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Introduction

The technology proposed by BICARjet S.r.l., consists in the surgical instruments treatment post-
use, with a jet of sodium bicarbonate granules, using low pressure compressed air in order to
clean their surface in an effective and thorough manner. The adoption of such a system replaces
the manual brushing which frequently is ineffective due to a variety of possible causes. Among
these are frequently the unsmooth and complex surfaces of many instruments, their relatively
small size and difficulty to handle, and the fact that normal human beings are bound to err from
time to time.

The granules of sodium bicarbonate instead, because of their very small size, which can vary from
500 and 50 microns, will strike the surfaces in a uniform and continuous way, even reaching inside
deep crevices and removing the contaminants adhering to the surfaces. The mechanical action of
the abrasive granules does not cause damages to the surface because the kinetic energy used to
clean them is absorbed by the same granule that during this process will self destroy itself
(information based on studies carried out at the University of Trento, Department of Engineering
Materials and Industrial Technologies).

The sodium bicarbonate has no corrosive action on the treated surfaces and is completely soluble,
as well as biodegradable. Also is not harmful to the environment and above all it is not dangerous
for the operators. The unique proprieties of this innovative technology are specifically intended to
eliminate the common concern among surgeons that many reusable surgical instruments cannot
be sufficiently cleaned manually and consequently it is preferable to treat them as if they were
instead single-use disposable items.

Targets

The first objective of this study is to evaluate the effectiveness of the technology proposed by
BICARjet S.r.l. in the mechanical removal of the various particles of bone, tissue, and other debris
that after any surgical procedure are normally found on the surgical instruments used.

Based on the outcome of this assessment, the second objective is to define a proper protocol in
the use this technology that specifies the distances, pressures, times and particular types of baking
soda used in order to obtain the most effective mechanical cleaning procedure possible.

Materials and methods

MELTRON®, a salt compound with a bicarbonate base used in the mechanical cleaning procedure
being tested, depending on the granulation is classified either as “GG” (standard compound) or
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“FX” (finer compound). The chemical and alimentary analysis of both compounds is being provided
in an Attachment.

This compound is delivered, by means of compressed air, (consumption data in an attachment),
thanks to a cleaning system called "SOBIJET ®" (image 1) consists of a compact cabin called
"Compact 900", which is also at the basis for innovation technology proposed by BICARjet S.r.l.,
and whose dimensions were easily adapted to the logistical needs of the premises so as not to
interfere with the normal activity of those areas.

Image 1. Compact 900, cleaning system
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The cabin is composed by a 2 mm. thick sheet of AlISI 304 stainless steel, with a side loading door
locked by hooks and a window in tempered safety glass with wiper and exterior lighting. The
operator of the Compact 900 is provided with latex gloves and two working hoses with two
different nozzles (MICROJET and MINUET) by which the product MELTRON® is dispensed
depending on the degree of accuracy desired. A compressed air gun, positioned externally, will
also allow the operator to remove from the surface of the instruments being cleaned any residue
of bicarbonate that may be present after the spraying of the MELTRON®,

The system is coupled with a power supply unit controlled by the operator by means of a
pneumatic pedal control, consisting of a hopper, a dosing system of the compound of MELTRON®
with a double Venturi "HPV" developed and patented by BICARjet S.r.lI.

A flexible aspiration hose guarantees the removal of any dust particles present in the cabin to the
dust suppressor. See the exhibit 6 for the additional technical features of a typical Compact 900
cabin.

Initially various surgical instruments were classified in terms of their size, type, volume, usage by
department and disposable versus reusable. Only after the instruments were classified in this
manner the samples to be tested were chosen. In addition the Purchasing Department has
provided information on types and volumes of the instruments used by each surgical department.
Being a research project, separate from the regular processes of patient care, it was necessary to
supervise the operating rooms and assume responsibility for the collection, packaging and
transport of the samples. For the same reason it was also necessary to obtain the guidance of the
Preventive Medicine department on how to best minimize all possible related risks.

The equipment was placed, with minor modifications, in a room of the hospital and special
arrangements were made so that it would not interfere with the normal activities of the hospital.

