Complex design of surgical instruments as
barrier for cleaning effectiveness,
favouring biofilm formation
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Introduction: Reprocessing, biofilm, surgery and SSI

ANA Journal August 2016: CDC guideline for the

prevention of SSI

Dr S Paul: Department of Orthopaedic Surgery RCMH
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Aim:

Determine the cumulative effect on high-complex-design reusable
surgical instruments (RSI) used for orthopaedic surgery after 20 cycles of:

Contamination — TSB +S. aureus + sheep blood

Cleaning — via 3 group methods

1. Rinse only
2. Manual
3. Manual + Automated

Steam Sterilisation -
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Materials :

Flexible medullary reamer (FMR) - Implantec®, Implantes Materiais Médicos & Hospitalares Ltda,

Belo Horizonte, Brasil.
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Materials :
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Methods:

Surgical instrument contamination- for each group of test RSI

 Contamination by immersion for 5 minutes

* Contaminant = 250 mL of TSB,

» Staphylococcus aureus 109 CFU/ml
* 5% sheep blood

* Dried at room temperature for 7 hours
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Methods: After contamination — proceed to each 3 cleaning groups:

Surgical instrument reprocessing: Group 1 - Rinsing Only

e RSl were rinsed with distilled water for 30 seconds

 Dried with a sterile non-woven fabric.
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Methods: Surgical instrument reprocessing: Group 2 - Manual cleaning

e Rinsed in distilled water - 30 seconds

 Soaked in enzymatic detergent - 5 minutes

e Surface brushed - 5 repetitions

e Soft bristle brush on lumens - 5 repetitions ( through and back )

* Surface rinsed - filtered tap water/Lumen rinsed - tap water gun.

e External surface —dried sterile non-woven fabric
* Lumen —dried using medical air
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Methods : Group 3 Manual plus automated cleaning:

* RSI-rinsed and manually cleaned as described in group 2 protocol

* Rinse —filtered water

* Soak — enzymatic detergent
* Scrub —surface and lumen
* Rinse —filtered/tap water

 The lumened section of the DG and the FMR were subjected to
ultrasonic cleaning

* Instruments were placed in a washer disinfector cycle
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Methods: Following cleaning

* Three RSI/group randomized - tested ATP contamination
1DG/1FMR from each cleaning Group

e All instruments - packed into medical surgical grade peel pouches

e Sterilized at 134 C for 3 minutes and 30 seconds.

All test instruments:

* Re - contaminated with the same contamination method
e Subjected to reprocessing = 20 times
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Methods: Detection of Residual Soil following cleaning:

Adenosine Triphosphate (ATP) detection:

Lumen - AquaSnap total™ ATP Detection Device for Water External ATP - ATP LuciPan Pen™

AquaSnap TOTAL \

— e R

— e R
et AR i &\

ATP Liquid Test

25 RLU benchmark 115 RLU benchmark
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Methods: Detection of Residual Soil following reprocessing:

Protein contamination: 10*" and 20 reprocessing cycle

Randomised from each cleaning group

v

3 x FMR per group
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Methods: Detection of Residual Soil following reprocessing:

Microbial Load determination:

e After the 10th and 20th sterilisation

* |Immersion

* Sonication —42-47 khz

e Dilution

* |Incubation
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Methods: Detection of Residual Soil following reprocessing:

Scanning Electron Microscopy (SEM):

Aseptically sectioned
Performed in a biological safety cabinet
Sterile blade/sterile non woven fabrics

FMR, inner layer analysed.
DG hook and lumen cross sectioned.
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Methods : Further Scanning Electron Microscopy (SEM):

The following surgical instruments were analysed:

* One new FMR subjected to reprocessing (manual plus
automated cleaning and steam sterilisation - negative control)

* 1FMR & 1 DG - contaminated with TSB and 5% sheep blood

e One FMR and one DG from each reprocessing protocols:

Group 1 —rinsed only
Group 2 —manual cleaning
Group 3 — manual cleaning and automated cleaning
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Methods : Scanning electron microscopy (SEM): Biofilm

6. Cycle repeats

o il i
;

1. Single free 2. Bacterial 3. Growth and 4. Mature biofilm 5. Part of biofilm
floating cells division of formation disperses to release
bacteria land  aggregate bacteria for free floating
onsurface  and attach biofilm bacteria for further
formation colonization

The life cycle of a biofilm. Credit: Bay Area Lyme Foundation.
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Biofilms are defined as
“a community of
bacteria attached to a
surface and each other
and surrounded by
extracellular polymeric
substances (EPS) that is
produced by

themselves”. -pevaetal. The
role of bacterial biofilms in device-
associated infection. Plast Reconstr Surg
2013
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Methods: Data analysis:

* ATP readings between multiple treatments a Kruskal- Wallis One
Way ANOVA combined with the Tukey all pairwise multiple
comparison was used.

* Protein contamination between treatments, a Student’s t-test
was used. SigmaPlot and IBM SPSS Statistic View version 21
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Results: Depth Gauge over 20 Cycles

RLU values (Logyo)

Rinsed Manual Automatic

Amount of residual soil (ATP) - Figure 1. A
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Results: Surface of Flexible Medullary Reamer over 20 cycles

RLU values (Logso)

Rinsed Manual Automatic

L W

Amount of residual soil (ATP) - Figure 1. B

| B = W T S Y
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Results: Detection of ATP in Lumens

RLU values {Log,q)
(o] [ ol ro
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Rinsed _Manual utomatic

B Depth Gauge  ® Fiexible drill bit

Figure 2 - Lumens
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Results: Protein Contamination Group 1 rinse only

After 10t Reprocessing in pug/mL

After 20t Reprocessing in pug/mL

Depth Gauge —
* Mean=
* Range =

1,380
420-2,341

Depth Gauge —
* Mean= 1,212
* Range= 685-1,739

Flexible Medullary Reamer —
* Mean = 2,191
* Range= 1,576-2,876

Flexible Medullary Reamer —
* Mean = 3,891
* Range= 2,645-5,137

Protein was not detected in Groups 2 & 3
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Flexible Medullary Reamer by SEM: Clean (new) V. Contaminated

Fig 3B. TSB contaminated
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Results: SEM - Depth Gauge after 20 cycles

Group 1 - Rinse Only + Sterilisation = biofilm formation

Fig. 4B — Hook
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Results: SEM - Depth Gauge after 20 cycles

Group 2 — Manual Cleaning + Sterilisation = biofilm formation
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Results: SEM - Depth Gauge after 20 cycles

Group 3 — Manual + Automated Cleaning + Sterilisation = biological deposits

Fig. 4 F —Slim part
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Results: SEM — FMR inner layer : 20 X contamination + cleaning + sterilisation

5 B. Manual Cleaning

5 A. Rinse only 5 C. Manual + US + W,
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Other clinical publications supporting these findings:

e Oliver JD. Recent findings on the viable but nonculturable state in pathogenic
bacteria. FEMS Microbiol Rev 2010

* Almatroudi A, Tahir S, Hu H, Chowdhury D, Gosbell IB, Jensen SO, et al.
Staphylococcus aureus dry-surface biofilms are more resistant to heat treatment
than traditional hydrated biofilms. J Hosp Infect 2018

* Costa DM, Lopes LKO, Tipple AFV, Johani K, Hu H, Deva AK, et al. Evaluation of

stainless steel surgical instruments subjected to multiple use/processing. Infection,
Disease & Health. 2018

* Hori K, Matsumoto S. Bacterial adhesion: from mechanism to control. Biochem Eng J
2010
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Results: Manual Cleaning after 20 cycles = biofilm formation

