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Peer Review
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ject matter is outside the scope of the Journal. The submission 
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ship, primacy, research and animal experimentation, patient con-
sent, conflict of interest disclosure, funding, permissions, scien-
tific misconduct, peer review, contributor publishing agreement, 
and publication.

Overview
Manuscripts considered for publication must be written in Eng-
lish and structured as basic or clinical research, editorial, case 
report, vascular images, letter to the editors, expert opinion, 

debate with pros and cons, technical description on “how I did 
it”, review, systematic review, and meta-analysis. Type of articles 
and their word count, table, figure, and reference numbers are 
demonstrated in Table 1.
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Editorial (invited) NA 1000 1 10
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Vascular image NA 500 2 5
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all authors stating (1) there has been no duplicate publication or 
submission of any part of the work; (2) all authors have read and 
approved the manuscript; and (3) there is no financial arrange-
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all sources of financial support (grants, fellowships, equipment, 
or remuneration of any kind) and any relationships that may be 
considered a conflict of interest (ie, employment, stock holdings, 
retainers, paid or unpaid consultancies, patents or patent licens-
ing arrangements, or honoraria) that may pertain to the manu-

script (see Editorial Policies, Conflict of Interest). Give details of 
any prior presentation, including meeting name, location, and 
date.

List acknowledgments, any shared first authorship, and other au-
thor notes.

Give the name, mailing address, and email address of the corre-
sponding author.

Abstract
Give a substantive summary of a basic or clinical research arti-
cle in 300 words or fewer, and up to 350 words for systematic 
reviews and meta-analysis, separating the abstract according 
to Introduction, Methods, Results, and Conclusion. For case re-
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150 words and divided into Purpose, Case Report/Technique, and 
Conclusion.

Provide up to 5 keywords.



Text
•	 Text material must be submitted as a single Word document 

(not a PDF) named the “Main document.”

•	 Organize the text for clinical or basic experimental investiga-
tions and systematic review and meta-analysis into sections 
entitled Introduction, Methods, Results, Discussion, and Con-
clusion. Case reports and ‘How I did it’ require only Introduc-
tion, Case Report/Technique, Discussion, and Conclusion. Edi-
torials, letters to the editor, expert opinions, vascular images, 
and debates with pros and cons may be structured as appro-
priate for the material.

•	 Avoid naming any institution(s) in the work or otherwise iden-
tifying the author(s).

•	 Use SI measurements; generic drug names should be used.

•	 Define abbreviations and acronyms when they first appear in 
the text; do not list them at the beginning of the manuscript 
file.

•	 Identify tables and figures using Arabic numerals in parenthe-
ses (eg, Table 1, Figure 1).

References
Follow the guidelines in the AMA Manual of Style (10th ed., 
2007). Do NOT use endnotes or other bibliographic style func-
tions for reference lists.

Limit to 10 the number of references for a case report/ “how I 
did it,”/editorial/expert opinion, and debate with pros and cons. 
Letters may have no more than 5 references. Basic and clinical 
articles may have up to 50 references, while systematic reviews 
and meta-analysis up to 100 references.

Number references in the order of appearance in the text. Identi-
fy references in the text, tables, and legends as superscript Arabic 
numerals.

List the first 6 authors (last name and initials separated by a com-
ma); use “et al” for 6 or more authors. Abbreviate journal titles 
according to the style of Index Medicus; formats for the common 
types of journal citations are: Journal article: authors’ names and 
initials, article title, journal name, year, volume, and inclusive 
page numbers.

Example: Smith A, Brown J, Lee  C, Patel J, Wong C, Davis A, et 
al. Endovascular management of thoracoabdominal aortic an-
eurysms: a single-center experience. Hell J Vasc Endovasc Surg 
2021;3:45‑53.

Book chapter citation: Authors. Chapter title. In: Editor(s), edi-
tor(s). Book Title. Edition. Place of publication: Publisher; Year. 
Page numbers.

Example: Smith J, Patel R, Nguyen T, et al. Minimally invasive 
techniques for aortic aneurysm repair. In: Johnson L, Chen M, ed-
itors. Contemporary Vascular Surgery. New York: Springer; 2022. 
p. 145‑162.

Legends
•	 Type all figure and table legends on a separate page of the 

manuscript file, explaining abbreviations and symbols used in 
the figure. Previously published figures must be acknowledged 
and accompanied by written permission from the publisher to 
reproduce the material if it is copyrighted.

•	 Do not use Word’s caption function for figure legends or in-
clude the actual figures in the manuscript file.

Table Files
•	 Use tables to supplement the text, not duplicate it.

•	 Insert tables in the text or create/save tables as an image.

•	 Format tables using the table formatting function in Word; 
elaborate formatting (shading, color) should not be used.

•	 Define any abbreviations as the first footnote under the table; 
list the abbreviations alphabetically.

•	 Use footnotes for explanatory material, labeling each with a 
superscript lower case letter (a-z) in alphabetical order.

Figure Files
•	 Number any pictures, charts, graphs, or line art sequentially 

as figures.

•	 Use color judiciously in pictures and graphics. Add arrows and 
symbols to digitally created images using functions supplied 
with the imaging program.

•	 Do not import images into the text document but transmit 
each image file separately.

•	 Supply all figures in a digital format of suitable quality for 
printing: TIF for pictures or EPS for graphs and line drawings 
(to preserve quality when enlarged/zoomed). Image resolu-
tion should be at least 300 ppi for color or grayscale images 
and 600 ppi (preferably higher) for black and white line draw-
ings or graphs. Image size at these resolutions should be no 
less than 3 inches wide for vertical images and 5 inches wide 
for horizontally oriented figures. Use a lossless compression 
algorithm (eg, LZW) that does not degrade the resolution.

•	 Convert PowerPoint slides to individual TIF files for upload.

Publication
Accepted manuscripts will be scheduled for publication generally 
in the order in which they are received after no further author 
revisions are required and the Journal Contributor’s Publishing 
Agreement has been signed by the corresponding author. The 
HelJVES reserves the right to edit accepted manuscripts to com-
ply with the journal’s format, to correct grammatical faults, to re-
move redundancies, and to improve readability without altering 
the meaning. Several weeks before the scheduled publication of 
an article, the Editorial Office will send via email an edited ver-
sion of the manuscript to the corresponding author for approval. 
After the author has approved the edited version, the publisher 
will send a PDF of the page proof by email. At this stage, only 
correction of typographical errors or mistakes in the presenta-
tion of data can be made. Approval/changes to the proof must 
be returned within 2 days. The HelJVES values their relationships 
with their authors and appreciates author compliance with these 
instructions.
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been previously published (other than as abstracts) nor can they 
be under simultaneous consideration by any other journal. If the 
work has been presented at a meeting or has been published as 
an abstract, a statement to this effect must appear in the Au-
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and date or details of the abstract publication. In general, man-
uscripts will not be considered if the work has been published in 
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Authorship Responsibility
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tributing authors. The submitting author or author’s representa-
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the article are listed as authors.

Authors are those who:
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lectual content; approved the version to be published; and 
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that questions related to the accuracy or integrity of any part 
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Research and Animal Experimentation
Human and/or animal studies must be conducted to a high eth-
ical standard. Studies involving human subjects should conform 
to the Declaration of Helsinki. Care of experimental animals must 
follow the Guide for the Care and Use of Laboratory Animals or 
similar national guidelines. Studies involving human subjects or 
animal models must have approval of the Institutional Review 
Board (IRB) or other agency responsible for human and/or animal 
research at the authors’ institution(s).

Statements certifying compliance with these requirements for 
human subjects and animals must appear in the Methods sec-
tion of the manuscript. The authors must provide the full name 
of the review committee and institution and an Ethics Committee 
reference number. In line with the Declaration of Helsinki 1975, 
revised Hong Kong 1989, authors are encouraged to register their 
clinical trials [at ClinicalTrials.gov or other suitable databases 
identified by the ICMJE]. The registration information for a trial 

should be stated in the abstract and at the first mention of the 
study in the body of the manuscript.

Patient Consent
Authors are required to follow the ICMJE guidelines Recommen-
dations for the Conduct, Reporting, Editing and Publication of 
Scholarly Work in Medical Journals. Human subjects must have 
given written informed consent to participate in any study or un-
dergo any procedure considered investigational or experimental 
in a document approved by the IRB or similar governing body. 
Patients have the right to privacy that should not be infringed 
without informed consent. Identifying information, including pa-
tients’ names, initials, or hospital numbers, should not be pub-
lished in written descriptions or photographs unless the informa-
tion is essential for scientific purposes and the patient (or par-
ent or guardian) gives written informed consent for publication. 
Informed consent for this purpose requires that an identifiable 
patient be shown the manuscript to be published. Identifying 
details should be omitted if they are not essential. Complete an-
onymity is difficult to achieve, however, and informed consent 
should be obtained if there is any doubt.

For example, masking the eye region in photographs of patients 
is an inadequate protection of anonymity. If identifying charac-
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that alterations do not distort scientific meaning, and the editors 
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Conflict of Interest Disclosure
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could be construed as a conflict of interest for any product men-
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*Only a limited number of vascular surgical treatment areas 
are supported by a broad and high-quality evidence base. 
One of these is the surgical and interventional treatment of 
extracranial carotid stenosis. Based on randomized controlled 
trials and meta-analyses including more than 7,000 patients, 
national, European, and international guidelines recommend 
carotid endarterectomy (CEA) as the first-line invasive revas-
cularization strategy.1-5 However, clinical evidence was more 
robust for symptomatic, rather than asymptomatic, carotid 
stenosis. The indication for primary preventive revasculariza-
tion in asymptomatic carotid stenosis remains challenging and 
requires careful interdisciplinary assessment. The individual 
long-term stroke risk must be weighed against the periopera-
tive or periprocedural risk. Current guidelines recommend se-
lecting the revascularization strategy based on individual ana-
tomical and clinical factors. Arguments favoring carotid artery 
stenting (CAS) include high cervical stenosis extending to the 
skull base, tandem lesions, restenosis after previous open sur-
gery, contralateral cranial nerve injury, and radiation-induced 
stenosis.

There is broad consensus that outcomes reported in 
clinical trials are only valid if evidence-based best medical 
treatment (BMT) is consistently implemented. This includes 
smoking cessation, optimal blood pressure control, lipid 
lowering, glycemic control, weight management, and dietary 
optimization. In routine clinical practice, however, adherence 
to these measures is often insufficient, resulting in worse 
outcomes than those reported in randomized trials.6 This 
assumption is supported by a recently published longitudinal 
registry analysis of nearly 47,000 propensity score-matched 
patients in Germany. Among patients undergoing invasive 
treatment for carotid stenosis, the 5-year cancer incidence 
was approximately 17% with a mortality during the same 
period of 18% in men and 14% in women.7 This excess 
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non-stroke-related mortality has relevant implications for 
mortality-related endpoints such as stroke-free survival and 
may bias trial results if best medical treatment is suboptimal.

At the same time, it has been postulated that best medi-
cal treatment has improved substantially over recent decades 
due to changes in risk factor prevalence and advances in phar-
macological therapy. The annual stroke risk in the Asympto-
matic Carotid Artery Study was 2% per year and decreased to 
<1% over time.8 The assumption that contemporary medical 
management for extracranial carotid artery stenosis has di-
minished the clinical utility and net benefit of surgical or end-
ovascular revascularization was a key rationale for the Carotid 
Revascularization and Medical Management for Asymptomat-
ic Carotid Stenosis Trial (CREST-2).9

CREST-2 consisted of two parallel randomized superiority 
trials comparing either CEA or CAS with strictly defined BMT 
in patients with asymptomatic high-grade (≥70%) carotid 
stenosis. Between December 2014 and July 2025, a total of 
2,485 patients were randomized in 155 centers, predominantly 
in the United States, with a mean follow-up of approximately 
four years. Both trials were conducted using an intention-to-
treat design.10 In the CEA trial (n = 1,240), 18% of patients 
randomized to best medical treatment crossed over to invasive 
revascularization. A similar crossover rate (17%) was observed 
in the CAS trial (n = 1,245). The primary endpoint in both trials 
was a composite of any stroke or death within 44 days after 
randomization, or ipsilateral ischemic stroke during follow-
up. In the CEA trial, the primary endpoint occurred in 5.3% 
of patients receiving best medical treatment and in 3.7% of 
patients undergoing surgery. The absolute risk difference was 
1.6% (95% CI: −1.1% to +4.3%; p = 0.240) and the relative risk 
only 1.43 (95% CI: 0.78 to 2.72). In the CAS trial, the primary 
endpoint occurred in 6.0% of patients receiving best medical 
treatment and in 2.8% of patients undergoing stenting, 
corresponding to an absolute risk difference of 3.2% (95% CI: 
+0.6% to +5.9%; p = 0.020) and the relative risk 2.13 (95% CI: 
1.15 to 4.39).10 Although CREST-2 was not designed for a direct 
comparison between CEA and CAS, the authors concluded that 
carotid stenting provided a statistically significant benefit over 
best medical treatment, whereas carotid endarterectomy did 
not.

This interpretation has been the subject of substantial de-
bate regarding the external validity and the extent to which its 
findings can be extrapolated to broader clinical populations. A 
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closer interrogation of the study data highlights several meth-
odological nuances  that warrant rigorous critical appraisal. 
First, the two trials were conducted independently and dif-
fered in patient selection and exclusion criteria. In particular, 
the CAS trial excluded patients with unfavorable anatomy, in-
cluding complex aortic arch anatomy, circumferential calcifica-
tion, severe kinking, lesion length greater than 3 cm, and vul-
nerable plaque morphology. In contrast, inclusion criteria for 
CEA were considerably broader. Moreover, primary endpoint 
rates in the conservative arms differed between the two trials 
(absolute risk difference of 0.7%), raising concerns regarding 
comparability of patient populations and follow-up. In this 
context, differences were also observed in baseline character-
istics, including the prevalence of cardiovascular disease, prior 
coronary revascularization (55% vs 43%), and previous stroke 
or transient ischemic attack (4.9% vs 8.4%)

Generalizability of the results is further limited by health-
care system differences. In the predominantly North American 
study centers, CEA was also performed by neurosurgeons and 
sometimes without adjunctive cross-sectional imaging. Poten-
tial interventionalists had to submit 100 CAS operative notes 
with at least 25 cases performed in the past year; only 50% of 
applicants were accepted. Potential surgeons had to submit 
50 CEA operative notes over any time period; 90% of appli-
cants were accepted. This deviation from the initially required 
minimum case volume and the relatively low proportion of 
randomized patients suggest potential selection bias. Moreo-
ver, the study protocol allowed local investigators to allocate 
patients to either trial primarily based on stenosis severity, 
without applying additional guideline-based criteria. While 
this reflects real-world practice, it introduces confounding by 
indication and precludes valid conclusions regarding proce-
dural superiority.

