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Background: This study aimed to investigate factors associated with cleaning failures and malfunctions of bag valve masks (BVMs).
Methods: Stratified sampling was used in this cross-sectional study. A questionnaire survey was conducted with central sterile supply
department managerial personnel from 479 hospitals in China from December 2023 to July 2024. Data concerning BVM reprocessing,
such as types of BVMs, methods of cleaning, disinfection and drying, functional tests, and storage conditions, were analyzed.
Results: The incidences of cleaning failures in BVMs under storage conditions partially meeting requirements, under storage
conditions fully meeting requirements, and when storage conditions were not prioritized in practice were 30.50%, 16.22%, and
18.10%, respectively (x> = 11.358, P < 0.01). The incidences of malfunctions in BVMs which were not stored separately and which
were in separate storage were 60% and 43.82%, respectively (x* = 4.726, P < 0.05). The incidences of malfunctions in infant BVMs
and in non-infant BVMs were 48.77% and 35.09%, respectively (y* = 6.555, P < 0.05). The incidences of malfunctions in BVMs
reprocessed using moist heat disinfection and using other disinfection methods were 37.89% and 49.37%, respectively (y° = 5.683, P <
0.05). The incidences of malfunctions in BVMs using high-temperature drying cabinets and using other drying methods were 50.55%
and 38.73%, respectively (x* = 6.598, P < 0.05).

Conclusion: The types of BVMs and the methods of cleaning, disinfection, drying, and storage conditions could affect the cleaning
quality or functional integrity. This highlights the urgent need for standardized national guidelines in China.
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Background
A bag valve mask (BVM), also known as a manual resuscitator or self-inflating bag, is a widely used device for first aid
in clinical practice. It is often used for cardiopulmonary resuscitation.' Ventilation with a BVM is also required before
respiratory support in intensive care unit patients.>* BVMs can become contaminated by patient secretions. Failures in
cleaning and disinfecting BVMs can expose patients to potential biological infection risks, resulting in adverse prognosis,
such as respiratory tract and lung infections.

Recent studies on BVMs conducted in China and abroad have primarily focused on their clinical applications,” with
few studies addressing the reprocessing of BVMs. After reviewing a large number of literature references, it was found

1'° have shown that contamination

that only a few studies discuss BVM reprocessing. For example, the results of Zhu et a
of BVMs are closely associated with ventilator-associated pneumonia. The incidence rate of ventilator-associated
pneumonia in patients using BVMs disinfected once every 3 days is significantly lower than that in patients using
BVMs disinfected once every 7 days (28.33% versus 48.33%)."' The prevention of ventilator-associated pneumonia
focuses more on the disinfection of respirator tubing, whereas insufficient attention is paid to cleaning and disinfection of

BVMs.'? When BVMs are not disassembled into their smallest components for cleaning, as required by the Centers for
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Disease Control and Prevention in their “Guidelines for Disinfection and Sterilization in Healthcare Facilities”,'* the

failure rate can reach as high as 31.7%."*

BVMs are classified into two categories: disposable and reusable. Reusable BVMs need to be cleaned and disinfected
after use. Some primary healthcare institutions in China adopt manual cleaning and immersion disinfection with chemical
disinfectants for BVMs. This can involve more human factors and pose a risk of failures in cleaning and disinfection. In
some tertiary hospitals in China, reusable BVMs are routinely reprocessed by central sterile supply departments (CSSDs)
before clinical redeployment,'? but the reprocessing of BVMs receives insufficient attention and lacks relevant guide-
lines. In some low- and middle-income countries, disposable BVMs are retained after use for reuse,'> posing challenges
for their cleaning and disinfection.

There are no unified guidelines for the whole chain management of BVM cleaning and disinfection in China, and the
supervision in China remains unclear. Greater attention should be paid to BVM reprocessing, its compliance with clinical
requirements, and its potential negative impact on clinical use. This study aimed to investigate factors associated with
cleaning failures and malfunctions of BVMs, providing a foundation for developing a standard operating procedure for
BVM reprocessing and improving related guidelines. This study may serve as a reference for the disinfection and
management of reusable medical devices. It may also draw increased attention from CSSDs on BVM reprocessing,
promoting more scientific and standardized procedures and enhancing patient safety.