Group 2 — Manual Cleaning + Sterilisation

Fig. 4 E—Lumen Fig. 4 F —Slim part
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Results: Residual Soil — presence of ATP
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Methods: After 20 cycles of recontamination + reprocessing = Soil Presence

Group 3 — Manual + Automated Cleaning + Sterilisation

FMR - Figure 5 F
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» Jafari SM, et al.Revision hip arthroplasty: infection is the most common
cause of failure. Clin Orthop Relat Res 2010

* Seavey R. Reducing the risks associated with loaner instrumentation and
implants. AORN J 2010

e Duarte et al. Epidemic of postsurgical infections caused by Mycobacterium
massiliense. J Clin Microbiol 2009Seavey R. Reducing the risks associated
with loaner instrumentation and implants. AORN J 2010

* World Health Organization. Medical device regulations: Global overview
and guiding principles. Geneva, Switzerland: WHO; 2003
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e Azizi J, Anderson SG, Murphy S, Pryce S. Uphill grime: process improvement
in surgical instrument cleaning. AORN J. 2012

* Tosh PK, Disbot M, Duffy JM, Boom ML, Heseltine G, Srinivasan A, et al.
Outbreak of Pseudomonas aeruginosa surgical site infections after
arthroscopic procedures: Texas, 2009. Infect Control Hosp Epidemiol 2011

e US Food Drugs Administration - FDA. Reprocessing Medical Devices in
Health Care Settings: Validation Methods and Labeling. Guidance for
Industry and Food and Drug Administration Staff. 2015

e Seavey R. Reducing the risks associated with loaner instrumentation and
implants. AORN J 2010;

* Huter-Kunish GG. Processing loaner instruments in an ambulatory surgery

center. AORN J 2009
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Conclusion:

* Soil and/or biofilms were evident on complex-design RSl following
20 cycles of contamination and reprocessing, even using stringent
method of cleaning.

* Although the depth gauges are disassembled during cleaning,
biological residues and biofilm accumulated in its lumen.

* The current design of these RSI prevents removal of all biological
soil and this may have an adverse effect on patient outcome.
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Take home:

* The critical importance for medical device manufacturers provide a
validated instructions for reprocessing (IFU) to CSSD/SP

* Vigilance in following correct instructions for reprocessing and
associated training and competency of CSSD/SP

* This outcome lobbies for more stringent requirement that
regulatory bodies
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The team makes it happen and do their best to save patients
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Thank you all for your time

https://researchers.mg.edu.au/en/publications/complex-design-of-surgical-instruments-as-barrier-for-cleaning-ef

Special thanks to:
My team: Lillian Kelly de Oliveira Lopes
Dayane de Melo Costa, Anaclara Ferreira Veiga Tipple
Evandro Watanabe, Honghua Hu, Anand Kumar Deva
and Karen Vickery
Macquarie University
Macquarie University Hospital CSSD
AHCL - Sydney Adventist Hospital Perioperative Leadership Team
Karen Reimer, David Billings
Sydney Adventist Hospital Sterile Processing Team

MACQUARIE umvsnsn’v M y fa m | Iy .
Hospital Cathy

Chakri, Miguel, Paulo, Noah and Gabriel

roel.castillo@sah.org.au

Adventist HealthCare

Celebrating Sterill
> youry for life



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjt45z89NPkAhUvH7cAHWyJBNIQjRx6BAgBEAQ&url=/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjxrLrk9NPkAhWaILcAHXBTBcgQjRx6BAgBEAQ&url=https://wfhss.com/&psig=AOvVaw2rLtqwGpHgenzlXYMXiJw9&ust=1568674164243087&psig=AOvVaw2rLtqwGpHgenzlXYMXiJw9&ust=1568674164243087
https://researchers.mq.edu.au/en/publications/complex-design-of-surgical-instruments-as-barrier-for-cleaning-ef

Referred publications

Merkow RP, Ju MH, Chung JW, Hall BL, Cohen ME, Williams MV, et al. Underlying reasons associated with hospital
readmission following surgery in the United States. JAMA. 2015;313(5):483-95. DOI: 10.1001/jama.2014.18614

