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Abstract Purpose The aim of this study was to investigate the outcomes of an instructional
hands-on training course that introduces radiology residents to the essential tools and
skills needed to perform basic interventional radiology (IR) procedures.
Materials andMethods This studywasperformedover a single academic year at a single
academic institution.Aprecourse surveywas sent to all radiology residents to identify areas
of weakness and potential opportunities for improvement. In view of the responses, a
hands-on trainingcoursewasdesigned to cover thebasics of vascular andsoft-tissueaccess,
catheters, wires, embolics, and closure devices. The training was provided in a one-to-one
setting by a single IR attending over a period of 45minutes andwas concluded with hands-
on training on an ultrasound (US) vascular access phantom whenever possible. An
anonymous postcourse survey was then distributed and the results were analyzed.
Results The average reported comfort level with basic IR concepts prior to course
attendance was 1.7 on a 5-point scale (1¼ not comfortable, 5¼ very comfortable). This
increased toanaverageof4 following thecourse.Ninety-threepercentof residents reported
they havemore confidence getting into the IR suite and assisting in IR procedures following
the course. Residents who had an opportunity to train on the US vascular access phantom
gave an average response of 4.6 out of 5 to a question of how helpful the experience was in
improving their UShand skills (1¼ not helpful, 5¼ extremely helpful). Onehundredpercent
of responders reported that the course successfully met its goal. Finally, the overall
responses were unanimously in favor of continuing the hands-on training course.
Conclusion A personalized, cost-effective, hands-on training course can improve the
IR training experience of radiology residents, especially in the early training phase. This
model is of particular value for smaller to medium-sized academic institutions with
limited financial and educational resources.
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Introduction

In 2014, the Accreditation Council for Graduate Medical
Education (ACGME) approved the integrated interventional
radiology (IR) residency. Since that time, a significant effort
has been placed to structure a comprehensive IR training
curriculum to ensure mastering of essential IR procedural
skills with emphasis on clinical care delivery.1 Diagnostic
and integrated IR residents alike spend the majority of their
first three residency years in a diagnostic radiology (DR)
setting. At this level, a didactic lecture series is extremely
important to build the fundamentals of DR practice.2,3

However, residents are required to rotate in IR as well, an
entirely different environment from the DR reading rooms.
While integrated IR residents are usually excited to rotate in
IR, DR residents may be overwhelmed by the different pace
and training style in IR. Despite this, DR residents are
expected to master basic IR skills to perform simple IR
procedures as it is integral for the completeness of their
overall training.4,5 Another advantage of required IR rota-
tions is to expose residents to the field of IR so they canmake
the appropriate decision on whether they wish to apply for
an Early Specialization in Interventional Radiology (ESIR)
position following their R3 year.6

The Society of Interventional Radiology (SIR) reviewed
accredited radiology programs and investigated the design of
their IR rotations, specifically the procedural components;
they found vast heterogeneity among the training programs.
As a result, a task force was created to standardize residency
training by defining adequate IR training, regardless of the
trainees’ intended career. For residents planning to pursue a
career in general radiology or DR, the goal was to ensure that
residents gain procedural experience as the primary opera-
tor in basic image-guided procedures.6 While medical simu-
lation trainings through high-fidelity phantoms, and even
cadaveric models, for various endovascular and image-guid-
ed percutaneous procedures are a hot topic in medical
education literature, they are associated with financial and
logistical constraints, which limit their broad adoption,
especially in smaller academic institutions.7 Larger academic
institutions may have dedicated simulation centers for med-
ical training; however, smaller size institutions do not have
access to these high-cost resources and would benefit more
from low-cost training courses, promoting equity in medical
training among institutions.

For our residents to fulfill the procedural recommenda-
tions set forth by the SIR, and get the most out of their IR
rotations, we designed a hands-on training course address-
ing the essential IR tools, concepts, and skills, geared specifi-
cally for residents early in training (R1–R3). In this article, we
report our institutional experience on how this course was
structured and delivered to the residents.We also discuss the
impact of this course on residency training as conveyed
through outcome analysis surveys. We will shed light on
how this course can be adopted in small to medium-sized
academic programs and share our insight into potential
areas for improvement.