Methods
Ethical Approval

Ethical approval of this study was obtained from the Biomedical Ethics Committee of West China Hospital, Sichuan
University [2024 Nian Shen (2578)]. Waiver of informed consent was approved by the Biomedical Ethics Committee of
West China Hospital, Sichuan University.

Study Design

A questionnaire survey was conducted with CSSD managerial personnel from 479 hospitals in 117 cities across 20
provinces in China from December 2023 to July 2024 to investigate the hospitals’ attention levels in BVM reprocessing,
collection, the procedures of cleaning and disinfection, and functional testing and to understand the hospitals’ demands
for technical guidelines for BVM reprocessing (Supplementary file 1).

Through a survey on BVM reprocessing and feedback from clinical users about adverse events caused by BVMs,
issues in BVM reprocessing by CSSDs could be identified, and key factors associated with these adverse events could be
examined. This can improve BVM reprocessing by the CSSDs, thereby enhancing the quality of clinical BVM use and
ensuring patient safety.

The collected data were summarized by reviewing relevant literature and integrating it with the guidelines (WS310-
2016) for CSSDs in the People’s Republic of China,'®'® the guidelines (WS/T 367-2012) for regulation of disinfection
technique in healthcare settings,'® the Guidelines (YY 0600.4-2013/ISO 10651-4:2002) for health and pharmaceutical
sector of the People’s Republic of China - Lung ventilators for medical use - Particular requirements for basic safety and
essential performance - Part 4: operator-powered resuscitators,”’ China’s BVM cleaning procedures (Figure 1) and
management principles, and hospital requirements for controlling nosocomial infections. Subsequently, a questionnaire
titled “Investigation on BVM Cleaning, Disinfection, and Functional Testing” was developed following discussions with
5 sterile supply experts from the Nursing Equipment and Materials Branch of the China Association of Medical
Equipment. Six other experts then scored the relevance of questionnaire items. The item-level content validity index
ranged from 0.833 to 1.000, and the scale-level content validity index/average was 0.974, indicating good content
validity. After the pre-survey with 13 questionnaires, the wording of some questions was revised, and the final
questionnaire was formulated.

This study focused on the key steps and process management of BVM reprocessing. After the cleaning, disinfection,
and sterilization of the BVMs, feedback on the occurrence of cleaning failures and malfunction cases was collected from
the CSSDs and clinical department staff. The following information and variables were collected for this study:
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Squeeze the self-inflating bag; the one-way valve should open, indicating proper function.
l =1 Release the hand; the self-inflating bag should easily return to its original shape, ===
Cleaning confirming that both the one-way valve and intake valve function properly.
and
iSiTSCHoR Close the pop-off valve, block the exhalation connection with one hand, and squeeze the Packaging
] self-inflating bag with the other. If the bag does not deform when squeezed, it indicates 1 ) énd )
Drying that both the pop-off valve and intake valve function properly. distribution
) Open the pop-off valve, block the exhalation connection with one hand, and squeeze the
self-inflating bag with the other. If air flows out through the pop-off valve, it indicates that
the pop-off valve is functioning properly.
Functional Connect the oxygen reservoir bag to the exhalation connection. Squeeze the self-inflating -
testing bag to inflate the oxygen reservoir bag. Remove the oxygen reservoir bag, pinch its mouth

between the fingers, and squeeze it with the other hand. If no air leaks, the oxygen

reservoir bag functions properly.

Reconnect the oxygen reservoir bag to the exhalation connection. Squeeze the
self-inflating bag to inflate the oxygen reservoir bag without causing it to burst. Squeeze
the oxygen reservoir bag If air flows out from the exhalation valve, it indicates that both

the oxygen reservoir bag and exhalation valve are functioning properly.

Block the exhalation connection with the palm and squeeze the oxygen reservoir bag. If air

" flows out from the air outlet valve, it indicates that the valve is functioning properly.

