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ABSTRACT

Objective: The purpose of this study was to design and implement a realistic, durable, and low-cost training
model for percutaneous renal access.

Material and methods: Ballistic gelatin mixed with radiographic contrast was poured into surgical gloves
to create a radio-dense renal collecting system. The collecting system model was then embedded in a pure
ballistic gelatin block resting upon a clear acrylic glass base. Finally, the model was covered by a visually
opaque polyurethane foam cover with chalk sticks positioned to simulate ribs. Experienced attending urolo-
gists and interventional radiologists, urology residents, and medical students used the model to access the
upper, middle, and lower renal calyces under fluoroscopic guidance. Outcomes included model durability,
realism rated by participants on a visual analogue scale, and cost.

Results: The ballistic gelatin model was durable and anatomically realistic. Each model sustained over 200
needle punctures with no significant compromise in structural integrity or any contrast leakage. Attending
and resident physicians considered it to provide an accurate simulation of renal access and medical students
and residents considered the model to be a practical training modality (residents 8.4/10 vs. medical students
9.4/10). The total cost for one model was $60.

Conclusion: The ballistic gelatin collecting system provided a realistic, durable, and low-cost renal access
training model. This could allow trainees to develop skills without compromising patient safety.

Keywords: Education; percutaneous nephrolithotomy; surgical model.

Introduction tin. Ballistic gelatin uses animal collagen to

simulate human tissue and is commonly used
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Obtaining renal access during percutaneous neph-
rolithotomy (PCNL) represents one of the most
challenging steps of the surgery. The risk of bleed-
ing, pneumothorax, hydrothorax, and injury to
adjacent organs during percutaneous renal access
can make acquisition of skills daunting for urology
residents and potentially hazardous for the patient.
Direct training in the operating room (OR) can
also add a significant amount of time and cost to
surgical cases.!"! In an attempt to facilitate the ac-
quisition of surgical skills, various training models
for PCNL have been described.”?! However, these
models are frequently limited by not being realis-
tic, lack of durability, and high cost.*®!

In an attempt to address these limitations, a
novel model was created using ballistic gela-

to assess the effects of penetrating and blast in-
juries on soft tissue.” However, its use beyond
the evaluation of traumatic injury and applica-
tion to medical training has been limited. The
purpose of this study was to design and imple-
ment a realistic, durable, and low-cost kidney
model using ballistic gelatin for percutaneous
renal access that could improve a novice sur-
geon’s technical skills without compromising
patient safety.

Material and methods

The initial step in model construction was to de-
sign a radiopaque collecting system that would
enable fluoroscopic-guided access while also be-
ing durable allowing repeated needle accesses
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without rupture of the collecting system. After experimenting with
a variety of methods, it was discovered that an appropriate mixture
of ballistic gelatin and contrast would create a realistic collecting
system that could be easily visualized under low-dose fluoroscopy.
A mixture of 10% ballistic gelatin was combined with 30% iohex-
ol containing contrast material (Omnipaque 300, GE Healthcare,
Princeton, NJ, USA) and 60% water by weight and poured into a
small nitrile examination glove (Halyard Health, Inc., Alpharetta,
GA, USA) fashioned into the shape of a renal collecting system.
Calyceal length was adjusted by tying off the fingers of the glove
with a diameter of 1.5-2 cm. Infundibular width was adjusted us-
ing half-inch electrical tape. The contrast-enhanced-ballistic gela-
tin was allowed to set at 2 degrees Celsius for 3 hours to create a
model of a radio-dense renal collecting system.

Next, the radiopaque collecting system was placed into a 24
x 13 x 6.5 cm rectangular mold and covered with 10% ballis-
tic gelatin and allowed to set for an additional 12 hours at 2
degrees Celsius. The finished gelatin block containing a renal
collecting system (Figure 1) was then removed from the mold
and placed onto a clear acrylic base. Layers of thick, visually

Figure 1. Ballistic gelatin block with radio-opaque renal col-
lecting system model composed of a surgical glove fashioned
into the shape of the renal collecting system and filled with
ballistic gelatin enhanced with contrast

Figure 2. Chalk sticks embedded within the Poly Foam cover
to simulate ribs 10-12

opaque polyurethane foam (Premium Poly Foam, American Ex-
celsior Company, Arlington, TX) were used to encase and cover
the gelatin block to limit visualization and mimic skin, fat, and
muscle overlying the kidney. Chalk sticks measuring 10 x 1.5 x
1.5 cm were embedded between layers of the Poly Foam cover
to simulate the density and firmness of ribs (Figure 2).

