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ABSTRACT

Background Simulation training is a common method in
many medical disciplines and is used to teach content knowl-
edge, manual skills, and team skills without potential patient
danger.

Methods Simulation models and methods in interventional
radiology are explained. Strengths and weaknesses of both
simulators for non-vascular and vascular radiological interven-
tions are highlighted and necessary future developments are
addressed.

Results Both custom-made and commercially available phan-
toms are available for non-vascular interventions. Interven-
tions are performed under ultrasound guidance, with compu-
ted tomography assistance, or using mixed-reality methods.

The wear and tear of physical phantoms can be countered
with in-house production of 3D-printed models. Vascular
interventions can be trained on silicone models or hightech
simulators. Increasingly, patient-specific anatomies are repli-
cated and simulated pre-intervention. The level of evidence
of all procedures is low.

Conclusion Numerous simulation methods are available in
interventional radiology. Training on silicone models and
hightech simulators for vascular interventions has the poten-
tial to reduce procedural time. This is associated with reduced
radiation dose for both patient and physician, which can also
contribute to improved patient outcome, at least in endovas-
cular stroke treatment. Although a higher level of evidence
should be achieved, simulation training should already be in-
tegrated into the guidelines of the professional societies and
accordingly into the curricula of the radiology departments.

Key Points:

= There are numerous simulation methods for nonvascular
and vascular radiologic interventions.

= Puncture models can be purchased commercially or made
using 3D printing.

= Silicone models and hightech simulators allow patient-
specific training.

= Simulation training reduces intervention time, benefiting
both the patient and the physician.

= A higher level of evidence is possible via proof of reduced
procedural times.
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ZUSAMMENFASSUNG

Hintergrund Simulationstraining ist heute in vielen medizini-
schen Disziplinen verfligbar und dient der Vermittlung von
inhaltlichen Kenntnissen, manuellen Fertigkeiten und Team-
fahigkeiten ohne potenzielle Patientengefdhrdung.

Methode Es wird erldutert, welche Simulationsmodelle und
-methoden in der interventionellen Radiologie zur Verfligung
stehen. Es werden Stdrken und Schwdchen sowohl von Simu-
latoren fiir nichtvaskuldre als auch vaskuldre radiologische
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interventionen aufgezeigt und auf nétige zukiinftige Entwick-
lungen eingegangen.

Ergebnisse Fir nichtvaskuldre Eingriffe stehen sowohl indivi-
duell angefertigte als auch kommerziell erhiltliche Phantome
zur Verfligung. Die Interventionen laufen entweder unter
Ultraschallkontrolle, computertomografisch gestiitzt oder im
Rahmen von Mixed-reality-Methoden ab. Dem Verschleil
physischer Phantome kann mit der Eigenproduktion von 3D-
gedruckten Modellen begegnet werden. Vaskuldre Interven-
tionen kénnen an Silikonmodellen oder Hightech-Simulatoren
trainiert werden. Immer hdufiger werden dabei auch reale Pa-
tientenfdlle nachgebildet und prdinterventionell simuliert.
Der Evidenzgrad ist allerdings bei allen genannten Methoden
niedrig.

Schlussfolgerung In der interventionellen Radiologie stehen
zahlreiche Simulationsmethoden zur Verfiigung. Training an
Silikonmodellen und Hightech-Simulatoren fiir vaskuldre
Interventionen hat das Potenzial, die prozedurale Dauer zu
verringern. Dies ist mit einer verringerten Strahlendosis fiir

Arzt und Patient assoziiert und tragt zumindest in der endo-

vaskuldren Schlaganfallbehandlung auch zu einem verbesser-

ten Patientenoutcome bei. Auch wenn ein héherer Evidenz-

grad erreicht werden muss, sollte Simulationstraining bereits

heute in die Leitlinien der Fachgesellschaften und entspre-

chend in die Curricula der radiologischen Abteilungen integri-

ert werden.

Kernaussagen:

= Es existieren zahlreiche Simulationsmethoden fir nicht-
vaskuldre und vaskuldre radiologische Interventionen.

= Punktionsmodelle kénnen kommerziell erworben oder
mittels 3D-Druck angefertigt werden.

= Silikonmodelle und Hightech-Simulatoren erlauben
patientenspezifisches Training.

= Simulationstraining senkt die Interventionsdauer, wovon
Patient und Arzt profitieren.

= Eine Steigerung der Evidenz ist iber den Nachweis redu-
zierter prozeduraler Zeiten méglich.

1. Introduction

Every patient has the demand to be treated by highly trained phy-
sicians. Every medical treatment should be conducted with the
highest level of care and expertise and complications should be
identified as well as managed. But how do physicians become
experts in their field? Which training methods result in such a
high level of professionalism?