Figure | Reprocessing procedures for bag valve masks.

(1) Basic information about the CSSDs which reprocessed the BVMs. Basic information of the CSSDs and hospitals;
CSSD management mode (centralized management or decentralized management); department responsible for
BVM reprocessing (directly reprocessed by their respective hospital or outsourced to the third-party healthcare
institutions); job titles of BVM reprocessing personnel (nurses, technical workers, or other).

(2) Types of BVMs. For adult, child, and infant.

(3) Methods of BVM reprocessing. Methods of collection, disassembly, cleaning, disinfection and drying, functional
testing, and storage conditions.

(4) Management of BVM reprocessing. Knowledge sources, CSSD work rules, and standard operating procedures.

Data Collection

Stratified sampling was used in this cross-sectional study. Questionnaires were randomly distributed online to CSSD staff
from hospitals of different levels across different regions. Survey was conducted with some CSSD staff by telephone
interview. A total of 709 responses were returned. The collected responses were preliminarily processed in order to
ensure the quality of the data. Because this survey aimed to investigate the factors associated with failures in BVM
cleaning and malfunctions, incomplete responses were excluded. Whether answers were provided to all items regarding
the occurrence of failures in BVM cleaning and malfunctions served as the criteria for determining a valid response. In
addition, the outliers of numerical variables were detected using the 3c-rule. Finally, 230 invalid responses and those
with outliers were removed, leaving a total of 479 valid responses.

Statistical Analysis
SPSS 25 was used for data analysis. Categorical variables were described by frequency (percentage), and numerical
variables were described as means + standard deviation. Chi-square tests or Fisher’s exact tests were performed with
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radio and enumeration data to compare groups. Logistic regression analysis was conducted on factors associated with
categorical data. The significance level was set at 0.05.

Results

Demographic Information of Respondents

The demographic information of the respondents from the 479 valid responses is presented in Table 1. For the
classification of hospitals, 290 (60.55%) worked in tertiary hospitals. For the nature of hospitals, 455 (94.99%) were
from public hospitals. For types of hospitals, 405 (84.55%) were from general hospitals. For the number of hospital beds,
179 (37.37%) were from hospitals with 501-1000 beds, and 167 (34.86%) were from hospitals with fewer than 500 beds.
The reusable BVMs were reprocessed by the CSSDs of the hospitals where the respondents worked and not outsourced
to any third-party healthcare institutions.

Status Quo of BVM Reprocessing

Based on the 479 valid responses, it was found that, for manual cleaning, 84 (17.54%) respondents answered that BVM
cavity was not cleaned. For functional testing methods for BVM components, 231 (48.23%) respondents were somewhat
familiar with the methods, and 6 (1.25%) respondents were not at all familiar with the methods. For the implementation
of functional tests, 353 (73.69%) respondents answered that the tests were not performed or were performed on some

Table | Demographic Information of Respondents

Items Frequency | Percentage
(%)
Classification of hospitals
Tertiary Grade A hospitals 223 46.56
Tertiary Grade B hospitals 67 13.99
Secondary Grade A hospitals 169 35.28
Secondary Grade B hospitals 5 1.04
Primary and other hospitals 15 3.13

Nature of hospitals

Public hospitals 455 94.99
Military hospitals 3 0.63
Private hospitals 21 4.38

Types of hospitals

General hospitals 405 84.55
Specialized hospitals (obstetrics and gynecology, children, ophthalmology, oral medicine, traditional Chinese 74 15.45
medicine, and others)

The number of hospital beds

< 500 167 34.86
501-1000 179 37.37
1001-1500 68 14.2
1501-2000 32 6.68
2000 and more 33 6.89

Department responsible for bag valve mask reprocessing

Outsourced to the third-party healthcare institutions 0 0
Reprocessed by the central sterile supply department of the hospital where the respondent worked in 479 100
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components of BVMs. 164 (34.24%) respondents reported that functional tests were implemented on reusable oxygen
tubing, and 190 (39.67%) reported that functional tests were implemented on reusable oxygen reservoir bags. 135
(28.18%) reported that the hospitals had no relevant standard operating procedures or quality criteria for BVM
reprocessing. 449 (93.74%) wanted to be provided with relevant technical guidelines by the hospitals (Tables 2 and 3).