After creation of the model the durability and validity of the mod-
el was tested in a simulation of percutaneous renal access using
fluoroscopic guidance (Figure 3). Attending urologists and inter-
ventional radiologists, urology residents, and medical students
used the model to gain needle access into the upper, middle, and
lower renal calyces. Successful puncture was confirmed by direct
visualization through the clear acrylic glass base or from visu-
alization through the side of the gelatin block. For training pur-
poses, participants were assessed and provided feedback through
the number of punctures and course corrections made prior to
obtaining renal access as well as total fluoroscopy time.

Endpoints included model realism, durability, and cost. An
anonymous survey of attending physicians, residents, and stu-
dents was also used to determine whether the model was rep-
resentative of renal collecting system anatomy and provided an
accurate simulation of the complexity of gaining percutaneous
access. To evaluate the content validity of this training model in
simulating percutaneous renal access, participants used a visual
analogue scale (1-10) to rate the adequacy of calyceal visualiza-
tion, interference from chalk ribs, depth of the collecting system,
and resistance of the Poly Foam cover and ballistic gelatin in
comparison with human tissue.

Figure 3. Fluoroscopic appearance of the ballistic gelatin mo-
del with simulated rib
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Results

The ballistic gelatin model was accommodated to upper, middle,
and lower calyceal access by 6 attending physicians, 6 residents,
and 10 medical students. A single model sustained over 200
punctures with no significant compromise in structural integrity.
Although ballistic gelatin should be refrigerated for long-term
storage, the model was resistant to manipulation with no com-
promise to its integrity despite being stored at room temperature
for 12 hours. Furthermore, contrary to the traditional training
models, the contrast-enhanced gelatin did not leak when punc-
tured by a needle. The model remained intact for the entire dura-
tion of a 1-month study period.

Survey results for medical students, urology residents, attending
physicians, and all participants are listed in Table 1. Fluoroscop-
ic calyceal visualization (medical students 9.1, residents 9.8, at-
tendings 9.8) and obstruction from simulated chalk ribs (medi-
cal students 8.4, residents 9.0, attendings 9.5) were rated highly
by all participants. However, the depth of the collecting system
was not rated as highly by residents (residents 7.8 vs. attend-
ings 9.2) and the similarity between gelatin and real tissue was
moderately rated (residents 7.0 vs attendings 6.8). Ultimately at-
tending and resident physicians considered the model to provide
an accurate simulation of the renal collecting system (residents
8.3 vs. attendings 8.4). Medical student participants were un-
able to determine model realism on the survey, but both medical
students and residents considered the model to be a practical
training modality that would improve their ability to obtain renal
access (medical students 9.4 vs. residents 8.5).

The total cost of materials to create 5 models was $300 with one
model costing $60. The retail price for a 4.5 kg bag of ballistic
gelatin was $130, the cost of 100 ml of contrast material was $70
at our institution, and a large roll of Poly Foam was $70. There
were insignificant costs from chalk, electric tape, and gloves.

Discussion

Obtaining renal access for PCNL is challenging and associated
with a significant risk of complications. The complication rate
of PCNL ranges from 12.5%"" to 30.3%."1 Many of the con-
cerning complications, such as pneumothorax, hydrothorax,
and injury to adjacent organs are related to percutaneous renal
access. Since interventional radiologists are not always avail-
able and not all urologists practice in tertiary care centers, it is
therefore important for urologists to maintain and improve their
skills of gaining renal access. As surgeons that understand the
size, length, and angle of the infundibulum and the preferable
location of a percutaneous renal tract, urologists have a critical
understanding of what constitutes optimal renal access. Despite
similar levels of technical difficulty, there have been less access-
related complications and greater stone-free rates in patients
whose renal access was achieved by urologists compared to in-
terventional radiologists.!!

There is nevertheless a learning curve for the technical skills
needed to perform PCNL. It has been reported that a urologist
needs to complete 60 PCNLs to achieve surgical competence
and 115 cases to reduce fluoroscopy time and radiation to levels
equivalent to those of a senior surgeon.'** Training in residen-
cy can influence the ability to gain one’s own PCN access and
perform PCNL in clinical practice.l') Of the urologists that were
trained in obtaining percutaneous renal access in residency, 27%
continue to achieve PCN access by themselves and 92% of them
perform percutaneous surgeries."> In contrast, 11% of urolo-
gists that were not trained to realize renal access in residency
perform their own PCN intrarenal access in clinical practice and
only 33% of them perform percutaneous surgeries.!'”