Given the restricted lesion characteristics in the CAS trial 
(median lesion length 18 mm) and the broader inclusion crite-
ria for CEA, procedural and lesion-related risks were likely not 
comparable between the two trials. These factors, together 
with changes in medical therapy during the study period, as 
discussed also by the authors, may have influenced the results 
and their statistical robustness as well as the applicability to 
routine clinical decision-making.

From a clinical perspective, the absolute benefit observed 
remains modest. Among 100 patients treated with carotid 
stenting, approximately one ipsilateral stroke is prevented 
over four years, while this benefit is offset by one periproce-
dural stroke or death. During a four-year study period, 95 out 
of 100 patients underwent an unnecessary carotid artery angi-
oplasty. Consequently, the majority of patients undergo inva-
sive treatment without measurable benefit. This underscores 
the need for improved risk stratification in asymptomatic ca-
rotid stenosis, including the evaluation of plaque morphology 
and other imaging-based predictors.

Inspection of the Kaplan-Meier curves reveals that the 
benefit observed at the beginning of the follow-up period 
changes after approximately one year for both the surgical 
and interventional study arms. The curves then intersect and, 

after largely overlapping, only diverge in the final year of the 
follow-up period. The reasons for this pattern remain unclear 
and require further subgroup and adherence analyses. It is 
noteworthy that, at the interim analysis, the CEA arm showed 
more favorable outcomes than CAS. However, there were six 
late stroke events in the CEA arm 2 to 4 years postoperative-
ly that were unrelated to the procedure or carotid restenosis 
or reintervention. Because these strokes occurred years after 
surgery and were not linked to restenosis or reinterventions, 
it is difficult to understand how they meaningfully reflect the 
comparative performance of the treatment options.

In summary, interpretation of CREST-2 requires caution. 
Given the methodological limitations and heterogeneity of 
the study population, improved risk stratification through 
interdisciplinary evaluation in neurovascular boards remains 
essential. Imaging findings, clinical risk profiles, and patient 
preferences should be integrated into individualized deci-
sion-making. Moreover, the role of newer techniques, such as 
transcarotid artery revascularization (TCAR), and novel stent 
designs, including dual-layer stents, cannot be assessed based 
on the CREST-2 data and remains a subject for future studies.
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INTRODUCTION
Stanford Type B aortic dissections (TBAD) involve an entry tear 
in the intima of the thoracic aorta, distal to the left subclavian 
artery, and allow for false lumen (FL) development and expan-
sion over time.1 Most often, the true lumen supplies the celiac 
axis, superior mesenteric artery, and right renal artery, while 
the false lumen supplies the left renal artery.2 False lumen ex-
pansion and distal extent of the dissection can progress to ar-
terial compromise in the visceral segment and lower extrem-
ities, leading to end-organ malperfusion and ischemic events.

Medical management is the mainstay for uncomplicated 
TBAD, but those with high-risk anatomic features, refractory 
pain, or uncontrolled hypertension may benefit from TEVAR.3 
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The objective of a TEVAR is to occlude the entry tear and pro-
mote false lumen thrombosis, which would help depressurize 
the aorta and minimize the risk of aortic degeneration.4 In this 
study, we aim to present short- and long-term outcomes of 
TEVAR for acute, subacute, and chronic TBAD at a tertiary re-
ferral center, emphasizing lesion characteristics, utilizing Vas-
cular Quality Initiative (VQI) cases.

METHODS

Selection of Patients and Procedure Details
All patients (n = 173) who underwent TEVAR at Stony Brook 
University Hospital between 2010 and 2022 were identified 
using the local Vascular Quality Initiative registry. Patients 
who had acute, subacute, or chronic TBAD were included. 
Those with residual TBAD after type A repair was excluded. 
Patients undergoing hybrid thoracoabdominal procedures 
(combining endovascular techniques with open debranching 
or bypass) were excluded. After inclusion and exclusion crite-
ria were applied, the number of patients studied in our cohort 
was thirty-three.

Patients were classified by the timing of TEVAR from the 
onset of symptoms: hyperacute (0-2 weeks), acute (2-12 
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weeks), subacute or chronic (> 12 weeks), and asymptomatic 
versus symptomatic status. Indications for treatment in sub-
acute or chronic TBAD cohort included refractory chest, ab-
dominal, or back pain or uncontrolled hypertension. TEVAR 
case planning was performed using three-dimensional recon-
struction software, and the case was discussed preoperatively 
at case conferences among multiple vascular surgeons. Spinal 
drainage was performed at the surgeon’s discretion based on 
anticipated aortic length coverage or concern for spinal cord 
ischemia postoperatively. Anti-thrombotic therapy with an-
ti-platelets (e.g., aspirin, clopidogrel) or anti-coagulants was 
administered pre- and post-procedurally based on the op-
erator’s preference. Follow-up consisted of in-person visits 
with CT angiography at 48 hours postoperatively, 1 month, 
6 months, 12 months, and annually thereafter, unless an en-
doleak was detected, in which case closer surveillance was 
undertaken at the discretion of the operator.

Data Collection
Patient characteristics and preoperative comorbidities were 
collected from the electronic medical record, including a histo-

ry of hypertension (HTN), coronary artery disease (CAD), and 
prior aortic surgery (Table 1). Operative details and adjunct 
procedures were registered. Important lesion characteristics, 
including thoracic and abdominal aorta diameters, number of 
re-entry tears, and determination of luminal flow to visceral 
arteries, were measured using Computed Tomography Angi-
ography (CTA) and registered (Table 2). The measurements 
were performed on CTA images with intravenous contrast in 
the arterial phase, with the absence of contrast in the false 
lumen suggestive of false lumen thrombosis. 

Study Outcomes
The primary outcomes of our study included all-cause mortal-
ity, any endoleak, and any aortic reintervention related to the 
index TBAD repair. Secondary outcomes included the rate of 
major complications perioperatively (i.e., within 30 days) and 
during follow-up (i.e., rupture, retrograde type A dissection, 
immediate type IA endoleak, and ESRD). Maximum diameter 
in the thoracic and abdominal aorta was also measured during 
follow-up to assess for aortic remodeling.

Table 1 Important patient demographics
Variables Event/Total Percentage, %
Male 20/33 60.6
Caucasian 25/33 75.8
HTN 28/33 84.5
Dyslipidemia 9/33 27.3
DM 8/33 24.2
CVD 7/33 21.2
CAD 8/33 24.2
Pulmonary disease 5/33 15.2
Previous Smoker 9/33 27.3
Current smoker 8/33 24.2
CKD 5/33 15.2
ESRD 0/33 0.0
Prior aortic surgery 2/33 6.1
Pre-operative aspirin 20/33 60.6
Pre-operative P2Y12 antagonist 2/33 6.1
Pre-operative statin 6/33 18.2
Pre-operative beta blocker 19/33 57.6
Pre-operative ACE-Inhibitor/ARB 12/33 36.4
Pre-operative chronic anticoagulant 1/33 3.0
Aspirin on discharge 30/33 93.8
P2Y12 antagonist on discharge 6/33 18.8
Statin on discharge 13/32 40.6
Beta blocker on discharge 28/32 87.5
ACE-Inhibitor/ARB on discharge 12/32 37.5
Chronic anticoagulant on discharge 5/32 15.6
Variables Observations Mean (SD)
Mean age, yrs 33/33 63.0 (13.6)
BMI 31/33 29.3 (7.2)

HTN: hypertension, DM: diabetes, CVD: cerebrovascular disease, CAD: coronary artery disease, CKD: chronic kidney disease, 
ASA: American Society of Anesthesiologists physical status classification, SD: standard deviation, yrs: years, BMI: body mass 
index
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Statistical Analysis
Categorical variables were presented as absolute and rela-
tive frequencies (i.e., percentages), while continuous var-
iables were presented as means ± standard deviations. The 
cumulative incidence of primary and secondary outcomes 
was also presented with absolute and relative frequencies. 
Furthermore, the Kaplan-Meier (KM) method was used to 
estimate the 24-month freedom from primary and secondary 
endpoints. All analyses were performed using STATA software 
(version 14.1; STATA Corporation, College Station, TX, USA).

RESULTS

Patients and lesion characteristics
The average age of this patient cohort was 63.0 ± 13.6 years. 
Most of the patients were Caucasian males and had a history 
of hypertension. About one-fourth of the patients had diabe-
tes and coronary artery disease (CAD) at presentation. Most 

of the cases were symptomatic (78.8%) and were treated in 
the hyperacute (54.6%) or acute setting (24.2%). Involvement 
of the thoracoabdominal aorta with dissection extending to 
the common iliac arteries was observed in 54.6% of the cases, 
with the false thoracic lumen being completely patent in most 
cases. The average maximum thoracic and abdominal aortic 
diameters were 37.9 ± 12.3 mm and 29.9 ± 11.9 mm, respec-
tively. Details regarding patients’ baseline demographics and 
lesion characteristics are summarized in Tables 1 & 2, respec-
tively.

Procedural characteristics and short-term outcomes
As this was a retrospective study, all included patients were 
deemed suitable candidates for TEVAR, and no patients were 
denied treatment for anatomical reasons. Stent grafts were 
deployed in all cases, followed by bare metal stents in 12.1%. 
The average initial covered length of the aorta was 166 ± 
36.9mm. Intravascular ultrasound (IVUS) was used in 81.8% of 

Table 2 Important lesion characteristics
Variables Event/Total Percentage, %
Hyperacute intervention (0-2 weeks) 18/33 54.6
Acute intervention (2-12 weeks) 8/33 24.2
Subacute intervention (>12 weeks) 7/33 21.2
Symptomatic 26/33 78.8
Extent of dissection - thoracic 7/33 21.2
Extent of dissection - thoracoabdominal 8/33 24.2
Extent of dissection - to the iliacs 18/33 54.6
False lumen of thoracic aorta - patent 19/33 57.6
False lumen of thoracic aorta - partially thrombosed 13/33 39.4
False lumen of thoracic aorta - completely thrombosed 1/33 3.0
N of re-entry tears - 0 9/33 27.3
N of re-entry tears - 1 5/33 15.2
N of re-entry tears - ≥ 2 19/33 57.6
Blood supply of Celiac - true lumen 26/33 78.8
Blood supply of Celiac - false lumen 4/33 12.1
Blood supply of Celiac - both 3/33 9.1
Blood supply of SMA - true lumen 27/33 81.8
Blood supply of SMA - false lumen 2/33 6.1
Blood supply of SMA - both 4/33 12.1
Blood supply of Left renal artery - true lumen 28/33 84.9
Blood supply of Left renal artery - false lumen 5/33 15.2
Blood supply of Left renal artery - both 0/33 0.0
Blood supply of Right renal artery - true lumen 20/30 60.6
Blood supply of Right renal artery - false lumen 11/33 33.3
Blood supply of Right renal artery - both 2/33 6.1
Variables Observations Mean (SD)
Maximum diameter of thoracic aorta, mm 33/33 37.9 (12.3)
Maximum diameter of thoracic false lumen, mm 33/33 21.7 (6.8)
Maximum diameter of abdominal aorta, mm 33/33 29.9 (11.9)
Size of most proximal entry tear, mm 30/33 11.8 (7.2)
Aortic diameter at most proximal visible entry tear, mm 30/33 37.4 (8.9)

SMA: superior mesenteric artery, SD: standard deviation
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the cases, and transesophageal echocardiography (TEE) was 
utilized in 9.1% of the cases to facilitate accurate deployment. 
The stent grafts were placed at zone 2 in 48.5% of the cases. 
Left carotid subclavian bypass was performed in 9.1% during 
the same admission, while 3% of the cases underwent left 
subclavian snorkeling stenting during the same procedure. A 
spinal drain was placed in 51.5% of the cases. Details are pre-
sented in Supplementary Table 1. 

The average procedure time was 175 ± 117.5 min, with an 
average fluoroscopy time of 28.9 ± 27.6 min and an average 
contrast volume of 108.9 ± 52.2 mL. During the procedure, 
one patient experienced retrograde type A aortic dissection 
that required further intervention. Additionally, one patient 
required intervention for visceral malperfusion in the same 
setting. No peri-operative mortality was observed, although 
4 patients experienced peri-operative neurologic deficits. The 
average length of intensive care unit (ICU) stay is 3.9 ± 2.9 
days. No peri-operative all-cause mortality was observed. No 

patients experienced myocardial infarction or spinal cord is-
chemia. The incidence of short-term outcomes is summarized 
in Supplementary Table 2. 

Long-term outcomes
The average follow-up was 40.7 ± 30.77 months, with up to 
8.7 years maximum follow-up. The follow-up was performed 
with CT scan at 48h post-op, 1 month, 6 months and at 12 
months and yearly after unless endoleak occurs. Aortic re-
modeling with complete thrombosis of the false lumen or 
resolution of the aortic dissection was observed in 23.3% and 
40% of the cases. However, an increase in the average maxi-
mum thoracic diameter was observed compared to preoper-
ative values. The average maximum thoracic and abdominal 
aortic diameters during follow-up were 40.2 ± 30.7 mm and 
40.2 ± 15.7 mm, respectively. Over time an endoleak was ob-
served in 10 out of 31 cases with long-term CT data (i.e., type 
Ia: 12.9%, type Ib: 6.5%, type II: 6.55%, type III: 6.55%) and 

Supplementary Table 1 Important procedural characteristics
Variables Event/Total Percentage, %
IVUS 27/33 81.8
TEE 3/33 9.1
Proximal landing at zone 2 16/33 48.5
Proximal landing at zone 3 17/33 51.5
More than one aortic stent placed 13/33 39.4
Bare metal stents 4/33 12.1
LCCA-LSCA bypass during same admission 3/33 9.1
LSCA snorkeling stenting 1/33 3.0
CSF drain placement 17/33 51.5
Variables Observations Mean (SD)
Fluoroscopy time 31/33 28.9 (27.6)
Procedure time 33/33 175 (117.5)
Contrast, ml 32/33 108.9 (52.2)
ICU stay, days 31/33 3.9 (2.9)
Time from admission to procedure, days 33/33 3.1 (4.1)

IVUS: intravascular ultrasound, TEE: transesophageal echocardiogram, LCCA: left common carotid, LSCA: left subclavian, CSF: 
cerebrospinal fluid, ICU: intensive care unit, SD: standard deviation

Supplementary Table 2 Periprocedural outcomes
Variables Event/Total Percentage, %
All-cause mortality 0/33 0.0
Rupture 0/33 0.0
Retrograde type A dissection 1/33 3.0
Immediate type Ia endoleak 0/33 0.0
Myocardial Infarction 0/33 0.0
Stroke 4/33 12.1
Spinal cord ischemia 0/33 0.0
Reintervention 1/33 3.0
Intervention for visceral malperfusion 1/33 3.0
Intervention for limb ischemia 0/33 0.0
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Figure 1 Freedom from any thoracic aortic intervention during follow-up

Figure 2 Freedom from any endoleak during follow-up
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Figure 3 Freedom from all-cause mortality during follow-up​​

Table 3 Outcomes during follow-up
Variables Event/Total Percentage, %
All-cause mortality 7/32 21.9
Rupture 0/33 0.0
Retrograde type A dissection 2/31 6.5
Endoleak, type Ia 4/31 12.9
Endoleak, type Ib 2/31 6.5
Endoleak, type II 2/31 6.5
Endoleak, type III 2/31 6.5
Thoracic aortic reintervention 10/31 32.3
ESRD 4/31 12.9
False lumen of thoracic aorta - patent 1/30 3.3
False lumen of thoracic aorta - partially thrombosed 10/30 33.3
False lumen of thoracic aorta - completely thrombosed 7/30 23.3
False lumen of thoracic aorta - normal 12/30 40
False lumen of abdominal aorta - patent 15/30 50
False lumen of abdominal aorta - partially thrombosed 5/30 16.7
False lumen of abdominal aorta - completely thrombosed 1/30 3.3
False lumen of abdominal aorta - normal 9/30 30.0
Variables Observations Mean (SD; range)
Mean follow-up, months 32/33 40.7 (30.77; 0.1-103.7)
Time from procedure to last CT scan, months 30/33 40.1 (30.7; 1.4-112.5)
Maximum diameter of thoracic aorta, mm 30/30 40.2 (15.7; 3.3-77.4)
Maximum diameter of abdominal aorta, mm 30/30 32.5 (12.8; 4.8-67.9)

CT: computed tomography, SD: standard deviation
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required thoracic aortic reintervention (Figure 1). The 5-year 
KM estimate for freedom from any endoleak was 58.9%, and 
the corresponding survival curve is presented in Figure 2. The 
overall all-cause mortality rate was 21.9% without any events 
associated with aortic rupture. Outcomes during follow-up 
are summarized in Table 3. The 5-year KM curve for freedom 
from all-cause mortality is illustrated in Figure 3. The 5-year 
Kaplan - Meier estimates for primary outcomes are summa-
rized in Supplementary Table 3.

