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Background: Thoracic endovascular aortic repair (TEVAR) has become the standard treatment for
blunt thoracic aortic injury (BTAI). Some small observational studies revealed aortic morphological
changes after TEVAR in patients with BTAI. However, these studies were limited by the rarity of
the condition and small sample sizes. To address this gap, the current study aims to conduct a
systematic review and meta-analysis of existing literature to provide evidence on the degree of
immediate and long-term aortic diameter change following TEVAR for BTAL. Methods: This
systematic review and meta-analysis of studies published up to March 2023, was conducted in
accordance with the PRISMA statement. Studies eligible for inclusion were studies evaluating aortic
diameter change post-TEVAR in BTAI patients. Results: 14 articles, including 353 patients, were
included after review. Treatment and measurement protocols varied among individual studies
resulting in high heterogeneity of the results. Our meta-analysis demonstrated an immediate post-
intervention dilation 2.41 mm and 2.63 mm of the proximal and distal aortic necks’, respectively, as
well as continuous dilation of the respective regions at a rate of 0.35 mm/year and 0.49 mm/year.
Conclusion: TEVAR in BTAI leads to immediate post-intervention and continuous aortic dilation
and morphological changes with possible future important clinical consequences.
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1. Introduction

Thoracic endovascular aortic repair (TEVAR), originally designed for the treatment of
degenerative aneurysms, has become the standard treatment for blunt thoracic aortic injury (BTAI),
resulting in significantly lower mortality rates and post-operative complications such as paraplegia,
and stroke, comparing to open aortic repair [1,2].

For a successful TEVAR procedure, accurate measurement of the aortic size, meticulous case
planning, and careful selection and placement of the appropriate device are crucial. It is important to
assess the intended landing zones for both proximal and distal seals as part of this process. The
success of the intervention depends on choosing an endograft with the right size for the measured
aortic diameter within the landing zone. Inaccurate sizing of the endograft for TEVAR can have
detrimental consequences. Oversizing beyond the recommended range may result in complications
such as endoleaks, device infolding, and endograft collapse. Conversely, undersizing the endograft
can also lead to endoleaks and endograft migrations [2-4].

A 10% to 15% oversizing of the endograft is recommended to ensure sufficient radial force and
aortic apposition for a successful seal for the treatment of thoracic aortic aneurysm, while no
oversizing is recommended for the treatment of thoracic aorta dissection [1,5]. Oversizing indications
for TEVAR for the treatment of BTAI are lacking. Patients with these injuries are typically young and
have minimal aortic disease and normal aortic diameters. Despite the rapid acceptance of TEVAR,
the long-term impact of endovascular grafts on this population is unknown, with some reports
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suggesting increased aortic diameters and altered morphology during follow-up [6-8]. Studies have
shown that the changes in the structure of the aorta that occur naturally as a person ages, as well as
the forces exerted by the stent graft used in TEVAR treatment, play crucial roles in determining how
effective and long-lasting the treatment will be. In other words, understanding the impact of these
factors on the durability of TEVAR treatment is essential for developing effective treatment strategies
[6-8].

Another challenge is that aortic sizing and planning for BTAI is often done in hypotensive and
hypovolemic conditions, which can lead to underestimating the true aortic diameter, especially in
young patients such as BTAI patients, in which the aorta is more compliant. This underestimating of
aortic diameter might lead to choosing an undersized endograft [9,10]. Hence several studies have
tried to examine immediate aortic diameter changes post-TEVAR intervention.

Few observational clinical studies have tried to define the aortic geometrical changes post-
TEVAR in patients with BTAIL. However, due to the rarity of the condition, these studies had small-
sized groups. The presented study aimed to provide an updated, systematic review of the literature
and, by combining the results in a meta-analysis of the various individual studies, to provide
evidence on the degree of aortic diameters changes both immediate and long-term following TEVAR
for the treatment of BTAL

2. Materials and Methods

The systematic literature search, inclusion criteria, data synthesis, and analysis (qualitative and
quantitative), were prespecified in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [11].

Eligibility criteria for inclusion were defined as clinical or observational studies (excluding case
series, case control, or cohort studies) with the following criteria: (1) included patients with BTAI who
underwent standard TEVAR (2) a study sample of more than 15 patients, (3) reported data of
morphological features of the aorta on computed tomography angiography (CTA) or Magnetic
Resonance Imaging (MRI) before and after treatment.

