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Introduction: Worldwide, there is an increase in scrutiny after surgical treatment of a vast array of pathologies. Doing 
so, a large body of evidence clearly supports centralisation, such as teaching hospitals, where a larger caseload enables optimal 
outcomes. These institutions have a strong presence of surgical residents seeking training in both technical and non-technical 
skills. Inevitably, as part of training, they will be involved in the surgical treatment of those patients, even as the primary operator. 
We sought to investigate the impact of trainee performed procedures in outcomes of common vascular procedures of different 
technical complexity. 

Methods: A non-systematic MEDLINE and Scopus databases review on the outcomes of resident performed common 
vascular procedures was performed.

Results: Specific evidence in many procedures (venous disease, aortic aneurysms, peripheral artery disease) is lacking. 
After carotid endarterectomy (CEA), resident performed procedures seem to have similar cranial nerve palsy and stroke when 
compared to expert surgeons. Generally, resident-performed primary radiocephalic and elbow arteriovenous fistula (AVF) 
presents similar primary and secondary patency. As with CEA, AVF procedures performed by residents took longer. On aortic 
aneurysms, although no specific comparison has been performed, resident involvement (irrespective of surgeon or assistant) in 
these procedures does not seem associated with increased adverse events. 

Conclusion: In most vascular surgery procedures, little is known about resident performance and their impact on 
outcomes. Notwithstanding, resident-performed CEA and primary AVF seem free of major compromise to patients. Further 
research is warranted to clarify this topic.
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Abstract

INTRODUCTION

Worldwide, there is an increase in scrutiny after surgical 
treatment of a vast array of pathologies. This is the result 
of higher demands in patient safety and outcomes. Doing 
so, a large body of evidence clearly supports centralisation, 
particularly in high-risk and infrequent pathologies, where a 
larger caseload and infrastructure enables optimal outcomes. 
This is also the case in vascular surgery, where tertiary care 

university hospitals outperform smaller structures in certain 
pathologies.1-5

These institutions have a strong presence of surgical 
residents seeking training in both technical and non-technical 
skills. Inevitably, as part of training, they will be involved in 
the surgical treatment of those patients, even as the primary 
operator. We sought to investigate the impact of trainee 
performed procedures in outcomes of common vascular 
procedures of different technical complexity.
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 METHODS

A MEDLINE and Scopus search using a combination of 
the terms “vascular procedures”, “resident”, “resident training”, 
“amputation”, “carotid endarterectomy”, “varicose veins”, 
“endovascular procedures”, “hemodialysis access”, “aortic 
aneurysm” and “outcomes” was performed. No language 
limitations were imposed. Manuscripts were considered 
irrespective of study design (retrospective, prospective, 
randomized clinical trials). Papers on common vascular 
procedures (varicose vein surgery, lower limb amputation, 
haemodialysis vascular access, peripheral artery disease, aortic 
aneurysms), published after the year 2000, were sought. 
Additional articles of scientific interest for the purpose of this 
non-systematic review were included by cross-referencing. Last 
search was run on March 1st 2024.

Original articles were eligible for inclusion if they 
described stratified (consultant vs supervised resident) 
outcomes of patients who underwent surgery for any of the 
above-mentioned conditions. Case reports were excluded. Case 
series of 10 or more participants were eligible. Papers studying 
non-vascular conditions were not included, as well as published 
abstracts and conference proceedings.

RESULTS/DISCUSSION

Aortic Aneurysms
Little is known on the impact of resident performed 

open or endovascular repair of aortic aneurysms, irrespective 
of location. On this topic, the authors found one single-center 
retrospective observational study (Table 1). Ribeiro et al, after 
propensity score matching 90 pairs of ruptured abdominal aortic 
aneurysms found no significant differences in 30-day mortality 
(27% supervised trainee [ST] vs. 29% consultant [C]; p=.74; OR 
1.05, 95% CI 0.5-2.21) nor in 30-day major adverse events 54% ST 
vs. 52% C, p=.76, OR 1.31, 95% CI 0.66–2.65). OSR performed 
by ST was associated with a small but significant increase in 
operative time (200 ± 79 min ST vs. 168 ± 70 min C; p=.029). 
The authors recognize that in this adverse scenario, although 
the resident may have technically performed the surgery, 
overall leadership during these highly stressful situations is 
always carried by the consultant surgeon.6 Conversely, data on 
elective abdominal aortic aneurysms repair was not found. In 
2016, DiDato et al analyzed the American College of Surgeons 
National Quality Improvement Program (NSQIP) database from 
2005 up to 2012. They identified 16.977 aortic aneurysm 
procedures (12.000 EVAR; 3655 infrarenal open aortic repair 
[OIAR] and 1319 juxtarenal open aortic repair [OJAR]).7 
Trainees were involved 6427 of 12,003 (54%) EVARs, 2281 
of 3655 (62%) OIARs, and 984 of 1319 (75%) OJARs. After 
propensity score matching patients, no significant difference 
in mortality rates, cardiac, renal, respiratory, pulmonary, 
venous thromboembolism, wound complications or secondary 
interventions were noted between groups. However, trainee 
involvement in  abdominal aortic aneurysms (AAA) repair led 
to a significant increase in operative time for EVAR (163 ± 77 

vs 140 ± 67 minutes; P < .001), OIAR (217 ± 91 vs 185 ± 
76 minutes; P < .001), and OJAR (267 ± 115 vs 214 ± 106 
minutes; P < .001) and an extended length of stay for EVAR 
(3.1 ± 5.3 vs 2.8 ± 4.5 days; P < .001) and OIAR (10.6 ± 11.8 
vs 9.1 ± 8.9 days; P < .001).7  Resident involvement was ill 
characterized, and the reader is not able to analyze the specific 
role of the resident (primary operator, assistant) during the 
surgical procedure.