Discussion
Aortic dissection is estimated to affect about 4 to 5 persons 
per 100,000 annually, constituting one of the most common 
aortic emergency pathologies associated with high morbidity 
and mortality rates5. Its incidence is increasing as a result of 
the aging of the population and superior imaging techniques 
that facilitate early diagnosis. Stanford TBAD originate just 
distal to the ostium of the left subclavian artery and can ex-
tend to the iliac arteries. Type B aortic dissections can be com-
plicated (i.e., rupture, malperfusion) or uncomplicated (e.g., 
asymptomatic, hypertension, etc.) based on the symptoms at 
presentation. 

Early intervention with an open repair or, more recently, 
with TEVAR, the first-line therapeutic option, is recommend-
ed for complicated aortic dissections5,6, while best medical 
management is usually preferred for uncomplicated cases7,8. 
Nonetheless, a significant proportion of uncomplicated cases 
of TBAD will eventually experience adverse aortic remodeling 
requiring TEVAR8. Furthermore, experts suggest that “prophy-
lactic” TEVAR in certain occasions of high-risk features may be 
beneficial9,10. However, long-term data have been limited for 
studies investigating the outcomes of TEVAR for complicated 
but uncomplicated aortic dissections, with a reported mean 
follow-up of fewer than 20 months in most cases11-14. The cur-
rent study aimed to summarize institutional VQI TEVAR data 
with long-term follow-up15. 

In our study, no peri-operative mortality (within 30 days) 
was observed, although neurologic deficits were observed in 
4 out of 33 patients, with 1 out of 4 cases causing significant 
disability. Interestingly no incidents of spinal cord ischemia 
were observed. Although the incidence of neurologic compli-
cations is closely correlated with the population characteris-
tics (e.g., trauma vs. no trauma cases, zone 2 vs. zone 3 cover-
age, etc.), it has been shown that stroke and transient ischem-

ic attack rates can approximate 8% and 3% respectively14-16, 
with in-hospital mortality reaching up to 4% 6, with patients 
presenting with visceral ischemia having worse short- and 
long-term outcomes17,18. This was shown in our study as well. 
One patient who developed visceral ischemia perioperative-
ly expired 11 weeks after the procedure, accounting for our 
study’s only short-term all-cause death event.

Aortic-related complications during the chronic stage are 
common and depending on the severity of the disease at 
presentation, it can affect up to one-third of the cases9. Sim-
ilarly, in our study, during an average follow-up of about 41 
months, a thoracic reintervention was required in 32.3% of 
the cases, with endoleaks constituting the most common aor-
tic-related complication (32.4%). A late endoleak is defined as 
one occurring 30 days post-TEVAR, and the most commonly 
occurring types of late endoleaks are I and II.19 The reported 
rates of type I and type II endoleaks after TEVAR range from 
approximately 0% to 15% and 10-40% in various studies and 
systematic reviews, depending not only on aortic character-
istics (e.g., diameter, aneurysmal degeneration, oversizing) 
but also on the duration of follow-up. In our study, type Ia, 
Ib, and II endoleaks were seen in 12.9%, 6.5%, and 6.5% of 
the cases, respectively. Although there are currently no stand-
ardized ways to predict the probability of late aortic expan-
sion and associated aortic-related complications in general, 
advancements in stent graft technology, operator expertise, 
and ongoing research are continually improving the outcomes 
of TEVAR.

While there is current enthusiasm about TEVAR proce-
dures given promising short- and mid-term outcomes, the 
long-term (e.g., > 2 years) durability of aortic remodeling after 
TEVAR is an ongoing area of research. In our study, the aver-
age maximum thoracic and abdominal aortic diameters were 
37.9 mm and 29.9 mm at presentation and 40.2 mm and 40.2 
mm during follow-up, respectively. In our cohort, gradually 
over time, all patients experienced a degree of aortic “degen-
eration” reflected by larger mean diameters, although only 
one-third of the patients required a reintervention. Further 
research is needed to help identify at-risk patients who would 
benefit from more intense follow-up or a different initial ap-
proach. Clinical decision-making is challenged even further by 
developing newer devices (e.g., branched devices, conforma-
ble covered stent grafts, etc.) and techniques (e.g., Petticoat 
technique); additional research is warranted.

Supplementary Table 3 5-year Kaplan - Meier estimates for long term outcomes
Variables KM estimate % (95% CI)
All-cause mortality 70.2% (45.1%-85.1%)
Rupture 100% (N/A)
Retrograde type A dissection 87.1% (51.6%-97.2%)
Endoleak 58.9% (36.1%-76.1%)
Thoracic aortic reintervention 56.7% (33.7%-74.4%)
ESRD 85.0% (60.2%-94.9%)

KM: Kaplan-Meier, CI: confidence interval, N/A: not available, ESRD: end stage renal disease
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Limitations
The present study has several limitations. It is based on data 
from a single center, and the study population is small. Us-
ing a retrospective cohort design introduces the possibility of 
unaccounted confounding factors. It has led to a heteroge-
neous study population, including cases of acute, subacute, 
and chronic presentations of TBAD, which grossly translated 
to hyperacute, acute, and subacute interventions. Imaging 
interpretation was performed by the same reviewers, which 
reduces variability but may introduce observer bias, as no in-
dependent core lab was used.

CONCLUSION
TEVAR is an effective treatment for TBAD, with favorable pe-
rioperative outcomes but substantial rates of late endoleaks 
and reinterventions. Careful patient selection and an indi-
vidualized approach to optimizing outcomes are crucial for 
durable outcomes. Future research in stent designs and tech-
niques (e.g., patient-specific, branched/fenestrated, hybrid 
approaches, etc.), imaging and navigation modalities, and 
surveillance protocols is warranted to improve patients’ out-
comes.
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INTRODUCTION

1. Background
Since the 1960s, the European Union has seen sustained 
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growth in its health workforce, including physicians, driven 
by demographic ageing and demand-side trends in conven-
ience-oriented care delivery. Despite this growth, all coun-
tries in the WHO European Region face intensifying medical 
workforce (MWF) planning challenges (Figure 1) - long-term 
shortages, maldistribution (e.g., rural/remote “medical de-
serts”), recruitment deficits in key sectors (primary care, men-
tal health), and underinvestment in workforce development 
- exacerbated by the COVID-19 pandemic’s system shocks.1-3 
Retention has thus moved to the forefront of MWF planning: 
job dissatisfaction is strongly associated with intentions to 
quit (Mobley’s model), while negative self-evaluation and 
poor work experiences are linked to psychological distress 
and burnout.4-7 Junior doctors (JD) are particularly vulnera-
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Abstract:
Introduction: Despite workforce growth, European healthcare systems face ongoing shortages, uneven distribution, and re-
tention challenges, all worsened by COVID-19. Nearly half of residents experience burnout, driven by workload, poor environ-
ments, and rigidity. In Greece, the pandemic deepened exhaustion, burnout, and distrust in the health system, as shown by the 
JDN-Hellas/PhMA “Barometer” findings. Vascular trainees were also affected, reporting steep declines in operative exposure 
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Methods: The present study’s purpose is to review the results of a pan-European qualitative study conducted by the 
European Junior Doctors Association (EJD) to explore the work-related experiences of junior doctors (JD) and their im-
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informed consent were obtained in accordance with the EU General Data Protection Regulation (GDPR).
Results: Despite contextual diversity, the participants demonstrated a notable agreement on the principal challenges. Across 
Europe, dissatisfaction, exhaustion, frustration, and insecurity stem from challenging working conditions, excessive work-
load, long and unpredictable hours, and inflexibility. Workload demands and a lack of resources negatively impact both learn-
ing and quality of care, consequently fueling stress and burnout. Deficiencies in supervision, time allocation, and feedback 
compromise training quality. Inequalities related to gender and migration, including obstacles like career breaks, negative 
perception of part-time work, blocked career advancement, and limited possibilities, exacerbate susceptibility. Changes in 
values across generations, emphasizing work-life balance and self-care, are causing both job departures and shifts in career 
choices. Nordic countries demonstrate superior practices through adaptable scheduling and robust equity policies.
Conclusion: Junior doctors’ dissatisfaction threatens workforce sustainability. Improving retention necessitates integrat-
ed European and national strategies that prioritise flexibility, safe staffing levels, fair remuneration, protected training 
opportunities, and equity. Within Greece, where burnout and distrust persist, the implementation of such reforms and 
the fostering of institutional transparency are essential to restoring morale and protecting healthcare resilience.
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ble; meta-analytic estimates suggest nearly half of residents 
experience burnout, with work-related drivers (workload, pa-
tient-care stressors, poor environments, work-life imbalance) 
outweighing nonmodifiable factors.8-10 EJD’s 2022 survey al-
ready highlighted work overload and career “bottlenecks” 
across transitions.11

Simultaneously, the profession’s demographics are chang-
ing: the workforce is aging (approximately 30% over 60 
years old in Europe, near-term retirements) and becoming 
increasingly feminized (women from 43% in 2010 to 48% in 
2020), while gender inequities persist (approximately 20% 
health-sector pay gap, under-representation in leadership), 
with female gender identified as a risk factor for burnout in 
young doctors.2,10,12,13

2. Situation in Greece
The situation in Greece encapsulates many of the pressures 
described across Europe but with amplified intensity. Years of 
underinvestment, low remuneration and rigid administrative 
structures have created a system that relies heavenly on 
personal dedication rather than institutional support. Junior 
doctors often rotate through understaffed regional hospitals 
with long on-call stretches -that go beyond the official 
maximum working hours directive, with average weekly hours 
65± and limited supervision, while mandatory service obliga-
tions delay career planning and family life. These conditions, 
combined with low perceived transparency and minimal feed-
back loops, have eroded professional trust and contributed 
to a long-standing outward migration of doctors putting ad-
ditional strain on the remaining staff. During the pandemic, 
Greek physicians reported marked exhaustion and rising burn-
out, with public discourse highlighting systemic strain and en-
trenched distrust toward health institutions.14-16

The initial findings from the JDN-Hellas / Panhellenic Med-

ical Association (PhMA) “Barometer” of Greek junior doctors 
mirror the European trends of exhaustion and dissatisfaction 
but reveal a deeper cultural dimension: a sense of powerless-
ness and detachment from decision-making. This, along with 
the perception of a significant workload, inadequate support, 
dissatisfaction with the national healthcare system, and reg-
ular exhaustion, indicated that technical reforms alone (e.g., 
salary adjustments) will not suffice without parallel measures. 
It highlights the pressing need for Greek-tailored policy adjust-
ments that will rebuild confidence in institutions and govern-
ance.17 Greece represents a microcosm of the wider Europe-
an crisis, illustrating what happens when workforce fragility 
meets structural rigidity.

3. Vascular trainees after COVID-19
Among all medical disciplines, procedural and emergency spe-
cialties -particularly surgical specialties- demonstrate the most 
acute interaction between workload, supervision and training 
quality. In such environments, extended hours and unpredict-
able emergencies directly affect patient safety and skill acqui-
sition. Vascular surgery exemplifies this tension: the field com-
bines technical precision with high emergency burden, mak-
ing consistent operative exposure and mentoring essential for 
competence. When service pressure rises and elective case-
loads fall, as during COVID-19, trainees lose both confidence 
and progression milestones. These challenges are not unique 
to surgery but act as a magnifying lens for how systemic ineffi-
ciencies translate into training deficits and burnout across the 
profession. A European survey by Pereira-Neves et al. (2022) 
showed that nearly 77% of vascular trainees experienced re-
duced operative exposure during the COVID-19 pandemic, 
and 60% reported a decline greater than half. Over 70% felt 
their training and career progression were negatively affected, 
and almost half of senior trainees faced fewer job prospects. 

Figure 1. Changing Dynamics of Medical Workforce Supply, 1960–2020
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Despite online teaching efforts, most called for compensatory 
measures to offset lost experience. These findings highlight 
how pandemic disruptions worsened workload, limited train-
ing, and deepened uncertainty - mirroring challenges faced by 
junior doctors across Europe, including Greece.18

To address these gaps, the EVaST (European Vascular Sur-
gical Training) Survey, led by the ESVS and EVST, will collect 
Europe-wide data on training, simulation, and mentorship. 
Through anonymised feedback from trainees and trainers, EV-
aST aims to identify effective educational models and expose 
disparities. The initiative seeks to build a unified, data-driven 
foundation for improving vascular training quality, fostering 
mentorship, and ensuring the next generation of vascular sur-
geons is both technically skilled and professionally support-
ed.19

4. Study rationale
Understanding JD work experiences and their impacts is es-
sential to inform retention-oriented reforms. This paper pre-
sents the qualitative findings of EJD’s pan-European study 20 
and synthesizes proposals from JD representatives, with spe-
cific attention to Greece.

5. Objectives
General objective: To explore European junior doc-
tors’ work-related experiences and the impact of those 
experiences on their professional and personal lives. 
Specific objectives: a) To identify commonalities in JD work-re-
lated experiences across the EJD’s member countries, b) to 
collect proposals from JD to increase job satisfaction and con-
tribute to retention in this group.