The study was carried out by searching Medline (PubMed), Embase, and The Cochrane Library
for articles published in the English language from inception until March 1st, 2023. There were no
limitations on study types applied to the search. The first search was conducted in March 2023.
Medical subject headings (MeSH) for Medline and The Cochrane Library and EMTREE terms for
Embase were used to select keywords. The key-words were " thoracic aortic trauma sizing," and "
blunt thoracic traumatic endovascular repair”. Titles and abstracts of potentially useful articles were
selected. Two researchers independently screened titles, abstracts, and full text of search results. Data
from all included studies were independently extracted, and in case of discrepancies in articles or
data extraction, a third researcher was consulted to raise the final consensus. References of all
identified relevant studies were used to perform a recursive search of the literature. To obtain full-
text articles for eligible titles and abstracts, Metalib® (University of Milan, Milan, Italy), SBBL
(Lombard Biomedical Librarian System), and personal journal subscriptions were used. Articles
presenting the use of TEVAR for BTAls were primarily included, and those investigating the role of
TEVAR only for the treatment of chronic aortic lesions were excluded. Abstract and/or case reports
or case series with less than 15 patients, studies that did not provide any data that could be useful for
outcomes analysis, studies focused only on open repair or non-operative management, and company-
sponsored trials were also excluded. If there were successive publications from the same group, only
the most recent article or the one that included the largest number of patients was incorporated.
Conversely, studies on both urgent and delayed treatment were considered eligible. Further articles
were identified by examining the references cited in the studies that were initially identified through
electronic means.

To evaluate the quality of the studies included in this review, the National Heart, Lung and
Blood Institute (NHLBI) for Quality Assessment Tool for Before-After (Pre-Post) Studies with No
Control Group was employed. This quantitative tool assesses each study based on twelve items. A
rating system is used in the NHLBI scale, with a maximum of twelve scores. Studies that received a
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rating of nine or more scores were deemed to be of superior quality, studies that received a rating of
three to nine were deemed to be of moderate quality, and studies that received less than 3 were
deemed to be of low quality [12].

3. Results

During the screening process, the search identified 644 potentially relevant articles. After a
thorough evaluation of the titles and abstracts, 28 full-text articles were assessed for eligibility. Of
these, 14 studies met the inclusion criteria and were included in the review. 11 studies were eligible
for quantitative review (Figure 1 summarized the selection process). Out of these 11 studies, two
different meta-analyses were conducted; the first included 3 studies comparing pre-intervention with
post-intervention aortic proximal and distal necks diameters. The second compared immediate post-
intervention with distance follow-up aortic diameters, including 4 studies for the proximal neck and
3 for the distal neck. In all analyzed studies aortic diameters were measured with CT or MRL
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Figure 1. Study selection flow diagram according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 for new systematic reviews to identify studies reporting
aortic modifications after endovascular repair of blunt thoracic aortic injury.

It is important to note that while the treatment and follow-up protocols in the studies varied, the
patients' demographics did not vary greatly. A total of 353 patients were included in this systematic
review, with 77% of them being males and with a mean age of 43 years old. The ethnic backgrounds
of the patients were not reported. In addition, different follow-up times and endograft oversizing
protocols were used in the different studies. Table 1 summarized studies included in the quantitative
analysis, with their basic population demographics, endograft oversizing reported in these studies,
and NHLBI quality assessment score.

Table 1. Summarized studies included in the quantitative review, N=number of studies participate
NR=not reported *Mean or median.**Mean or median values are reported, when available. Otherwise,
a range of oversizing is reported. NHLBI = National Heart, Lung and Blood Institute.

Study year NHLBI N Male Female Age* Endograft
score oversizing**
Bero et al[8] 2020 10 32 22 10 40,7 19%
Albertaetal [9] | 2014 10 70 NR NR NR -15 - +40%
Tran et al [13] 2020 10 20 NR NR 42 30%
Jonker et al [14] | 2010 10 43 32 11 37.2 NR
Mufty et al[15] 2019 10 27 20 7 41 >10%
Bae et al[16] 2022 9 25 20 5 57 30%
Forbes etal [17] | 2010 10 21 NR NR 42 >10%
Bergeretal [18] | 2020 9 28 NR NR 43 10-35%
Canaud etel[6] | 2014 10 17 13 4 45 10%-20%
Fontana et al[19] | 2018 10 23 21 2 39 10%
Gennai et al[7] 2020 11 47 37 7 47 19%