There has been a pedagogical shift away from learning surgical
skills solely in the OR. Although surgical training in the OR is
still necessary, training models can provide a more approach-

Table 1. Subjective evaluation of the ballistic gelatin model as an accurate simulation of percutaneous renal access on a

visual analogue scale of 1-10 with 10 being the highest rating. Scores are presented as mean (+ standard deviation)

Could you identify the renal calyces on fluoroscopy?

Did the chalk rib block your needle access and did you have to
adjust your technique because of the presence of pieces of chalk?

Was the depth of the collecting system appropriate?
Did the needle puncturing the gel feel like real tissue?

Did the model provide an accurate simulation of a real
renal collecting system?

Did working with the model mimic renal access?

Do you feel that your ability to obtain renal access
would be improved using this training model?

Students Residents Attendings All participants
9.1 (14) 9.8 (0.4) 9.8 (0.4) 9.5(1.1)
8.4(2.8) 9.0 (1.2) 9.5(1.0) 8.8 (2.1)
n/a 7.8 (1.0) 9.2 (1.3) 8.8 (1.2)
n/a 7.0 (1.4) 6.8 (2.3) 74 (1.7)
n/a 8.3 (1.0) 8.4 (1.8) 8.5(1.3)
n/a 8.0 (0.7) 74(2.2) 7.7 (1.4)
94 (1.0) 8.4(0.5) 7.6 (24) 8.7 (1.5)
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able learning curve that allows resident physicians to learn and
develop fundamental skills without compromising patient safe-
ty. Not only are training models an effective and inexpensive
means of improving the technical skills of surgical residents,!'*!
they also allow for guided instruction and independent practice,
which can improve their performance and laparoscopic skills.
7181 The technical skills acquired from bench-top models and
simulations have been shown to transfer to technical skills when
working with human cadavers.'"” Within the field of urology,
benchtop models of the genitourinary system have been effec-
tive in developing endourologic skills.>"!

Training models have been specifically used for gaining renal
access and performing PCNL. Animal models primarily de-
scribe using porcine kidneys based on structural similarities
with human kidneys.?!! Strohmaier and Giese!® reported the use
of an en bloc porcine kidney model. In addition to the kidney
and ureter, retroperitoneal organs were harvested en bloc from
freshly slaughtered pigs to create an ex vivo training model.””!
The collecting systems of these kidneys were opened to incor-
porate calculi prior to use for percutaneous endourologic proce-
dures. Earp® described the addition of a foam layer on top of the
porcine kidney to simulate the resistance of human tissue. This
inexpensive kidney model allowed for percutaneous maneuvers
and renal access using fluoroscopy.”

More complex animal models have incorporated the use of
chicken carcasses. A porcine-chicken carcass model was first re-
ported by Hammond et al. Porcine kidneys with intact ureters
from commercially slaughtered pigs were instilled with pebbles
to simulate nephrolithiasis. These kidneys were then placed into
eviscerated chicken carcasses purchased from the supermarket.
Ureteral catheters were used to inject contrast into the collecting
system and needle access, tract dilation, and renal access sheath
insertion were performed under fluoroscopy. This model also al-
lowed for nephroscopy, grasper use, and stone fragmentation.
4 Each model was reusable for 3 procedures. This model was
modified by Hicker et al.™) to incorporate ultrasound (US) and
renal perfusion. The chicken carcass was filled with US gel in
order to enable the use of US during renal access, and a medical
perfusion pump was used to perfuse the kidney with heparinized
blood or saline to maintain tissue tension.” Following renal ac-
cess and tract dilation, the artificial stone was extracted using a
nephroscope and lithotriptor.

Technological advancements have recently introduced the use
of customized non-animal kidney models. Bruyere et al.'®! pre-
sented a case report in which a prototype of a patient’s anat-
omy was created prior to PCNL. Computer-aided design used
radiographic images to make virtual cross-sections of the pa-
tient’s kidney. These cross-sections were then used to create a
laminated model. An attending urologist and trainee performed

a simulated PCNL on the laminated model prior to completing
an uneventful PCNL on the patient. Bruyere et al.! suggested
that prototype models may reduce the morbidity of PCNLs by
providing urologists with simulated training before the actual
surgery, especially in patients with complex renal anatomy. The
reported cost of this model was $3690.!9