METHODS

1. Methodology
The present study is based on the results of a pan-European 

qualitative study20 which employed semi-structured interviews 
and thematic analysis (ATLAS.ti v9). This study was conducted 
by EJD between January and June 2023 with representatives 
from EJD national member associations. Purposive sampling 
of EJD-nominated country representatives (close to the re-
search problem, representing national JD). Gender balancing 
achieved (parity or female over-representation). N=25 partic-
ipants (10 men, 15 women), ages 25-47; 16 in postgraduate 
training (PGT) and 9 early career specialists (ECS). Seventeen 
interviews were held (8 dyads, 9 individuals). To deepen the 
analysis of gender inequities, an additional group comprising 
women from contexts with advanced gender-equity measures 
was convened (Finland, with double representation). Sociode-
mographic data of participants are shown in detail in Table 1.

2. Data collection and analysis

Interviews (English, online; ≈90 minutes for dyads, ≈60 minutes 
individual) followed a consensual guide but allowed flexibility 
to elicit diverse perspectives. Interviews were audio-recorded 
with consent. Dimensions probed included job satisfaction, 
wellbeing, resignations, work experiences, training quality, 
personal life affects, gender inequalities, proposals, and con-
text-specific issues (Table 2). Thematic analysis of interview 
transcripts was conducted to identify recurrent patterns and 
categories reflecting European junior doctors’ shared expe-
riences. The analysis was performed using ATLAS.ti v9 (Sci-
entific Software Development GmbH, Berlin, Germany). This 
software facilitates a transparent and systematic approach to 
qualitative analysis. Informed consent obtained. Personal data 
processed under EU GDPR (Regulation 2016/679). To protect 
confidentiality, quotes are not linked to identifiable country 
data (Turkey excepted due to unique context). A list of organ-
izations providing representatives is available by the study’s 
authors upon request.

Table 1. Sociodemographic variables assessed in the study
Gender
Male 10 40%
Female 15 60%
Age
25-30 10 40%
31-35 9 36%
36-40 5 20%
41-50 1 4%
Part of JD’s journey
PGTa 16 64%
ECSb 9 36%
Specialisations
1 22 88%
>1 3 12%
Total participants 25 100%

a PGT=post-graduate training, b ECT=early career specialist
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RESULTS
Heterogeneity across European systems (financing, organ-
ization, training, remuneration, culture) coexists with high 
cross-national consensus among JD on core concerns. We 
summarize (i) an overview of JD situations (feelings, vulner-
abilities, generational shift, resignations), (ii) factors shaping 
job satisfaction (work, training, overload, inequities), and (iii) 
proposals.

1. Overview of European junior doctors’ situation
JDs are motivated and enthusiastic, yet report pervasive neg-
ative emotions: tiredness/exhaustion, frustration, insecurity, 
stress, and pressure. Psychological distress is frequently men-
tioned, including anxiety, depression, burnout, and even sui-
cidal ideation (Figure 2). Two structural vulnerabilities recur:
a)	 Dependence on mentors (dual roles as supervisors and 

evaluators), which constrains voice and raises fear of re-
percussions regarding workload, schedules, and leave.

b)	 Limited experience in high-pressure, high-responsibility 
environments (especially post-COVID), with abrupt entry 
and insufficient monitoring of mental-health impact; the 
transition to specialist roles can be sudden, with respon-
sibility outpacing support.

Figure 2. Word cloud: Emotions and feelings of junior doctors

1.1. The generational change regarding work
Participants consistently describe a value shift: today’s JD prize 
work-life balance, protected time, and fair compensation over 
“total vocational sacrifice.” They increasingly set boundaries 

(e.g., on unsafe overtime) and seek flexibility (e.g., scheduling, 
academic time). Workforce shortages also confer more agen-
cy in job and specialty selection. Feminization has catalyzed 
cultural change - initially voiced by women, now embraced 
broadly.

Consequences include specialty choice drift toward do-
mains with predictable hours or fewer on-calls, and declining 
attractiveness of medicine for some students where condi-
tions are comparatively worse than in other sectors.

1.2. Job resignations
With few Nordic exceptions, resignations are reportedly ris-
ing - before or after residency - and post-training migration 
to better conditions is common. Some graduates depart clin-
ical medicine altogether (e.g., pharma, consulting). Drivers 
include stressful/rigid conditions, inadequate staffing, lack of 
career continuity (no guaranteed posts), and EU mobility op-
portunities.

2. Factors that influence European junior doctors’ job satis-
faction
Lack of flexibility, overload, long hours, and poor environ-
ments degrade satisfaction, learning, and health - most acute-
ly for residents, while early-career specialists face temporari-
ness and location mandates.

2.1. Work-related experiences
Four drivers dominate:
a)	 Lack of flexibility. Hinders academic development, confer-

ence participation, and caregiving responsibilities; flexi-
bility is pivotal for modern professional identities.

b)	 Compensation concerns. Pay is often perceived as mis-
aligned with workload/ responsibility; may push JD to ex-
tend hours, though salary alone won’t fix dissatisfaction.

c)	 Mobility & temporariness. Frequent relocations during 
and after PGT, weak career projection, temporary con-
tracts, unclear employment rights (e.g., university vs. 
labor contracts), and in some contexts mandatory rural 
service post-residency - fostering instability and isolation.

d)	 Working environment. Persistent tension, pressure, 
stress; impaired interprofessional relations; low recogni-

Table 2. Overview of key dimensions explored
Dimension Description
Job satisfaction Opinions of JD on the collective’s job satisfaction
Wellbeing Impact of work on JD’s wellbeing, emotions and psychosocial sphere
Job resignations Opinions on job resignations of JD
Working experiences JD’s work-related experiences and their impact (e.g., working conditions, working hours, workload)
Quality of training Impact of work on JD’s skills acquisition, supervision by mentors, PGT programs’ quality
Personal lives Impact of work on JD’s personal lives
Gender inequalities Gender inequalities experienced by JD regarding work, wellbeing, quality of training
Proposals EJD’s proposals or recommendations to improve JD professional satisfaction and wellbeing
Specific issues Experiences or impacts related to certain contexts (country, postgraduate training programme, early 

career specialist or specialty)
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tion. Some Nordic/Central contexts report positive shifts 
(support for relocation, training opportunities, greater 
flexibility).

2.2. Training-related experiences
While many PGT programs are valued, work stress degrades 
training quality:
a)	 Insufficient time for study and academic activities; train-

ing time displaced by bureaucratic/nonmedical tasks.
b)	 Supervision gaps and limited feedback, especially on 

nights/on-call; limited incentives and time for mentors.
c)	 Competency attainment is harder under overload; vari-

able standards across sites; structural issues (e.g., too 
many residents for caseloads, too few accredited centers/
mentors).

d)	 Resultant insecurity about clinical progress and care qual-
ity.

2.3. Work overload
Universally cited and worsening:
a)	 Demand increases without commensurate resource 

growth generate high pace, hasty decisions, and “fire-
fighting,” with limited time to consult or reflect - fueling 
moral distress and frustration.

b)	 Overload propagates vicious cycles of fatigue and un-
der-recovery, undermining work-life balance and reten-
tion.

c)	 JD shoulder many nonmedical tasks amid staff shortages; 
their dependent status narrows options to reduce hours 
or change posts.

d)	 Some systems (notably Nordic) report movement away 
from perceiving JD as “cheap labour”, with fairer task dis-
tribution.

2.4. Working times/EWTD
EWTD has improved conditions in several countries, but com-
pliance varies. Even where observed, postponed rest, exces-
sive hours, and night work remain common, harming well-
being and learning (especially in procedural and emergency 
specialties).

2.5. Working environment revisited
Overload plus resource scarcity breeds poor climates (compe-
tition, incivility), disproportionately affecting JD; recognition 
deficits amplify demoralization. Change is uneven; “revan-
chist” cultures (“we suffered, so must you”) slow progress.

2.6. Inequities
Gendered and migration-related inequities compound JD vul-
nerability; progress varies, with Nordic/Central contexts re-
porting stronger public care supports and equity policies.
Gender
Despite feminization, women face:
a)	 Career interruptions for caregiving; more part-time and 

stigma thereof; reduced opportunities and recognition.
b)	 Glass ceiling and leadership under-representation; spe-

cialty segregation (women underrepresented in surgical 
fields), with greater exposure to harassment in some set-
tings.

c)	 Pay gaps emerge indirectly via interruptions, fewer on-
calls, and specialty mix.

Migration
Migrant JD encounter racism/xenophobia, limited training & 
employment opportunities, language barriers, and social iso-
lation - despite their growing system contribution.

3. Proposals
JD proposals cluster into governance & planning, working con-
ditions & balance, occupational wellbeing, training, and ine-
qualities.

3.1. Governance & planning
a)	 Elevate medical workforce to a top political priority.
b)	 Implement robust planning/forecasting
c)	 Strategically address maldistribution (e.g., incentives for 

medical deserts)
d)	 Increase health-workforce investment.
e)	 Align policies with evolving work values.

3.2. Working conditions & balance
a)	 Flexibility & autonomy: options for part-time, flexible 

scheduling, academic/protected time, and facilitated 
transfers.

b)	 Environment: HR best-practice adoption (civility, team-
work, soft-skills training); reduce bureaucracy through 
digitalization.

c)	 Workload: monitor and reduce; add staff where needed; 
attend to high-risk contexts (nights, emergency, proce-
dural specialties).

d)	 Hours & rest: enforce EWTD, monitor time, pay overtime, 
ensure rest facilities and fatigue-risk management.

e)	 Stability: longer contracts and career planning.
f)	 Pay: fair and adequate remuneration (as part of a bundle, 

not a stand-alone fix).

3.3. Occupational wellbeing
a)	 Prioritize primary prevention (fix conditions). Expand re-

search/monitoring (prevalence, dashboards).
b)	 Build peer networks and structured debriefing (e.g., Bal-

int groups), on paid time.
c)	 Implement violence prevention protocols and safe leave 

policies; reasonable accommodations for vulnerable JD.
d)	 Train leaders in mental-health supportive management; 

embed mental-health literacy in PGT core curricula.

3.4. Training
a)	 Protect structured, competency-based programs via su-



European Junior Doctors’ Work Experiences, Job Satisfaction, and Proposals for Reform - with Contextual Emphasis on Greece	 17

pervisor preparation (including incentives) and protected 
training time.

b)	 Reduce variability by aligning to European standards; 
increase accountability through evaluation of residents, 
mentors, and institutions (at multiple time points).

c)	 Fund and time-protect academic development (courses, 
conferences, research).

3.5. Inequalities
a)	 Treat parental leave as active time; promote paterni-

ty-leave uptake; maintain full-time feasibility via public 
care services.

b)	 Affirmative actions for leadership parity; pay-gap moni-
toring and remediation funds; targeted recruitment of 
women in under-represented specialties.

c)	 System-wide training on gender and diversity; targeted 
supports for migrant JDs.

3.6. Translation into Policy
Bridging the gap between policy and practice requires trans-
lating shared concern into enforceable measures. The findings 
point toward a coherent policy package: adherence to working 
time regulations, transparent career progression, structured 
mentorship and supervision incentives, and the systematic in-
tegration of wellbeing and equity into workforce governance. 
There are not optional welfare measures but prerequisites for 
patient safety and health system resilience. Pilot initiatives 
-such as national burnout observatories or flexible rotation 

frameworks- could serve as scalable models across Europe, 
particularly in contexts like Greece where trust and retention 
remain fragile. The synthesis of these proposals sets the stage 
for the concluding discussion on practical implementation and 
the broader implications for workforce resilience. 

CONCLUSION
Across Europe, there’s a notable consistency in job satisfaction 
reports: high workloads, rigid and volatile working conditions, 
declining training standards, and inequities, all reflecting a 
generational preference for work-life balance and respectful, 
safe employment. The combination of these factors negatively 
affects satisfaction, learning, and retention (Figure 3).

1. Challenges & outlooks for vascular trainees
Procedural specialties, and vascular surgery in particular, have 
emerged as sentinel indicators of post-pandemic training 
deficits. Beyond reduced operative numbers, many trainees 
reported fragmented mentorship, suspended fellowships and 
redeployment to non-surgical services. The resulting loss of 
continuity has affected both confidence and retention, with 
some considering early career change. The Pereira-Neves et 
al. survey found that over 70% of vascular trainees report-
ed educational regression due to reduced procedures and 
redeployment. Many expressed concerns about long-term 
competency and employability. To rebuild competence and 
morale, training systems should adopt structured compen-
satory measures, such as simulation-based training, super-
vised extended fellowships, formalised mentorship networks. 

Figure 3. Interconnected drivers of junior doctors’ dissatisfaction and attrition
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Cross-border collaboration—supported by European scientific 
societies- could equalise opportunities between peripheral 
and central regions. These measures align with the EJD pro-
posals on flexibility and protected training time but add a spe-
cialty-specific dimension: ensuring that technical skill progres-
sion keeps pace with service recovery, especially in settings 
like Greece, where systemic fatigue and limited trust already 
challenge specialist retention.18, 19

2. Implications for Greece 
Greek physicians entered COVID-19 with pre-existing system 
fragilities; the pandemic accelerated exhaustion, burnout, and 
distrust toward institutions.14-16 Preliminary “Barometer” find-
ings among Greek JD—high workload, insufficient support, 
low satisfaction, frequent exhaustion—mirror Europe-wide 
patterns but appear amplified in Greece.17 Greece should 
therefore prioritize: 
(i)	 trust-building measures (transparent governance, partici-

patory decision-making),
(ii)	 condition-first prevention (staffing, EWTD enforcement, 

rest, reduced bureaucracy),
(iii)	 protected training time and supervision,
(iv)	 stable career pathways and flexibility, and 
(v)	 equity investments (public childcare, leadership parity in-

itiatives). 
Delivering this bundle - not piecemeal fixes - offers the 

best chance to retain JD, restore morale, and strengthen care 
quality.