Table 2 report included studies evaluating immediate post-TEVAR aortic diameters change, it
summarized proximal and distal aortic neck diameter changes from pre-to-post-TEVAR. As well as
reported aortic diameters change proximally and distally to the endograft, (i.e. non-stented aorta
diameter change). For convenience purposes, if multiple segments of non-stented aortic
measurements were reported by the studies, only the measurement of the non-stented-segment most
closed to the aortic neck was reported. Due to variability in aortic diameter measurements, studies
methodology, and data reporting, only three studies were included in the final meta-analysis
comparing pre and post-intervention aortic necks” diameters change (figure 2A and 2B) [8,9,13]. Our
meta-analysis (including 133 patients) suggests that post-TEVAR for BTAI patients, the aortic
diameter at the level of proximal and distal aortic necks increased by 2.41 mm and 2.63 mm,
respectively. The meta-analyses conducted found statistically significant results for the proximal neck
diameter change, as well as high heterogeneity. The quality of evidence was rated as high. Notably,
out of the studies that investigated immediate post-TEVAR aortic diameter changes, a statistical
correlation between aortic diameter changes and hypotension was established only by Bae et al [16].
While Alberta et al found a statistical correlation between endograft oversizing and immediate post-
intervention aortic diameter changes [9].
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Table 2. Detailed description of the result of studies evaluating immediate post-TEVAR aortic
diameters change. Only the studies of Alberta [2], Bero [12], and Tran [13] were retained for meta-
analysis.*Mean and standard deviation or percentage of change between pre-intervention imaging
and post-intervention imaging. **Mean or median values are reported, when available. Otherwise,
minimal follow-up time is reported.

Aortic
segment
proximal
Stud Proximal Neck Distal Neck /distal to Time span between pre and post
y diameter change* diameter change*  endograf TEVAR aortic measurement**
t
diameter
change**
Bero et 2,2+1,6mm
1,9+21 17
al[8] A+21mm 0.3mm/x days
Alberta 2,98 +2,5mm 2,89+ 1,82mm NR 30 days
et al[9]
Tran etal 0.9 +0.7mm 1.7+13mm 0.7/02m 1year
[13] m
Jonker et 1.4/1.6m
1.2 1. 11d
al[14] mm 3mm m ays
Bae et o o,
al16) 12.87 +12.68% NR 9%/NR 275 days
Berger et NR NR 2.3/1.5m NR

al [18] m
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Figure 2A
Studies Estimate (95% C.I.)
Bero et al 2020 1.900 (1.175, 2.625) i
Tran et al 2020 2.000 (0.118, 3.882) ]
Alberta et al 2014 2.980 (2.510, 3.450) —B—
Overall (1"2=68.99 % , P=0.040) 2.411 (1.540, 3.283) —Q—
[ T T T T T 1
0.5 1 18 2 25 3 3.5
Figure 2B
Studies Estimate (95% C.I.)
Bero et al 2020 2.200 (1.651, 2.749) —B—
Tran et al 2020 3.200 (1.240, 5.160) =
Alberta et al 2014 2.890 (2.557, 3.223) —B—
Overall (1*2=57.25 % , P=0.096) 2.636 (2.066, 3.206) —_— T T
T ‘ T T 1
2 3 4 5

Figure 2. Forest plots: (A) Forest plot of aortic proximal neck mean diameter change comparing pre and post-
TEVAR, imaging. (B) Forest plot, aortic distal neck mean diameter change comparing pre and post-TEVAR,
imaging.

In regards to long-term aortic remodeling post-TEVAR, table 3 summarized the result of studies
that aortic proximal and distal necks diameters change during follow-up (i.e. the difference in aortic
diameter between post-TEVAR and the most recent post-intervention surveillance CT/MRI scan
follow-up), as well as reported proximal and distal non-stent aortic segment diameters changes.
Similarly, to aortic diameters changes immediately post-TEVAR, the methodology of the studies
comparing long-term post-TEVAR aortic diameter changes, varied among studies. Nevertheless, it is
evident that the aorta continues to dilate post-TEVAR, not only in the stented part but also in the
non-stented part (i.e., proximal and distal to the endograft). Our meta-analysis, which included 4
studies for the proximal neck [12, 19, 6, 17] and 3 for the distal neck [12, 19, 6, 17] diameter changes
demonstrated that the dilation of the proximal neck occurred at a rate of 0.35 mm/year and the
dilation of the distal neck at a rate of 0.49 mmy/year (Figure 3A and 3B). Gennai et al found a
correlation between aortic long-term remodeling (i.e. increased diameter) and oversizing above 10%
as well as placement of proximal endograft sealing zone over the left subclavian ostium with
increased aortic diameter following the intervention [7].