Differential Analysis of Incidences of Cleaning Failures and Malfunctions
The Chi-square tests were performed to investigate whether significant differences existed in the incidence of cleaning
failures and malfunctions between different reprocessing conditions.

Differential Analysis of Incidences of Cleaning Failures

Table 4 shows that the incidence of cleaning failures under storage conditions that partially met requirements was 30.50%,
significantly higher than that (16.22%) when BVMs were stored under conditions fully meeting requirements and that
(18.10%) when storage conditions were not prioritized in practice (3> = 11.358, P < 0.01). The incidence of cleaning
failures in infant BVMs was 23.01%, significantly higher than in non-infant BVMs (14.04%) (y* = 4.239, P < 0.05). The
incidence of cleaning failures occurred in child BVMs was 23.72%, significantly higher than in non-child BVMs (8.05%)
(x*=10.595, P < 0.01).

Differential Analysis of Incidences of Malfunctions

Table 5 shows that the incidence of malfunctions in BVMs which were not stored separately from other items, was
60%, significantly higher than that in separate storage (43.82%) (x> = 4.726, P < 0.05). The incidence of malfunctions
under storage conditions fully meeting requirements was 39.19%, significantly lower than under storage conditions
partially meeting requirements (54.61%) and under storage conditions not prioritized in practice (46.55%) (x> = 8.336,
P < 0.05). The incidence of malfunctions in infant BVMs was 48.77%, significantly higher than in non-infant BVMs
(35.09%) (x> = 6.555, P < 0.05). The incidence of malfunctions in BVMs reprocessed using moist heat disinfection

Table 2 Personnel and Standard Operating Procedures for Bag Valve Mask Reprocessing

Items Frequency Percentage (%)

Place of bag valve mask reprocessing

Collected and reprocessed at central sterile supply department 479 100

Reprocessed at clinical departments 0 0

Reprocessing personnel for bag valve masks

Nurses 446 93.11
Technical workers 205 42.80
Other 13 2.71

Implementation of cleaning the cavities of bag valve masks during the manual cleaning

Yes 395 82.46
No 84 17.54

Standard operating procedures and quality criteria for reprocessing (such as cleaning, disinfection, and packaging) of bag valve masks

Yes 344 71.82
No 135 28.18

Demands to be provided with technical guidelines for reprocessing (such as cleaning, disinfection, quality inspection, and packaging) of bag valve

masks
Yes 449 93.74
No 30 6.26
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Table 3 Functional Testing Practices

Items Frequency Percentage (%)

Degree of familiarity with functional testing methods for components of bag valve masks

Very familiar 242 50.52
Somewhat familiar 231 48.23
Not at all familiar 6 1.25

Implementation of functional tests

On all components of bag valve masks 126 26.31
On some components of bag valve masks 209 43.63
No functional tests were implemented 144 30.06

Implementation of functional tests on components of bag valve masks

Fish-mouth valve (one-way valve) 307 64.09
Intake valve 307 64.09
Pop-off valve 296 61.80
Exhalation valve 288 60.13
Air-inlet reservoir valve 261 54.49
Air-outlet valve 232 48.43
Reusable oxygen in-let tubing 164 34.24
Reusable oxygen reservoir bag 190 39.67

Table 4 Chi-Square Test Results for Factors Associated with Cleaning Failures in Bag Valve Masks

Items Feedback on Cleaning Sum )(2 P
Failures (%)

Yes No
Being stored separately from others
Yes 92 (21.45) 337 (78.55) 429 0.804 | 0.37
No 8 (16.00) 42 (84.00) 50
Storage conditions of bag valve masks
Not prioritized in practice 21 (18.10) 95 (81.90) 116 11.358 | 0.003**
Fully met requirements 36 (16.22) 186 (83.78) 222
Partially met requirements 43 (30.50) 98 (69.50) 141