The tests were performed on a total of 47 surgical instruments, of which:

o 33 disposable surgical tools from Otosurgery of the Hospital of Padua used for cochlear
implants, of which, 13 were finned in tungsten carbide and 20 in diamond-coated medical
grade tempered steel.

e 10 reusable stainless steel surgical tools coming from Neurosurgery of the Hospital of Padua
and used for craniotomies, of which: 4 finned, 1 diamond-coated and 6 of the Craniotome type
(of which one was already decontaminated with the standard procedure in force within that
department ).

e 4 disposable surgical tools from Day-surgery of the Hospital of Padua used for surgery on
shoulders and knees, produced with special medical grade hardened steel whose surfaces are
coated with a highly resistant sheath of polycarbonate.

The above considerations are summarized in the table that follows as Exhibit, in which has been
included, along with information on the type of instrument and its origin, the related storage time,
that is, the time elapsed from when the instrument was last utilized to when it was mechanically
cleaned by the method which is the object of this study. The abbreviation in the first column of the
table is to identify the instrument. This abbreviation is the same that has been used to monitor it
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during the entire test procedure; as to the instruments collected, the following assumptions were
made:

1. Ordinary use.

2. Storage of the surgical instruments by the staff of the operating unit in sterile test tubes so
as to avoid any external contamination.

3. Recovery of the instruments in a test tube, application of an identifier, based on the
operating unit and collection of information on its type.

4. Once at the site used for the mechanical cleaning process, the tool was removed from the
sterile tube and underwent the following process:

a. Photography with digital camera Nikon D300.
b. Scans and photographs with digital microscope Dino Light, magnification 500x.

c. Procedure for mechanical cleaning using the compound MELTRON © inside the cabin
Compact 900 described above.

d. Additional scans and photographs with digital microscope Dino Light, magnification 500x.

e. Storage of the just cleaned instrument into a new sterile tube with a tag identifying both
the item and the type of cleaning process utilized.

To evaluate the reduction in the bacterial load as a result of mechanical cleaning process being
tested, thanks to the collaboration of the Department of Microbiology of the Hospital headed by
Prof. Giorgio Palu, a test was conducted as follows:

1) Two new ribbed drill bits GE407R 4mm (AESCULAP) in stainless steel taken from the
Department of Neurosurgery of the hospital and brought to the Department of
Microbiology.

2) In the Microbiology Department a culture broth was prepared containing strain of
Escherichia coli ATCC 25922 and incubated at 37 °C for 18 hours. The culture thus obtained
was diluted until the bacterial count was about 10° of bacteria.

3) The drill bits were entered and left for 1 hour at room temperature and after left to dry for 2
hours in a plate at 37 °C.

4) One of the two bits was decontaminated with the compound MELTRON®, while the other
was not.

5) The drills were inserted in a Petri dish with culture medium (ORI CHROMAGAR ORIENTATION
Becton-Dickinson) and incubated for 48 hours at 37 °C.

6) Reading of the dishes in order to assess the bacterial growth.
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Microbiological control of drill bits

e Strain of Escherichia coli ATCC 25922.

¢ A broth inoculated with the strain and incubated at 37 °C for 18 hours

e The culture thus obtained was diluted until the bacterial count was
about 10° of bacteria.

e The drill bits was inserted and left for one hour at room temperature and
then left to dry for two hours in a plate at 37 °C

e One was treated, the other not

e The drill bits were inserted in a Petri dish with culture medium (ORI
CHROMAGAR ORIENTATION Becton- Dickinson) and incubated for 48
hours at 37°C

e Reading:
e Treated dish: no growth
e Non-treated dish: 20 E. coli strains

Dr.ssa L. Rossi
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The Petri dish containing with the drill bit decontaminated with the MELTRON® compound: No growth

The Petri dish containing with the untreated drill bit: 20 colonies of E. Coli
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The cleaning procedure proposed by mechanical BICARjet Srl was further investigated by analysis
done with the electron microscope (SEM) conducted within the Complex Pathology Unit of the
Hospital of Padua and at the Laboratory of Special Pathology, directed by its Director Prof.
Marialuisa Valente . The electron microscopy and X-ray microanalysis are indeed valuable tools for
evaluation of protocols for disinfection, cleaning and sterilization of reusable devices. The scans
were performed first on the instrument contaminated after its use and then on an identical
instrument (same model, same operating unit, the same intervention, the same time in storage)
used and decontaminated with the salt compound bicarbonate based MELTRON®. This has been
made possible due to the high standardization of interventions within the same operating unit.

