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Abstract Objectives: To develop a new and inexpensive model for training in fluo-
roscopic puncture into the pelvicalyceal system, and to use this model to compare
the learning curve of two fluoroscopic techniques, the ‘eye of the needle’ (EN) and
triangulation techniques.

Materials and methods: For the trial we used a commercial plastic model (a shop-
window mannequin) in which a bovine kidney, embedded in sponge with a spatial
orientation similar to the human, was inserted into the model. The ureter of the ani-
mal kidney was connected to contrast fluid. Ten residents and interns were random-
ised into two groups; group A started the puncture using the EN technique, each
member making five attempts, and then five attempts using the triangulation tech-
nique, and group B started with triangulation and then used the EN technique.

Results: There was no statistically significant difference between the techniques
for the mean (SD) number of trials to make a correct puncture, at 2.68 (1.00) in
the EN technique and 2.86 (1.05) in the triangulation technique, or for the duration
of each trial, at 523 (189) s for the EN technique and 578 (175) s for the triangulation
technique. The fluoroscopy time was less in the EN technique, at 113.9 (48.9) s than
for the triangulation method, at 135.8 (42.4) (P < 0.005).
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Conclusions: The model was easy to construct and feasible for training. Both tech-
niques had a similar learning curve, with higher fluoroscopy exposure for the trian-
gulation technique.

ª 2012 Arab Association of Urology. Production and hosting by Elsevier B.V.
All rights reserved.
Introduction

The role of percutaneous renal procedures in urology is
expanding to cover several domains. Percutaneous neph-
rolithotomy (PCNL) is the method of choice for stones
of > 2 cm, and percutaneous access is also used for
endopyelotomy and the management of renal TCC
[1,2]. Overall there is increasing use of PCNL, especially
for complex stones, staghorn and lower-pole stones [3,4].

Making a puncture is the first step in PCNL and can be
described as the key step for any percutaneous procedure.
Complications associated with a faulty puncture include
failure to complete the procedure, obtaining less than
optimal access (making the procedure more difficult),
bleeding, and injury to the surrounding structures [5].

The puncture can be done either by a urologist or by
a radiologist, with similar complications and stone-free
rates, but when urologists alone make the access they
tend to manage more complex stones and use several
and supracostal punctures more often than do radiolo-
gists [6].

Two techniques are commonly used to insert the
puncture needle into the collecting system, i.e. the ‘eye
of the needle’ (EN) technique and the triangulation tech-
nique. In the latter (Fig. 1A and B), the targeted calyx is
identified, a C-arm is positioned parallel to the line of
the puncture (position A) then the C-arm is turned ob-
liquely (cephalo-caudal) 30� to this line (position B).
In position A the needle is adjusted mediolaterally,
and in position B adjustments are made up and down,
with careful monitoring to ensure the same orientation
as the mediolateral position of the needle [7].

The EN technique (Fig. 2) entails aligning the desired
calyx, the tip of the needle, the hub of the needle and the
axis of the X-ray beam. This gives a ‘bull’s eye’ effect.
The needle is then advanced and the depth is controlled
using a lateral C-arm view [7].

The learning curve for PCNL is not yet clearly de-
fined; Two reports of a single-surgeon experience sug-
gested that proficiency in PCNL is obtained after 60
cases [8,9]. A survey from the USA showed that a urol-
ogist trained on PCNL during their residency undertook
more PCNLs after that residency and was more com-
fortable doing PCNL. The authors suggested that resi-
dents should perform >24 PCNLs during their
residency [10].

Despite the steep learning curve of PCNL and poten-
tially grave complications for such a procedure there is a
paucity of training models and simulators [11]. The
devised models can be generally categorised into three
types: (1) Computer-based virtual environments like
the inanimate and virtual-reality simulators [12]; (2)
Biologically based models like an infused porcine kidney
in a chicken carcass [13]; and (3) using a thin-slice CT
image to create a patient-specific three-dimensional
model of the kidney, and then using a rapid proto-
typing machine to produce a silicon model for the
kidney [14].