Umscheid CA, Rajender Agarwal MD M, Kendal Williams MD M, Brennan PJ. Estimating the proportion of healthcare-
associated infections that are reasonably preventable and the related mortality and costs. Infect Control Hosp Epidemiol
2011;32(2):101-14. DOI:10.1086/657912

Deva AK, Adams WP, Jr., Vickery K. The role of bacterial biofilms in device-associated infection. Plast Reconstr Surg
2013;132(5):1319-28. DOI: 10.1097/PRS.0b013e3182a3c105

Dong R, Guan C, Hu D, Xin T, Qu Y. The correlation study on antimicrobial resistance and biofilm related genes in clinical
isolates of Acinetobacter baumannii. Zhonghua Wei Zhong, Bing Ji Jiu Yi Xue 2013;25(8):493-4. DOI: 10.3760/cma.j. issn.2095-
4352, 2013. 08.011

Worth U, Bull AL, Spelman T, Brett J, Richards MJ. Diminishing Surgical Site Infections in Australia: Time Trends in Infection
Rates, Pathogens and Antimicrobial Resistance Using a Comprehensive Victorian Surveillance Program, 2002—-2013. Infect
Control Hosp Epidemiol 2015;36(04):409-16. DOI: 10.1017/ice.2014.70

Amutha B, Viswanathan T. A retrospective study on the pattern of pathogens isolated from surgical site wound infection in
tertiary care hospital in Coimbatore. Int Res J Medical Sci. 2014;2(9):1-5.

Vandecandelaere I, Coenye T. Microbial composition and antibiotic resistance of biofilms recovered from endotracheal tubes
of mechanically ventilated patients. Adv Exp Med Biol 2015;137-55. DOI: 10.1007/978-3-319-11038-7_9

De Souza Evangelista S, dos Santos SG, de Resende Stoianoff MA, de Oliveira AC. Analysis of microbial load on surgical
instruments after clinical use and following manual and automated cleaning. Am J Infect Control 2015;43(5):522-7.
DOI:10.1016/j.ajic.2014.12.018

Z\
")

o
S
ron
—

vV =Y i

Y
¥

Adventist HealthCare
youry for life



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjt45z89NPkAhUvH7cAHWyJBNIQjRx6BAgBEAQ&url=/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjxrLrk9NPkAhWaILcAHXBTBcgQjRx6BAgBEAQ&url=https://wfhss.com/&psig=AOvVaw2rLtqwGpHgenzlXYMXiJw9&ust=1568674164243087&psig=AOvVaw2rLtqwGpHgenzlXYMXiJw9&ust=1568674164243087

Referred publications

* Vickery K, Ngo Q-D, Zou J, Cossart YE. The effect of multiple cycles of contamination, detergent washing, and disinfection on
the development of biofilm in endoscope tubing. Am J Infect Control 2009;37(6): 470-5. DOI: 10.1016/j.ajic.2008.09.016

* Pinto FMG, de Souza RQ, da Silva CB, Mimica LMJ, Graziano KU. Analysis of the microbial load in instruments used in
orthopedic surgeries. Am J Infect Control 2010;38(3):229-33. DOI: 10.1016/j.ajic.2009.06.017

* Almatroudi A, Tahir S, Hu H, Chowdhury D, Gosbell IB, Jensen SO, et al. Staphylococcus aureus dry-surface biofilms are more
resistant to heat treatment than traditional hydrated biofilms. J Hosp Infect 2018;98(2):161-67.

