, retrograde dissection, and surrounding tissue complications such as aortoesophageal and 
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aortobronchial fistulae, as well as malperfusion and renal failure, require careful consideration. 
Adverse events like endoleaks and endograft collapse can also lead to stroke, arm ischemia, or SCI, 
further emphasizing the potential impact of these complications on patient survival and quality of 
life [3,4]. 

SCI, a potentially devastating complication of TEVAR, arises due to compromised blood flow to 
the spinal cord. The incidence rates of SCI range from 2% to 10%, and are influenced by factors such 
as the extent of aortic coverage, the patient’s pre-existing vascular anatomy, and the presence of 
collateral circulation. Timely recognition and intervention can significantly alter patient outcomes. 
Meanwhile, reintervention rates following TEVAR also warrant attention, as they reflect the 
durability and effectiveness of the repair. These rates can be mainly influenced by the type of aortic 
pathology and the complexity of the procedure. Early reintervention—whether due to endoleak, graft 
migration, or device-related complications—continues to pose significant challenges despite 
procedural success [5–10]. 

While multicenter registries provide valuable insight into long-term outcomes, single-center 
studies offer a more controlled environment to evaluate specific risk factors, institutional protocols, 
and patient-specific outcomes. In this study, we aimed to analyze early outcomes of TEVAR, with a 
particular focus on the incidence of spinal cord ischemia and reintervention rates, in a consecutive 
cohort of patients treated at a single high-volume tertiary care center. 

Methods 

The methodology employed in this study on the early outcomes of thoracic endovascular aortic 
repair focuses on a comprehensive retrospective analysis of patient data collected from a single 
surgical center. This approach enables a rigorous analysis of the incidence of spinal cord ischemia 
(SCI) and reintervention rates associated with TEVAR procedures. The cohort included patients who 
underwent TEVAR for various thoracic aortic pathologies, such as aneurysm and dissections, 
between February 2012 and August 2023. Inclusion criteria encompassed patients aged 18 years and 
older, while those with previous spinal cord injuries or significant comorbidities that could influence 
outcomes were excluded to ensure a more homogeneous study population. 

Data collection involved a thorough review of electronic medical records, focusing on 
demographic information, preoperative characteristics, procedural details, and postoperative 
outcomes. Key variables included aortic pathology type, repair extent, and the use of adjunctive 
techniques like cerebrospinal fluid drainage, which is linked to reduced SCI rates. Additionally, the 
study employed standardized definitions for SCI and reinterventions, allowing for consistent 
reporting and analysis. The primary endpoints were the incidence of SCI observed within 30 days 
after surgery and the reintervention rates recorded during the first year following TEVAR. Statistical 
analyses were performed using appropriate software to assess the relationships between various risk 
factors and outcomes, employing both univariate and multivariate models to control for confounding 
variables. 

This methodology not only provides a comprehensive understanding of the early complications 
linked to TEVAR but also contributes to the expanding literature focused on optimizing patient 
selection and procedural techniques. The findings will serve as a foundation for future prospective 
studies and clinical trials aimed at refining TEVAR strategies and minimizing complications such as 
SCI and the need for reintervention. 

Follow-up and Definitions: The first CTA scan after surgery was performed during the 1-month 
follow-up. Patients were then scheduled for follow-ups at 6 months and subsequently on an annual 
basis. The patients' medical histories in the hospital system were reviewed, and their medications 
were documented. The hospital admission and surgery dates of the cases were examined to 
determine whether they were elective or emergency based on CTA results. Coronary artery disease 
was defined for patients who were under cardiology follow-up due to previous angina or myocardial 
infarction and receiving medical treatment; COPD was defined as progressive lung disease for 
patients who were receiving inhaler treatment or home oxygen therapy. Patients diagnosed with 
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diabetes who were under diet control, and those receiving insulin or oral antidiabetic treatment were 
included in the diabetes category; patients with a glomerular filtration rate (GFR) of 45 mL/min or 
lower were included in the renal insufficiency category. 

