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PNEUMATIC SOLUTION FOR MULTIPLE SAMPLE ENDOSCOPE

A. Fiorentino!”, L. Giorleo®, E. Ceretti*, M. Ghedi?, R. Cestari?, C. Giardini’,
K. Monroy*, N. Hendrics*

'DIMI — University of Brescia - Italy
2School of Medicine — University of Brescia - Italy
*DDT — University of Dalmine - Italy
*CIDT - Tecnologico de Monterrey - Mexico

ABSTRACT: The paper presents an innovative and original solution of a pneumatic micro forceps for multiple sample
Gastro Intestinal (GI) endoscopy. The new device is based on the gastroenterologists requirements and wants to be a
solution for shortening the operation time, for increasing the number and the quality of collected tissue samples by
guaranteeing a good sample dimension and orientation, and for an overall cost reduction. In fact, the use of biopsy tests
to sample tissue and investigate the presence of diseases in human body is considerably increased in the last years. The
research is developed in close contact between medical doctors and engineers so to understand the GI endoscopy needs,

identify new solutions, develop only feasible ideas and end up with a biopsy micro forceps prototype.

KEYWORDS: Biopsy micro forceps, pneumatic solution, multiple sampling

1 INTRODUCTION

Biopsy is a medical test based on the removal of tissue
samples for laboratory and microscopic examinations.
These samples of living tissue are necessary to
investigate the presence of internal diseases in a human
body. Biopsy can be performed in the Gastro Intestinal
(GI) tract, in the respiratory tract, in the urinary tract and
in female reproductive systems [1, 2]. Analyzed tissue
samples can identify the presence of benign or malign
tumors, bacteria (cause of gastritis and ulcers in the
stomach) or microorganism and inflammations.

A standard biopsy is carried out by using an endoscope
and inserting, through its working channel, a Biopsy
Micro Forceps BMF (Figure 1). The endoscope is a
tubular instrument used to examine the interior of a
hollow organ. It is inserted directly through natural
passages of body or through little incisions made in the
patient’s body.

A modern standard endoscope, used in laparoscopic
procedures, consists of a rigid or flexible tube with 11
mm diameter. In its distal end (head), the endoscope has
a camera to capture images of the organ during the
surgery. The head can be moved around 4 directions (up,
down, left and right) by 4 controlling cables. Moreover,
lighting system is present to illuminate the organ under
inspection (Figure 1).

* Corresponding author: Antonio Fiorentino
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1 WORKING CHANNEL 4 AIR/WATER JET PIPE
2 MICRO FORCEPS 5 LIGHT
3 CAMERA 6 SECONDARY WORKING CHANNEL

Figure 1: Endoscope distal end (head) and details

The endoscope has also 2 air and water jet pipes to
inflate organs under operation and to clean the operation
area. In a standard endoscope there is an additional
working channel, usually with 2.2-3.2 mm in diameter,
used for inserting and extracting additional accessories.
By means of this channel, it is possible to extract tissue
samples, to deflate/inflate organs or to extract polyps or
tumor.

During a biopsy procedure the endoscope is inserted in
the patient’s body until it reaches the point of operation
where removing the desired tissue samples.
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Consequently, the biopsy micro forceps is inserted
through the instrument channel till the distal end. By
opening and closing the BMF jaws with a handle device
it is possible to seize and collect the sample. After this,
BMF is taken off from the working channel and the
sample is released in a test-tube for the pathologist
inspection. It takes about 2 minutes to collect the sample,
to extract, insert and reposition the BMF. In many cases
the number of desired samples for a good diagnosis is 6
or 7 but in case of tumor the samples can reach up to 15.
On the market there are more than 100 available
solutions depending on:

e Mono or multisampling [3]

e Disposable or reusable BMF [4-6]

e BMF actuating system

o BMF manufacturing processes specifications

e Control types.
The present research aims to identify an innovative BMF
solution developed in close cooperation between medical
doctors and engineers within the international
cooperation project IREBID funded by EU.

2 PROBLEM DESCRIPTION

The study tries to solve unmet needs of Gl endoscopy
and, to identify these needs, interviews with
gastroenterologists and pathologists and a detailed
market analysis have been carried out. The main interest
areas that have been identified for tissue sampling
procedure improvement are the decrease in the overall
surgery time, the reduction of endoscope working
channel or micro forceps wear or breakage and the
overall reduction of the device cost.

In particular, the most critical aspects emphasised by
medical doctors have been:

o Limits on sample dimension and depth [7].

e Crushing of the tissue (which changes
morphology).

o Necessity of collecting multiple samples from more
places (i.e Stomach 4+8 samples, Colon 8+10
samples).

e Commercial multisampling device are not effective.

o Breakage of opening/closing BMF mechanism.

e Wear of the working channel due to the BMF
sliding friction during in and out phases.

e Risk of infections due to poor cleaning of reusable
devices.

e Long surgery time (2 minutes per sampling).

e High device cost.

e Non-oriented extractions lead to a longer diagnosis
process and criticalness in the pathology [8]. In
particular, the effectiveness of an oriented sample is
shown in Figure 2. The differences in the sample
section are evident and it is easy to understand the
request of pathologists for a oriented tissue so to
facilitate the disease diagnosis.

