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A 3D-printed pedal fixator for connecting different pedal-
operated tools reduces the number of mistakes during
endoscopic submucosal dissection
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ABSTRACT

Background and study aims What distinguishes endo-
scopic submucosal dissection (ESD) from endoscopic mu-
cosal resection is the need for three foot pedals to activate
the electrosurgical unit, flushing and knife injection. The
lack of connection between the various pedals of different

shapes and brands leads to numerous pedals displacements
and potential mistakes. The aim of this study was to evalu-
ate an Innovative PEdal FIXator (IPEFIX) to reduce pedal mis-
takes during ESD.

Methods This was a prospective, multicenter, randomized
study. Consecutive ESD procedures were randomly as-
signed to two groups: a control group with the three pedals
free and the IPEFIX group in which the three pedals were
linked by IPEFIX. The main outcome evaluated was the
number of foot mistakes (wrong pedal, foot push beside
the pedal).

Results A total of 107 ESDs were performed by eight ex-
perts in five centers. The median number of mistakes per
hour of ESD procedure was 0/h in the IPEFIX group and
1.9/h in the control group (P <0.001). The mean number of
times to look down to control the position of the pedals was
2.2/h the IPEFIX group and 7.7/h in the control group (P
<0.001). Mean replacements of the pedals were 0./h in the
IPEFIX group and 1.7/h in the control group (P<0.001). Sim-
ilar results were obtained in trainees in simulated ESD on
animal models.

Conclusions IPEFIX is a simple device to connect different
pedals during endoscopic procedures. It helps to reduce the
numbers of foot mistakes during ESD and improves opera-
tor comfort.

Introduction

Recent techniques in diagnostic and therapeutic endoscopy re-
quire the use of different foot-controlled devices. For example,
water immersion colonoscopy and underwater endoscopic mu-
cosal resection require the parallel use of two foot pedals to
control both the electrosurgical unit and the peristaltic pump
to fill the colon with water. For endoscopic submucosal dissec-
tion (ESD), the problem is more complex with three pedals to
be managed in parallel, since the pump that activates the knife
injection must be added to the electrosurgical unit pedal and
the flushing one.

Although quite difficult to measure, the lack of connection
between the various pedals of different shapes and brands
leads most teams to place them on the floor without fixing
them, leading to numerous displacements of these devices dur-
ing the procedure, forcing the operator to look away from the
operating field to replace his feet. These wanderings to find
the pedal could be a source of time loss, additional stress, dan-
gerous mistakes when the electrosurgical pedal is activated in-
stead of the flushing one and, for beginners, a change of posi-
tion that forces them to reposition themselves with the scope.
This can be a problem when controlling a bleeding, for exam-
ple, where holding a fixed position in front of the bloody vessel
is important.

To reduce these difficulties, we have designed a 3D printed
fixator (IPEFIX Innovative PEdal FIXator, Hospices civils de Lyon,
France) allowing the connection between the electrosurgical
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unit, the peristaltic pump and the knife injection pedals what-
ever their shape and brand (»Fig.1) [1]. This device was de-
signed to be versatile (» Fig.2,Video 1), allowing an operator
to choose the distance between the pedals, the angulation but
also the position (right/left) and to prevent it from moving
thanks to anti-slip systems.

We designed this prospective multicenter evaluation of the
benefits of this IPEFIX pedal connector to reduce the foot pedal
mistakes while performing ESD in two different group of endos-
copists (experts and trainees).

» Fig.1 IPEFIX example.
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» Fig. 2 IPEFIX different configuration.

Methods
Expert evaluation

We designed a prospective randomized (1/1) study to evaluate
the benefits of the IPEFIX connector in five French expert cen-
ters in endoscopic submucosal dissection (4 university hospi-
tals and one private hospital) with eight physicians involved.

Consecutive ESD procedures during the 3 months of evalua-
tion were randomized to allocate the procedure in the two
study groups: a control group that used standard ESD with the
three pedals free (electrosurgical unit block of 2 pedals (cut and
coag), flushing pump, injection pump for the knife) and an IPE-
FIX group that performed ESD with the three pedals connected
with the fixator, but the position of the four different pedals
was left to the preference of each physician (right-left, distance
between pedals) ().

At least 10 ESD procedures per physician (5 with IPEFIX and 5
without) were expected during the study period.

Procedures

Consecutive conventional digestive ESDs were performed,
using a conventional gastroscope or colonoscopes, a cap at
the distal end, a ESD knife (left to the choice of the physician)
and the three pedals. The use of a counter traction strategy
was left as the discretion of the operator. The precise position
of the pedals was left to the preference of each physician to
choose the side of the pedals (right/left) and the precise dis-
tance between pedals. The IPEFIX was settled up after the ran-
domization.

An independent observer was in the intraoperative room to
observe and count the number of mistakes and replacement.

Parallel additional trainee evaluation

In parallel, a prospective randomized study was done involving
ESD trainees during the national ESD training program of the
French society of digestive endoscopy. The 17 trainees were
evaluated during two phases of ESD on simulated 3-cm lesions
on living pigs during 10 minutes for each phase of evaluation
(one phase with IPEFIX and one without). The order of the two
phases was randomly decided.
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QVIDEO

> Video 1 Parallel between feet movement and endoscopic view
of the procedure with and without the IPEFIX device.

Outcomes

The main outcome was the evaluation of the number of foot
mistakes (wrong pedal, foot push beside the pedal) during the
ESD procedure ().