Meguid et al analysed the American National Inpatient 
Sample Dataset from 1998-2004 for the outcomes of ruptured 
AAA according to the hospital teaching status. Mortality was 
significantly lower at teaching hospitals than non-teaching 
hospitals (39.3% vs 44.5%; P < .05). After adjustment for 
operative volume, patient demographics, and comorbidities, a 
25% decrease in likelihood of in-hospital death was found (OR 
0.75; 95% CI 0.60-0.94; P < .05) in teaching hospitals.8 Similar 
findings, with up to 50% reduction in perioperative death in 
those treated in teaching hospitals was found by Meuli et al in a 
recent Swiss nationwide analysis of ruptured AAA. 1

Also, the presence of a vascular trainee has been 
associated with improved 30-day survival after ruptured AAA 
repair (OR 0.3, 95% CI 0.2-0.6) and this was thought to be a 
surrogate of institutional status.9

A review of 676 TEVAR procedures included in the 
American College of Surgeons NSQIP found no significant 
association between resident involvement (76.5% of 
procedures) and significant major adverse outcomes (death, 
respiratory, cardiac, acute renal failure). Again, the specific 
resident involvement was not characterized.10

Centralization of aortic aneurysm repair is increasingly 
advocated. It has the benefit of a larger, more robust 
infrastructure capable of answer to the increased demand 
throughout all stages of care. However, these structures have 
a significant number of residents seeking education, and these 
will take an active part in the treatment process. Ultimately, they 
can be the primary operator in a significant number of these 
procedures. For the time being, resident involvement on the 
treatment process seems relatively harmless. Further studies are 
needed to establish their impact on the outcomes, in particular 
those where they participate as the primary operator. 

Haemodialysis Vascular Access
Lazarides et al performed a survey to study "experts" 

opinion in vascular access for hemodialysis training using a 
closed questionnaire. The majority of "experts" consented that 
there is a lack of appropriate training in access creation and 
maintenance in a great extent, although they located the main 
deficit regarding access training in the preoperative planning 
and decision making.11 

Therefore, there is debate about the influence of 
surgeon experience on the outcomes after arteriovenous 
fistula (AVF) creation. About this topic, the authors found 
4 studies (3 retrospective,  1 prospective), comprising 665 
patients.  Regus and coworkers analysed the outcomes after 
forearm and or upper arm AVF depending on the surgeon 
experience. One hundred and fifty-nine patients were included 
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Author Location Study Period Design Number Patients Procedure

Ribeiro et al Portugal 2011-2023 Single-center 
retrospective 180 EVAR and OAR

Regus et al Germany 2012-2016 Single-center 
retrospective 159 AVF

McGrogan et al United Kingdom 2009 Prospective 143 AVF

Gundevia et al United Kingdom 2001-2004 Single-center 
retrospective 168 AVF

Fassiadis et al United Kingdom 2002-2005 Single-center 
retrospective 195 AVF

Cacciopa et al Italy 2005-2015 Single-center 
retrospective 1379 CEA

Lutz et al Germany 1995-2004 Multicenter 
Retrospective 1379 CEA

Metzger et al Austria 2002-2011 Prospective 816 CEA

Ricco et al France 1995-2009 Prospective 1179 CEA

Rijbroek et al Holland 1995-2000 Single-center 
retrospective 200 CEA

Table 1 Summary of the included studies

AVF: arteriovenous fistula; CEA: carotid endarterectomy; EVAR: Endovascular aneurysm repair; OAR: open aortic repair;

(90 radiocephalic AVF and 69 brachiocephalic AVF). Residents 
(from one to four years of experience) performed 85 procedures, 
while the remaining were performed by trained surgeons. As 
expected, forearm vessels were of reduced diameter compared to 
upper arm vessels, but no significant differences between groups 
in both demographic as well as in anatomic criteria were noted. 
Resident-performed radiocephalic AVF presented higher rates 
of immediate failure (P=.003), as well as reduced cumulative 
primary patency (P<.001). Regarding brachiocephalic fistulas, 
no significant differences were noted (P=.89).12 On the contrary, 
Manohar and colleagues found no significant differences is 
the rates of clinical maturation following primary AVF (83.4% 
resident vs 90.1% expert, p=.113) in a cohort of 238 patients 
(154 radiocephalic and 84 upper arm AVF). Notwithstanding, 
mean operative time was significantly longer for residents (99.8 
± 18.2 min resident vs 56.2 ± 10.4 min Expert; p < .0001).13

