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This review summarizes the current landscape of vascular surgery training, highlighting
the nuanced relationship between surgeon volume, the impact of vascular surgical
trainees (VSTs), and the evolving milieu of endovascular procedures. Within this
comprehensive analysis, a discernible trend surfaces, suggesting a correlation between
surgeon volume and in-hospital mortality in open elective abdominal aortic aneurysm
(AAA) repairs. The involvement of VSTs increases case complexity without compromise
to peri-operative outcomes. As the surgical paradigm evolves, there has been a transition
from open AAA repairs to endovascular aneurysm repair (EVAR), influenced by the
expanding domain of endovascular techniques and technologies. This review further
advocates for adaptable training methodologies, underscoring the role of
simulation-based approaches in sustaining proficiency amidst the evolving surgical

education paradigm.

INTRODUCTION

Vascular surgery has undergone substantial transforma-
tions in recent years, marked by advancements in endovas-
cular techniques that have reshaped procedural ap-
proaches.!*5 This comprehensive review expands into the
evolving landscape of vascular surgery training. Our syn-
thesis draws from an analysis of studies and publicly avail-
able data, notably the Accreditation Council of Graduate
Medical Education (ACGME), to scrutinize the training par-
adigms of vascular surgery resident physicians. Emphasis
is placed on discerning the impact of surgeon volume on
outcomes, the role of vascular surgical trainees (VSTs), and
the influence of advanced endovascular procedures on tra-
ditional open surgeries.

Surgeon Volume and Outcomes: Several studies have
explored the relationship between surgeon volume and
outcomes in open elective abdominal aortic aneurysm
(AAA) repairs.5"10 McPhee et al.” conducted a retrospective
study revealing an independent and inversely correlated re-
lationship between surgeon volume and in-hospital mortal-
ity for open elective AAA repairs. Specifically, a transition
from low to high surgeon volume was associated with a no-
table reduction in mortality rates, with a statistically sig-
nificant decrease from 8.7% to 6.2%. Modrall et al.10 sup-
ported this, indicating that increased composite surgeon

volume correlated with a statistically significant decrease
for in-hospital mortality risk after open AAA repairs. The
transition from low to high composite surgeon volume was
associated with a substantial decrease in mortality rates
from 8.9% to 6.5%.

Notably, the volume of open AAA repairs was no longer a
predictor of in-hospital deaths after accounting for patient
and hospital characteristics. This nuanced perspective, as
highlighted by Modrall et al.,10 suggests that a broader skill
set, acquired through diverse vascular surgeries, may con-
tribute to improved outcomes in open AAA repairs.

Impact of Vascular Surgical Trainees (VSTs): DiDato
et al.ll examined the influence of VSTs on perioperative
outcomes in AAA repair cases. The presence of trainees cor-
related with statistically significant increases in bleeding,
extended operation times, and postoperative length of stay.
Specifically, bleeding complications increased from 5.3% to
7.8%, operation times extended from 180 minutes to 240
minutes, and postoperative length of stay increased from
5 days to 7 days. However, potentially fatal perioperative
complications, such as mortality and major complications,
did not exhibit a statistically significant rise.

Dynamics of Open AAA Repairs: Dua et al.!2 presented
a predictive model highlighting a decline in open AAA re-
pairs, attributed to the rising utilization of fenestrated
EVAR (FEVAR) and branched EVAR (BrEVAR). The study
emphasized the challenges this poses for vascular trainees,
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potentially limiting their exposure to open AAA repairs.
The decline in open AAA repairs was statistically signifi-
cant, showing a decrease from 16.2 + 8 in 2008 to 9 * 6 in
2020.13 Additionally, the increased adoption of simulation-
based training in teaching institutions reflected a response
to the evolving procedural landscape.14

SIMULATION FOR OPEN AAA REPAIRS

Integration of Artificial Intelligence (AI): Raffort et al.'s ex-
ploration into Al integration emphasizes its potential in
revolutionizing preoperative planning.!> AI’s role in pre-
dicting AAA evolution and assessing postoperative out-
comes stands out, providing VSTs with a sophisticated deci-
sion-making tool for personalized therapeutic approaches.
The study highlights applications such as improving image
segmentation, quantitative analysis, and characterization
of AAA morphology using Al.