Material and Methods

Study Design
This study was conducted in a single academic institution
over one academic year: July 2021 to June 2022. No
institutional review board was required for this study.
The study population consisted of all radiology residents
(n¼25) in each level of training at our institution. An
anonymous pretraining course survey (presurvey) was
distributed to each resident to gain insight of our residents’
overall attitudes and interest in IR, prior understanding of
IR procedures, learning styles, previous IR rotations (if
applicable), and if they believe a hands-on training course
would be beneficial for their overall learning experience.
Nineteen responses to the presurvey were collected and
the feedback was largely in favor of the proposed training
course. The results of this survey, along with suggestions
from a free response text suggestion box, were used to
design and define the learning objectives of the training
course.

The training course was then delivered as detailed below.
An anonymous posttraining course survey (postsurvey)
assessing our residents’ change in comfort level with proce-
dures, overall course design, and other suggestions to
improve the course was then distributed to each of the
residents.

Training Course Construction
The course was designed to cover the basics of vascular and
soft-tissue access, types, and uses of different catheters,
microcatheters and guidewires, types and uses of embolic
materials, as well different types of closure devices
(►Table 1). Residents were allowed to hold the equipment
and explore the components of different devices, for exam-
ple, coaxial access systems and closure devices. Residents
were also encouraged to ask questions, no matter how
simplistic. Following explanation of the basic concepts,
two simulated procedural scenarios were pursued, the first
being a gastrointestinal bleed and the second being a tumor
embolization. Each step of both procedures was discussed by
the training attending, from vascular access to closure. The
resident was expected tomake use of the concepts discussed
to dictate the appropriate “next step” and make suggestions
on how to tackle simple challenges that may be encountered
during these procedures. Instantaneous feedback by the
training attending was provided and troubleshooting tips
were shared.

The course was conducted over a duration of 45minutes
in a one-to-one setting by a single fellowship trained attend-
ing. This was followed by a hands-on training on an ultra-
sound vascular access phantom (Ultrasound Guided IV
Trainer 3-vessel Phantom, Your Design Medical, New York
City, NY, United States) for an additional 30minutes (when-
ever time allowed; ►Fig. 1). Residents were given chance to
have further discussions with the attending following con-
clusion of the course to answer questions and address
concepts warranting further explanation.
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Results

We collected 19 presurvey and 14 postsurvey responses.
Responses were collected using the Google Forms software.
For the presurvey, our sample showed homogenous partici-
pation from R1–R4 residents (5 R1s, 5 R2s, 4 R3s, and 5
R4s; ►Fig. 2A). Seventeen responders (89.5%) were males, 1
responder (5.3%) was a female, and 1 resident (5.3%) pre-
ferred not to say. Twelve residents (63.2%) were interested in
IR to the extent that allows them to perform light procedures,
5 residents (26.3%) were highly interested in IR and likely to
pursue an IR career, 1 resident (5.3%) was not decided about
his interest level, and another 1 resident (5.3%) was not
interested in IR (►Fig. 2B). When asked about their insight
regarding thebest educational platform to learn IR (residents
were allowed to choose more than one answer), themajority
of responses (n¼18, 94.7%) were in favor of receiving a
hands-on training on the IR essentials before going into
procedures, 11 responses (57.9%) chose going into IR proce-
dures directly and learning byobservation, while 8 responses
(42.2%) chose didactic lectures (►Fig. 2C). Thirteen residents

(68.4%) reported they did not receive dedicated hands-on
training during their current training, while 6 residents
(31.6%) reported that they have received such training.
When asked to rate the extent they may think a hands-on
training course can be helpful for their training on a scale of 1
to 5 (1¼not helpful, 5¼ extremely helpful), 16 residents
(84.2%) responded 5, and 3 residents (15.8%) responded 4
(►Fig. 2D). Fourteen residents (73.7%) reported that they
would like to receive this training course in their first
rotation and an additional refresher course on subsequent
IR rotations, while 5 residents (26.4%) preferred to have the
training only in their first IR rotation.

Regarding the postsurvey results, most of the responders
(n¼7, 50%) were R1s, 4 residents (28.6%) were R2s, and 3
residents (21.4%) were R3s. Thirteen responding residents
(92.9%) were males, and one resident (7.1%) was a female. All
responders (n¼14, 100%) reported that the course was
helpful for their IR training and met the goal of introducing
them to the basic concepts of IR prior to doing cases. Prior to
this course, the average reported comfort level with basic IR
concepts was 1.7 on a scale of 1 to 5 (1¼not comfortable,

Table 1 Concepts discussed and equipment used during the training course

Concept Tools

Access:
Vascular access

Soft-tissue access

• Mini Stick Max (AngioDynamics, Navilyst Medical, Inc., Marlborough, MA, United States)

• Chiba Needle (Cook Medical, Cook Inc., Bloomington, IN, United States)
• AccuStick II (Boston Scientific, Natick, MA, United States)

Wires:
0.035-inch wires

0.018-inch wires

• Amplatz Super Stiff (Boston Scientific)
• Bentson Wire Guide (Cook Medical, Cook Inc.)
• HiWire Hydrophilic Wire Guide (Cook Medical, Cook Inc.)