https://doi.org/10.20944/preprints202305.1241.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 May 2023

d0i:10.20944/preprints202305.1241.v1

Table 3. Table 3, summarized the result of studies evaluating long-term post-TEVAR aortic diameters
changes. *Mean and standard deviation, between post-intervention imaging and most recent follow-

up imaging **Mean or median values are reported, when available. Otherwise, the minimum time is
reported. *** mm/year.

Proximal Neck Distal Neck Aortic segment Time from post-TEVAR
diameter diameter proximal/distal to endograft imaging to Followup
change* change* diameter change* imaging **
Baelr[(;]et 0.5+1.8mm 0.8+ 4.Imm 0.2/NR 1.5 years
Fontan
aet 0,5 +0,3mm 0,5 +0,4mm 0.7/0.5mm 5,4 years
al[19]
Canaud
3.3+1.5mm 2.7+1mm NR/NR 10 years
et el[6]
Forbes 0.83+** x 0.74/0.63 *** ¢ >'1 years
et al[17]
S'ZIE;I] 43mm 3,4mm NR/NR 10 years
Tran et
al[13] X 0,67mm/y NR/0 5 years
Mulfty

et al[15] 0,58mm X - 0.23mm/ -0.39mm 7.5 years
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Figure 3 A
Studies Estimate (95% C.I.)
Bero et al 2020 0.160 (-0.036, 0.356)
Fontana et al 2018 0.090 (0.070, 0.110) B |
Canaud et el 2014 0.330 (0.271, 0.389) — .
Forbes et al 2010 0.830 (0.556, 1.104) '
Overall (1*2=96.42 % , P<0.001) 0.315 (0.115, 0.516) —Q—
T ‘ T T T 1
0 0.2 04 06 08 1
Figure 3B
Studies Estimate (95% C.I.)

o

Bero et al 2020 .260 (-0.191, 0.711)

Fontana et al 2018 0.920 (0.900, 0.940) 3 =
Canaud et el 2014 0.270 (0.231, 0.309) —
Overall (1*2=99.76 % , P< 0.001) 0.499 (-0.038, 1.037) H{—:‘}*

Figure 3. Forest plots: (A) Aortic proximal neck mean dilation rate (mm per year) post-TEVAR. (B) Aortic
distal neck mean dilation rate (mm per year) post-TEVAR.

4. Discussion

BTAI is a rare, yet life-threatening condition caused by, most commonly, high deceleration
forces, leading to a tear in the aortic wall. It is estimated to occur in 0.1-0.5% of all trauma patients
and has a high mortality rate of 75-90% if left untreated. BTAI predominantly affects young males
between the ages of 25-45 years and is often accompanied by concomitant injuries. Prompt diagnosis
and treatment of BTAI are vital for improving patient outcomes. Clinical suspicion should be high in
cases of trauma involving the chest, and a prompt evaluation with CT angiography or
transesophageal echocardiography should be performed to confirm the diagnosis. Delay in diagnosis
and treatment can lead to progressive aortic rupture, traumatic cardiac arrest, and death [1-3,19-21]

Treatment options for BTAI include both operative and non-operative management, depending
on the extent and location of the injury, the patient's overall condition, and the presence of associated
injuries. However, operative repair, either via open or endovascular approach, has become the
preferred method for treating BTAI, with a survival rate of approximately 80% in appropriately
selected patients [1-3]

Although TEVAR has become the treatment of choice for BTAL endograft sizing and planning
are still debated, with no consensus regarding the degree of endograft oversizing for BTAI [1,14].
TEVAR endograft undersizing might lead to endoleaks, and endograft migrations, while excessive
oversizing could lead to fatal complication as device infoldings, endoleaks, and endograft collapse,
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[2,3]. In addition, the small aortic arch diameter of young patients with BTAI, with respect to
degenerative aortic pathologies, might lead to angulation between the proximal endograft edge and
the aortic wall which is called “bird’s beak”” deformity, and of itself, can lead to graft migration,
collapse, and endoleaks [4,22-25]. Similarly, some aortic segments in specific arch configurations,
such zone 2 and 3 of Ischimaru classification in type III aortic arch and bovine arch variant,
demonstrated a higher risk of proximal endograft failure [22, 26].