To mitigate procedure-related complications, specific preventive measures were implemented 
in selected cases. For instance, in patients scheduled for elective surgery requiring aortic coverage 
exceeding 20 cm, cerebrospinal fluid drainage catheters were placed to prevent spinal cord ischemia, 
provided there were no contraindications and following consultation with neurosurgery. 
Additionally, patients with proximal lesions necessitating subclavian artery coverage underwent 
carotid-subclavian bypass either prior to or during the follow-up period of TEVAR, and these cases 
were meticulously documented. 

Table 1. Demographics and preoperative characteristics of TEVAR patients (n=146). 

Sex, male  116(79,45%)  

Age,years 63.23 ±12.50 min:29 /max:85 

Hypertension 124(84.9%)  

COPD 41(28,1%)  

Renal insufficiency 33(22.6%)  

Diabetes 23(15.8%)  

Coronary artery disease  71(48,6%)  

History of smoking 61(41.8%)  

History of Cerebrovascular disease  6 (4.1%)  

Preoperative aspirin 85(58.2%)  

Preoperative statin 46(31.5%)  

Elective  121(82.8%)  

Urgent  25(17.1%)  

Data are presented as number (%) or mean ± standard deviation unless otherwise indicated. Abbreviations: 
COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate. 

The total operation time was recorded in minutes, from the moment the patient entered the 
operating room and anesthesia was initiated, until the patient was transferred to the intensive care 
unit, based on data obtained from anesthesia records. The region starting from the left carotid artery 
up to the mid descending aorta, including the left subclavian artery, is referred to as the proximal 
zone, the distal zone included the mid descending aorta. Postoperative stroke, SCI, and arm ischemia 
were recorded as significant complications, and 30-day mortality and reinterventions within 1 year 
were noted during the follow-up period. 

The primary outcomes were SCI and reintervention. We hypothesized that reinterventions 
might be less frequent in elective cases and short segment lesions, while the risk of SCI might be 
increased in patients with long segments closed in the distal region. 

Statistical Analysis. Categorical data are presented as n (%), and continuous variables as mean 
± standard deviation. The Kaplan-Meier curve with log-rank test was used for early mortality during 
the follow-up period. Multivariate logistic regression analysis was used to assess the variables that 
influenced the development of any SCI and reintervention. The analyses were performed using IBM 
SPSS Statistics (Version 29.0.2.0). 

Results 
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The data for 146 patients who underwent TEVAR between February 2012 and August 2023 were 
retrospectively analyzed. Among the 146 patients analyzed, 116 (79.45%) were male, with an average 
age of 63.23 ± 12.50. The patients' demographic characteristics, comorbidities, preoperative 
medications, and the urgency of the procedure are presented in Table 1. 

Hypertension, which is one of the most significant causes of aneurysm development, was 
present in 124 (84.9%) patients. Based on CTA results, 3D analysis showed that in 108 patients (74%), 
the intervention area was proximally located. Carotid-subclavian bypass was performed in 38 
patients (28% of the total) to prevent arm ischemia, as the left subclavian artery was closed in some 
cases (Table 2). 

Table 2. Operative details and early postoperative outcomes. 

 

Summary of intraoperative parameters and early outcomes following TEVAR. Includes total procedure 
duration, mean lesion length, use of cerebrospinal fluid drainage catheters, frequency of carotid-subclavian 
bypass and proximal versus distal aortic landing zones. Postoperative complications recorded include stroke, 
spinal cord ischemia (SCI), upper limb ischemia, reintervention and 30-day mortality. Data are presented as 
number (%) or mean ± standard deviation, as appropriate. 

The average lesion length was 24.7 ± 9.832 centimeters, and the mean total operation time was 
180.4 ± 50.061 minutes. A linear correlation was observed between lesion length and operative time, 
possibly due to the need for additional procedures, repeat angiographies, and balloon angioplasty, 
as shown in Figure 2. 