Intraoperative Decision-Making Simulation: Jogerst et al.'s
innovative virtual simulation focused on intraoperative de-
cision-making becomes pivotal. By replicating real-time
scenarios, VSTs not only gain technical proficiency but also
develop the ability to make informed decisions. ! The study
showcases the effectiveness of a low-fidelity, scalable, vir-
tual platform in delivering knowledge and facilitating deci-
sion-making practice in a remote learning environment.

Validation and Effectiveness of Simulation: Maguire et al.'s
systematic review provides a robust foundation for simula-
tion-based training.1” The review explores diverse simula-
tor designs, including synthetic and cadaveric simulators,
and underlines the importance of validated assessment
metrics such as Objective Structured Assessment of Techni-
cal Skills (OSATS). It demonstrates the overall effectiveness
of simulation in improving technical skills for open AAA re-
pair.

Learning Curves and Competency Gains: Lawaetz et al.'s
prospective study delves into learning curves within a sim-
ulation-based environment, offering specific insights into
competency gains.!8 Structured feedback plays a crucial
role in guiding VSTs through the learning process, facili-
tating a more rapid and efficient development of skills. The
study notes a significant increase in mean scores, a de-
crease in supervisor interference, and improved procedure
times over the course of the study.

Trainee Perspectives and Challenges: Pantoja et al.’s sur-
vey study addresses trainee experiences, revealing chal-
lenges faced during simulation-based education of open
vascular surgery.!® By acknowledging and addressing
trainees’ concerns, the study emphasizes the importance of
refining simulation programs. It highlights the incorpora-
tion of simulation into basic technique training and open
surgical training, providing tailored support for VSTs and
recognizing the delicate balance between increased chal-
lenges and patient safety.

Framework for Trainee Preparedness: Smith et al.'s quali-
tative study identifies interconnected domains influencing
trainee preparedness.20 Beyond technical skills, the frame-
work recognizes the role of faculty-trainee relationships,
organizational features, and individual factors in shaping

preparedness for independent practice. It provides a com-
prehensive guide for VSTs, navigating the complexities of
surgical training.

Assessment Tool Development: Nayahangan et al.'s study
on the development of the OPERATE tool becomes a crucial
contribution.2! With high reliability and discriminative
ability, the tool offers a structured approach to competency
assessment. It ensures targeted support for VSTs in their
journey toward proficiency, highlighting the importance of
validated assessment tools for formative and summative as-
sessments.

Future Directions and Optimization: Falconer et al.'s nar-
rative review critically appraises open technical skill acqui-
sition in open vascular surgery.2? It stresses ongoing re-
search to define the optimum schedule for simulation, the
style and content of simulation for specific learner groups,
and the most effective ways to integrate simulation into
vascular surgery training programs. This comprehensive
overview provides a roadmap for future optimization of
simulation-based training, ensuring a robust and adaptive
framework for VSTs in the evolving landscape of vascular
surgery training.

DISCUSSION

The amalgamation of data from various studies between
2008 and 2020 reveals the dynamic landscape of vascular
surgery training. These findings underscore the pivotal role
of surgeon volume in determining outcomes of open ab-
dominal aortic aneurysm (AAA) repairs. McPhee et al.” and
Modrall et al.? independently highlight the inverse correla-
tion between surgeon volume and in-hospital mortality for
open AAA repairs. The transition from low to high surgeon
volume is associated with a significant reduction in mortal-
ity rates, emphasizing the importance of consistent expo-
sure to these procedures. This suggests that maintaining a
high composite surgeon volume, involving various vascu-
lar surgeries, may contribute to improved outcomes in open
AAA repairs, moving away from the traditional focus solely
on open AAA procedures.

Interestingly, while the volume of open AAA repairs was
traditionally considered a predictor of in-hospital deaths,
Modrall et al.? highlight that this association diminishes
when accounting for patient and hospital characteristics.
Instead, the focus shifts to the composite surgeon volume,
encompassing various vascular surgeries. This nuanced
perspective implies that a broader skill set, acquired
through diverse vascular surgeries, may contribute to im-
proved outcomes in open AAA repairs. This further empha-
sizes that a vascular surgery training program should be
able to provide high volume exposure to open AAA repairs,
so that trainees can be afforded the opportunity to build the
foundational skills for transition to practice.

