Physmal Methods fo edﬁm@mlnatlon

of Surglcal Instrum%nt,s iah ;;,,1
.ﬁ.ll.mw _;l:ﬁ:... 1|||||' i ".f!:'::':
:1;| 'l . iy =73 — ;ﬁ%-;- -_ir-

i e - A} - 11 "y R
g ban ‘;’-‘,-;,‘.;'- .:l :'J._-'.x:“ - -‘.'I_' |‘.' . ¢ "IIUPII
\ﬁ s catlt ll, § ¢ 5] i i

-~B0b Baxter
MIDAS UNIT

The UnlverSIty of Edlnburgh

gt

b o o

23 July 2007




Current Practice in a typical UK Hospital Sterile
Service Department reprocessing surgical instruments

Disassembly (if required)

Washing (with detergents, with
enzymes, with or without
sonication)

Rinsing
Visual Inspection (and
reassembly)

Sterilisation by autoclave or
chemical methods

How effective is current practice?



Residual contamination on surgical instruments after
conventional SSD cleaning and sterilisation

« Allis Tissue Forceps: Typical SEM Study




Residual protein contamination on surgical instruments
after conventional SSD cleaning and sterilisation.
Metzenbaum scissors

EDX Protein analysis of the stripped surfaces
showed a total protein load of 416g.
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Protein analysis of the stripped surfaces
showed a total protein load of 1.173mg.
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X-Y Scan of a pair of ‘cleaned 'dissecting clamps™

—— Individual
- scan slices

*Instrument ‘stained’ using fluorescein derived reagent
and scanned using a custom-built scanning spectrofluorimeter;
Scan time = 30s; sensitivity ~ 10picamole mm?



Tracking studies show that prote

withstand multiple decomis

l

Intensity

2.0 4.0
Energy (keV)

n
o

Intensity

0.2
Energy (keV)

The burr was contaminated on cycle 4 and this contamination was still present in cycle 8
=9 SSD cleaning cycles

Baxter et.al. IEEE Trans on Plasma Science. 2006:; 34: 1337-1345.



Points to Note

Visually ‘clean’ instruments still have significant amounts of
contamination.

The ‘average protein soiling’ after SSD cleaning
is 50-1000 pg/instrument (ca 0.5 ng mm-2)

~ 1ug of protein/mm? = ~ 300pMoles = ~ 10'* molecules

Ninhydrin swab tests at best only detect > 5 uyg mm-

Is it reasonable to expect to decontaminate surfaces
completely by reversing the process of adsorption?



Effective strategies for removing
TSE infection from instruments

Inactivation
on surface

Removal

&
subsequent
inactivation

Inactivation
on surface &
removal
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RF Gas-plasma

Conditions required
are generally
detrimental to
instrument integrity

Limited by desorption;
Enzymatic or chemical

treatment required to
treat waste.

Requires new
technology &
equipment

- = Solution methods

= ‘dry’ methods




Solution Methods for Removing adsorbed
proteins

The nature of the surface
dictates the forces to be broken.

Choice of

1. Ionic detergents surface
2. Non-ionic detergents

Mechanical shearing & sonication aid the desorption processes.



Proteolytic enzymes cleave specific peptide i
sequences

e.g. chymotrypsin targets | . HW)L
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-Enzymatic agents are effective in breaking proteins down at specific sites to
smaller peptides

This may be more relevant to breaking up large tissue deposits, solution
deactivation and preventing re-adsorption than to removal of surface bound
proteins.



Non-Equilibrium Gas-Plasmas

Formed by exciting gases at in an electric (or microwave) field.

-electrons bombard gas molecules forming highly excited atoms,
radicals and ions.

-High intensity UV photons are also produced
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Two different gas-plasma technologies are
relevant to decontamination

*Low pressure plasmas (< 3 Torr)

*Atmospheric pressure plasmas

Work on both has been supported under DH contracts

Low Pressure Argon-Oxygen Plasma




RF Gas-Plasma Ablation

Radiofrequency Excited ions and radicals

radiation /
. ' ., @@ C°:
o ® —> e ‘ NO,

Ar/O, at low pressure

Protein fragments

‘Molecules are destroyed by ‘chemical etching’
‘The degree of etching depends on gases, pressure and pre-treatments
‘Heating effect can be controlled - surfaces are at <40°C after an hour
Products are gaseous and relatively innocuous



Effectiveness of RF Gas-Plasmas

Can we remove contamination from stainless steel &
to what level?