Another challenge of endograft sizing and fitting in BTAI is pre-operative hypotension. It has
been suggested that due to hypotension, the true aortic diameter of BTAI patients is underestimated.
Hoffman et al attempt to evaluate the effect of hypovolemia on aortic diameter in patients with BTAI,
by examining aortic diameter changes accounted for resuscitation (i.e., aortic diameter before and
after resuscitation). They found an increase in aortic diameter of 1.9mm and 1.4mm, proximally and
distally [10]. To better evaluate the aortic size in BTAI patients, some authors suggested using
intravascular ultrasounds (IVUS) adjacent to CT scans to surrogate better aortic dimensions in BTAI
patients. They demonstrated that IVUS in combination with CT scan better assesses aortic diameter
than CT scans alone, and eliminated the need to repeat post-resuscitation CT scan [27,28].

Endografts used in TEVAR exert radial forces on the aorta. This essential force for endografts
anchoring in place, also alters aortic morphology. This is particularly important in patients for BTAI
patients since they tend to be young, without comorbidities, and once they overcome the traumatic
event, they expect to have a longer life expectancy compared to patients treated with TEVAR for
degenerative disease (as it was originally designed for). Hence, they are expected to be under the
influence of the radial forces exerted by the aortic endograft for more years, with consequently more
detrimental effects. However, Due to the rarity of this pathology, data on aortic morphological
changes in patients treated with TEVAR for BTAI is scarce. To date, only a few observational small
sample-sized studies investigated these aortic changes. Therefore, we aim to conduct a
comprehensive and up-to-date systematic review of the existing literature. By synthesizing the
findings through a meta-analysis of individual studies, we aimed to gather evidence on the extent of
aortic diameter changes, both in the short and long term, following TEVAR in the management of
BTAI

Our metanalysis demonstrated that the proximal neck and distal neck diameter overall, changes
by around 2.5mm, comparing pre and post-intervention imaging. This corresponded with a 10%
increase in the proximal aortic neck with respect to normal aortic diameter in the same group of age
[29]. Even though these studies reported an intended oversized greater than 10%. This discrepancy
might be correlated to the aortic elastic force acting against endograft radial force, as well as possibly
underestimated aortic diameter in hypotensive patients [8,9,13]. Moreover, the non-stented proximal
ad distal aortic segment seemed to dilate but to a lesser degree [8,13,14,16,18].

Over time, the diameter of the native aorta gradually increased. This phenomenon was observed
by Endicott et al, who found that the aortic diameter increased by 0.1 mm/year in adults from 20
years age to 80 years of age [29]. It appears that post-TEVAR in patients with previously healthy aorta
this process is accelerated. Our analysis indicates an increase of 0.35mm and 0.49 mm per year for
proximal and distal necks respectively. The rate of dilatation depends on the balance produced by
the endograft and flaring of endograft edges and the recoil force of the aorta. Moreover, the radial
forces produced by the endoprosthesis doesn’t only dilate the stented aorta but the whole thoracic
aorta. It appears that the proximal and distal aortic non-stented area also experienced accelerated
dilation with the years. However, due to studies measurement and methodology variation, we
weren’t being able to quantify these processes [8,17,13,15,19]. Moreover, comparing patients who
underwent TEVAR for BTAI to healthy patients also showed statistically significant dilation of the
non-stented aorta [30].

When comparing these results with results of aortic diameter change pre and post-TEVAR for
degenerative pathologies such as aneurysms and dissection, it appears that dilation has a somehow
similar accelerated progression rate; Yauel al conducted a review of CT scans from 87 patients with
type B aortic dissection or aneurysms, demonstrated a gradual increase in the proximal aortic neck
of 0.9mm 1.4mm and 4.5mm in the first, second and third year, and proximal to that in the non-
stented aorta a gradual increase of 0.6mm 0.3mm 3mm, respectively[31]. Meanwhile, Berkarda et
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al. conducted a study on aortic remodeling after TEVAR for acute type B aortic dissection. Their study
included 101 patients, revealing a median total growth of 4 mm in proximal and distal landing zones
[32]. However, the degree of oversizing reported by these studies was smaller (or practically no
oversizing in dissected aorta), than the degree of oversizing in the treatment of BTAI [6-8,13,15,17,19].