Customized models have also become available through tech-
nological advancements with three-dimensional (3D) printing.
Turney" printed training models for percutaneous renal access
by extracting collecting system anatomy from reformatted com-
puted tomography images. These models, composed of a water-
soluble polyvinyl alcohol plastic, were embedded in silicone to
create a mold of a collecting system. The 3D model was dis-
solved and irrigated out of the silicone before being replaced by
contrast medium. The silicone model was then covered with a
layer of foam to replicate tissue and provide training for percu-
taneous access under fluoroscopic guidance. Turney!” reported
that using 3D printing could create different models that could
account for variations in the anatomy of the human collecting
system. This model was only able to sustain 20 punctures prior
to contrast leakage. While the cost of each model was quoted
to be $100 per model, the additional costs for software and a
3D printer were $9600 and $3200, respectively.”! This model
is nevertheless cheaper than virtual reality trainers and artificial
organ models.

In our study, the total cost of materials to create 5 ballistic gela-
tin models was approximately $300, which amounted to $60 per
model. This is significantly less expensive than laminated pro-
totypes™® and 3D printing.”” When factoring in the number of
punctures sustained in a single ballistic gelatin model, the cost
is comparable with purchasing multiple porcine kidneys and
chicken carcasses. Not only is the model cost-effective, but it
provides training that could reduce operative time and, there-
fore, operative costs.!"!

A similar cost-effective model used latex gloves filled with con-
trast media and then covered with foam.® However, this model
did not adjust the shape of the gloves to represent collecting
system anatomy. This model can also be limited by leakage of
contrast material following glove puncture. In our model, the
combination of ballistic gelatin with iohexol contrast formed a
solidified renal collecting system that did not leak, a potential
limitation of other collecting system models.”® This enabled
the model to sustain over 200 needle punctures without loss of
integrity.

The ballistic gelatin model is also clean without the risk of para-
sitic or bacterial contamination compared to using porcine kid-
neys and chicken carcasses. The ballistic gelatin model can be
stored for an extended period of time using refrigeration and
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does not require special storage or safe handling. It can be kept
at room temperature for up to 12 hours without concerns for odor
or juices that can come from raw animal organs or carcasses.
Working with the gelatin model subsequently does not require
additional covers, gowns, or masks to protect trainees from con-
tamination. Furthermore, porcine kidneys require processing to
cleanse the kidney of blood clots and chicken carcasses require
evisceration. The modified model by Hacker et al. also describes
the use of perfusion to maintain tissue tension,” which would
require additional equipment that may not be readily available.

While the ribs simulated by chalk sticks added additional com-
plexity to this training model, this model can be modified in mul-
tiple ways to increase difficulty. The size of the dilated calyces
and renal pelvis in our training model was purposely enlarged to
facilitate training. Variations can be made to decrease the size of
the calyces and the degree of hydronephrosis to create a more
challenging model. Examination gloves can also be manipulated
and shaped to represent different anatomic anomalies, such as
horseshoe kidneys, calyceal diverticula, and malrotated kidneys.
The ballistic gelatin block also allows for the incorporation of
other anatomic models, such as the diaphragm, colon, and other
adjacent organs, for additional complexity. The thickness of the
Poly Foam cover can be varied by adding additional layers to
simulate obesity. The ballistic gelatin model may have potential
application to other medical specialties, such as interventional
radiology.

There are some limitations to our study. One limitation is that
this training model was limited to gaining percutaneous renal
access but did not incorporate tract dilation, nephroscopy, or
lithotripsy of stones. However, achieving optimal renal access
is one of the most challenging aspects of PCNL. Although most
urologists feel comfortable with stone removal, only a minor-
ity are comfortable obtaining their own access. For this reason,
needle access is the most important step to emphasize in a train-
ing model. Another limitation of our model is that the ballistic
gelatin model does not incorporate the respiratory excursion
seen in a normal patient during surgery. We did not feel that
this significantly limited training since percutaneous access can
be achieved during end-expiration when the kidney is not mov-
ing. Another limitation is that this model may not be optimal for
learning US-guided access as the Poly Foam cover contains a
significant amount of air, which can obscure visualization of the
calyces on US. However, removal of the Poly Foam layer could
also allow this model to be used during training for US-guided
access. Despite these limitations, the ballistic gelatin model pro-
vides a realistic training model for repetitive training at a very
reasonable cost.

In conclusion, ballistic gelatin can be used to create a realistic,
durable, and low-cost renal access training model. This model

allows the development of technical skills in a low stress envi-
ronment without compromising patient’s safety. Use of realistic
training models could shorten the learning curve for urologic
surgeons to realize their own percutaneous renal access.
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