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•Thanks to the advancement in technology, there has been a decrease
cost in entry-level resin and fused deposition modeling 3D printers
which has led to an increased use in the lay community and potentially
in the community hospital setting. 4

•Additionally, in Interventional Radiology, 3D printing enables new
methods for training of endovascular procedures by using simulation
which could potentially be associated with faster learning curves.

• Complex vascular procedures such as embolization are infrequently
seen in the community hospitals compared to in large academic
centers where they are more frequently refereed to.

The purpose of this study is to assess if
the procedure times of radiology
residents from Mercy Catholic Medical
Center in Darby Pennsylvania community
teaching hospital can be improved in a
simulation setting using a 3D-printed
model of a splenic artery aneurysm.



• We used the fused deposition 
modeling 3D printing 
technology given its relatively 
cheaper and overall simpler 
methodology compared to 
stereolithography. The 3D 
printer used to produce our 
model was an Artillery 
Sidewinder X1. A non-flexible 
thermoplastic PVB filament of 
1.75 mm diameter was 
utilized to create the model. 
Clear transparent color was 
chosen in aims to allow the 
proceduralist to have direct 
visualization of the 
embolization equipment in 
real-time. 
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• Figure 1. a) 3D reconstruction STL file of an abdominal aorta and its branches extending to the common 
femoral arteries. An aneurysm of the splenic artery was added upon image post-processing (arrow in a and 
b). 3D Printed model before isopropyl alcohol treatment in frontal b) and lateral c) views. 

• The model was printed in parts for each branch given its complex 
configuration in order to allow for shorter printing times. Supports 
were added when necessary, during slicing and were removed after 
printing by hand and by usage of a cautery. A combination of 
“spiralized” and “standard” modes were used with printing 
parameters including a 0.15 mm layer thickness. 

• The separate parts were put together and fused using a cautery. 
Lastly a treatment with isopropyl alcohol bath was given to the model 
in order to create a relatively smooth and more transparent look.



• Each radiology resident for a total of 10 
residents was given an introducer 
sheath, a cobra catheter, a magic 
torque wire, a 10mL saline push, and a 
3mm coil. The residents were given the 
task to use the model with the goal of 
deploying an embolization coil within 
the splenic aneurysm on 3 attempts.  
None of the residents had previously 
observed or assisted an embolization 
procedure in the past. The resident’s 
timings were recorded in minutes for 
each attempt including time to 
cannulate the celiac trunk, time to 
cannulate the splenic artery and time 
to successfully deploy a coil within the 
aneurysm. The time in minutes was 
converted to decimal points. 



Data was presented using summary statistics of mean time to attain target cannulation for each of the attempts.
Comparison of their mean times to success was performed using the paired t-test. Only two tail p-values were
reported using a predetermined statistical significant level of p<0.05 for all our comparisons. All analysis was
performed in STATA version 11.2 (StataCorp College Station, Texas).
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Table 1. Comparison of mean times to success measured in minutes converted to decimal points including time to

cannulate the celiac trunk, cannulation of the splenic artery and coil deployment at the splenic artery aneurysm at the

first, second and third attempts.
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Graph 1. Graphic representation of the mean time to successfully cannulate the celiac trunk,

splenic artery, and deploy a coil within the splenic aneurysm after the first (orange), second

(blue), and third (gray) attempts.



DISCUSSION

• It has recently been described that medical 3D printed models in interventional radiology are associated
with an increased understanding of vascular procedures and better understanding of the anatomy by
medical students. 8

• In orthopedic surgery, 3D-printing has been used for surgical planning leading to shortening procedure times
and faster learning curves in surgical simulation. 9
• As mentioned before, residents at the community hospitals have less exposure to complex vascular
procedures compared to at some of the larger academic centers. In our case none of the study participants
have previously witnessed or assisted an embolization procedure in the past.
• 3D printed bio models could potentially be a great option to learn and practice invasive vascular procedures
as they replicate the patient's anatomy and allow for a simulation setting in a safe environment. Experienced
interventional radiologists can potentially teach complex vascular interventions to trainees without time
constrains or radiation exposure and allow trainees to perform rehearsals on complex procedures such as
embolization.

24



DISCUSSION

• It is intuitive that manual skills and speed can improve after performing procedure rehearsals,
and our study provides evidence of how much can the times to perform an endovascular procedure
can be improved in a simulation setting.
• In our study, the biggest improvement of the participants was seen when comparing their first
with the second attempt which can be possibly due to the procedure being performed for the first
time by the participants. If these findings can be translated to decreased time to perform
embolization’s in real life, they could also translate into decrease radiation exposure for patients
and therefore greater radiation safety. However, it remains to be seen if our results can be
translated to decreased times to procedure in real life.

LIMITATIONS

The 3D model had clear transparent walls which allowed the proceduralist to have direct visual contact from

every angle with the instruments utilized as opposed to real endovascular procedures utilizing fluoroscopic

guidance which allow only for visualization at a mono-dimensional angle. The material used for our model is

rigid and non-pliable contrasted to the vascular walls and tissue in real life which may affect the way catheters

and wires are manipulated in real life. There are other considerations pertained to coil embolization that our

study did not consider such as the initial arterial puncture in order to obtain arterial access. Further

investigation can be performed in these aspects order to provide more insight.



CONCLUSION

• Thanks to the advancement of technology, there has been a decrease cost for entry-level 3D printers which

allows for increased usage in the lay community and in the community hospital setting. 3D printed simulation-

based models can potentially increase the radiology resident's exposure to complex vascular procedures in the

community teaching hospitals. There is an opportunity for creation of simulation-based models in the

community hospital setting to increase the resident's exposure to the less frequently seen complex vascular

procedures in interventional radiology including to the equipment and potentially enhance their hands-on

experience. It remains to be seen if such exposure can translate to a decrease in procedural times and

increased accuracy in real life. Although there is tremendous potential for medical 3D printing, significant

barriers still exist to its adoption, mainly in the form of technique knowledge, processing of medical imaging

data and start-up costs.
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