In terms of pre-intervention planning and sizing effect on aortic long-term remodeling, none of
the reviewed studies demonstrated clear evidence that one type of endograft is more prone than
another to cause aortic dilation. Several studies have compared the dilation rates of various types of
endograft, but none have definitively demonstrated a statistically significant difference in dilation
rates between these groups [6-8,13,15,17,19]. Moreover, only the study conducted by Gennai et al.
found a correlation between oversizing and proximal stent location with long-term aortic
remodeling. The study reported that oversizing of the endograft by more than 10% and placement of
the proximal endograft sealing zone over the left subclavian ostium were associated with an
increased aortic diameter dilation following the intervention [7].

A systematic review and meta-analysis of proximal aortic neck dilatation after infrarenal
endovascular abdominal aortic aneurysm repair conducted by Chatzelas et al. demonstrated a
continuous aortic neck dilation that seems to evolve in two phases: an immediate post-implantation
period that is strongly associated with the percentage of oversizing, and a subsequent period that is
not correlated with oversizing. Adverse events of aortic neck dilation after endovascular abdominal
aortic aneurysm repair include type la endoleak, stent graft migration, and consequently increased
reinterventions rate [32]. A scoping review by Mezzetto et al from 2023, demonstrated that the
suprarenal or thoracic aorta is less prone to dilation over time, with respect to infrarenal. This review
also supports the hypothesis that increasing device oversizing and larger preoperative aortic seal
diameter were predictors of future neck dilation, and does not seem to be associated with any
particular type of endograft [34].

However, not only ‘vascular’ consequences, but also flow-dynamic, consequences of aortic long-
term morphological alteration post TEVAR, play a crucial role in BTAI patients. New technologies
such as cardiovascular magnetic resonance 4D flow, as well as transoesophageal echocardiography,
demonstrated increased aortic stiffness, and increase cardiac mass, in BTAI patients post-TEVAR.
Similarly, a higher incidence of pathological high blood pressure was found in these patients. All
represent an established risk factor for cardiovascular and target organ damage via various
mechanisms. These findings underline the need for specific attention to younger patients who have
fewer comorbidities and fewer cardiovascular risk factors but might be affected more by the adverse
effects of TEVAR on the cardiovascular system and target organs [30,35].

Despite variation in treatment and follow-up protocols in the studies analyzed, this systemic
review and meta-analysis found statistically significant changes in aortic diameter post-TEVAR. The
findings in our study align with previously established results regarding aortic morphological post-
TEVAR for the treatment of degenerative disease as well as, aortic morphological post-EVAR [31-33].
This suggests that the procedure may have a long-term impact on aortic morphology. These
morphological changes should be further studied to unveil their clinical importance in terms of long-
term vascular complications, such as the development of endoleaks and migration, as well as long-
term cardiac morbidities. Future research should aim to address the limitations of the current study,
such research would provide valuable insights into the long-term effects of TEVAR and could help
to guide clinical practice and improve patient outcomes.

5. Limitations

While our search strategy involved thorough screening of prominent databases, it is important
to note that our search was limited to English-language journals. As a result, studies published in
non-English journals, particularly small-scale studies, may not have been included in our analysis.
Additionally, as of the time of writing, no randomized controlled trials were found addressing this
specific topic. The majority of the included studies were retrospective, originating from a single
center, and featured relatively modest sample sizes.
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The lack of randomization in the endograft selection, as well as the lack of patient population
ethnic background reporting in all studies evaluated, should also be noted. The difference in
endograft oversizing and pre-operative planning, as well as the difference in follow-up protocols,
must also be acknowledged.

The heterogeneity of the studies included in this systemic review presented some challenges in
comparing the results. Variability in reporting methods for aortic diameter measurements made it
difficult to establish a standard for measuring the effects of TEVAR on the aorta.

6. Conclusions

14 articles, including 353 patients, were included in the systemic review. The meta-analysis
demonstrated an immediate post-intervention dilation 2.41 mm and 2.63 mm of the proximal and
distal aortic necks’, respectively, as well as continuous dilation of the respective regions at a rate of
0.35 mm/year and 0.49 mm/year. The review had some limitations, including a low number of studies
and studies with diverse treatment protocols, measurement, and reporting methodology.
Nevertheless, this study's findings provide important insights into the long-term outcomes of TEVAR
in BTAI and may assist in clinical decision-making. Further, well-designed studies are required to
confirm these results and to determine the optimal treatment strategy for BTAL
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