The secondary outcomes were: 1) the number of look down
to control the position of the pedals during ESD procedure; 2)
the number of pedal replacements by the physician or his assis-
tant during ESD procedure; and 3) The subjective evaluation of
the comfort during ESD procedure using a numeric scale from 0
(uncomfortable) to 10 (maximal comfort).

The evaluation of the system was recorded by an indepen-
dent observer (nurse or fellow student).

Sample size for expert evaluation

We hypothesized a reduction in mistakes by a factor three
going from six mistakes/hour to two using the IPEFIX connec-
tor. With a standard deviation of 2.5, an alpha risk of 0.05 and
a power (1-Beta) of 0.9, we calculated a need for 33 procedures
per arm. In order to increase the number of experiences with
different physicians, we decided to include eight physicians
performing at least 10 cases.

Statistical analysis

The data are presented as frequencies and percentages for ca-
tegorical variables. Normally distributed data are expressed as
means (standard deviations) and non-normally distributed
data are expressed as medians (interquartile range [IQR]).
Linked samples were compared using the two-tailed nonpara-
metric Wilcoxon test because a standardized normal distribu-
tion could not be assumed due to the small sample size. Chi
square and Fisher’s exact tests were used to analyse qualitative
data. P <0.05 was considered to indicate statistical significance.
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» Table1 Comparison of ESD performance with or without IPEFIX device.

Characteristics

Site of ESD

= Rectum

= Sigmoid colon

= Leftcolon

= Transverse colon

= Right colon

= Cecum

= Appendix

= lleocecal valvula

= Esophagus

= Stomach

Lesion size in mm (median, IQR)

Lesion surface in mm?2 (median, IQR)

ESD duration (minutes) (median, IQR)

Dissection speed in mm?/min (median, IQR)

No.times per hour to look down to control pedal position (median, IQR)
Number of replacements of the pedals per hour (median, IQR)

Number of foot mistakes per hour (median, IQR)

IPEFIX n=53 NO IPEFIX n=54 Pvalue
18 (33.4) 20 (37) 0.8
9(17) 11(20.4) 0.8
2(3.8) 4(7.4) 0.49
2(3.8) 2(3.7) 1
11(20.8) 5(9.2) 0.17
5(9.4) 5(9.2) 1
1(1.9) 0(0) 0.49
1(1.9) 1(1.8) 1
3(5.7) 2(3.7) 1
1(1.9) 3(5.6) 0.6
50 (40-60) 57.5 (45-70) 0.067
15.7 (9.4-23.5) 19.6(11.8-34.1) 0.067
35 (25-60) 50 (30-75) 0.035
38.6(23.3-70.6) 41.7 (26.2-64.6) 0.84
2.2(1.1-5) 7.7 (4.1-12) <0.001
0 (0-0) 1.7 (0.8-3.2) <0.001
0(0-0.4) 1.9 (0-3.8) <0.001

IPEFIX, Innovative PEdal FIXator; ESD, endoscopic submucosal dissection; IQR, interquartile range; s, second.

Ethics

No specific institutional review board or written consent were
needed for this study. Patients are included prospectively in a
maintained database for ESD cases (registered NCT 04592003).

Results
Expert group

A total of 107 procedures (53 IPEFIX, 54 control) were per-
formed by eight physicians. One physician performed 20 proce-
dures, two did 19 procedures, four did 10 procedures and one
could only perform nine procedures during the study period.

The majority (91.6%) of the ESDs were performed for colo-
rectal lesions (»Table1). The median size of the lesion and
duration of the procedure were 50mm (IQR 40-65) and 40
minutes (IQR 26-71), respectively. They were no statistical dif-
ferences between the two groups for lesions localization and
ESD speed but procedure duration was significantly shorter in
the IPEFIX group (35 vs 50min, P=0.039) (» Table1, ).

The median number of mistakes per hour of ESD procedure
was 0.0/h in the IPEFIX group and 1.9/h in the control group (P
<0.001) (» Table1 and » Table 2). The number of times to look
down to control the position of the pedals was 2.2/h the IPEFIX
group and 7.7/h in the control group (P <0.001). The median
number of replacements of the pedals by the physician or the
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nurse was 0.0/h in the IPEFIX group and 1.7/h in the control
group (P <0.001).

Subjective evaluation of comfort of the pedals control dur-
ing the procedure with IPEFIX was 9/10 versus 7/10 in the con-
trol group (P=0.015).

Trainee group

A total of 17 procedures were performed by 17 trainees. For
each procedure, they were randomly evaluated 10 minutes
with the IPEFIX connector and 10 minutes without. The number
of mistakes per 10 minutes of ESD procedure was 0.6 (IQR 0-1)
in the IPEFIX group and 2.2 (IQR 1-3) in the control group (P
<0.01). The number of times to look down to control the posi-
tion of the pedals was 2.7 (IQR 1-4) in the IPEFIX group and 3.9
(IQR 1-4) in the control group (P=0.51). The median number of
replacements of the pedals by the trainee or the nurse was 0
(IQR (0-0) in the IPEFIX group and 0.4 (IQR 0-1) in the control
group for the 10 minutes period (P=0.019).

Subjective evaluation of comfort in the two groups was 8.2/
10 in the IPEFIX group and 6.2/10 in the control group (P=
0.001).
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experts and 17 trainees during their ESD training program. Re-
sults from experts and trainees were consistent and reinforce
the benefit of our device.

Conclusions

To conclude, IPEFIX is a simple device for connecting different
pedals during endoscopic procedures. It helps reduce the num-
bers of foot mistakes during ESD and improves operator com-
fort. Future studies are needed to confirm its advantages for
improving procedure speed and preventing musculoskeletal
disorders.
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