• Angled Glidewire GT (TERUMO, Terumo Corporation, Tokyo, Japan)
• Double Angle Glidewire GT (TERUMO, Terumo Corporation)
• V-18 Control Wire (Boston Scientific)

Catheters:
Flush Catheters

Selective base catheters:

Microcatheters

• Omni Flush catheter (AngioDynamics, Inc., Queensbury, NY, United States)
• Pigtail catheter (AngioDynamics, Inc.)

• C2 Catheter (Cook Medical, Cook Inc.)
• Sos Omni Selective 2 (AngioDynamics, Inc.)
• Kumpe catheter (AngioDynamics, Inc.)
• Angled Taper Glidecath (TERUMO, Terumo Corporation)
• Mikaelsson Catheter (Merit Medical Systems, Inc., South Jordan, UT, United States)

• Progreat Microcatheter System (TERUMO, Terumo Corporation)

Embolics:
Gelfoam

Coils

Particles

• SURGIFOAM (Ethicon, Inc., Bridgewater, NJ, United States)

• Nester embolization coil (Cook Medical, Cook Inc.)
• AZUR CX35 detachable coil (TERUMO, Terumo Medical Corporation, Somerset, NJ,

United States)
• AZUR CX18 detachable coil (TERUMO, Terumo Medical Corporation)

• Embosphere Microspheres (Merit Medical Systems, Inc.)

Closure devices • MYNXGRIP vascular closure device (Cardinal Health, Santa Clara, CA, United States)
• AngioSeal VIP (TERUMO, Terumo Medical Corporation)
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5¼ very comfortable). This increased to an average response
of 4 following the course (►Fig. 3A). Thirteen residents
(92.9%) reported they have more confidence getting into
the IR suite and assisting in IR procedures following the
course, while one resident (7.2%)was unsure (►Fig. 3B). Only
nine residents (64.3%) had the chance to train on the US

vascular access phantom. Of these residents, seven residents
(77.7%) reported a score of 4 to 5 on a 1 to 5 scale (1¼not
helpful, 5¼ extremely helpful), for the extent the US phan-
tom improved their US skills. Two residents (22.2%) reported
a score of 3 (►Fig. 3C). Finally, the overall responses were
unanimously in favor of continuing the hands-on training

Fig. 1 The ultrasound phantom and equipment used to provide training on ultrasound-guided vascular access.

Fig. 2 Results of the pretraining course survey. (A) Radiology training level of participants showing homogenous participation of R1–R4
residents. (B) Participants’ prior level of interest in interventional radiology (IR). (C) The preferred educational platforms to learn IR. (D)
Perceived level of benefit an in-person hands-on training course would be for the participants.
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course (►Fig. 3D). Of note,many of our residents emphasized
that the course should take place during their first year of
residency.

Discussion

Residents’ training, particularly in procedural based specialties
like IR, canbechallenging inmanyways. Technology-enhanced
simulations have proven to be an effective tool for hands-on
training in this context; however, simulation technology is
expensive and may be beyond the financial capabilities of
smaller academic institutions.7–9 In most academic institu-
tions, themajorityof IR trainingoccurs in theangiographysuite
following the classic master–apprentice model.8 While effi-
cient, this model has some challenges particularly in the early
training phase when trainees are stressed out and over-
whelmed by the highly demanding IR environment. Our goal
was to design a personalized, hands-on training course that
would provide a relaxed learning experience for residents to
learn about the basics of IR. The ideal training course, in our
opinion, should be of low cost and can be easily adopted in
other small to medium-sized academic institutions.