In detail, the tools analyzed by electron microscopy before and after the mechanical cleaning were
(Exhibit 2):

e Drill bit, finned, identifier 011, E8240 LSO 4 MM (Conmed Linvatec), Otosurgery
e Craniotome, identifier N7, GE520 R (Aesculap), Neurosurgery

e Diamond coted bit, identifier 013, E5220 2 MM (Conmed Linvatec), Otosurgery

Results

In this first phase are identified n. 47 specimens treated with the technology of mechanical
cleaning BICARjet S.r.l. The results of the application of technology BICARjet S.r.l. for the
mechanical cleaning of surgical instruments are shown below with the aid of images produced by
the microscope Dino Light. Shown are the photos of the instrument in question after its use,
before and after going through the Cabin Compact 900 and being exposure to the treatment with
sodium bicarbonate (MELTRON®); in this section we have produced a summary of the total sample
of 47 pieces, divided between the different days of testing.
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Day 1

During the first day, it was used the bicarbonate MELTRON® GG, at a pressure of 3 bar at the
nozzle, at a distance from this of about 10 cm and for a duration ranging from instrument to
instrument and in any case ranging between 5 and 30 seconds .

Shown in detail below are the pictures taken with a digital microscope of a diamond coated bit
model E5210 of 1 mm used in Otosurgery (ID O5) before and after the mechanical cleaning (15
seconds), which occurred after 4 days use.
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Shown below are the detailed pictures taken with a digital microscope of a finned bit model
GE504R 2.3 mm used in neurosurgery (ID N2) before and after the mechanical cleaning (30
seconds), performed after one day of use in the ward.
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Day 2

On the second day, depending on the size of the instrument, we either used the bicarbonate
MELTRON® GG or the bicarbonate of finer consistency MELTRON® FX; testing the latter on the
smaller size bits. The pressure remained at 3 BAR at the nozzle, while the times of mechanical
cleaning were all greater than 24 seconds but less than 120 seconds. The distance from the nozzle,
as well as the type of nozzle used, have been variable. On this day, for one instrument, we tested
the rinsing at the end of the mechanical cleaning.

Following are detailed pictures taken with a digital microscope of a diamond-coated bit model
E5130 of 6 mm used in Otosurgery (ID O6) before and after the mechanical cleaning which
occurred 1 day after its use (115 seconds, during which different distances, type of bicarbonate
and type of nozzle were used).
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Following are pictures taken with a digital microscope of the shank of a diamond-coated bit model
E5050 of 5 mm used in Otosurgery (ID O7) before and after the mechanical cleaning implemented
1 day after its use in the ward. (35 seconds, with MELTRON® GG, at 10 cm distance from the nozzle
MINIJET® with rinsing at the end).
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Day 3

In the third day, depending on the size of the instrument, we continued to test the use of
bicarbonate MELTRON® GG and alternatively the bicarbonate of finer consistency MELTRON® FX.
The duration of the cleaning has begun to average at about 30 seconds for the cutters coming
dall'Otosurgery; still to be defined are instead the times for the craniotome type of instrument of
Neurosurgery. The pressure remained at 3 BAR at the nozzle, except for a test with 4 BAR at the
nozzle, while the distance, as well as the type of nozzle used, have been variable. Rinsing at the
end of the mechanical cleaning was done for all instruments.

