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1.1 Low-temperature vaporized hydrogen peroxide (VHP) sterilizer

1 Variation in VHP sterilizer 2 Variation in load weight requirements
performance

' » Standard: Manufacturers specify load mass limits
» Multiple Manufacturers and models i » Manuals of some brands: Lack the information
» Wide variation in performance . > In practice: Users may overload

' » Overloading — Higher Bl positivity

A Survey among 106 hospitals in southern China (Apr — May 2023)

Sterilizer Type Sterilant Type Reducing load mass help

18 . prevent positive events
0 0 £l
4,3.774)_\ 4,3.77% 16.98% 2, 1.89%

08, 36, 54.72%
92.45% 81.13% I
14,
13.21%

Hydrogen peroxide gas plasma

= Vaporized hydrogen peroxide Cartridge = Bottle - Cup mYes = No = Uncertain
Both
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1.1 Low-temperature vaporized hydrogen peroxide (VHP) sterilizer

Example of sterilization practice: Load mass limits in user manual

Cycle Type Max. load mass (Kg) Shelves
STANDARD 9.7 lor2
FLEX 9.7 lor2
DUO 6 lor2
EXPRESS 4.9 Bottom shelf only

Actual load mass (STANDARD cycle)

Instruments Mass (Kg) Total (Kg)
Loading mass and method seemed appropriate I ultrasound probe package 5
Actually: load mass exceeded the manual limit 13D scope package 45 12.5
All physical parameters, Chemical indicators, 4 optical scope packages 3
Biological Indicators were qualified! About 30% Overweight ! <§
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1.2 Research basis

Requirements for load mass in VHP sterilization
in current international and national standards

O — 1ISO 22441-20221 GB 27955 -202072

6 ERIEFEM
6.2.1 Theprocessparameters, together with their tolerances, shall be specified. These tolerances shall
be based upon knowledge of the combination of process parameters yielding acceptable microbicidal 6.1 TR A K B 5 BT - O T 5 AT A %k TE 0 1 3 O R T A A T

effectiveness. Processing at such process parameters shall routinely yield a safe and functional product. 6.2 0B I SR P25 48 o B T2
6.2.2 Process characterization, at a minimum, shall include: 1 6.3 7 T 9y it iy 2 A0 07 7 b 4 B T 5 U 45 B ad A7 . o 4k PRI 2 A 0 K . |
g R _ A R EE i A S B K T A 45 A KT (] SR A B .
a) identification of phases necessary for a VH202 sterilization process; N N
\h ) 5 (P K R o R A A i B ) R K A B R E A R — B
or ea ase of the

specification of defined process variables and corresponding parameters f 6 i PR e R K T 2% A 4 R T I AR 2
sterilization operation; J . 415 2

any restriction of the items and load configuration for a given operating cycle such as mass,
geometry and materials.

6.3 The load configuration shall strictly follow the
user manual of the sterilizer to avoid improper
loading that may affect sterilization efficacy.

[1] ISO. Sterilization of health care products — Low temperature vaporized hydrogen peroxide — Requirements for the development, validation and routine control of a
sterilization process for medical devices. International Organization for Standardization

[2] National Standards. Hygienic requirements for low-temperature hydrogen peroxide gas plasma sterilizer. State Administration for Market Regulation, Standardiza§g
Administration of China
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1.3 Objectives and significance

Objectives
» To investigate the effect of load mass on physical parameters during VHP sterilization
v" To examine the variations in in-pack physical parameters under different load masses, including
overweight conditions, across various types and models of VHP sterilizers
> To highlight the importance for CSSD to adhere to load mass limits during VHP sterilization

[kPa] [mbar]

2nd cycle

Sterile air Sterile air Sterile air

Significance 101-]
» Abasis for developing or revising SOPs 57— s s s

2.9 —

0.5 —

|
T N [ ]
Vacuum Vacuum Vacuum Vacuum I
Liquid H,0,/H,0 injection Plasma Evaporation Plasma
and evaporation

Diffusion Air entrance Diffusion Air entrance
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2.1 Selection of sterilizers and physical parameters

Sterilizer: VHP-plasma Measurements

» Study site: CSSD of a cancer center » Load mass: Actual load (normal & overload)
» Study period: Oct. 2024 — Feb. 2025 » Temperature in the chamber:

» 3 sterilizers: 2 brands / 2 models (A & B) V' Tin! Toean ! Trnax

» |FU: All specify load mass limits v" Two injection stages

Cycle Type Max. load mass (Kg) Shemves AUC (Area under the concentration-time curve) of VHP:

A CSTANDARD 07 or2 Built-in sensor Brand A
Cycle Ioad FLEX 97 lor2
Iimit DUO 6 lor2

49 Bottom shelf only

=“Temperature monitoring

~ Enabled

‘;‘fg]ANDARD -

B

Package load
limit

AEEEEREEREEEEREREREN -
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2. Method