Standard operating procedures and quality criteria for reprocessing (such as cleaning, disinfection, and packaging) of bag valve masks

Yes 74 (2151) 270 (78.49) 344 | 0298 | 0.585
No 26 (19.26) 109 (80.74) 135

Implementation of cleaning cavities of bag valve masks during the manual cleaning

Yes 215 (91.88) 19 (8.12) 234 0.79 0.374
No 27 (87.10) 4 (12.90) 31
Types of bag valve masks
Infant Response option not selected 16 (14.04) 98 (85.96) 114 4239 | 0.039*
Response option selected 84 (23.01) 281 (76.99) 365
Child Response option not selected 7 (8.05) 80 (91.95) 87 10.595 | 0.001*
Response option selected 93 (23.72) 299 (76.28) 392
(Continued)
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Table 4 (Continued).

Items Feedback on Cleaning Sum | P
Failures (%)
Yes No
Adult Response option not selected 1 (25.00) 3 (75.00) 4 0.042 | 0.839
Response option selected 99 (20.84) 376 (79.16) 475
Cleaning methods
Manual cleaning Response option not selected 4 (16.00) 21 (84.00) 25 0.38 0.538
Response option selected 96 (21.15) 358 (78.85) 454
Automatic spraying cleaning and Response option not selected 80 (20.94) 302 (79.06) 382 0.005 0.944
disinfection machine and cleaning racks Response option selected 20 (20.62) 77 (79.38) 97
Vacuum boiling cleaning and disinfection Response option not selected 96 (21.10) 359 (78.90) 455 0.271 0.603
machine Response option selected 4 (16.67) 20 (83.33) 24
Notes: *P < 0.05; **P < 0.01; ***P < 0.001.
Table 5 Chi-Square Test Results for Factors Associated with Malfunctions in Bag Valve Masks
Items Feedback on the Incidence of Sum | P
Malfunctions (%)
Yes No
Being stored separately from others
Yes 188 (43.82) 24| (56.18) 429 4.726 | 0.030*
No 30 (60.00) 20 (40.00) 50
Implementation of functional tests
No 72 (50.00) 72 (50.00) 144 1.673 | 0.196
Yes 146 (43.58) 189 (56.42) 335
Storage conditions of bag valve masks in clinical departments
Not prioritized in practice 54 (46.55) 62 (53.45) 116 8.336 | 0.015%
Fully met requirements 87 (39.19) 135 (60.81) 222
Partially met requirements 77 (54.61) 64 (45.39) 141
Component disassembly before cleaning
Complete disassembly 156 (43.58) 202 (56.42) 358 2.559 | 0.278
Partial disassembly 55 (52.38) 50 (47.62) 105
Not disassembled 7 (43.75) 9 (56.25) 16
Degree of familiarity with functional testing methods for bag valve masks
Not at all familiar 4 (66.67) 2 (33.33) 6 3.0l 0.222
Somewhat familiar 112 (48.48) 119 (51.52) 231
Very familiar 102 (42.15) 140 (57.85) 242
Types of bag valve masks
Infant Response option not selected 40 (35.09) 74 (64.91) 114 6.555 | 0.010*
Response option selected 178 (48.77) 187 (51.23) 365
Child Response option not selected 33 (37.93) 54 (62.07) 87 2463 | 0.117
Response option selected 185 (47.19) 207 (52.81) 392
(Continued)
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Table 5 (Continued).