When examining the pathologies requiring TEVAR, we observed that thoracic aortic aneurysms 
were the most common, with 97 patients (66.4%). Other pathologies, including transection, rupture, 
pseudoaneurysm, extended type A dissection, and coarctation, accounted for 48.6% (71 patients) 
(Table 2/Figure 1). 
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Figure 1. Distribution of thoracic aortic pathologies among the study population. 

Among the complications, postoperative stroke was observed in 20 patients (13.7%), and arm 
ischemia, likely due to occlusion of the subclavian artery, was observed in 10 patients (6.84%). Spinal 
cord ischemia occurred in 11 patients (7.5%), while TEVAR-related reintervention was required in 38 
patients (26%). According to Table 3, which evaluates the relationship between our primary 
endpoints, SCI and reinterventions, and other variables in terms of Odds Ratio (OR) and 95% 
Confidence Intervals, no significant relationship was found between SCI and other variables (p-value 
>0.05); however, a statistically significant relationship was observed between reinterventions and 
smoking, diabetes, and lesions located in the distal zone (p-value <0.05). When we look at the 30-day 
mortality associated with primary or secondary causes related to TEVAR, we see that it has a 
percentage of 17.1% (Table 2). 

 

Figure 2. Correlation between lesion length and operative time in patients undergoing TEVAR. 

Discussion 

The management of thoracic vascular diseases has undergone significant advancements over the 
past few decades. While traditional approaches relied on extensive and invasive surgical procedures, 
technological progress and an improved understanding of vascular pathologies have shifted the 
paradigm. Since it was first reported by Dake et al. in 1994, the indications and applications of TEVAR 
(Thoracic Endovascular Aneurysm Repair) have steadily increased with advancing technology and 
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published experiences. Endovascular repair is widely used in complicated cases such as rupture and 
dissection, based on several studies comparing it with open surgical repair, highlighting its lower 
perioperative mortality and morbidity rates [9,10]. In this study, we aimed to highlight our early 
outcomes, including early reintervention, hospital mortality, and spinal cord ischemia, based on our 
single-center clinical experience with TEVAR. 

Isaac et al. reported a 30-day mortality rate of 4.2% in a study of 2141 patients who underwent 
endovascular repair for thoracic aortic aneurysm in 2022. In addition to this study involving stable 
aneurysms, Philip et al. reported a perioperative mortality rate of 6.1% for intact aneurysms, 
compared to a rate of 28% for ruptured cases [11,12]. Considering that our study included not only 
patients with intact aneurysms but also complicated cases such as ruptured aneurysms and dissection 
patients, it would not be incorrect to state that our 30-day mortality rate of 17.1% (25 patients) is 
consistent with the literature data. 

According to the data from non-comparative, single-center, retrospective studies in the 
literature, there is no definitive information on preventing SCI. However, looking at the incidence 
rates, we see that SCI occurs in less than 10% of cases after TEVAR and has been reported to occur in 
2-15% of cases after open repair [5,13,14]. Reflecting the results of a prospective, single-center 5-year 
study, the W.L. Gore TAG (W.L. Gore & Associates, Flagstaff, AZ) pivotal trial reported a 2.9% 
incidence of SCI among 139 patients who had a repair of a descending thoracic aneurysm [14,15]. In 
our study, which included 146 patients, encompassing not only aneurysm cases but also other 
TEVAR procedures requiring endovascular intervention, we observed an SCI incidence of 7.5%. 

To prevent spinal cord ischemia, certain protective measures can be taken by considering the 
risk factors. Among these, cerebrospinal fluid drainage catheters (CFDC) are the most important and 
are recommended to prevent paraplegia, which is a significant complication of thoracic aortic repair 
[7,16]. In our clinical practice, if the area of the aorta to be covered by the stent is large (>200 mm) and 
there are no contraindications related to the patient, we prefer to consult with the neurosurgery 
department regarding the placement of CFDC. Although lesion length is not an established criterion, 
considering the possibility of occluding the Adamkiewicz artery in the T11-L3 region, ESVS has 
recommended that spinal cord protection (including CSF drainage) should be considered in patients 
with a prior AAA repair or in patients who require extensive aortic repairs. 