2.1 Selection of sterilizers and physical parameters

SYSUCC
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Data collection equipment:
» Thermobarograph:

v' 3 temp. probes + 1 pressure probe

IRREREREERE AN

v Calibrated, within valid period
» Data collection software:

v In conjunction with the thermobarograph

Table H.1 — Recommended minimum number of temperature sensors

Locations for temperature probes: B

Number for 0Q

Number for PQ

Usable chamber space

Product load volume

3

3

12

12

>1 000

> Basis: 1SO 22441:2022" I -

12

24

v' Geometric center, top / bottom shelves
v" Near the chamber door (Not placed in

X le‘cations for Bls, PCDs or temperature sensors

A:152L; B:135L

[1] ISO. Sterilization of health care products — Low temperature vaporized hydrogen peroxide — Requirements for the development, validation and routine control Sigg

sterilization process for medical devices. International Organization for Standardization
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2.2 Data collection procedure

» Activate probes
> Place probes: At a difficult-to-sterilize location in the instrument pack
» Pack instruments: Routine procedure
» Weigh packs:

v" Weigh each pack and calculate total mass
» Load:

v" Place packages containing probes at the

geometric center of the top / bottom shelf

> Retrieve data:

v' Download from software after each cycle

» Record: A designated staff member

v Time, sterilizer, load mass, package type
v Physical parameters, biological indicator, chemical indicator
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2.3 Statistical analysis

Descriptive analysis:
» Mean * Standard deviation

Multiple linear regression:
» Investigate associations:

V' Trin! Trean ! Tmax & l0ad mass

v AUC (Area under the concentration-time curve) of VHP & load mass
Adjustment for covariates
» Sterilizer brand / Injection stage / Probe location
Stratified analysis

» Stepwise regression: interaction terms

» ANOVA (Analysis of Variance) : model comparison
» Stratified analysis
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3.1 Descriptive analysis

Expressed as mean + standard deviation

Brand Load mass Tniection Locati Temperature (C) AUC of VHP
njection n .
K Jectl e L0 (mglL) Load mass:

J Minimum Maximum Average

A 106£268  Sagel Tp 31524366 3360£309 32864316 » BrandA> Brand B

20694 3489 _
Botom 3072318 3250:286  3180+290 Temperature in the chamber:

Stage 2 Top  3716+305 30232308 3836303 > Top > Bottom
335547+ 100649

BRLL - ITHIL - ST > The 2" injection stage > The 1stinjection stage

B 927148 Stage | To 34.06£4064  3693£426 35724415
: ' AUC (Area under the concentration-time curve) of VHP:

0934375 3294338 3211£339 L L
» The 2" injection stage > The 1stinjection stage
Stage 2 094£358 474315 40884327

36224357 38204318 37.33£320
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3.2 Linear trends between load mass and physical parameters
iIn the chamber during injection stages

Temperatures AUCs of VHP

C E
Brand A Brand A Brand A Brand A
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Bottom shelf Stage1 Bottom shelf Stage2 = Top shelf Stage1 — Top shelf Stage2

Physical parameters during the injection stages negatively associated with load mass
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3.3 Effects of load mass on physical parameters
iIn the chamber during injection stages (Quantification)

A

Brand A & B

Parameters Effect size (95%CI) Unit P-value

Min. Temperature -0.30 (-0.48, -0.13) °C <0.001 /

Overall 4

Mean Temperature -0.37 (-0.53,-0.21) °C <0.001 / : - Maximum Temperature
i - Mean Temperature

Stage1 - ' Minimum Temperature

Max. Temperature -0.41 (-0.57, -0.25) °C <0.001 /
Stage?2 -

AUC of VHP -149.16 (-200.55,-97.77)  mg's/L <0.001 Brand/Model A

10 -05 00 05 10
Effect size of load mass (°C)

> Effect size: The average change in physical > Effect of load mass on temperatures:
parameters for every 1 kg increase in load mass v’ More significant in the 2" injection stage

» P-values for interaction: ﬁ
v 0.032 (Tin); 0.052 (T, eqn); 0.064 (Tmaxj’
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4.1 Findings and Interpretation

» Finding 1: The AUC of VHP was negatively correlated with load mass during VHP sterilization
v Injection stage: hydrogen peroxide injected — vaporized and diffused — inactivates microorganisms
v Insufficient VHP in chamber — cannot fully cover all load surfaces — more difficult to penetrate complex lumens
» Finding 2: Chamber temperature was negatively correlated with load mass during VHP sterilization
v' Heat radiation: heavier load — absorbs more heat'2 —lower chamber temperature
v At lower temperatures: VHP tends to condense on surfaces or in gas34 — incomplete vaporization — lower VHP
concentration (underlying mechanisms)

» Implication: Increased load mass may reduce VHP sterilization effectiveness I I I

Success rate(%)

v Similar research:

40%

VHP Sterilization success rate decreased as load mass increased?®

Empty 10-kg load Maximum load
Loadings of sterilization chamber

Tessarolo F et al. Monitoring Steam Penetration in Channeled Instruments: An Evidence-Based Worst-Case for Practical Situations. Front Med Technol