Can we transfer the technology to a hospital setting?

Can we validate the process for removal of TSE
infectivity?




Can we remove contamination from
stainless steel & to what level?

SEM backscatter images of 316 stainless
steel disk, experimentally contaminated with
10% (w/v) normal mouse brain homogenate

SEM image of the RF gas-plasma
cleaned disk.



Monitoring RF gas-plasma treatment of stainless

steel disks coated with fluorescein labeled Albumin

Using surface fluorimetry detection
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Example of the Efficiency of RF Gas Plasma Cleaning:
DeBakey Vascular clamps
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Neurosurgical scissors
Reprocessed and then RF gas-plasma treated




Dental Instruments: endodontal drill

Whittaker ef.al J Hosp Infection. 2004: 56: 37-41



The efficacy of RF gas-plasma decontamination
for removal of TSE infectivity

In vivo assay

Stainless steel spheres coated 1n 20 % hamster brain homogenate infected with the
263K strain of scrapie inserted intraperitoneally into hamsters

SEM 1mage of a contaminated stainless steel sphere



In vivo Assay for TSE Infectivity :
infection by a peripheral route

Stainless steel spheres coated with 20% dilution of 263K infected hamster
brain homogenate

Subjected to different cleaning procedures and implanted intraperitoneally

RF gas-plasma treatment

untreated Autoclaved & detergent
washed
Inoculation terminal/total Incubation time + s.d (days)
‘untreated 5/5 Q0 3
- Autoclave/ wash B/5 201 + 30
‘RF gas plasma 0/5 terminated 497 days post injection

Baxter et.al. J Gen Virol, 2005; 86: 2393-2399



infection via CNS

Assay part 1  Stainless steel wires (4mm) coated with serial
dilutions of 263K infected hamster brain
homogenate and implanted intracerebrally.

Inoculation Dilution Incubation time + SD Terminal

(days)
30 89+ 4 100%
10-2 94 + 1.6 100%
102 102 « 3 100%
104 101+ 5 100%
10-5 136 £ 16 40%
1c* 286 post injection 0%

Assay part 2  Stainless steel wires coated with 263K infected hamster brain homogenate
then subjected to different cleaning procedures and implanted i.c

TR

Contaminated Washed RF gas plasma treated




Status of RF Gas-Plasma Methodology

Can protein contamination be removed from from stainless steel
& to what level?

. Contamination can be removed to less than 1pg/mm?.

Can we use the technology on surgical instruments?

. Rleprocessed surgical instruments can be efficiently cleaned by RF gas-
plasma.

. The efficacy of protein removal is 1000 -10,000 fold better than that
achieved by current SSD procedures.

. There is no evidence of damage to the instruments.
Can we validate the process for removal of TSE infectivity?

. In vivo assays of TSE infective brain tissue adsorbed on stainless steel and
treated with RF gas-plasma show elimination of TSE infectivity.



Status of RF Gas-Plasma Methodology
Current Edinburgh (DH) programme

1. Decontamination trials with i.c. transmission of the 301V BSE strain in
VM mice

2. Laboratory based evaluation of methodology, directly pertinent to
healthcare use, using a large scale hospital prototype instrument

* Instrument development (in collaboration with the
manufacturer; Plasma-Etch Inc.)

 Method Development

 Time trials

Related Work

Atmospheric Plasma torch (Loughborough) — significant heating effect
but proven to significantly reduce protein loading on surfaces.



Status of RF Gas-Plasma Methodology

Commercial PE-200
(400x400x400mm chamber)

Experimental Hospital Prototype
(800x800x800mm chamber)




Gas-Plasma Technology in a Sterile Services
Context

1. Gas-Plasma Decontamination would be a finishing process — to
reduce contamination to sub nanogramme amounts.

2. In a modern SSD it would likely be placed between washing and
steam sterilisation and might only be applied to high risk
instruments

out

BD RF Gas-Plasma ﬁ

Decontamination
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