Ensuring the future resilience of European healthcare re-
quires listening to and acting upon the voices of its junior doc-
tors. Their experiences reveal a system under strain but also 
a clear roadmap for improvement—fair conditions, protected 
training, meaningful flexibility, and genuine equity. Address-
ing these needs is not only a matter of workforce sustaina-
bility but a commitment to safe, high-quality patient care. By 
prioritizing wellbeing and modernizing medical workforce pol-
icies, Europe can rebuild trust, retain its young clinicians, and 
secure a stronger, more compassionate health system for the 
generations to come.
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INTRODUCTION
The rapid evolution of innovative technologies led to the ap-
propriate development of endovascular techniques for treat-
ing complex aortic cases.1,2 Custom-made devices are con-
sidered the gold standard of the technological progress, with 
the companies working hard to make grafts tailored to the 
patient’s anatomy, allowing for optimal alignment between 
graft and target vessels, succeeding parallel favourable out-
comes regarding aneurysm exclusion and survival.1,3 However, 
the manufacturing time, cost, and limited availability of cus-
tom-made devices restrict their widespread use, particularly 
in urgent or emergent settings.4 Several solutions to overcome 
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this issue have been proposed, including the off-the-shelf 
branched stent grafts,5,6 parallel endografts,7,8 and the physi-
cian-modified endografts (PMEGs).9-11

Physician-modified endografts have gained increasing pop-
ularity since 2010, following the first description by Starnes of 
modifications or adaptations of commercially available aortic 
stent grafts replicating fenestrated and branched devices al-
ready used in Europe and Asia or available as investigation-
al devices in the United States.12 The rationale behind using 
these devices is to nullify the patients’ waiting time, creating 
fenestrations and/or branches for aortic arch, visceral and re-
nal vessels, thereby constituting the most reliable alternative 
of CMDs.9-11

The aim of the present study was to review the literature 
and summarize all available data on physician-modified endo-
grafts for the treatment of complex aortic diseases involving 
the aortic arch and the abdominal aorta.

METHODS

Design and registration
The present systematic review was designed and reported in 
accordance with the Preferred Reporting Items for Systematic 
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Abstract:
Introduction: Physician-modified endografts (PMEGs) have emerged as an alternative endovascular solution for the 
treatment of complex abdominal aortic aneurysms, particularly when custom-made devices are unavailable or unsuit-
able due to anatomical constraints or urgent clinical presentation. However, evidence regarding their safety, feasibility, 
and durability remains heterogeneous.
Methods: A systematic review of the literature was performed in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA guidelines). Studies reporting outcomes of PMEGs for complex abdominal 
aortic aneurysms were identified through a comprehensive search of major medical databases. Early outcomes, includ-
ing 30-day mortality, aorta-related mortality, technical success, major adverse events (MAEs), and reintervention rates, 
as well as late outcomes such as overall and aorta-related mortality and reinterventions, were analyzed.
Results: The available literature consisted predominantly of retrospective cohort studies. Technical success rates were 
high across studies. Early mortality and aorta-related mortality were generally acceptable, although outcomes varied 
depending on clinical presentation, with a relevant proportion of procedures performed in urgent or emergent settings. 
MAEs included spinal cord ischemia, myocardial infarction, respiratory failure, stroke, bowel ischemia, and renal failure, 
not all of which were directly attributable to aortic-related events. Early and late reintervention rates were mainly asso-
ciated with endoleaks and target vessel complications. 
Conclusion: Physician-modified endografts represent a feasible and effective endovascular option for selected patients 
with complex abdominal aortic aneurysms, particularly in experienced centers and time-sensitive clinical scenarios. 
While early and mid-term outcomes are encouraging, the current evidence base remains limited by heterogeneity and 
lack of long-term follow-up. Further prospective studies, standardized reporting, and multicenter registries are required 
to better define durability, optimize patient selection, and update current guideline recommendations.
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Reviews (PRISMA) statement (Figure 1). 

Eligibility criteria
Studies published in English that reported on physician-mod-
ified endografts for thoracoabdominal and pararenal aortic 
aneurysms were included in the present systematic review. 
At least one target vessel (including renal arteries, coeliac 
trunk, or mesenteric arteries) had to be included with either a 
branched (including side branch, inner branch, antegrade, and 
retrograde) or fenestrated (including reinforced and non-re-
inforced, and mini cuff reinforced fenestrations) technique 
for the study to be eligible. Graft modifications that did not 
include adding a fenestration or branch to the main aortic 
graft for target vessel revascularisation were excluded. Case 
reports and case series of 10 patients or less were excluded. 
The following were also excluded: studies that provided mixed 
outcomes with other endovascular techniques or had not 
provided data regarding the main outcomes, review articles, 
commentary and technical notes, editorials and letters. Mul-
ticenter studies that included vascular centers reporting their 
experiences separately were also excluded to avoid overlap 

and overestimation of the data.

Search strategy
A thorough literature search was conducted in MEDLINE (via 
PubMed; 1966 to November 2025), EMBASE (via Ovid; 1980 
to November 2025), the Cochrane Central Register of Con-
trolled Trials (CENTRAL) (through November 2025), and Goo-
gle Scholar (through November 2025). A snowball process of 
the reference lists from the eligible studies was following the 
retrieval of relevant reports from the databases searches. The 
following search items, including expanded Medical Subject 
Headings (MeSH) terms were used in various combinations: 
((physician-modified) OR (surgeon-modified) OR (home-
made) OR (back-table)) AND (fenestrated) AND (branched) 
AND (aorta) AND aneurysm). Figure 1 depicts the eligible 
studies available in the literature, including 19 retrospective 
studies.12-30

Definitions
Technical success was defined as satisfactory deployment of 
the PMEG, successful catheterisation of all fenestration(s)/
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Identification of studies via Databases

273 titles identified through database 
searching

273 titles screened 189 titles not relevant at first screening stage

84 full texts assessed for eligibility

19 studies included in the systematic review

66 record excluded:

• Studies providing data mixed with other 
techniques: 5

Studies providing no data related to main 
outcomes:7

•Studies providing data on infected aorta:1
• Studies with PMSGs for survival of IIA:3

• Multicentre studies:1
•Case Reports or series:19

•Commentary/Technical Notes:7
•Review:6

•Irrelevant: 3
•Studies providing mixed data with TAA:2

•Studies included <10 participants:2
•Overlapping:10

1 study included after snowball process

Figure 1: Study flow chart (“Preferred Reporting Items for Systematic reviews and Meta-Analysis” diagram)
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branches and deployment of the intended bridging stents/
stent grafts into the target vessel(s), with patency of the en-
dograft and all target vessels as evidenced by intra-operative 
completion angiography.2

Fenestration was defined as a constructed hole in the main 
aortic endograft for catheterization of the visceral vessels and 
the deployment of the intended bridging stent graft. Branch 
was defined as a side or inner branch attached to the main 
endograft prior to its deployment.2

Major adverse events at 30-days were defined as all-cause 
mortality, myocardial infarction, respiratory failure requiring 
prolonged (>24 hours from anticipated) mechanical ventila-
tion or reintubation, renal function decline resulting in >50% 
reduction in baseline eGFR or new-onset dialysis, bowel is-
chemia requiring surgical resection or not resolving with med-
ical therapy, major stroke, and paraplegia.2

Preoperative planning and Technique
Preoperative planning for physician-modified endografts is 
routinely based on high-resolution computed tomography 
angiography with thin-slice acquisition (<1mm) and advanced 
multiplanar and three-dimensional reconstruction. This imag-
ing approach allows accurate assessment of vascular anatomy, 
including the identification of target vessel origin, diameter, 
and the inter-vessel distances required for appropriate fenes-
tration planning.31

The technique for mapping fenestration location differs 
among operators.24,32 The use of three-dimensional print-
ed templates to assist with fenestration alignment has been 
explored, particularly among less experienced operators.24 
Available evidence indicates that these adjunctive tools may 
enhance the precision of fenestration transfer when resourc-
es allow; however, clinical outcomes remain closely linked to 
institutional expertise in complex aortic repair.24,32 Recently, a 
new software has been proposed for more precise design and 
construction of fenestrations.15 The punch card technique was 
developed to eliminate the 3D printing workflow while pre-

serving the benefits of having a 3D model.32

The physician-modification technique has been previous-
ly described in detail.33 After partial deployment of the first 
stent graft rings on a back table, proximal markers are used to 
orientate on the endograft, and a curved clamp is utilized to 
unfold the fabric for placement of the fenestrations. (Figure 
2) The position of the fenestrations was marked with a sterile 
pen through the holes of the punch card, and the preparation 
was continued in a standard fashion. Considerable technical 
heterogeneity was observed with respect to the instruments 
used for fenestration creation. While some operators favor 
the use of a scalpel, others prefer ophthalmic cautery.33-35 This 
divergence is largely driven by concerns that the use of oph-
thalmic cautery may weaken the graft fabric compared with 
mechanical cutting using a scalpel; however, this hypothesis 
has not yet been definitively proven. The created fenestra-
tions were reinforced using a double-layer Goose Snare wire 
(ev3 Endovascular, Plymouth, MN, USA) or alternative mate-
rials, such as loops cut from snares or the tip of a radiopaque 
wire, and secured with a running 4-0 polyfilament suture.33, 35 
Re-sheathing of the PMEG was performed using vessel loops 
or Mersilene bands.33, 35 

In published reports, incorporation of target vessels in 
physician-modified endografts has most commonly been ac-
complished using fenestrations, although the use of scallops 
and directional branches has also been described.25,28,36,37 (Ta-
ble 1) Several studies have highlighted anatomical factors that 
may guide the selection of the incorporation strategy. Fenes-
trations are generally favored for target vessels with upward 
or transverse orientations and in cases involving relatively 
narrow aortic diameters, whereas directional branches are 
more frequently applied to caudally oriented vessels or those 
originating from widened aortic segments.16, 38 Despite these 
proposed considerations, no consensus has emerged regard-
ing the optimal choice among fenestrations, scallops, and 
branches, and marked variability in technique persists across 
reported series.25, 28, 36, 37

Figure 2: Construction of a physician-modified endograft (PMEG). (A) Creation of a fenestration on the endograft fabric  after 
target vessel marking and sizing. (B) Circumferential reinforcement of the fenestration with a running polypropylene suture to 
improve radiographic visualization and maintain fenestration integrity during device manipulation and deployment.
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Type of modified endografts
Endografts manufactured from Dacron or polytetrafluoro-
ethylene (PTFE) were the most frequently reported devices 
across the available literature. Commonly used platforms in-
cluded the Zenith TX2 and Zenith Alpha systems (Cook Med-
ical, Bloomington, IN), the TREO stent graft (Terumo Aortic, 
Tokyo, Japan), as well as the Valiant Captivia and Endurant de-
vices (Medtronic, Minneapolis, MN).16,28,33,36 At present, there 
is no clear evidence regarding the optimal endograft material 
for the construction of physician-modified endografts. A re-
cent small retrospective cohort study evaluated the use of 
polytetrafluoroethylene endografts for physician-modified 
endografts.39 Over a short follow-up period of seven months, 

the authors reported one case of type Ic endoleak and six cas-
es of type II endoleaks, with a reintervention rate of 12%.39 
While most published studies have focused on Dacron-based 
grafts for physician-modified endografts, this report explored 
the use of polytetrafluoroethylene-based devices, citing im-
proved ease of manipulation and implantation. Nevertheless, 
further evidence is required to validate these findings.

RESULTS

Physician modified endografts for reno-visceral segments
A total of 19 retrospective studies published between 2012 
and 2025 were included in this systematic review. Of the 1595 

Table 1: Baseline characteristics of PMEGs studies for reno-visceral segment

Investigator Year Participants 
No Type of Presentation

Aortic 
Diameter 

(mm)

      Morphology of 
PMEGs (n)

Mean follow-
up period 
(months) 

Elective Urgent Emergent Fenestrations Branches Scallop
Yang et al32 2025 186 104 82 nr 56 530 86 2 40
Alvarez et 

al26 2025 18 12 nr 6 70 37 nr nr 10

Sanders et 
al20 2024 184 165 18 1 62 691 nr nr nr

Han et al39 2025 161 111 2 48 68 nr nr nr 23
Starnes et. 

al19 2024 203 NR NR NR 67 237 nr nr 12

Nguyen et 
al27 2024 100 94 4 2 66 383 nr nr 10

Asirwatham 
et al33 2023 103 91 8 4 66 383 7 nr 7

Chan et. Al28 2023 37 34 2 1 64 37 nr nr 18
Chait et. Al23 2022 156 128 16 12 70 407 16 29 47
Rynio et al14 2022 43 34 nr 9 62 162 nr nr 14
Branzan et 

al29 2021 19 nr 6 13 72 71 nr nr 14

Sénémaud 
Jn et al30 2020 28 15 nr 13 74 98 nr nr 1

Juszczak et 
al34 2020 54 4 10 40 76 171 nr 3 20

Oderich et 
al35 2019 145 145 nr nr 69 393 21 39 38

Dossabhoy 
et al31 2018 41 32 9 nr 65 106 nr nr 21

Tsilimparis 
et al21 2017 21 nr 13 8 74 58 2 9 13

Scali et al37 2015 37 nr 10 27 73 82 23 4 8
Starnes et. 

Al19 2012 47 9 nr 38 61 82 nr nr 20

Ricotta JJ et 
al38 2012 12 nr 5 7 81 33 2 nr 9

Overall 2012-
2025 1595 978 185 229 56-81 3961 157 86 18 (1-47)
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Table 2: Early outcomes of PMEGs studies

Investigator
Technical 

success per 
patient (%) 

30-day Aorta 
related 

mortality(n) 

30-day 
Mortality (n) Early MAE (n) 

 Early 
Reintervention 

(n)  

Patency Rate of 
visceral grafts 

(n)
Yang et al32 98% 2 6 34 10 614/618

Alvarez et al26 100% nr 0 nr 0 36/37
Sanders et al20 100% 0 9 53 58 691

Han et al39 92% 5 8 36 8 574/576
Starnes et. Al19 94% 0 6 29 nr 540/575
Nguyen et al27 99% 1 2 25 2 382/383
Asirwatham et 

al33 99% nr 3 22 nr nr

Chan et. Al28 87% 0 0 5 2 41/47
Chait et. Al23 99% 2 9 40 0 NR
Rynio et al14 86% 0 5 5 2 162/162

Branzan et al29 100% 0 0 4 2 70/71
Sénémaud Jn 

et al30 100% 1 4 4 9 98/98

Juszczak et al34 100% nr 9 1 3 182/189
Oderich et al35 98% NR 8 70 18 438/447
Dossabhoy et 

al31 nr nr 2 18 nr 106

Tsilimparis et 
al21 100% 2 3 6 2 69/69

Scali et al37 92% nr 7 15 5 96/105
Starnes et. Al19 98% 0 1 3 3 80/82
Ricotta JJ et al38 100% 0 1 6 2 35/36

n: number of cases; nr: no reported; MAE: major adverse events

Table 2 (continue)
Table 2: Late outcomes of PMEGs studies

Investigator Late Aorta related 
mortality (n) 

Late Mortality 
(n) Late MAE (n)  Late 

Reintervention (n)  
Late Patency Rate of 

visceral grafts (n)
Yang et al32 1 2 nr 13 209/211

Alvarez et al26 0 3 0 0 36/37
Sanders et al20 nr nr 8 nr nr

Han et al39 nr 44 nr 7 nr
Starnes et. Al19 3 3 nr nr nr
Nguyen et al27 0 2 nr 7 380/383

Asirwatham et al33 nr nr nr 10 nr
Chan et. Al28 0 4 nr 8 45/47
Chait et. Al23 3 3 nr 88 nr
Rynio et al14 7 17 nr 6 150/162

Branzan et al29 0 1 nr 2 69/71
Sénémaud Jn et al30 nr nr 8 5 98/98

Juszczak et al34 nr nr nr 12 nr
Oderich et al35 0 nr nr 42 nr

Dossabhoy et al31 nr nr nr 19 nr
Tsilimparis et al21 1 4 nr 1 69/69

Scali et al37 nr 5 nr 6 102/105
Starnes et. Al19 0 2 1 2 81/82
Ricotta JJ et al38 1 2 nr 0 35/36

n: number of cases; nr: no reported; MAE: major adverse events
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(mean age 73 (67-79) years) patients included, 1252 (78%) 
were male. Of them, 93% (1478 of 1595) had hypertension, 
48% (759 of 1595) had coronary artery disease, 49% (788 of 
1595) dyslipidaemia, 27% (427 of 1595) chronic kidney dis-
ease, 9% (136/1595) history of cerebrovascular diseases, 40% 
(606/1595) chronic obstructive pulmonary disease and 19% 
diabetes (311 of 1595), 32% (507/1595) had prior aortic pro-
cedure whereas 45% (717/1595) were active smokers. 