McDougall et al. [15] proposed several definitions
(face validity, content validity, construct validity and
criterion validity) to allow objective judgements of surgi-
cal training models. In brief, ‘face validity’ is a measure
of the opinion of non-experts about the simulator, ‘con-
tent validity’ the opinion of experts about the simulator,
‘construct validity’ is the ability of the simulator to dis-
tinguish between different levels of experience, measured
within one trainee over time or between groups of train-
ees. The criterion validity is the predictive validity corre-
lation of trainees’ performance on the model with
operating-room performance.

In the present study we aimed to develop a new and
inexpensive model for training in fluoroscopic puncture
into the pelvicalyceal system, then to use the model to
compare the learning curve of two fluoroscopic tech-
niques of pelvicalyceal puncture (EN and triangulation).

Materials and methods

The study was approved by the ethics committee of our
hospital. We started with a commercial model (a manne-
quin) of the kind used in clothing-shop windows. We
chose one with dimensions and curves similar to the
average person, into which was placed a kidney from a
freshly slaughtered cow. The ureter, renal artery and
vein were identified, and the kidney was flushed with
cold normal saline until the efflux from the renal vein
was clear (Fig. 3). We then used two sheets of sponge
to cover the kidney and placed it inside the mannequin,
keeping it as close as possible to the normal kidney
orientation and position. A window was created in the
model where the needle puncture should start and part
of an aubergine (eggplant, Solanum melongena) was used
to mimic the human cuticle. The model was then
checked under fluoroscopy for the integrity of the pel-
vicalyceal system, and the correct position of the whole
kidney was ascertained (Fig. 4A and B).
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A group of five residents and five interns volun-
teered to participate in the study. They had no expe-
rience of PCNL (none of them had participated in
PCNL or made a fluoroscopy-guided puncture). The
10 participants were randomised into two groups, A
and B, by selecting a folded paper from a container
of 10 folded papers with five marked group A and five
group B.

After a detailed presentation of both techniques by
two of the authors who had extensive experience of
PCNL, one of them using the triangulation technique
primarily and the other the EN method primarily. Each
presented his method and stayed as a guide and mentor
during the study.

Group A started by using the triangulation tech-
nique, with each member making five punctures of the
Figure 1 (A) An anteroposterior puncture in the triangulation techniq

two syringe tips marking the targeted calyx, with the C-arm in positio
pelvicalyceal system, and then five punctures using the
EN technique. Then group B started by making five
punctures to the pelvicalyceal system using the EN tech-
nique, followed by five with the triangulation technique.
The two groups were not together during the study. We
measured the number of trials until there was a correct
puncture, and the total fluoroscopy time and total time
for each trial.

After finishing the two training sessions the partici-
pants answered a simple questionnaire developed by
the authors, the questions being: (1) Do you feel this
training session is useful?; (2) Does it improve your
understanding of fluoroscopically guided puncture?; (3)
Do you think this session will be reflected in your train-
ing on PCNL? The only answers allowed were ‘yes’ or
‘no’.
ue, with the C-arm in position B; (B) a fluoroscopic image showing

n A and B, with the puncture seen in the horizontal plane.



Figure 2 A fluoroscopic image of the EN technique.

Figure 3 The kidney of a freshly slaughtered cow; the ureter is

cannulated with a Nelaton catheter.
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After accumulating data from the two techniques
from both groups, the Kruskal–Wallis test and Spear-
man’s correlation were used to assess the results, with
P < 0.05 taken to indicate significant differences.

Results

Overall the model was easy to construct, inexpensive
and allowed trainees to practice the two methods of
PCNL puncture. Each cow’s kidney allowed a mean of
20 punctures in different calyces. All the trainees re-
ported satisfaction in the anonymous questionnaire
completed after the trial.

The performance of the two groups was compared
after combining the results of the trials in both tech-
niques; there were no statistically significant difference
between the groups for all three measurements (Table 1).

To compare the EN and triangulation techniques we
combined measurements from the two groups. There
was no statistically significant difference between the
techniques for either the number of punctures needed
for correct access to the targeted calyx or the total time
(Table 1). The mean fluoroscopy time was shorter for
the EN technique (P = 0.01).