DOI:10.1016/j.jhin.2017.09.007 wih&
* Smith K, Araoye |, Gilbert S, Waites K, Camins B, Conklin M, et al. Is retained bone debris in cannulated orthopedic ARl 55) {1

instruments sterile after autoclaving? Am J Infect Control 2018;46(9):1009-13. DOI: 10.1016/j.ajic.2018.02.024 o] Federation fo

* Machida H, Seki M, Yoshioka N, Yabuno K, Miyawaki K, Yoshida H, et al. Correlation between outbreaks of multidrug-resistant
Pseudomonas aeruginosa infection and use of bronchoscopes suggested by epidemiological analysis. Biol Pharm Bull
2014;37(1):26-30.

* Tosh PK, Disbot M, Duffy JM, Boom ML, Heseltine G, Srinivasan A, et al. Outbreak of Pseudomonas aeruginosa surgical site
infections after arthroscopic procedures: Texas, 2009. Infect Control Hosp Epidemiol 2011;32(12):1179-86.
DOI:10.1086/662712

* Alfa MJ, Nemes R. Inadequacy of manual cleaning for reprocessing single-use, triplelumen sphinctertomes: Simulated-use
testing comparing manual with automated cleaning methods. Am J Infect Control 2003;31(4):193-207.

* Vickery K, Pajkos A, Cossart Y. Removal of biofilm from endoscopes: evaluation of detergent efficiency. Am J Infect Control
2004;32(3):170-6. DOI:10.1016/j.ajic.2003.10.009

* Fernandes A, Dias M. The microbiological profiles of infected prosthetic implants with an emphasis on the organisms which
form biofilms. J Clin Diagn Res 2013;7(2):219-23. DOI:10.7860/JCDR/2013/4533.2732 /

0
V]
¥
L.K.O. Lopes et al. 2018. Roel Beltran Castillo - Presenting Author Adventist HealthCare
youry for life


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjt45z89NPkAhUvH7cAHWyJBNIQjRx6BAgBEAQ&url=/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjxrLrk9NPkAhWaILcAHXBTBcgQjRx6BAgBEAQ&url=https://wfhss.com/&psig=AOvVaw2rLtqwGpHgenzlXYMXiJw9&ust=1568674164243087&psig=AOvVaw2rLtqwGpHgenzlXYMXiJw9&ust=1568674164243087

Referred publications

Whiteley GS, Glasbey TO, Fahey PP. A suggested sampling algorithm for use with ATP testing in cleanliness measurement.
Infection, Disease and Health 2016;21(4):169-75.

Alfa M, Nemes R, Olson N, Mulaire A. Manual methods are suboptimal compared with automated methods for cleaning of
single-use biopsy forceps. Infect Control Hosp Epidemiol 2006;27(08):842-6. DOI: 10.1086/506397

Rutala WA, Weber DJ. Guideline for disinfection and sterilization in healthcare facilities,2008: Centers for Disease Control
(US); 2008.

Schwaab G, Jacoby AM, Lunkes JT, Ascari RA, Lautert L. Sterilization of health products in public services. . ] Nurs UFPE
2016;10(12):4591-8.

Mendonga ACC, Bezerra ALQ, Tipple AFV, Tobias GC. Quality indicators of health product processing in steam autoclaves. J
Nurs UFPE on line 2016;11(2):906-14.

Oliver JD. Recent findings on the viable but nonculturable state in pathogenic bacteria. FEMS Microbiol Rev 2010;34(4):415-
25.DOI: 10.1111/}.1574-6976.2009.00200.x

Costa DM, Lopes LKO, Tipple AFV, Johani K, Hu H, Deva AK, et al. Evaluation of stainless steel surgical instruments subjected
to multiple use/processing. Infection, Disease & Health. 2018;23(1):3-9. https://doi.org/10.1016/j.idh.2017.08.004
Hori K, Matsumoto S. Bacterial adhesion: from mechanism to control. Biochem Eng J 2010;48(3):424-34.
https://doi.org/10.1016/j.bej.2009.11.014

Putnam K. A closer look at medical devices contamination. AORN J. 2016;104(2):P4. https://doi.org/10.1016/S0001-
2092(16)30380-5