Keeping in mind that cerebrospinal fluid drainage can also have procedure-related 
complications (0-7%), such as headache, subdural hematoma, or suspected meningitis, we believe 
that inserting CFDC in patients at high risk for spinal cord ischemia could further improve the 
outcomes of TEVAR. We know that the risk factors for SCI after TEVAR are multifactorial. However, 
previous publications have included factors such as the length of aortic coverage, prior abdominal 
aortic surgery, hypotension, iliac artery injury, and coverage of the left subclavian artery [6]. In our 
study, we did not find a significant relationship (p>0.05) between SCI and some variables, as seen in 
Table 3, when we conducted a logistic regression analysis. 
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Table 3. Multivariate logistic regression analysis predictors of spinal cord ischemia and early reintervention. 

 

Odds ratios (OR) and 95% confidence intervals (CI) are presented. Statistically significant associations (p < 0.05) 
are highlighted in bold. Variables analyzed include comorbidities, lesion zone, procedural characteristics and 
patient risk factors such as diabetes mellitus and smoking history. 

Another outcome, early reinterventions in the TEVAR group, such as the need for follow-up 
CTA and additional grafts, can be considered a disadvantage of endovascular treatments due to the 
associated costs. Some authorities argue that TEVAR does not alter the natural history of the disease, 
suggesting that it is not superior to open surgery. It is also important to note that longer follow-up 
periods are needed to clear these concerns [17]. When we look at the results of reinterventions, which 
are considered to be negative outcomes of endovascular interventions, in our clinic, we see that it is 
26%. According to the literature, the reintervention rates for cases where TEVAR is applied for 
thoracic aneurysm range between 15% and 17%. However, Parsa et al. [10,18] reported reintervention 
rates of 23% in dissection cases, while Böckler et al. [19] reported rates of 32% [10]. Considering that 
complicated cases might increase reintervention rates, the reintervention rates in our series appear to 
be consistent with the literature data. 

Our results show that diabetes mellitus (p-value 0.01), smoking history (p-value 0.05), and distal 
zone location of the lesion (p-value 0.03) are potential risk factors for reintervention (Table 3). 
Surprisingly, a published meta-analysis also suggested that diabetes mellitus may be negatively 
associated with the presence of thoracic aortic dissection and aneurysm. Besides, there is data 
suggesting that it may even be protective against aortic dissection [20–22]. It is necessary to mention 
that multi-center studies with long follow-up periods are needed to clarify this complex situation 
related to diabetes. 

Limitations 

One of the major limitations of our study is its retrospective nature and reliance on follow-up 
results available within the hospital system. Another point is that it presents single-center results 
from a small patient population of 146 patients. The patient population consisted of a heterogeneous 
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group, including dissection, aneurysm, rupture, coarctation, etc. It should be noted that subgroup 
analyses are necessary to present the results more objectively. Our results are based on an average of 
one-year follow-ups, and the inability to present long-term survival analyses is one of the significant 
limitations. Despite these limitations, our findings offer valuable insights into early TEVAR outcomes 
in real-world clinical settings. 

Conclusion 

Endovascular techniques, particularly thoracic endovascular aortic repair (TEVAR), have 
emerged as a preferred approach for aortic repair due to their lower complication rates and reduced 
perioperative mortality compared to conventional open surgical methods. Despite its advantages, the 
potential need for conversion to open surgery remains a critical concern, often stemming from the 
procedural complexities involved. Early intervention with TEVAR offers significant benefits for 
certain patient groups, and improved clinical outcomes are expected as operator expertise continues 
to advance. Future multicenter trials are warranted to validate these findings. Additionally, 
randomized clinical trials involving larger patient cohorts are needed to derive more conclusive 
evidence and advance clinical practice. Ultimately, healthcare institutions must critically evaluate 
their procedural expertise and align their practices with achievable standards to maximize the 
benefits of TEVAR and minimize associated risks. 
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