Operative Details
Of the procedures, 62% had been elective, 24% had been 
emergent and 15% urgent. Physician-modified endografts 
were almost equally used for PRAA (56%) and TAAA (44%). 
Overall, 4204 target vessels were addressed through fenestra-
tions, branches, or scallop configuration. Ten out of the nine-
teen studies reported on fenestration (n=3961)12, 13, 15, 17, 18, 21, 

24, 25, 27, 28 while the rest reported on combined branched and 
fenestrated (n=243) repair.14, 16, 20, 22-24, 26, 29, 30

The mean operative time ranged from 138 to 453 minutes 
(reported in 17 studies),12-30 the mean fluoroscopy time from 
39 to 136 minutes (reported in 15 studies),12, 14-23, 25-30 the con-
trast medium from 70 to 235 mL (reported in 16 studies)12, 14-30 
and the estimated blood loss from 120 to 936 ml (reported in 
eight studies).12, 16, 17, 19, 23, 26, 28, 30 The mean length of stay was 
reported in 15 studies, 12, 19, 20, 23, 27-39 ranging from 4 to 17 days 
and the intensive care unit stay ranged from 2 to 4 days (re-
ported in six studies). The mean follow-up was reported in all 
included studies, varied between 1 to 47 months.12-30 (Table 1)

Early outcomes
The technical success of PMEGs ranged from 87% to 100% 
among the studies.12-30 (Table 2) Chan et al.17 reported the 
lower technical success rate of 87%. Recently, our group re-
ported that the pooled technical success in elective cases was 
98.6% (95% CI 97.2-99.3%, p<0.001, I^2=83%;), while in the 
emergent/urgent group, it was 95.1% (95% CI 90.5-97.5%, 
p<0.15, I^2=39%;).10 

The 30-day mortality among the studies ranged from 0% 
to 18.9%.12-30 Scali et al.26 reported the highest crude 30-day 
mortality rate of 18.9% (7/37 patients) (Table 2). It is worth 
mentioning that this study reported outcomes in emergent 
and/or urgent settings. The aorta related mortality ranged 
from 0.3% to 9.5%.12-30 Tsilimparis et al29 reported the highest 
aorta related mortality rate of 9.5%.

The early major adverse events rate among the studies 
ranged from 1.8% to 50%.12-30 Ricotta et al.23 reported the 
highest MAE rate of 50% (6/12 patients) (Table 2). A more 
detailed analysis of major adverse events showed rates of spi-
nal cord ischemia ranging from 2% to 7.6%,14, 16-19, 21, 22, 24-27, 29, 

30 myocardial infarction from 3.5% to 4%,14, 16-19, 21, 22, 24-27, 29, 30 
respiratory failure from 5% to 7.5%,14, 16-19, 21, 22, 24-27, 29, 30 stroke 
from 2% to 3.5%, 14, 16-19, 21, 22, 24-27, 29, 30 bowel ischemia from 1.1% 
to 5.8%,14, 16-19, 21, 22, 24-27, 29, 30 and new-onset hemodialysis from 
2.2% to 3.4%.14, 16-19, 21, 22, 24-27, 29, 30

 The early reintervention rate ranged from 0% to 31% 12, 13, 

15-17, 19-27, 29, 30 The most common aetiology was type II endoleak 

followed by Ia, Ic and IIIc.2, 12, 13, 15, 17, 19, 21, 26, 27, 29 Our group re-
ported that the pooled rate of target vessel instability was 
1.9% (95% CI 1.1-3.2%, p=0.00, I^2=80%;).10

Late outcomes
At a mean of 18 (1-47) months of follow-up (Table 1), late 
mortality among the studies ranged from 0% to 39%.12, 13, 15-17, 

19, 21, 23, 24, 26, 28-30 Rynio et al24 reported the highest crude 30-day 
mortality rate of 39%, however, this percentage is not strictly 
related with aorta-specific events. (Table 2)

The late aorta related mortality ranged from 1.0% to 
9.5%.12, 13, 15-17, 19, 21, 23, 24, 26, 28-30 Tsilimparis et al29 reported the 
highest crude 30-day aorta related mortality rate of 9.5%. It 
should be noted that this study reported outcomes exclusively 
in emergent or urgent settings. (Table 2)

The late major adverse events rate among the studies 
ranged from 2.1% to 28%.12,13,25,27 Sénémaud et al27 reported 
the highest rate of 28% (8/28 patients) (Table 2). In this study 
spinal cord injury was observed in 7% (2/28) patients, while 
transient renal failure was detected in 14% (4/28) patients.

 The late reintervention rate ranged from 0% to 37% 
among the studies.12-24, 26, 29, 30 Chait et al.16 reported the high-
est reintervention rate of 37% (57/156 patients). Of them, 33 
were due to endoleak of bridging stents grafts, 20 for bridging 
stents stenosis and the rest (n=16) due to access related com-
plications.

Discussion
This systematic review summarizes the available evidence on 
physician-modified endografts for the treatment of complex 
aortic diseases, with particular emphasis on early and late 
clinical outcomes. Overall, the findings suggest that physi-
cian-modified endografts represent a feasible and effective 
treatment option in selected patients, achieving acceptable 
rates of technical success, early mortality, and mid-term out-
comes, particularly in settings where custom-made devices 
are unavailable or unsuitable.

Early outcomes demonstrated high technical success rates 
across the included studies, reflecting the growing expertise of 
specialized centers in planning, device modification, and im-
plantation techniques.34, 36 Thirty-day mortality and aorta-re-
lated mortality were generally low and comparable to those 
reported for alternative endovascular strategies in complex 
aortic repair.6 However, it is important to note that a substan-
tial proportion of the reported experience involved urgent or 
emergent cases, which may partly explain the observed varia-
bility in early mortality and major adverse event rates.6, 26, 29, 30

Major adverse events remained a relevant concern, with 
reported complications including spinal cord ischemia, myo-
cardial infarction, respiratory failure, stroke, bowel ischemia, 
and new-onset renal failure requiring hemodialysis.14, 16-19, 21, 22, 

24-27, 29, 30 Importantly, not all major adverse events were direct-
ly attributable to aortic-related causes, highlighting the com-
plexity of the treated population and the significant burden of 
comorbidities. These findings underscore the need for careful 
patient selection, meticulous perioperative management, and 
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the implementation of established protective strategies, par-
ticularly in extensive thoracoabdominal repairs.10, 36

Reintervention rates in the early postoperative period 
were acceptable and most commonly related to endoleaks 
or target vessel issues. Type II endoleaks were frequently re-
ported but were often managed conservatively, whereas type 
I and type III endoleaks more frequently required secondary 
interventions.2,12,13,15,17,19, 21, 26, 27, 29 These observations reinforce 
the importance of accurate fenestration or branch alignment 
and durable target vessel incorporation. Limited data are 
available in the literature regarding the type of bridging stent 
grafts used, therefore, it remains difficult to draw firm conclu-
sions, about which BSG is optimal.10 Comparing these rates 
with other endovascular techniques seem identical.40 Two 
multicenter studies34,36 based on PMEGs showed a freedom of 
reintervention of 73.8%, 61.8%, and 51.4% at 1, 3, and 5 years 
respectively, which is consistent with the results reported on 
CMDs.40-42

With regard to late outcomes, overall survival and aorta-re-
lated survival appeared favorable in the available mid-term 
follow-up, although long-term data remain limited.12, 13, 15-17, 19, 

21, 23, 24, 26, 28-30 Late reinterventions were reported in a subset 
of patients and were primarily related to endoleaks, bringing 
stents instability, or disease progression. Our group, reported 
a pooled late bridging stent instability rate of 13.9%.10 In the 
elective group, the late reintervention rate was 14.6% (95% CI 
7.5%-26.5%, p=0.00, I2=43%) while for the emergent/urgent 
group, it was 15.6%. Another factor that appears to have in-
fluenced the survival related outcomes seems to be the high 
American Society of Anesthesiologists (ASA) score and the 
low estimated glomerular filtration rate observed in these 
patients.36 As a result, outcomes were worse than expected, 
suggesting that these variables may be useful in improving pa-
tient selection. The need for secondary procedures highlights 
the importance of structured imaging surveillance following 
physician-modified endograft implantation, particularly given 
the customized nature of these devices.

Considerable heterogeneity was observed across studies 
in terms of device platforms, modification techniques, fenes-
tration design, and materials used for reinforcement.12, 13, 15, 

17, 18, 21, 24, 25, 27, 28,32-38 While most reports favored Dacron-based 
endografts, emerging data on polytetrafluoroethylene-based 
devices suggest potential advantages in handling and implan-
tation; however, current evidence is insufficient to define an 
optimal endograft material.39 Similarly, no consensus has been 
reached regarding the optimal strategy for target vessel incor-
poration, with fenestrations, scallops, and directional branch-
es each being applied according to anatomical considerations 
and operator preference.

In the 2024 ESVS abdominal aorto-iliac aneurysm guide-
lines, PMEGs (and in situ laser fenestration) are specifically 
recommended to be reserved for urgent patients when the 
manufacturing delay for a custom-made device is too long 
or when no suitable off-the-shelf option exists, and urgent/
ruptured complex AAA repair may be considered using these 
strategies based on patient status, anatomy, and preferences 

(Class IIa, Level C).1 
This systematic review has several limitations. First, all 

included studies were retrospective observational cohorts, 
which may introduce selection bias and limit the generalizabil-
ity of the findings. Second, considerable heterogeneity existed 
among studies regarding patient selection, device platforms, 
modification techniques, and outcome reporting. Third, due 
to variability in outcome definitions and reporting across stud-
ies, a formal quantitative meta-analysis could not be reliably 
performed. Finally, long-term follow-up data remain limited, 
highlighting the need for prospective studies and multicenter 
registries to better define the durability and safety of physi-
cian-modified endografts.

CONCLUSION
Physician-modified endografts appear to be a valuable endo-
vascular option for the management of complex aortic diseas-
es, demonstrating acceptable early and late outcomes when 
performed in experienced centers. While current evidence 
supports their use in selected clinical scenarios, particularly in 
urgent or emergent settings, further prospective studies and 
standardized reporting are needed to better define long-term 
durability, optimal device selection, and patient-specific indi-
cations.
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INTRODUCTION
There is limited evidence in the surgical literature regarding 
the incidence and mortality of cancer following either open 
surgical repair (OR) or endovascular aortic aneurysm repair 
(EVAR). Many published studies have primarily focused on pa-
tients presenting with both malignancy and abdominal aortic 
aneurysm (AAA), rather than on the de novo risk of cancer 
following these procedures.1,2

Over the past two decades, endovascular repair has pro-
gressively gained predominance over open surgery in the 
management of abdominal aortic aneurysms.3 EVAR offers 
significant perioperative advantages, including reduced mor-
bidity and mortality, shorter hospital stays, and faster recov-
ery.4-6 These benefits have led to its widespread adoption, 
particularly among elderly or comorbid patients, while open 
repair is now mainly reserved for anatomically unsuitable cas-
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es or younger, low-risk individuals.3

Nevertheless, there is emerging evidence suggesting that 
the endovascular approach may be associated with a higher 
long-term risk of developing metachronous malignancies.7-10 
This has been attributed to cumulative radiation exposure, 
both during fluoroscopy-guided procedures and during post-
operative CT surveillance, which remains the gold standard for 
detecting endograft-related complications.11,12 Despite pro-
posed low-dose CT protocols for follow-up, such strategies are 
not yet routinely implemented in clinical practice.12,13 Notably, 
in the EVAR-1 trial, an increased rate of aneurysm-related 
deaths was accompanied by a higher incidence of cancer-re-
lated mortality in the EVAR group.4 Similar findings were ob-
served in the EVAR-1, OVER, and DREAM trials, which together 
reported 2,484 patients with long-term follow-up, confirming 
that deaths due to aneurysm rupture or cancer were present 
in both treatment groups. 4,5,6 Interestingly, in the OVER trial, 
cancer-related mortality was higher in the open repair group 
than in the endovascular group.5

The aim of this study was to compare cancer-related inci-
dence and mortality between EVAR and OR in patients with no 
pre-existing malignancy.

METHODS

Search Strategy
Relevant studies were identified through a comprehensive 
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search of electronic databases and a manual review of ref-
erence lists. The National Library of Medicine’s MEDLINE da-
tabase was accessed via the PubMed interface and searched 
from 1976 to the present.

An unrestricted search strategy was applied using explod-
ed Medical Subject Headings (MeSH) terms and keywords 
combined with the Boolean operators AND, OR, and NOT to 
identify relevant articles. A secondary manual search of ref-
erence lists from selected studies was performed to capture 
additional eligible publications.

Eligibility assessment was conducted independently and in 
an unblinded manner by two authors (PG and CFP). The liter-
ature search process is summarized in a flow diagram (Table 
1). Ultimately, six studies reporting a combined total of 67,866 
patients with postoperative cancer mortality data were iden-
tified and analyzed (Table 2). These studies were published 
between 2010 and 2025, covering study periods from 1999 
to 2023. 