In most (non-medical) occupations that require training, the
theoretical transfer of knowledge is followed by a phase of practi-
cal training using training objects and models. Beginners are only
allowed to handle real work orders once a certain level of exper-
tise has been reached. Models, simulated patients, and simulators
are playing an increasingly important role in the training of medi-
cal students. In contrast, models and test objects are often no
longer used in resident training between the acquisition of theo-
retical knowledge and practical application.

The first “simulators” were developed over 2500 years ago [1].
There are numerous, usually anecdotal, reports from the last cen-
tury about anatomical models made of wax, wood, or glass as well
as mechanical, sometimes hydraulic, devices [2]. The benefit of
simulation in medical training is generally acknowledged, but
acceptance and frequency of use are increasing only slowly.
Today, simulation is widely used primarily in anesthesiology. After
the introduction of the mannequin “Resusci Anne” in the 1960,
numerous further developments led to the current standard.
Using computer and remote-controlled training scenarios, anes-
thesiological emergencies can be trained individually or as a
team. These scenarios are regularly used in emergency medical
services, medical studies, and medical training [3]. Although
simulators are also already commercially available for many obste-
tric, surgical, and other minimally invasive interventions [4-6],
their use is only included in individual cases in national training
guidelines [7, 8].

However, particularly in advanced training, practice on models
can prepare physicians for the first application in patients and can
also be a useful tool for the transfer of practical knowledge. Simu-
lation is an excellent training method for teaching skills particular-
ly in radiology since both diagnostic and interventional methods
are already image-based. A Delphi panel of Danish radiologists
therefore identified topics that are suitable for simulation-based
training. 6 of 13 procedures were interventions [9]:
= Ultrasound-guided biopsy and fine-needle aspiration
= Puncture and drainage
= Renal biopsy and nephrostomy
= Fine-needle biopsy and puncture of the breast
= Computed tomography (CT)-guided biopsy or drainage
= Vascular interventions including angiography.

The following provides an overview of the possible uses, weaknes-
ses, and strengths of simulators both for non-vascular radiological
interventions and endovascular radiological interventions. » Table 1
contains relevant aspects regarding application areas, imaging
methods, costs, and degree of realism.

2. Simulators

2.1 Use of simulators in non-vascular radiology

2.1.1. Simulation of ultrasound-guided methods

The diagnostic ultrasound examination technique and ultrasound-
guided interventions can be practiced on numerous models. For
example, homemade gelatin models [10] in which small objects
like medicine capsules can be embedded are cost-effective. In
contrast, commercial phantoms of various organ systems made
of plastic, resin, or silicone can cost thousands of euros
(» Fig.1a) [11, 12]. A review by Kahr et al. identified 42 studies
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ability to make homemade models made of plastic, resin, or sili-
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» Fig. 1 Commercial phantom a for ultrasound-guided interventions, b for computed tomography-guided interventions.

» Fig. 2 a Patient-specific silicone model of basilar tip aneurysm; b roadmap technique of silicone model in angiography suite with microcatheter
in place; c real angiography of patient at the beginning of interventional treatment; courtesy of T. Boeckh-Behrens.

cone with a 3D printer opens up new possibilities not only for the
training of physicians but also for the informed consent discussion
with patients and preinterventional practice for specific cases. As
a result of the reduction in the cost of 3D printers, the repetitive
production of models has become increasingly cost-efficient.
Tubular vascular models are suitable for practicing the Seldinger
technique and probing vessels, while models of individual organs
are suitable for practicing biopsies. DICOM (Digital Imaging and
Communications in Medicine) datasets of all imaging modalities
can be used as a template [22] so that patient-specific interven-
tions can also be practiced.

2.2 Use of simulators in vascular radiology

2.2.1 Silicone models

Transparent silicone models of arteries or veins allow visualization
from the outside (> Fig. 2a). Therefore, the behavior of catheters,
stents, and coils as well as the interaction between stent retrievers
and (real or synthetic) thrombi can be observed spatially. How-
ever, the feel is not comparable with real world conditions be-
cause of the significantly higher friction of the materials against
the walls of the model. Use of silicone models under fluoroscopy
with contrast agent or opaque thrombi is possible but is then of
course associated with a certain level of radiation exposure for
trainees (and possibly instructors) (» Fig. 2b). In addition to com-
mercially available models, the use of 3D printers to create mod-
els has also been described in the vascular field. Such models for
demonstration as well as independent practice are highly valued
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as teaching materials for medical education [23]. Patient-specific
models make it possible to practice an intervention and to test
various materials, potentially helping to reduce both the interven-
tion time and the material costs (> Fig. 2c).

Wu et al. describe the use of such a model of the entire aorta
both under fluoroscopy and using an infrared camera. When
using an infrared camera, it is not necessary to use an angio suite
and lead aprons. The authors also state that the image impression
is more realistic than in the case of direct visual or videoscopic
viewing of the scene [24].