In the same fashion, McGrogan et al, in a prospective 
registry of 162 patients, found no significant differences in 
post-operative access usage rate and patency, when depicting 
by surgeon experience.14 

In a cohort of 168 patients (32% operated by a 
consultant, 29% by a supervised trainee, 30% performed 
independently by a trainee and 9% where the grade of the 
operating surgeon could not be established) both primary, 
primary assisted patency and overall fistula survival rates by 
operating surgeon status did not differ significantly (P=0.25; 
P=0.16 and P=.52, respectively).15 

At last, in a cohort of radiocephalic fistulas, similar 
primary success rates were found (94.2% expert vs 81% 
resident, P < .01). Primary and secondary patency rates at 22 

months were similar (P=0.025).16 
Much of this data was included in a meta-analysis 

performed by Bath et al.16 No significant differences in AVF 
primary nor secondary patency were noted (OR 0.84, 95% 
CI 0.43-1.66 and OR 0.97, 95% CI 0.60-1.57, respectively). 
Although no significant differences in patency were noted, an 
increase in surgical time is yet poorly defined, as was found by 
Manohar et al. In this particular surgical technique, which is 
commonly performed under local anesthesia in an outpatient 
setting, an increase in operative time may relate to significant 
discomfort in a group of frail and ill patients.17

Major Amputation
Data regarding major amputation is scarce and 

conflicting, and the authors did not find any direct comparison 
between expert surgeon and resident in the literature. Iannuzzi 
and coworkers analyzed the American College of Surgeons 
National Quality Improvement Program (NSQIP) database from 
2005 to 2010. A total of 11.038 major amputations (6302 
above-knee amputations and 4736 below-knee amputation). 
Attendings were alone in 37.9% and residents were involved 
in the remaining 62.1% of cases. The primary operator was 
not specified. Crude mortality rates were lower if a resident 
was involved. Nevertheless, after correction for significant 
confounders, this association was lost (OR 0.92, 95% CI 
0.80-1.07). Notably, if a resident was involved, there was an 
increased chance of the patient returning to the operating 
room (OR, 1.60; 95% CI, 1.38-1.84), and this was particularly 
relevant after below-knee amputation (OR, 1.73; 95% CI, 1.45-
2.06). The sole presence of a resident in the operating room 
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does not depict his specific role on the team (primary operator, first 
assistant, second assistant, etc) and there are many other factors to 
be considered that may potentially impact outcomes (indication, 
urgency, weekend procedure, post-operative care, etc) that were 
not addressed in this analysis.18 

Regarding the need for surgical revision, one study was 
identified that compared trainees and experts in terms of rates 
of amputation revision following initial amputation, reporting 
rates of 6.8% and 4.4%, respectively.19  

Major amputations are commonly performed by both 
vascular and general surgeons, both nation and worldwide. 
Although a definitive and irreversible procedure, experience 
has led many expert vascular surgeons to let trainees 
perform these in a relatively early stage of their training. 
This is due to their technical simplicity compared to other 
vascular procedures. Notwithstanding, these procedures are 
associated with significant morbidity, mortality and need 
for surgical revision. Also, this group of patients demands 
an intense rehabilitation program, which needs a functional 
stump yet resistant to future trauma, therefore requiring a 
particularly experienced/knowledgeable surgeon. Further data 
is required regarding the outcomes of this surgery depending 
on expertise. 

Carotid Endarterectomy
This is the procedure with the most available evidence 

on the topic of surgeon expertise and short-term outcomes. 
Recently, Bath et al eloquently performed a meta-analysis of 
this data. Nine studies (3 retrospective, 6 prospective) were 
included, totalling 5716 carotid endarterectomy patients.20-28 
They found no significant differences in 30-day procedural 
stroke (OR 0.89, 95% CI 0.59-1.32) or cranial nerve palsy 
(OR 0.90, 95% CI 0.49-1.66). Procedural stroke rates were 
in accordance with current guideline indications for carotid 
artery disease in most of the studies included.29 Also cranial 
nerve palsy and post-operative death were in accordance 
with current literature. Overall, trainees took longer than the 
experts (P < .001). Lastly, mortality rates were similar (OR 
0.73, 95% CI 0.29-1.81). This data suggests that training 
programs should acknowledge the presence of trainees 
early during residency in these procedures and that, at least 
in selected patients, the expert surgeon can safely allow the 
trainee to perform an increasing number of steps of the 
procedure. In a more advanced stage of training, the ability 
to let the resident lead (under supervision) the procedure is 
safe and would be a valuable training opportunity, in both 
technical and non-technical skills. At last, this can and should 
be openly addressed with patients.

Overall, data on the outcomes of many common 
vascular procedures depending on surgeon expertise are 
required. This will allow to improve surgical residency 
programs, as well to inform patients regarding safety concerns. 

Training Programs 
Worlwide, vascular surgery training programs are 

quite variable. In the USA, resident can choose an integrated 
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