To achieve the “personalized”nature of this training course,
a precourse survey was essential to understand the exact
needs ofour residents. Careful analysis of thepresurvey results
revealed important observations. For example, 17 residents
(89.5%) reported variable degrees of interest in IR, which was
higher than we expected in IR. We knew approximately four
residents who declared their interest in IR, but the survey
revealed an even higher interest in basic IR procedures. This
helped us to focus on the basic concepts of vascular and soft-
tissue access and to include training on an US phantom,which

waswell received by our residents. Another examplewas that,
inour institution, residentsweremoreexcitedabouthands-on
training rather than additional didactic lectures. This is partly
expected due to the procedural nature of IR practice; however,
in other institutionswhere there is higher interest in didactics,
a shortdidactic lecturemaybe included at thebeginningof the
training as some residents may benefit from additional didac-
tic lectures.3,10 Suggestions received from a free response text
suggestion box were critical to fine-tune this course to the
resident’s needs, which was highly appreciated by all partici-
pating residents.

The direct costs of this training course were kept to the
minimum. The US phantom costs about $200. While hand-
made US phantoms can be used and are probably cheaper, in
our experience this US phantom was more practical, easy to
set up, provided very good imaging quality, and was used
repeatedlywithout major damage at the end of the academic
year. Only one phantom, US vascular access phantom, was
used in this training course. Additional phantoms, like
anatomical vascular models, can be added to enhance the
learning experience depending on the financial resources
available at different institutions. To minimize the indirect
costs of training, the training was conducted using one of the
two US machines available in our IR suite, when not used for
clinical service. The training was conducted during the
academic time of a single specific IR attending to minimize
interruption of the clinical service. While this strategy kept
expenses low, it also came with challenges since the US
machines may not be available at the same time when the
attending is available, which explains the fact that some
residents did not receive training on the US phantom. This
could have been avoided if more USmachines were available

Fig. 3 Results of the posttraining course survey. (A) Average reported comfort level with basic interventional radiology (IR) concepts before and
after the training course among R1–R3 participants. (B) Reported comfort level of performing/assisting in IR procedures. (C) Reported
improvement of hand skills following training with ultrasound (US) phantom. (D) Reported resident responses to whether the course should be
continued in subsequent years.
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or more attendings are willing, and available, to run the
hands-on training. All catheters, wires, embolics, access, and
closure devices included in the course were obtained from
our expired inventory.

The postsurvey results were significantly in favor of the
training course. As shown earlier, the overall comfort level has
significantly increased following the trainingcourse, reflecting
high level of satisfaction among the trainees. The inclusion of
US vascular access phantom training was greatly appreciated;
we received feedback to include other phantom models (e.g.,
biopsy model) in future courses. Since the training course
addressed the basic concepts of IR practice, our junior resi-
dents appreciated the introductory nature of the training
course. This explains the fact that residents would prefer to
receive this basic training course in the first year of residency
to be better prepared and more familiar with IR equipment
when they start their first IR rotation. Interestingly, although
R4s participated in the presurvey, theyunanimously chose not
to receive this training course. Upon interviewing R4s, reasons
quoted for not participating were that the concepts discussed
in the training course were far too basic for their level of
training. Inaddition, theseR4 residentshadalreadydecidedon
what career/fellowship they would pursue, and therefore had
little interest in IR or the completion of the IR training course.
While thiswasabitdisappointing, ithighlights the importance
of introducing this training course early in training when
residents are excited and willing to learn new skills. In addi-
tion, this training coursewas designed to provide an introduc-
tion to IR and to familiarize junior residents, especially DR
residents,with the essential tools and skills needed toperform
basic IRprocedures. Senior IR residentsmaybenefitmore from
amore comprehensive training course addressing advanced IR
concepts (e.g., stents, ablation techniques, inferior vena cava
[IVC] filters, etc.).

Our study was not without limitations. We had a small
sample size of only 25 residents, and not all of them
participated in completing the survey. The study took place
at a single, medium-sized academic institution over the
course of one academic year. As such, the outcomes seen
in our study may not be generalizable to other smaller or
larger academic institutions. R4s opted not to receive this
training course as discussed, so it is unclear how this course
would be received by senior residents. Finally, our only
outcome measurement metric was through short-term
surveys. While surveys are commonly used in this context,
like all survey-generated data, the presence of response bias
is possible. In future studies, long-term follow-up surveys in
addition to other more objective metrics can be used to
evaluate residents’ performance like evaluation of the time to
completion of procedure and degree of attending participa-
tion during various procedures among residents who partic-

ipated in the training course against those who engaged
solely in a master–apprentice model of training.

Conclusion

A personalized, cost-effective, hands-on training course was
designed to cover the basic concepts of IR. Our results
showed that the course was well received by the residents
and significantly improved their IR training experience. This
model can be easily adopted in small to medium-sized
academic institutions and may be modified as needed to
fit the needs of radiology residents.
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