Fluid-filled models can be used to practice the prevention of air
embolisms and the correct injection of contrast agents. However
it is very difficult to completely remove all air from these systems
during preparation. Therefore, this training aspect is usually not
included. Some pumps can generate laminar as well as pulsatile
flow, but it must be assumed that this has only minimal effect on
the behavior of catheters and implants. A greater effect can be
expected when using liquid embolic agents or particles. However,
in the only available publication on the simulation of chemo-
embolization of the liver, a laminar flow is used due to technical
difficulties [25].

The fact that training with silicone models improves angio-
graphic performance has already been proven for diagnostic neu-
roangiography [26]. Other authors describe the use of models for
case-specific training for arteriovenous renal fistulas [27], splenic
artery aneurysms [28], or for the preparation of aortic stent grafts
[29]. However, they do not present data regarding the training
effects.

2.2.2 Hightech simulators

Hightech simulators have been mostly used in courses in the last
two decades but are being increasingly also used for internal
training at hospitals (> Fig. 3). Real catheters whose movement
during programmed scenarios can be observed without radiation
on monitors are used. The feel of movements (push, pull, and
rotation) and resistance, e.g. in very small vessels, is currently
relatively realistic. Individual models also use fluids so that users
can practice injection rate and the prevention of air bubbles [30].
If the simulator is integrated in an angiography suite, real pedals,
monitors, and C-arms can even be used, thus allowing users to
practice operating them. This is beneficial particularly when using
biplane angiography systems so that residents can concentrate on
the individual procedure starting with the first patient [31].

After semiautomatic segmentation of the vessels, patient-
specific data can be converted from CT or MR angiography DICOM
data into STL files and integrated into the simulator. This does not
necessarily require data about the complete anatomy from the
puncture site to the target vessel. Missing segments can be sup-
plemented from a selection of templates. Nielsen et al. identified
11 publications on patient-specific simulation training prior to
interventions [32]. Five were used to prepare for carotid stenting
and six to practice EVAR (endovascular aortic repair) or TEVAR
(thoracic endovascular aortic repair) procedures. A decrease in
one or more of the following parameters was able to be observed
in all studies: Total duration of the procedure, fluoroscopy time,
number of series, and contrast agent dose. In addition, the simu-

» Fig. 3 Hightech simulator showing a coiling procedure of a brain
aneurysm.

lation resulted in changes to the planned procedure with respect
to access side or size of the implant in some EVAR cases.

Not only the patient but also the physician performing the pro-
cedure, technicians, and anesthesiologists benefit from a shorter
procedure due to the reduced radiation dose. Moreover, a longer
intervention time is associated with a higher rate of periprocedur-
al embolisms [33, 34]. Therefore, there are already clear indica-
tions that simulation training by physicians benefits patients.
However, direct evidence of a reduction of the already relatively
low complication rates is significantly more difficult to provide
[35].

The simulation of very small or complex anatomical structures,
e.g. cerebral aneurysms or arteriovenous malformations, is cur-
rently still a clear limitation. This is not yet realistic enough and
must be improved significantly in the future. Only then can train-
ing benefit beginners as well as experienced radiologists.

3. Summary

There are many indicators that the mentioned simulators can con-
tribute to greater understanding of interventional procedures.
The issue with respect to physical phantoms wearing out can be
easily resolved today with 3D-printed models. However, there is
not yet a solution for the radiation-free training of fluoroscopic
CT puncture. There are also no simulators for MRI-guided punc-
ture.

The development of silicone models and hightech simulators
for vascular interventions is most developed. In particular, pa-
tient-specific training using models of real anatomy prior to inter-
ventions seems promising (> Fig. 2).

4. Outlook

The increasing use of simulation-based training in interventional
radiology should result in multicenter efforts to increase the level
of evidence of the methods. Particularly since radiation is often
used for interventions in radiology, simulation training should be
taken advantage of to achieve a measurable reduction of radia-
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tion, which has a decisive benefit for both the patient and physi-
cian. This is much easier to prove than a decrease in the complica-
tion rate, which would require a significant number of patients
due to the low rate. In addition, simulation training is highly ben-
eficial for lowering the procedure time particularly in endovascu-
lar stroke treatment. The fact that the time factor has a significant
effect on patient outcome is being examined for the first time in
Norway as part of a national study on the positive effect of simu-
lation training on the national registry data of stroke patients un-
dergoing endovascular treatment [36]. Therefore, in addition to
the sporadic application of models and simulators in courses,
these methods should also be anchored in structured curricula of
radiology departments [31, 37]. The use of simulators as a prac-
tice and test modality is already intended in the DeGIR certifica-
tion curriculum.
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