Jafari SM, Coyle C, Mortazavi SJ, Sharkey PF, Parvizi J. Revision hip arthroplasty: infection is the most common cause of
failure. Clin Orthop Relat Res 2010;468(8):2046-51. DOI: 10.1007/s11999-010-1251-6

L&Y
i D

Y
¥

Adventist HealthCare
youry for life



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjt45z89NPkAhUvH7cAHWyJBNIQjRx6BAgBEAQ&url=/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjxrLrk9NPkAhWaILcAHXBTBcgQjRx6BAgBEAQ&url=https://wfhss.com/&psig=AOvVaw2rLtqwGpHgenzlXYMXiJw9&ust=1568674164243087&psig=AOvVaw2rLtqwGpHgenzlXYMXiJw9&ust=1568674164243087

Referred publications

* Greenfield EM, BiY, Ragab AA, Goldberg VM, Nalepka JL, Seabold JM. Does endotoxin contribute to aseptic loosening of
orthopedic implants? J Biomed Mater Res B Appl Biomater 2005;72(1):179-85. DOI: 10.1002/jbm.b.30150

* Thomas JG, Chenoweth CE, Sullivan SE. latrogenic Creutzfeldt-Jakob disease via surgical instruments. J Clin Neurosci
2013;20(9):1207-12. DOI: 10.1016/j.jocn.2013.01.007

* Brown P, Farrell M. A practical approach to avoiding iatrogenic Creutzfeldt-Jakob disease (CJD) from invasive instruments.
Infect Control Hosp Epidemiol 2015;36(7):844-8. DOI:10.1017/ice.2015.53

* Hervé R, Secker T, Keevil C. Current risk of iatrogenic Creutzfeld—Jakob disease in the UK: efficacy of available cleaning
chemistries and reusability of neurosurgical instruments. J Hosp Infect 2010;75(4):309-13. DOI: 10.1016/j.jhin.2010.01.024

» Secker T, Hervé R, Keevil C. Adsorption of prion and tissue proteins to surgical stainless steel surfaces and the efficacy of
decontamination following dry and wet storage conditions. J Hosp Infect 2011;78(4):251-5. DOI: 10.1016/j.jhin.2011.03.021

* Duarte RS, Lourenco MCS, de Souza Fonseca L, Leao SC, Efigenia de Lourdes TA, Rocha IL, et al. Epidemic of postsurgical
infections caused by Mycobacterium massiliense. J Clin Microbiol 2009;47(7):2149-55. DOI: 10.1128/JCM.00027-09

* Seavey R. Reducing the risks associated with loaner instrumentation and implants. AORN J2010;92(3):322-34. DOI:
10.1016/j.a0rn.2009.12.032

* Huter-Kunish GG. Processing loaner instruments in an ambulatory surgery center. AORN J 2009;89(5):861-70.

* AziziJ, Anderson SG, Murphy S, Pryce S. Uphill grime: process improvement in surgical instrument cleaning. AORN J.
2012;96(2):152-62. DOI: 10.1016/j.aorn.2012.03.018

* US Food Drugs Administration - FDA. Reprocessing Medical Devices in Health Care Settings: Validation Methods and Labeling.
Guidance for Industry and Food and DrugAdministration Staff. 2015

* . Association of Perioperative Registered Nurses — AORN. Guidelines for Perioperative Practice. 2017 ed. Denver: AORN, Inc.;
2017.

Y,
LV
¥
.0. Lopes et al. 2018. Roel Beltran Castillo - Presenting Author Adventist HealthCare
youry for life


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjt45z89NPkAhUvH7cAHWyJBNIQjRx6BAgBEAQ&url=/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjxrLrk9NPkAhWaILcAHXBTBcgQjRx6BAgBEAQ&url=https://wfhss.com/&psig=AOvVaw2rLtqwGpHgenzlXYMXiJw9&ust=1568674164243087&psig=AOvVaw2rLtqwGpHgenzlXYMXiJw9&ust=1568674164243087