A PRISMA flow diagram summarizes the study selection 
process (Figure 1). The risk-of-bias assessment figures were 
generated as weighted bar plots (Figures 2 and 3) and “traffic 
light” (Figures 4 and 5) using the ROBVIS (Risk of Bias VISual-
ization) online application in conjunction14 with the Cochrane 

Risk of Bias 2 (RoB 2) tool for Randomized Controlled Trials15 

and the ROBINS-I V2 (Risk Of Bias In Non-randomised Stud-
ies - of Interventions, Version 2) tool for observational cohort 
studies.16

Eligibility, Exclusion and Inclusion Criteria
Studies were included if they reported on patients considered 
suitable candidates for either EVAR or OR, whether in elective 
or emergency (ruptured) settings. Data from all cancer-free 
patients were reviewed and analyzed.
Inclusion Criteria
•	 Studies reporting the incidence or occurrence of cancer 

following EVAR and/or OR
•	 Explicit description of cancer outcomes (preferably speci-

fying the cancer type)
•	 Defined follow-up period, including time to cancer occur-

rence
Exclusion Criteria
•	 Articles not published in English
•	 Case reports or small series with insufficient statistical 

data
•	 Patients with concomitant malignancy or metastatic solid 

Table 1: Search Strategy
Search Strategy Results

1
(“cancer*”[All Fields] AND “risk*”[All Fields]) OR “cancer risk*”[All Fields] OR (“EVAR”[All Fields] 
AND “Open Repair *”[All Fields] AND “Cancer*”[All Fields]) OR “Cancer incidence*”[All Fields] 

OR “Cancer Mortality”[MeSH Terms]
560,724

2

(“cancer” or “neoplasm”or “malignancy”[All Fields]) OR (“postoperative”[All Fields] AND “peri-
od”[All Fields]) OR “postoperative period”[All Fields] OR (“post”[All Fields] AND (EVAR OR end-
ovascular OR open repair[All Fields]) OR (AAA OR “abdominal aort* aneurysm” OR “abdominal 

aort*”[All Fields])

75,779

3
(“cancer “[All Fields]) OR “postoperative period”[All Fields] OR (“post”[All Fields] AND (EVAR OR 
¨”endovascular” AND “open repair”[All Fields]) OR (“AAA” OR “abdominal aortic aneurysm”[All 

Fields])
38,324

4
(cancer OR malignancy) AND (aortic aneurysm OR AAA OR TAAA OR TAA) AND (EVAR OR “open 

repair” OR aneurysm repair) NOT (“concomitant cancer”[Title/Abstract] OR “concomitant malig-
nancy”[Title/Abstract])

710

Table 2: Included studies according to study period, mean age, number of patients, total number of patients, male (%) and Type 
of Cancer

Trial / Senior author Journal / Year of Publication Study Period Mean Age (y) Total / Male (%) EVAR (%)
Evar-1 Trial, Patel4 LANCET, 2016 1999-2004 74.1 1252/91 50.0
Over Trial, Lederle5 NEJM, 2019 2002-2008 NS 881/92 50.3
Dream Trial, Bruin6 NEJM, 2010 2000-2003 70.0 351/91 50.7

Markar8 JVS, 2019 2005-2013 73.0 39390/NS 36.7

Ettengruber7 LANGENBECK’S ARCHIVES OF 
SURGERY, 2022 2010-2016 72.1 18802/86 75.6

Meuli19 JAMA NETWORK, 2025 2004-2023 NS 6891/83 43
EVAR, Endovascular Aortic Repair; y, years
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Figure 1: PRISMA flow diagram

Figure 2: Bias assessment risk

Figure 3: Bias assessment risk
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Figure 4: Risk of Bias VISualization

Figure 5: Risk of Bias VISualization

tumors before surgery
•	 Patients with a previous history of cancer

Collection of data
For each study, data were extracted regarding publication 
year, study duration, demographic characteristics, and rele-
vant clinical variables, including:
•	 Smoking history
•	 Cardiac disease
•	 Arterial hypertension
•	 Chronic obstructive pulmonary disease (COPD)
•	 Cerebrovascular disease (CVD)

Additional parameters such as radiation exposure, number 
of reinterventions, and non-cancer causes of death (e.g., car-
diovascular mortality) were also collected when available. Sta-
tistical comparisons focused on cancer incidence, cancer-re-
lated mortality, and overall mortality between EVAR and OR 
groups. Where available, hazard ratios (HR) and confidence 
intervals (CI) were recorded.

Weighted outcome analysis
Outcome measures were analyzed using study-size weight-
ed pooling, where event counts were derived from each 
study’s sample size and reported event rate. Weighted pooled 

proportions were compared between EVAR and OR using 
two-proportion z-tests with 95 % confidence intervals (CIs). 
Demographics and baseline comorbidities were summarized 
descriptively and not weighted. Statistical significance was de-
fined as p < 0.05.

RESULTS
A total of 710 articles were initially identified through the lit-
erature search. After screening titles, abstracts, and full texts, 
six studies fulfilled the inclusion criteria and were selected for 
final analysis. 

Baseline Demographics and Comorbidities
These comprised a total of 67,866 patients (85% male), with 
a mean age of 72.9 ± 1.5 years. There was no significant age 
difference between EVAR and OR groups (p = 0.42). Among 
the included population, 48.4% (n=32,880) underwent EVAR, 
while 51.6% (n=34,986) underwent OR. The average follow-up 
period across studies was 10.6 years (range 1.8-15.8 years).

Baseline characteristics were largely comparable between 
the EVAR and OR groups, although some differences were 
noted. Pulmonary disease was reported in 20.1% of EVAR pa-
tients compared to 18.2% of OR patients. The DREAM trial was 
the only study providing detailed smoking data, reporting a 
prevalence of 64.2% among EVAR patients and 55.1% among 
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those undergoing OR.
Other comorbid conditions were common across both 

groups. Hyperlipidemia occurred in 33.1% of EVAR patients 
versus 26.6% of OR patients, while diabetes mellitus was 
observed in 16.7% and 9.9%, respectively. Similarly, cardio-
vascular disease was recorded in 13.1% of EVAR and 9.1% of 
OR patients. Cerebrovascular disease affected 9.1% of EVAR 
patients but only 1.4% of those who underwent open repair. 
Arterial hypertension was prevalent in over half of EVAR pa-
tients (53.1%), compared with 42% of those treated with OR 
(Table 3).

Follow-Up and Reinterventions
The duration of follow-up varied across studies, with the 
EVAR-1 trial providing the longest observation period (up to 
15.8 years). The overall mean follow-up across studies was 
approximately 10.6 years, sufficient to capture late events, in-
cluding secondary malignancies and late mortality.

Follow-up duration varied among studies, with the longest 
follow-up reported in the EVAR-1 trial (15.8 years). Reinter-
vention rates were significantly higher after EVAR than open 
repair (26.4% vs 15.2%, p < 0.001), largely due to graft-relat-
ed complications such as endoleak, device migration, or limb 
occlusion. (Table 4). This finding was consistent across the 
EVAR-1, DREAM, and OVER trials and remains a well-recog-
nized trade-off between the lower perioperative risk of EVAR 
and its higher long-term maintenance burden.

Mortality Outcomes
Overall mortality was significantly higher in the EVAR group, 
with a weighted rate of 40.6% (95% CI 39.7-41.5) compared 
with 35.1% (95% CI 34.1-36.2) in the OR group. The absolute 
difference of 5.5% (95% CI 4.3-6.7) was statistically significant 
(p < 0.001). This finding, while partly influenced by the large 
Ettengruber cohort,7 remained robust across all included stud-
ies. (Table 5).

Two of the largest randomized controlled trials - EVAR-1 
and OVER - provided detailed long-term follow-up beyond 
eight years. Both demonstrated a trend toward increased 
late-onset cancer mortality in the EVAR group, although nei-
ther achieved statistical significance. In EVAR-1, cancer ac-
counted for 28% of deaths in the EVAR group compared to 
20% in the OR group (p = 0.09), while in OVER, the respective 
rates were 24.8% and 22.4% (p = 0.27).

Cancer Incidence and Type
For any cancer, pooling the two studies that report overall 
incidence7,8 yielded a higher weighted incidence after EVAR 
(25.97%, 95% CI 25.46-26.48) compared with open repair 
(22.95%; 95% CI, 22.5-23.4), corresponding to an absolute dif-
ference of 3.01% (95% CI, 2.3-3.7; p < 0.001).

Subgroup analyses from the Markar et al. study8 provided 
further insight into the relationship between imaging surveil-
lance and cancer risk. When comparing EVAR patients who 
underwent routine CT follow-up with those who did not, the 

Table 3: Percentage of Co-morbidities in each study, NS=not specified

Trial / Senior 
Author

Cardiac 
Disease 
History 

(EVAR/ΟR%)

Cerebrovascular 
disease (EVAR/

ΟR%)

Hypertension 
(EVAR/ΟR%)

Diabetes 
Mellitus 

(EVAR/ΟR%)

Pulmonary 
Disease 

(EVAR/ΟR%)

Hyperlipidemia 
(EVAR/ΟR%)

Tobacco 
Smoking 
(EVAR/
ΟR%)

Evar-1 Trial, Patel4 NS NS NS NS NS NS NS
Over Trial, Lederle5 NS NS NS NS NS NS NS
Dream Trial, Bruin6 41.0/46.6 14.5/15.2 58.4/54.5 10.4/9.6 27.7/18.5 47.0/52.6 64.2/55.1

Markar8 12.6/10.5 10.5/8.1 NS 16.2/11.5 26.3/20.3 NS NS
Ettengruber7 13.3/8.9 7.6/1.9 53.1/41.6 17.2/11.1 13.9/10.1 32.9/25.6 NS

Meuli19 NS NS NS NS NS NS NS
EVAR, Endovascular Aortic Repair; OR, Open Repair

Table 4: Follow-up period, number of reinterventions and type of cancer examined in each study.

Trial / Senior 
Author

Maximum
Follow-Up

Period (Years)

Mean Follow-Up 
Period (Years)

Median Follow-
Up Period

(Years)

Range Follow-Up 
Period
(Years)

No of re-
interventions
(EVAR/ΟR%)

Type of Cancers
Examined

Evar-1 Trial, Patel4 15.8 12.7 12.4 1.8-15.8 26.2/11.8 Lung
Over Trial, Lederle5 14.2 8.4 9.4 5.7-11.2 26.7/19.8 All
Dream Trial, Bruin6 7 NS 6.4 5.2-8.2 27.8/16.9 All

Markar8 7 NS 2.45 0.56-4.76 NS Lung, Abdominal
Ettengruber7 9 6.4 NS NS NS Abdominal

Meuli19 12.5 NS 8.3 8.1-8.5 NS Solid tumor,
Lymphoma

EVAR, Endovascular Aortic Repair; OR, Open Repair; NS, Not Specified
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incidence of abdominal cancer was virtually identical (10.3% 
vs. 10.8%, p = 0.21), suggesting that CT surveillance itself was 
not an independent risk factor in this cohort. However, over-
all freedom from cancer was slightly lower among patients 
undergoing CT follow-up (77.5%) compared to those without 
(74.1%), a difference that did not reach significance (p = 0.14) 
(Table 6).

Lung and abdominal cancer were the predominant can-
cer types reported after AAA repair. When the EVAR-14 and 
Markar8 cohorts were combined in a weighted analysis, 
lung-cancer mortality was slightly higher after EVAR (6.7%; 
95% CI, 6.3-7.1) than after open repair (5.7%; 95% CI, 5.4-6.0), 
an absolute difference of 0.98% (95% CI, 0.5-1.5) that reached 
statistical significance (p < 0.001). Although significant when 
pooled, this difference remained modest and was not signif-
icant within the individual studies (Table 7). Abdominal can-
cers - particularly hepatic, gastric, and colorectal - showed 
a more consistent association with EVAR. The multivariable 
analysis within the Markar cohort8 demonstrated that EVAR 
was associated with a 14% increased risk of abdominal cancer 
(HR 1.14; 95% CI, 1.03-1.27; p = 0.02) and a 9% higher overall 
cancer incidence (HR 1.09; 95% CI, 1.02-1.17; p = 0.01) com-
pared with open repair.

However, more contemporary large-scale studies, includ-
ing that of Meuli et al. (2025), have not confirmed a significant 

difference in cancer incidence between patients undergoing 
endovascular versus open aneurysm repair. Specifically, the 
study evaluated a secondary endpoint and found no differ-
ence in 10-year incidence of solid malignant tumors between 
OSR and EVAR (OSR: 18.6% vs EVAR: 20.5%; P=0.35) in their 
weighted analysis.

DISCUSSION
This pooled analysis of more than 67,000 patients provides 
contemporary evidence on long-term outcomes after end-
ovascular (EVAR) versus open abdominal aortic aneurysm 
repair (OR). Although baseline characteristics were broadly 
comparable, EVAR patients exhibited slightly higher rates of 
cardiopulmonary comorbidities, reflecting selection of high-
er-risk individuals for the endovascular approach. Advancing 
age inherently increases the likelihood of genetic mutations, 
and shared risk factors -particularly smoking and chronic ob-
structive pulmonary disease (COPD) - may predispose these 
patients to both diseases.10,17

The most novel aspect of this analysis concerns the po-
tential association between EVAR and increased cancer in-
cidence. When data from Markar8 and Ettengruber7 were 
pooled, EVAR was associated with a 3% absolute increase in 
overall cancer incidence (25.9% vs 22.9%, p<0.001).7,8 These 
observations raise important questions regarding possible eti-

Table 5: Overall mortality in FU, overall cancer mortality and late cancer mortality after 8 years

Trial / Senior Author Overall Mortality
EVAR/ΟR (%)

Overall 
mortality 

p-value (ΗR)
EVAR/ΟR

Overall Cancer 
Mortality

EVAR/ΟR (%)

Overall cancer 
mortality p-value 

(ΗR)
EVAR/ΟR

Cancer mortality 
after 8 years
ΕVAR/ΟR(%)

Evar-1 Trial, Patel4 466(74)/444(71) 0.14(1.1) 126(20.1)/ 123(19.6) 0.53(1.09) 50(28)/31(20)
Over Trial, Lederle5 302(68)/306(70) 0.61(0.96) 80(18)/85(19.5) NS 41(24.8)/37(22.4)
Dream Trial, Bruin6 60(33.8)/58(33.6) NS 18(10.1)/18(10.4) NS NS

Markar8 NS NS 2595(18)/3670(14.7) NS NS
Ettengruber7 6625(46.6)/2383(52.0) NS 2800(19.7)/958(20.9) NS NS

Mueli19 38(1.3)/233(6.6) NS NS NS NS
EVAR, Endovascular Aortic Repair; OR, Open Repair; NS, Not Specified; FU, follow-up

Table 6: Freedom from cancer of cancer patients over the years of follow-up in Markar Study. There is comparison in overall 
freedom between the two groups as well as freedom from CT and non-CT surveillance

Time 
(years)

Overall freedom from
Abdominal Cancer

(EVAR/ΟR%)

Overall freedom from all 
types of cancer (EVAR/

ΟR%)

Freedom from Abdominal 
Cancer with EVAR

(CT/ΝΟΝ-CT%)

Freedom from overall 
Cancer with EVAR

(CT/ΝΟΝ-CT%)

0 100/100 100/100 100/100 100/100
1 98.3/98.7 96.5/97 98.0/98.0 96.0/95.9
2 96.9/97.4 93.2/93.9 96.3/96.6 92.3/92.4
3 95.6/96.0 90.1/90.7 94.7/95.7 88.7/90.1
4 94.3/94.8 86.2/87.3 93.0/94.3 84.6/87.4
5 92.8/93.3 84.0/82.7 90.8/92.3 80.5/82.5
6 91.2/91.9 81.1/80.9 89.7/89.2 78.3/80.3
7 90.5/90.6 78.1/77.9 87.8/89.2 77.5/74.1

EVAR, Endovascular Aortic Repair; OR, Open Repair; CT, Computed Tomography
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ologic mechanisms, including chronic inflammation from the 
implanted endograft, local hemodynamic or ischemic effects, 
and repeated radiation exposure from postoperative imaging. 