Items Feedback on the Incidence of Sum | g P
Malfunctions (%)
Yes No

Adult Response option not selected I (25.00) 3 (75.00) 4 0.684 | 0.408
Response option selected 217 (45.68) 258 (54.32) 475

Cleaning methods

Manual cleaning Response option not selected 10 (40.00) 15 (60.00) 25 0.323 | 0.57
Response option selected 208 (45.81) 246 (54.19) 454

Automatic spraying cleaning and Response option not selected 173 (45.29) 209 (54.71) 382 0.038 | 0.845

disinfection machine and cleaning Response option selected 45 (46.39) 52 (53.61) 97

racks

Vacuum boiling cleaning and Response option not selected 208 (45.71) 247 (54.29) 455 0.151 | 0.698

disinfection machine Response option selected 10 (41.67) 14 (58.33) 24

Disinfection methods

Moist heat disinfection Response option not selected 157 (49.37) 161 (50.63) 318 5.683 | 0.017*
Response option selected 61 (37.89) 100 (62.11) 161

Chemical disinfection (high-level Response option not selected 56 (38.10) 91 (61.90) 147 4.704 | 0.030*%

disinfection) Response option selected 162 (48.80) 170 (51.20) 332

Chemical disinfection Response option not selected 185 (45.34) 223 (54.66) 408 0.031 | 0.859

(intermediate-level disinfection) Response option selected 33 (46.48) 38 (53.52) 71

Drying methods

Air gun Response option not selected 57 (41.61) 80 (58.39) 137 1.18 0.277
Response option selected 161 (47.08) 181 (52.92) 342

Cleaning and disinfection machine | Response option not selected 184 (44.88) 226 (55.12) 410 0.461 | 0.497
Response option selected 34 (49.28) 35 (50.72) 69

High-temperature drying cabinets | Response option not selected 79 (38.73) 125 (61.27) 204 6.598 | 0.010%
Response option selected 139 (50.55) 136 (49.45) 275

Low-temperature vacuum drying Response option not selected 148 (47.74) 162 (52.26) 310 1.763 | 0.184

cabinets Response option selected 70 (41.42) 99 (58.58) 169

Wiping Response option not selected 142 (45.37) 171 (54.63) 313 0.008 | 0.931
Response option selected 76 (45.78) 90 (54.22) 166

Natural drying Response option not selected 211 (45.87) 249 (54.13) 460 0.6 0.439
Response option selected 7 (36.84) 12 (63.16) 19

Sterilization methods

Steam sterilization Response option not selected 207 (46.00) 243 (54.00) 450 0.715 | 0.398
Response option selected 11 (37.93) 18 (62.07) 29

Ethylene oxide sterilization Response option not selected 131 (47.12) 147 (52.88) 278 0.693 | 0.405
Response option selected 87 (43.28) 114 (56.72) 201

Low-temperature vaporized Response option not selected 99 (44.39) 124 (55.61) 223 0.21 0.647

hydrogen peroxide sterilization Response option selected 119 (46.48) 137 (53.52) 256

Low-temperature steam and Response option not selected 206 (46.09) 241 (53.91) 447 0.888 | 0.346

formaldehyde sterilization Response option selected 12 (37.50) 20 (62.50) 32

Not sterilized Response option not selected 168 (45.28) 203 (54.72) 371 0.035 | 0.852
Response option selected 50 (46.30) 58 (53.70) 108

Note: *P < 0.05.
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was 37.89%, significantly lower than using other disinfection methods (49.37%) (x* = 5.683, P < 0.05). The incidence
of malfunctions in BVMs reprocessed using high-level chemical disinfection was 48.80%, significantly higher than
using other disinfection methods (38.10%) (yx* = 4.704, P < 0.05). For drying methods, the incidence of malfunctions
in BVMs using high-temperature drying cabinets was 50.55%, significantly higher than using other drying methods
(38.73%) (* = 6.598, P < 0.05). For functional testing methods, the incidence of malfunctions in BVMs adopting
function tests for exhalation valves was 41.32%, significantly lower than adopting function tests for other components
(57.45%) (x* = 4.274, P < 0.05).

Logistic Regression Analysis of Factors Associated with Cleaning Failures and

Malfunctions

The Chi-square test was performed to investigate the significant differences in the incidences of cleaning failures and
malfunctions under various conditions. The binary logistic regression analysis was then performed using the variables
showing differences as independent variables to analyze how these variables affect the incidences of cleaning failures and
malfunctions.