Karimi Estahbanati MR. Advances in Vaporized Hydrogen Peroxide Reusable Medical Device Sterilization Cycle Development: Technology Review and Patent Trends. Micro 6kgats
Noh MS et al. Evaluation of Sterilization Performance for Vaporized-Hydrogen-Peroxide-Based Sterilizer with Diverse Controlled Parameters. ACS Omega

[1]
[2]
[3] Yuan Y et al. Effect of initial temperature and relative humidity on VHP penetration during HEP A in-situ fumigation disinfection. Energy and Built Environment
[4]
[5]

14

W
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4.1 Findings and Interpretation

» Negative correlation between AUC of VHP and load mass — overload may lead to VHP sterilization failure — higher
patient infection risk
» Collaboration between manufacturers and healthcare institutions needed to reduce potential risks
Recommendations:
1. For manufacturers
v Some can not provide load mass limits
v'  Before market release: conduct thorough testing and specify load limits under different conditions (e.g., instrument
material, size)

A\

2. For healthcare institutions / CSSDs ' Biological monitoring frequency: i
v Develop SOPs based on manufacturer-specified load limits - GB 27955°: |
v’ Strictly enforce SOPs each cycle; never skip weighing load mass  Low-temperature VHP sterilization: once daily |

3. Enhance monitoring
v" Use physical indicators and ISO 11140-11 Type 4 chemical indicators each cycle
v' Balance economic sustainability with sterilization failure risk: increasing biological monitoring frequency

[1] ISO. Sterilization of health care products — Chemical indicators. Part 1: General requirements. International Organization for Standardization
[2] AAMI. Comprehensive guide to steam sterilization and sterility assurance in health care facilities. The Association for the Advancement of Medical Instrumentation .
[3] National Standards. Hygienic requirements for low-temperature hydrogen peroxide gas plasma sterilizer. State Administration for Market Regulation, StandardiZ§
Administration of China
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4.2 Limitations and prospects

» Generalizability
v' Single hospital, 2 brands, 2 models
v Findings still credible: one of the largest oncology center in South China & VHP sterilizers
commonly used both domestically and internationally
» Investigation of the correlation between load mass and sterilization success directly
was not validated
v" Results suggest risk of sterilization failure may increase without controlling load mass
» Limited consideration of factors affecting VHP sterilization success
v' Load material, load shape, packaging material, baseline physical parameters, etc.

v' Study identifies overall trends between load mass and physical parameters
» Future research can further investigate these aspects
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4.3 Conclusion

Conclusion 1:

» Physical parameters during VHP sterilization negatively correlated with load mass
v' Chamber temperature decreased as load mass increased during VHP sterilization
v" In Brand A sterilizers, AUC of VHP decreased with increasing load mass
v" Reduced AUC of VHP may compromise sterilization efficacy

Conclusion 2:

» Manufacturers and CSSDs should collaborate to ensure VHP sterilization quality

v' Manufacturers: specify load mass limit per sterilization cycle for each sterilizer model
v' CSSD staff: follow the user manual and pay attention to load mass in sterilization practice
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Start temperature Minimum temperature

Piy=0.001 Piy=0823 Pyy=0005 Piy=0049 Ping<0001 Piy=0905 Piu=0008 Piy=006

Measurements P Standard error 95% I Pvalue

Start temperature 0.06 (-0.44,-0.20) <0.001
Minimum temperature 0.06 (-0.43.-0.20) <0.001

Mean temperature 0.06 (-0.49.-0.27) <0.001

Mean temperature Maximum temperature
Pin<0001 Pp=0573 Py=0023 Py,=0148 Pum<0001 Piy=0413 Py,=0031 Pj,=0149

Maximum temperature 0.06 (-0.54.-0.32) <0.001

Start pressure . (-2.80. 2.53) 0.921

A temperature (95% Cl, °C per kg increase)

Minimum pressure . . (-2.57. 2.66) 0.973
Mean pressure . (-28.51.-9.45) <0.001

Maximum pressure (-309.06. -76.05) 0.001

Subgroup * Overall = Location # Injection stage = Model = Hospital

AUC of VHP (-156.17.-91.28) <0.001
Cumulative concentration
Poi=0.858 P y=0.002 Pioi=0.481

Improvements:

» Dual-center study (2 brands, 3 models)

» Baseline physical parameters adjusted

» Association between chamber pressure and load mass
Robust and consistent results !

Subgroup

& Overall

- Injection stage
- Model

< Hospital

A AUC of VHP (95% CI, mg-s/L per kg increase)
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Guangdong CSSD team: over 10 years of continuous research
2025

2022-2024 9

2016-2017 e _ _ _ _
Hospital Acquired Infection risk

e Operating Protocols Impact of load weight on physical
parameters in low-temperature

Group Standard: Operation vaporized hydrogen peroxide
Specification of Low Temperature sterilization

Vaporized Hydrogen Peroxide

[T/GDNSA 001-2024]

status study

Comparative evaluation of low
temperature sterilizer performance
across multiple brands and models
in 90 hospitals in Guangdong
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