The pictures of the digital microscope that follows are relative to a diamond-coated bit model
E6220 of 3 mm used in Otosurgery (ID OL3) before and after the mechanical cleaning which
occurred after a few hours after its use (50 seconds with MELTRON® GG, at 10 cm from the nozzle
MINIJET®, to which followed 37 seconds with MELTRON® FX at 2/3 cm from the nozzle MINIJET®
with a pressure of 4 BARS).
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In detail, the photos to digital microscope of a milling cutter finned model E8040LSO 4 mm used in
Otosurgery (ID OL5) before and after the mechanical cleaning (27 seconds with MELTRON® GG, at
10 cm from the nozzle MINIJET®), operated after a few hours of use.
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The table shows the photos to digital microscope of a craniotome model GE520R used in
Neurosurgery (ID N6) before and after the mechanical cleaning (48 seconds with MELTRON® GG,
at 10 cm from the nozzle MINIJET ®), on the same day use.
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Day 4

In the fourth day they are decontaminated all cutters coming dall'Otosurgery; has continued to
use baking MELTRON® GG, in alternation to bicarbonate finer consistency MELTRON® FX, based on
the size of the instrument. The time of mechanical cleaning remained on average about 25-30
seconds, with the exception of a test in which they are used in sequence the two nozzles with the
respective two types of bicarbonate (about 30 seconds per nozzle). The nozzle pressure has
remained at 3 bar, with the exception of a new test with 4 BAR nozzle, while the distance, as well
as the type of nozzle have been variable. Rinsing after cleaning has been practiced for all
instruments.

Show below are the detailed photos of a digital microscope of a diamond-coated bit model E5210
of 1 mm used in Otosurgery (ID 016) before and after the mechanical cleaning (34 seconds with
MELTRON® GG, to 2/3 cm from the nozzle MINIJET®, to which was followed by 28 seconds with
MELTRONE® FX, in 2/3 cm from the nozzle MICROJET®), performed 2 days after its use.
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Following are the photos taken with a digital microscope of a diamond-coated bit model E6207 of
0.7 mm used in Otosurgery (ID 015) before and after the mechanical cleaning (33 seconds with
MELTRON® FX, to 2/3 cm from the nozzle and a pressure MICROJET® out of 4 bar), implemented 2

days after its use.
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Below are the photos taken with a digital microscope of a diamond-coated bit model E5230 of 3
mm used in Otosurgery (ID 012) before and after the mechanical cleaning (20 seconds with
MELTRON® GG, at 10 cm from the nozzle MINIJET®), which occurred 2 days after its use.
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Day 5

On the fifth day we began to further standardize the mechanical cleaning process and testing it on
instruments with a greater period of storage after their use (up to 7 days). The sodium bicarbonate
MELTRON® GG with the nozzle MINIJET® was used for all instruments at a distance of about 10 cm
and an outlet pressure of 3 bars. The time of mechanical cleaning has been an average of about
25-30 seconds, even for instruments of type craniotome. Rinsing at the end of mechanical cleaning
was done for all instruments.

Following are the pictures taken with a digital microscope of a finned milling cutter model
E8230LSO of 3 mm used in Otosurgery (ID 010) before and after the mechanical cleaning (34
seconds) performed 7 days after its use.
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The pictures below taken with a digital microscope are those of a diamond-coated bit model
E5220 of 2 mm used in Otosurgery (ID 013) before and after the mechanical cleaning (31
seconds), which occurred 7 days after its use.
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Shown below are the detailed photos taken with a digital microscope of a diamond-coated bit,
model E6215 of 1.5 mm, used in Otosurgery (ID 014) before and after the mechanical cleaning (25
seconds), done 7 days after its use.
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Show below are the photos taken with a digital microscope of a Craniotome model GE520R used

in neurosurgery (ID N7) before and after the mechanical cleaning (23 seconds), which took place
one day after its use.

The following photos taken with a digital microscope are of a craniotome model GE520R used in
Neurosurgery (ID N9) before and after the mechanical cleaning (25 seconds with MELTRON® GG,
at 10 cm from the nozzle MINIJET®). In this case, the instrument in question had already been
decontaminated in the department according to the standard protocol in use. Protocol that
provides for the immersion of the instrument for 15 minutes in a preparation based on quaternary
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ammonium and enzymatic complex (product concentration of 0.5 % or 25 ml in 5 liters of water),
and subsequent brushing of the same. The first picture refers to the craniotome decontaminated
in the department with the standard protocol while the second photo show the same instrument
after further cleaning using the procedure suggested by BICARjet S.r.l.
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The two pictures below taken with a digital microscope refer to a diamond-coated bit, model
E5130 of 6 mm, used in Otosurgery (ID 018) before and after the mechanical cleaning (30
seconds), which took place 1 day after its use.
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Day 6

The parameters of the procedure for the mechanical cleaning continue to be: bicarbonate
MELTRON® GG; nozzle MINIJET®, at a distance from the latter of about 10 cm and a pressure of 3
bars. The mechanical cleaning timing has been an average of about 25-30 seconds. It’s always
followed by rinsing and during this day the instruments that were decontaminated had been kept
in storage for up to 15 days after their use.