The influence of VSTs on perioperative outcomes adds
another layer to the discussion. DiDato et al.!! reveal that
the presence of VSTs correlates with increased bleeding
complications, extended operation times, and postopera-
tive length of stay. However, it is noteworthy that poten-
tially fatal perioperative complications, such as mortality
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and major complications, do not exhibit a statistically sig-
nificant rise, suggesting that the involvement of trainees
may introduce challenges but does not compromise patient
safety, since there is often a trainee immediately available
to manage the complex post-operative care that is required.
This emphasizes the need for a delicate balance between in-
creased challenges and ensuring patient safety in the train-
ing of vascular surgical residents.

The narrative identified a key review with Dua et al.'s12
predictive model, foreseeing a decline in open AAA repairs.
This decline is attributed to the increased utilization of
FEVAR and BrEVAR. The evolving landscape, marked by a
surge in endovascular techniques, raises concerns about the
potential impact on the exposure of vascular trainees to
open AAA repairs.

In response to these challenges, Haiser and colleagues!4
illuminate the increasing prominence of simulation-based
training in teaching institutions. This adaptive approach
signifies a recognition of the evolving procedural landscape
and the imperative to provide trainees with alternative av-
enues to maintain competency in open AAA repairs.

Simulation-based training has evolved into a corner-
stone in addressing the dynamic demands of vascular
surgery education.!516 This dynamic educational strategy
plays a pivotal role in bridging the gap between traditional
open procedures and emerging endovascular techniques.
By exposing trainees to a diverse range of simulated scenar-
ios, this approach not only fosters adaptability but also en-
sures proficiency across various facets of vascular surgery.

The immersive nature of simulation-based training al-
lows Vascular Surgery Trainees (VSTSs) to refine their tech-
nical skills in a risk-free environment. This hands-on ex-
perience extends beyond mere technical proficiency,
encompassing decision-making, critical thinking, and ef-
fective communication - skills crucial for success in the
complex and fast-paced environment of the operating
room.

Moreover, simulation-based training directly addresses
concerns raised by predictive models foreseeing a decline
in open AAA repairs.!2 As the field embraces FEVAR and
BrEVAR, simulation becomes an indispensable tool for en-
suring that VSTs maintain competence in open AAA re-

pairs. This forward-thinking educational strategy positions
trainees to navigate the intricacies of both traditional and
advanced techniques, promoting a well-rounded and adapt-
able skill set.

The integration of simulation-based education not only
meets the challenges outlined by Haiser and colleagues!4
but also enriches the overall quality of vascular surgery
training. It offers trainees the opportunity to encounter and
manage a wide array of clinical scenarios, enhancing their
ability to make informed decisions and execute procedures
effectively.

In conclusion, the synthesis of findings accentuates the
multifaceted nature of vascular surgery training. Surgeon
volume emerges as a critical factor, but the dynamics of
the association are evolving. The role of VSTs introduces
complexities, necessitating a delicate balance between in-
creased challenges and patient safety. The predictive model
emphasizing the decline in open AAA repairs underscores
the need for adaptive strategies in training paradigms.

Furthermore, the increasing prominence of simulation-
based training in teaching institutions reveals a proactive
response to the evolving procedural landscape. This adap-
tive approach signifies a recognition of the imperative to
provide trainees with alternative avenues to maintain com-
petency in open AAA repairs. Simulation-based training
has evolved into a cornerstone, offering a dynamic bridge
between traditional open procedures and emerging en-
dovascular techniques. By exposing trainees to a diverse
range of simulated scenarios, this approach not only fosters
adaptability but also ensures proficiency across various
facets of vascular surgery.

This comprehensive training approach, integrating both
traditional and advanced techniques, aims to prepare the
next generation of vascular surgeons for the evolving chal-
lenges and advancements in the field. As technology con-
tinues to advance, and educational methodologies evolve,
the integration of simulation-based training remains cru-
cial in providing VSTs with the comprehensive skills neces-
sary for success in their future careers.
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