To show the effect of gaining experience in one tech-
nique when using the other we compared the three mea-
surements for each of the techniques between the two
groups. There were no statistically significant differences
in the three measurements in the triangulation technique
(Table 1), but comparing the two groups for the EN
technique, group A (which started with triangulation)
had shorter mean total and fluoroscopy times for each
puncture than had group B (Table 1). There was an
improvement in the three measurements with repeated
trials in the two techniques. Spearman’s correlation test
for the correlation between the number of trials and the
study measurements is also shown in Table 1. The ques-
tionnaire showed that all participants answered the three
questions with ‘Yes’.
Discussion

The ideal training model should resemble the actual pro-
cedure in almost every aspect, be able to show the progress
of trainees during training, and facilitate translation of
the skills as improved performance in real cases.



Table 1 The comparison between the groups and between the tech

Variable Mean (SD)

Number of punctures

Group A 2.9 (0.96)

Group B 2.62 (1.06)

P 0.117

Triangulation 2.86 (1.04)

EN 2.68 (0.99)

P 0.32

Triangulation

Group A 3.2 (1.08)

Group B 2.52 (0.92)

P 1.0

EN

Group A 2.64 (0.76)

Group B 2.72 (1.21)

P 1.0

Spearman’s correlation*

Triangulation �0.43
P <0.01

EN 0.41

P <0.01

* correlation between the number of trials and the study measurements i

Figure 4 (A) The construction of the model; (B) the bovine

kidney under fluoroscopy.
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Construction of the present model was simple, as the
fresh cow kidneys are inexpensive and the pelvicalyceal
system is similar to that of the human to a great extent.

This model fulfilled face validity, but the content
validity, construct validity and criterion validity could
not be confirmed for this model [15].

The use of the eggplant cuticle gives the texture of hu-
man skin, and the use of shop-window mannequin al-
lowed the kidney to be orientated in the space similar
to that in the human. The orientation was better than
that used by Earp [16], where a sheet of foam was used
to resemble the human body. The catheter attached to
the ureter allowed the kidneys to be flushed with con-
trast material, to facilitate fluoroscopy. The advantage
of the fresh cow kidney was that it allowed many punc-
tures with no extravasation of the dye. This model is
easy to construct and reassemble. It can be used to sim-
ulate both supine and prone PCNL.

The use of a biological model has advantages over
computer-based models in that it provides a feedback
sensation of different tissue resistance [12]. Our model
was better than that of Hacker et al. [13], who used a
porcine kidney in a chicken carcass, as it provided a
greater appreciation of the kidney position in relation
to the human body.

In the present study the mean fluoroscopy time was
shorter in the EN technique, but there was no statistically
significant difference between the techniques for either
the number of punctures or the total time. However, in
a clinical setting, Tepeler et al. [17], comparing 40 pa-
tients undergoing PCNL for a simple renal stone using
the EN technique with 40 using triangulation, found
niques.

Total duration (s) Fluoroscopy time (s)

506 (156) 116.0 (44.3)

594 (200) 133.7 (48.0)

0.031 0.059

578 (175) 135.78 (42.4)

523 (189) 113.92 (48.8)

0.07 0.01

549 (175) 137.3 (45.8)

607 (174) 134.2 (39.5)

0.29 0.80

463 (117) 94.7 (31.0)

538 (227) 133.1 (56.1)

0.074 0.005

�0.33 �0.35
0.02 0.01

�0.53 �0.54
<0.01 <0.01

n the two techniques.
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no statistically significant difference in fluoroscopy time
and operative duration between the techniques.

We acknowledge that this model has several limita-
tions. It was not designed to allow a complete PCNL
procedure, including dilatation and stone extraction.
The complications of PCNL cannot be reproduced,
e.g., bleeding, or injury to adjacent organs. Also, this
model allowed only fluoroscopically guided but not
ultrasonically guided puncture. The study had relatively
few participants which increased the a error. We hope
that further studies can have more participants with bet-
ter designed models.

In conclusion, the present model was inexpensive,
easy to construct, and had face validity. Both the EN
and triangulation techniques can be done easily in the
model, with improved performance while training.
When comparing both methods, there were no differ-
ences in total time and the number of punctures, but
the EN technique was associated with a shorter fluoros-
copy time.
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