Radiation exposure from intraoperative fluoroscopy and 
postoperative CT surveillance remains a key concern in EVAR 
patients11,12,13 Arterial hypertension, present in 53.1% of EVAR 
cases, often requires higher contrast doses, indirectly increas-
ing radiation exposure - a recognized stochastic carcinogen-
ic risk.18 Although standard EVAR involves modest radiation, 
repeated CT follow-up markedly increases cumulative expo-
sure.19 Monte Carlo models estimate that about one-third of 
lifetime cancer risk after EVAR arises from combined pre-, in-
tra-, and postoperative imaging. 20 More intensive CT regimens 
(biannual vs. annual) nearly double attributable cancer risk. 
While Markar et al.8 found no significant difference in cancer 
incidence among patients undergoing CT surveillance, recent 
dosimetric studies confirm that cumulative exposure remains 
clinically relevant.21 Organ-specific analyses show that the 
liver, stomach, and colon receive the highest doses, though 
related cancer mortality remains below 0.1%. Bone marrow 
exposure—mainly from fluoroscopy—may contribute most to 
long-term stochastic effects.12,22

The present analysis benefits from inclusion of large ran-
domized trials with extended follow-up, ensuring adequate 
power to detect late events. However, heterogeneity in study 
design, imaging protocols, and cancer ascertainment methods 
introduces potential bias. The lack of granular data on smoking 
history, radiation dose, and cancer subtype limits mechanistic 
interpretation. Additionally, despite adjustment in individual 
studies, residual confounding cannot be excluded.

This review has several limitations. It was not a formal 
meta-analysis; results were derived from sample-size weight-
ing without adjustment for study heterogeneity. Reported 
p-values are descriptive and should be interpreted cautious-
ly. Included studies varied in design, population risk, and fol-
low-up protocols, with incomplete data on confounders such 
as smoking, radiation dose, and cancer type. Direct quantifi-
cation of radiation exposure was not possible, and publication 
bias cannot be excluded.

CONCLUSION
In conclusion, long-term data indicate that while EVAR re-
mains less invasive and initially safer than open repair, it car-
ries a greater burden of reinterventions and possibly higher 
late mortality. The observed association between EVAR and 
increased cancer incidence is modest, inconsistent across 
studies, and likely multifactorial. Ongoing surveillance of con-

temporary EVAR cohorts, particularly with modern low-dose 
imaging protocols, is essential to clarify whether these associ-
ations persist in current practice.
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INTRODUCTION
Popliteal artery aneurysms (PAAs) are the most common pe-
ripheral artery aneurysms, comprising approximately 85% of 
cases.1,2 About 80% of PAAs are asymptomatic at diagnosis 
but acute thrombosis can cause limb-threatening ischemia, 
requiring urgent intervention.2 This report presents a unique 
case of simultaneous acute thrombosis of bilateral PAAs caus-
ing bilateral lower limb ischemia, a presentation not previ-
ously documented in the literature. This case is reported per 
CARE guidelines.

CASE REPORT
Patient Information: A 60-year-old male heavy smoker pre-
sented to the emergency department with acute-onset bilat-
eral lower limb pain and numbness. No history of thrombo-
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philia, genetic disorders, autoimmune conditions or relevant 
family history was identified.

Clinical Findings: Both lower limbs appeared pale with 
cold feet and delayed capillary refill (>3 seconds). The patient 
reported numbness with no sensory or motor deficits. Fem-
oral pulses were palpable bilaterally while more distal pulses 
were absent. Doppler ultrasound showed weak monophasic 
signals at the malleolar level, with an ankle-brachial index of 
0.2 bilaterally. Thrill and bruit were present over the left femo-
ral artery. These findings indicated Rutherford Grade I (viable) 
acute ischemia bilaterally.

Diagnostic Assessment: Laboratory tests were unre-
markable. Computed tomography angiography (CTA) of the 
thoracoabdominal aorta and lower limbs revealed occluded 
bilateral PAAs (maximum diameter: 18 mm bilaterally) with 
good three-vessel tibial runoff (Figure 1A, B). Additionally, left 
common iliac (19 mm) and common femoral (16 mm) artery 
aneurysms were identified, each with thrombus causing >60% 
stenosis (Figure 1C, D).

Therapeutic Intervention: Given the concurrent aneu-
rysms, a hybrid approach was selected, under spinal anesthe-
sia, in the angiography suite. Open aneurysmatectomy and 
interposition grafting of the left common femoral artery aneu-
rysm was performed (8-mm Dacron graft), Retrograde access 
through the graft facilitated insertion of a 16x12x70-mm iliac 
limb extension stent-graft (W. L. GORE & Associates, Flagstaff, 
Ariz), delivered through a 12x33mm sheath to exclude the left 
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common iliac artery aneurysm (Figure 2A). Antegrade access 
through the left SFA (direct vision, 8x11mm sheath0 and right 
common femoral artery (percutaneous access, ProGlide clo-
sure device) enabled bilateral PAA exclusion with Viabahn® (W. 
L. GORE & Associates, Flagstaff, Ariz) stent-grafts (7x150mm 
and 8x75mm bilaterally) (Figure 2 B, C). Catheterization of 
the occluded PAAs was straightforward bilaterally, confirming 
the fact that thrombosis was acute. The stent grafts were de-

ployed first distally (2cm below knee crease) and then proxi-
mally (above-the-knee) ensuring adequate sealing.

Follow-up and Outcomes: Immediately postoperatively, 
palpable distal pulses were restored and ABI normalized bilat-
erally. The postoperative course was uneventful. The patient 
was discharged on day 8, with antiplatelet and anticoagulant 
therapy and genetic screening recommendations. One-month 
CTA (knee extended/flexed) confirmed optimal stent-graft po-

Figure 1: A. 3-dimensional reconstruction of the pre-operative CT scan, in which a posterior view is demonstrated, showing the 
occluded popliteal arteries (solid white arrows show the proximal and dashed arrows the distal extent of the occlusions) B. Axial 
CT views at the level of the knee crease showing bilateral 18mm occluded popliteal artery aneurysms C. Coronal view showing 
the left common iliac artery aneurysm (solid white arrow) with a significant amount of intraluminal thrombus. D. Axial view 
showing the left common femoral artery aneurysm with a significant amount of intraluminal thrombus, leaving around 30% of 
residual patent lumen (white arrow).

Figure 2: A. Intraoperative angiography showing successful exclusion of the left common iliac artery aneurysm with the deploy-
ment of an iliac limb extension (white arrow) B. Intraoperative x-ray indicating successful deployment of the 2 Viabahn® stent-
grafts on the left side (1 for the proximal/8x75mm and 2 for the distal/7x150mm stents), which were deployed from distal to 
proximal. C. Same for the right side.
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sitioning (Figure 3A, B). Left interposition graft and both SFA 
and PFA remained patent (Figure 3C). At 3-months, clinical ex-
amination showed palpable distal pulses and ABI 1.0 bilater-
ally. Mid- and long-term follow-up outcomes are not currently 
available and they are anticipated.

DISCUSSION
Acute PAA thrombosis is a limb-threatening emergency, with 
amputation rates in symptomatic cases up to 25%.3 

No universal consensus exists on the optimal PAA man-
agement.3,4 The 2022 SVS guidelines recommend open repair 
for asymptomatic patients with >5 years life expectancy and 
suitable vein conduits, while acute ischemia management de-
pends on ischemia grade.5 Adequate inflow and outflow are 
critical for durable patency in both techniques.3, 4 Recent liter-
ature suggests progressively increased rates of endovascular 
interventions compared to open surgery.6

Here, the CFA aneurysm mandated open reconstruction, 

whereas the common iliac artery [CIA] and bilateral PAAs were 
amenable to either open or endovascular approach. Good tib-
ial runoff was considered favorable in order for the patient to 
undergo endovascular treatment (Figure 1A). 

The chosen hybrid approach, open femoral repair com-
bined with endovascular repair of the left CIA and bilateral 
PAAs, optimized both inflow and outflow, enhancing long-
term patency, while reducing operative time and periopera-
tive morbidity compared to fully open repair. 

In the literature, endovascular repair yields outcomes 
comparable to open reconstruction, in acute settings.2 An-
tonello et al found no significant difference in 4-year patency 
or limb salvage rates between open (OPAR) and endovascu-
lar (EPAR) reconstruction, with EPAR offering shorter hospital 
stay and faster recovery.7 Recent reviews highlight EPAR ben-
efits, including reduced operative time, minimal blood loss, 
fewer wound infections and avoidance of general anesthesia.4 
A large study of 1159 PAA showed no difference in reinterven-

Figure 3: A. 3-dimensional reconstruction of postoperative CT angiography with limbs in extension B. Same with limbs in flexion. 
C. The surgical graft is shown with the black arrow indicating the level of the proximal and the white arrow the level of the distal 
anastomosis.
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tion rates or major amputation, at 1-, 3- and 5- years, between 
OPAR and EPAR, even with vein conduits.8

EPAR risks include stent-graft occlusion, fracture, migra-
tion or endoleak, largely due to repetitive knee motion.4

The Viabahn® stent-graft offers flexibility and durability, 
via its thin, heparin-coated PTFE lining and self-expanding 
nitinol framework, with patency and limb salvage rates com-
parable to OPAR.9 Post-operative CTA (knee flexed/extended) 
confirmed no excessive angulation, fracture or migration (Fig-
ure 3). 

Approximately one third of PAA patients are ineligible for 
EPAR, and another 23% have significant contraindications. 
Therefore, strict adherence to Instructions for Use (IFU) is crit-
ical for success.10 

Dual antiplatelet therapy (DAPT) is commonly recom-
mended post-EPAR, with potential transition to single ther-
apy.11 When anticoagulation is indicated, triple therapy may 
be considered (DAPT plus warfarin, INR 2.0-3.0), balancing 
bleeding risk.12 Guidelines for infrainguinal endovascular re-
construction suggest low-dose rivaroxaban twice daily plus 
aspirin] or DAPT for at least six months, while not addressing 
specifically post-EPAR.13 Lacking specific EPAR guidance and 
given acute ischemia with multiple stents placed, we opted 
for lifelong aspirin 100mg daily and rivaroxaban 20mg daily. 

This represents the first reported case of simultaneous bi-
lateral acute PAA thrombosis causing bilateral limb ischemia, 
illustrating the complexity of managing multiple aneurysms 
and the value of individualized hybrid strategies.

CONCLUSION
Popliteal artery aneurysms are rare, often bilateral and asymp-
tomatic, typically managed electively. Acute thrombosis is a 
major complication, causing limb-threatening ischemia, re-
quiring prompt treatment. Simultaneous, acute thrombosis of 
bilateral PAAs, resulting in bilateral ischemia, is exceptionally 
uncommon. This case report underscores the complexity of 
such presentations, emphasizing critical role of meticulous 
pre-procedural planning to optimize outcomes.
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A 52-year-old female presented with  pelvic vein disorders 
(PeVD) and symptomatic extensive atypical varicosities on the 
left buttock, posterior thigh, and lower leg. Duplex ultrasound 
(DUS) revealed reflux originating from a pelvic vein superior 
to the piriformis muscle. Descending venography of the left 
internal iliac vein demonstrated voluminous reflux arising 
from the  left superior gluteal vein (SGV), feeding numerous 
varicosities of the ipsilateral buttock (Figure 1). This was as-
sociated with a nonthrombotic left iliac vein compression syn-
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drome (NTIVC) (Figure 2). The patient was therefore classified 
as S2,3bV2,3bPLCIV,O,NT; LPELV,R,NT; [L]C2sEsieAs,dPo(CIV),r(PELV,NSV)  according 
to the Symptoms-Varices-Pathophysiology and Clinical-Etiolo-
gy-Anatomy-Pathophysiology classifications. 

Venographic description of the superior gluteal pelvic es-
cape point (SGP) has been rarely reported. The SGV typically 
enters the pelvis at an acute, superior angle, and is deeply 
encased by surrounding gluteal muscle. Consequently, blood 
outflow from high-pressure pelvic veins into the SGV is re-
stricted compared to other internal iliac vein branches. The 
occurrence of the SGP was potentially triggered by anatomical 
variants and NTIVC.

A combination of foam sclerotherapy and coil emboliza-
tion, along with recanalization of the left common iliac vein, 
has been performed. Follow-up visits extending up to eight 
years post-intervention have consistently demonstrated sig-
nificant clinical improvements, a patent iliac stent, and the 
absence of pre-existing reflux from SGP on DUS. The Patient 
consented to the publication.
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Figure 1: Descending venography of the left internal iliac vein 
demonstrating voluminous reflux arising from the  left supe-
rior gluteal vein (SGV), feeding numerous varicosities of the 
ipsilateral buttock

Figure 2: Nonthrombotic left iliac vein compression syndrome 
(NTIVC)
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A 75-year-old-male diabetic patient with end-stage renal dis-
ease was scheduled for left upper arm arteriovenous fistula 
(AVF) creation. He initiated dialysis via a right-sided tunneled 
central catheter. Preoperative ultrasound mapping revealed 
suitable vessels at the elbow level. Unfortunately, the median 
cubital vein was absent and the distance between the brachial 
artery and cephalic vein was about 4cm. We proceeded with 
a bridging graft between these vessels with end-to-side anas-
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tomoses. We preferred to use the conic part of a 4-7 tapered 
polytetrafluoroethylene (PTFE) graft (Gore Intering; W.L. Gore 
& Associates, Flagstaff, AZ, USA) (Figure 1). The upper arm ce-
phalic matured adequately and the cannulation was normal 
for the next 9 years, when the patient died.  

An entirely autologous construction would require wide 
mobilization of the upper arm cephalic vein with longer skin 
incisions, as the forearm cephalic vein was diminutive. In this 
case, the autologous anastomosis would rather be performed 
above the elbow resulting in a reduced functional cannulation 
length. This pushed the decision towards the use of a short 
graft, having in mind the disadvantages of a non-autologous 
access.  Reviewing the English literature, we were not able to 
find a similar approach in primary AVF procedures.  However, 
use of short PTFE grafts has been widely used in redo oper-
ations to correct AVF stenoses, bleeding, pseudoaneurysms, 
high-flow AVFs and steal syndrome1,2,3 with satisfactory re-
sults.
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Bridging the gap: Short prosthetic graft adjunctive conduit for primary 
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Figure 1. A short conical synthetic graft bridged the gap between the left brachial artery and the cephalic vein (Purple arrow: 
the antecubital fossa, red arrow: the site of arterial anastomosis-not seen as skin incision is closed, light blue arrow: the venous 
anastomosis)
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