The detailed photos below taken with a digital microscope show a finned milling cutter, model
E8230LSO of 3 mm used in Otosurgery (ID 021), before and after the mechanical cleaning (29
seconds), implemented 15 days after its use.
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The following pictures taken with a digital microscope refer to a diamond-coated bit, model E5220
of 2 mm, used in Otosurgery (ID 022) before and after the mechanical cleaning (27 seconds),
carried out 15 days after its use.
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Day 7

For the instruments coming from Otosurgery and Neurosurgery the procedure for the mechanical
cleaning maintain the same characteristics: sodium bicarbonate MELTRON® GG; nozzle MINIJET®,
a distance from the latter of about 10 cm, and an outlet pressure of 3 bars. The cleaning time has
remained at about 35 seconds.

Below are the photos taken with a digital microscope of a craniotome, model GE520R, used in

Neurosurgery (ID N10) before and after the mechanical cleaning (29 seconds), which took place 3
days after its use.
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The pictures below taken with a digital microscope show a diamond-coated bit, model E5220 of 2
mm used in Otosurgery (ID 023), before and after the mechanical cleaning (33 seconds), carried
out 3 days from being used in the ward.
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Following are pictures taken with a digital microscope of a finned milling cutter, model E8250LSO
of 5 mm used in Otosurgery (ID 024) before and after the mechanical cleaning (40 seconds), done

3 days after its use.

During the testing days in which all instruments (47) were mechanically cleaned, it was recorded a
consumption of about 300 grams of sodium bicarbonate for the nozzle MINIJET® and 250 grams

for the MICROJET® nozzle.
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Conclusions

The images produced with the Dino Light microscope (500 X magnification), show that after the
application of the procedure BICARjet Srl there is clear evidence of the removal of residues that
were present on the surface of the device after its ordinary use; this was also confirmed by
scanning with the electron microscope. The proposed technology also does not seem to be
particularly impacted either by it to the physical characteristics of the instrument or the period of
time it was kept in storage after being used (from 0 to 15 days).

The development of the various elements of the procedure, in terms of pressure, distance,
duration, type of nozzle, bicarbonate, and the results obtained, has led us to standardize the
parameters for the mechanical cleaning inside the cabin Compact 900 as follows:

a. Bicarbonate type: MELTRON® GG

b. Equipment: MINIJET®

c. Operating pressure: 3 bar

d. Distance from the instrument: from5to 10 cm

e. Duration exposure to jet bicarbonate: 30 seconds approx.
Dr. D. Moroni

Mr. Lorenzo Boscolo
Dr. I. Toffanello

The U.V.T.A. Manager Visa
Dr. Massimo Castoro

Exhibit 1: Surgical instruments description

Exhibit 2: Electron microscopy report

Exhibit 3: MELTRON® GG Sodium bicarbonate safety data sheet
Exhibit 4: MELTRON® FX Sodium bicarbonate safety data sheet
Exhibit 5: MELTRON® Food Grade Analysis/Certification

Exhibit 6: Compact cabin technical data sheet
Exhibit 7: Air compressor Technical Drawing
Exhibit 8: Air compressor user handbook
Exhibit 9: Compressed air consumption table

Exhibit 10: Studies carried out at the University of Trento, Materials Engineering Department
and Industrial Technologies
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Exhibit 1:

Bur ID Use Notes Types Use date Cleaning date
o1 Otosurgery Diamond coated E5220 2 MM 10/02/2012 14/02/2012
02 Otosurgery Finned E8230 LSO 3 MM 10/02/2012 14/02/2012
03 Otosurgery Diamond coated E5230 3 MM 10/02/2012 14/02/2012
04 Otosurgery Finned E8065 LSO 6,5 MM 10/02/2012 14/02/2012
05 Otosurgery Diamond coated E52101 MM 10/02/2012 14/02/2012
06 Otosurgery Diamond coated E5130 6 MM 14/02/2012 15/02/2012
o7 Otosurgery Diamond coated E5050 5 MM 14/02/2012 15/02/2012
08 Otosurgery Diamond coated E6220 2 MM 14/02/2012 15/02/2012
09 Otosurgery Finned E8005LSO 6,5 MM 14/02/2012 15/02/2012
010 Otosurgery Finned E8230 LSO 3 MM 15/02/2012 22/02/2012
011 Otosurgery Finned E8240 LSO 4 MM 15/02/2012 22/02/2012
012 Otosurgery Diamond coated E5230 3 MM 15/02/2012 17/02/2012
013 Otosurgery Diamond coated E5220 2 MM 15/02/2012 22/02/2012
014 Otosurgery Diamond coated E62151,5 MM 15/02/2012 22/02/2012
015 Otosurgery Diamond coated E6207 0,7 MM 15/02/2012 17/02/2012
016 Otosurgery Diamond coated E5210 1 MM 15/02/2012 17/02/2012
017 Otosurgery Finned E8065 LSO 6,5 MM 21/02/2012 22/02/2012
018 Otosurgery Diamond coated E5130 6 MM 21/02/2012 22/02/2012
019 Otosurgery Diamond coated E52101 MM 21/02/2012 22/02/2012
020 Otosurgery Diamond coated E5220 2 MM 21/02/2012 22/02/2012
021 Otosurgery Finned E8230 LSO 3 MM 09/02/2012 23/02/2012
022 Otosurgery Diamond coated E5220 2 MM 09/02/2012 23/02/2012
023 Otosurgery Diamond coated E5220 2 MM 24/02/2012 27/02/2012
024 Otosurgery Finned E8250 LSO 5 MM 24/02/2012 27/02/2012

OoL1 Otosurgery Diamond coated E6220 2 MM 16/02/2012 16/02/2012
oL2 Otosurgery Finned E8065 LSO 6,5 MM 16/02/2012 16/02/2012
oL3 Otosurgery Diamond coated E6220 2 MM 16/02/2012 16/02/2012
oL4 Otosurgery Diamond coated E6220 2 MM 16/02/2012 16/02/2012
OoL5 Otosurgery Finned E8040LSO 4 MM 16/02/2012 16/02/2012
OoL6 Otosurgery Finned E8050LSO 5 MM 16/02/2012 16/02/2012
oL7 Otosurgery Finned E8050LSO 5 MM 15/02/2012 17/02/2012
oL8 Otosurgery Diamond coated E6160 6 MM 15/02/2012 17/02/2012
oL9 Otosurgery Finned EB8040LSO 4 MM 15/02/2012 22/02/2012
N1 Neurosurgery Finned GE504R 2,3 MM 10/02/2012 14/02/2012
N2 Neurosurgery Finned GE504R 2,3 MM 13/02/2012 14/02/2012
N3 Neurosurgery Finned GE507R 4 MM 13/02/2012 14/02/2012
N4 Neurosurgery Diamond coated GE417R 4 MM 14/02/2012 15/02/2012
N5 Neurosurgery Finned GE407R 4 MM 14/02/2012 15/02/2012
N6 Neurosurgery Craniotome GE520R 16/02/2012 16/02/2012
N7 Neurosurgery Craniotome GE520 R 21/02/2012 22/02/2012
N8 Neurosurgery Craniotome GE520 R 21/02/2012 22/02/2012
N9 Neurosurgery Craniotome GE520 R 22/02/2012 22/02/2012
N10 Neurosurgery Craniotome GE520R 24/02/2012 27/02/2012
D1 Day-surgery Linvatec 13/02/2012 14/02/2012
D2 Day-surgery Linvatec 13/02/2012 14/02/2012
D3 Day-surgery Linvatec 14/02/2012 15/02/2012
D4 Day-surgery Linvatec 14/02/2012 15/02/2012

*N9 Craniotome already cleaned using standard enzymatic bath and brushing
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