Moreover, international standards are gradually
introducing the adoption of single use BMFs and
accessories. Recent studies demonstrate that disposable
BMF are economically convenient [9,10] but other
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Authors are in disagreement, especially when high
number of biopsies are considered [11,12]. Therefore the
device manufacturing needs to move to low cost disposal
devices.

Consequently, the unmet doctor needs that an innovative
device has to accomplish are:

e The design a new multi-sample device with
reduced wear of the endoscope working channel
and of BMF.

e An adequate tissue sampling  procedure
characterized by good sample dimension (> 2mm),
and not crushed.

e An oriented sample (location of the mucosa and
submucosa) to facilitate the pathology diagnosis
(see Figure 2).

e A reasonable cost for a disposable device, to be
applied with standard endoscopes having working
channels with 2.0+2.8 mm diameter.

o A disposable BMF device and accessories

Mucosa

Oriented Sample

Figure 2: Sample extraction and influence of the sample
orientation [8]

3 PNEUMATIC ENDOSCOPE

The identified solution was designed to substitute the
traditional endoscopic BFM (Figure 3). It consists of
elastic clutches (used for cutting the sample), a shuttle (a
capsule for sample transportation), a pneumatic system
for the shuttle movement and a secure control
mechanism.

Clutches consist of elastic jaws which are closed or open
thanks to an external sliding cylinder. Their function is
to cut the tissue sample and hold it. Since the actual
trend towards oriented samples and to disposal solutions,
the jaws have been designed to be formed from a tube,
whose end is axially cut and formed. The other end is
joined with a flexible tube (capsule channel) in which
the shuttle can move.

The shuttle consists of a polymer capsule, holed on the
bottom, and able to contain and transport the sample.
The shuttle is inserted and removed through the control
mechanism. Numbers or colours on the capsule are used
to track the sampling order.

Thanks to a Pneumatic System connected to the working
channel, it is possible to move the capsule back and
forth, and a locking system allows to hold the capsule
during the loading procedure. The holes on the bottom of
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Figure 3: Pneumatic endoscope solution and details

the capsule allow to suck the tissue sample from the
clutches into the capsule. The endoscope air
inflation/deflation channel or the secondary working
channel is used to compensate the pressure inside the
patient (Figure 1).

Since the sampling procedure requires additional step
with respect to traditional endoscopy sampling
procedure, a secure control mechanism was introduced.
It consists of a handgrip with a movable knob which
controls the air mechanism and the capsule lock. In
particular, the pneumatic system is connected to the
capsule channel through air conducts in the handgrip, the
knob opens and closes the connection. Its rotation
controls an elastic retention mechanism that holds the
capsule.

A total of 6 knob position were identified for the biopsy
procedure and are reported in Table 1.

Table 1: Pneumatic endoscope handle settings.

Step  Description Air  Lock
1 Capsule insertion/removal off off
2 Distal end positioning IN off
3 Locking on IN ON
4 Biopsy sampling off ON
5 Tissue in the capsule OUT ON
6 Proximal end positioning OUT  off

PNEUMATIC Tl
SYSTEM

CONTROL MECHANISM
Knob

Capsule insertion/removal\

L1

Air Conduct

The proposed solution fulfils the requirements described
in section 2. In fact, its shuttle allows collecting multiple
samples without repositioning the head of the endoscope
and loosing the sampling zone. Moreover, the capsule is
designed to be used with standard endoscope (working
channel diameter) and allows keeping the sample
orientation and the collection order. In this way, the
biopsy time is reduced and the pathologist needs are
satisfied too.

With regards to traditional biopsy based on micro
forceps, the procedure time is reduced since the
pneumatic system allows a faster capsule movement
with  respect to traditional micro  forceps
insertion/extraction manual procedure. Moreover, the
shuttle is made of polymer, therefore the working
channel wear will be reduced with respect to the usage of
steel forceps which are continuously moved in and out.
The disposal bodies (shuttle and forceps) are cheap, in
particular, because of the simpler forceps closing
mechanism based on elastic clutches, their total cost is
expected to be comparable or lower than the available
disposal BMF.

[

Figure 4: Pneumatic endoscope prototype (scale 5:1). FDM Technology, ABS material.
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4 CONCLUSIONS AND FUTURE
WORKS

The development requirements for an endoscopic biopsy
micro forceps are to reduce sampling time, to guarantee
tissue sample orientation and to reduce the wear of the
endoscope working channel. However, current solutions
available do not meet all these requirements. In the
present work, an innovative solution for endoscopic
biopsies is proposed. Thanks to a pneumatic system for
the sample collection and a control mechanism which
guarantees the proper functionality, the proposed device
is able to answer to the market requirements. Moreover,
it has the advantages to be used with standard
endoscopes and uses low cost disposable components.
Actually, a functional prototype for movements testing
(clutches, lock system and control mechanism) was
fabricated using Fused Deposition Modelling technology
(FDM) in an ABS resin showing good results (Figure 4).
Further studies will investigate the device manufacturing
feasibility and capability; therefore, Design For
Manufacturing and Assembly (DFMA) and Strategic
Manufacturing Cost Analyses are methodologies that
will be applied to further the development of these
endoscopic solutions.
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