Binary Logistic Regression Analysis of Factors Associated with Cleaning Failures

Based on the above-mentioned results, a statistically significant difference was found in the incidence of cleaning failures
between infant BVMs and child BVMs and between different storage conditions of BVMs. In order to investigate the
specific impact of these three variables on cleaning failures, a binary logistic regression analysis was performed. The
formula for this model is: In(p/1-p) = —1.972+0.156*BVM type Infant + 1.155*BVM type children —0.635* Storage
conditions_Not prioritized in practice —0.802* Storage condition Fully met requirements (where p represents the
probability of failures in cleaning and 1-p represents the probability of no failures in cleaning).

Table 6 and Figure 2 show that the probability of failures in cleaning child BVMs was 3.175 times that of non-child
BVMs (odds ratio (OR): 3.175, 95% confidence interval (CI): 1.31-7.692). The probability of failures in cleaning when
the BVM storage conditions fully meeting requirements was 0.448 times that of storage conditions partially meeting
requirements (OR: 0.448, 95% CI: 0.269-0.748). When storage conditions were not prioritized in practice, the
probability of failures in cleaning was 0.53 times that of storage conditions partially meeting requirements (OR:
0.530, 95% CI: 0.291-0.966). The BVMs with storage conditions partially meeting requirements, and the child BVMs
received higher probabilities of the occurrence of cleaning failures.

Binary Logistic Regression Analysis of Factors Associate with Malfunctions

The above-mentioned results show that statistically significant differences were found in the incidences of malfunctions
under separate storage, BVM storage conditions, infant BVMs, moist heat disinfection, high-level chemical disinfection,
and drying using high-temperature drying cabinets. A binary logistic regression analysis was performed to investigate
these six variables’ impact on malfunctions. The formula for this model is: In(p/1-p) = —1.187+0.564*BVM type Infant
—0.386*Disinfection methods Moist heat disinfection+0.225*Disinfection methods Chemical disinfection (high-level

Table 6 Logistic Regression Analysis Results for Factors Associated with Cleaning Failures

Items Regression Standard Wald Degree of P Odds 95% Confidence
Coefficients Error i Freedom Ratio Interval

Bag valve mask type_infant 0.156 0.333 0.219 | 0.64 1.168 0.609-2.243

Bag valve mask type_child I.155 0.451 6.548 | 0.011* 3.175 1.31-7.692

Storage conditions of bag valve masks 10.145 | 2 0.006

Storage conditions_Not prioritized in practice | —0.635 0.306 4.291 | 0.038* 0.53 0.291-0.966

Storage conditions_Fully met requirements —0.802 0.261 9.453 | 0.002*%* | 0.448 0.269-0.748

Constant -1.972 0.438 20.271 | 0.000 0.139

Notes: *P < 0.05; **P < 0.01. Dependent variable = cleaning failure; Dummy variable = storage conditions of bag valve masks; Reference = storage conditions partially met
requirements. Likelihood-ratio test results: —2 times the log of the likelihood ratio = 468.019; X2 = 22.784; Degree of freedom = 4; P=0.000<0.01, indicating a valid model.
Hosmer-Lemeshow test results: xz = 0.45; Degree of freedom = 6; P = 0.998>0.05, indicating a good model fit.
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Figure 2 Forest plot of logistic regression analysis of factors associated with cleaning failures.

disinfection) + 0.439)*Drying methods High-temperature drying cabinets + 0.556*whether it was stored separately from
others —0.289*Store conditions_Not prioritized in practice-0.556*Store conditions Fully met the requirements (where
p represents the probability of failures in cleaning and 1-p represents the probability of no failures in cleaning).

Table 7 and Figure 3 show that the probability of failures in cleaning infant BVMs was 1.757 times that of non-infant
BVMs (OR: 1.757, 95% CI: 1.123-2.75). The probability of failures in cleaning when the BVMs were dried using high-
temperature drying cabinets was 1.551 times that of other drying methods (OR: 1.551, 95% CI: 1.058-2.274). When
storage conditions fully met requirements, the probability of failures in cleaning was 0.573 times that of storage
conditions partially met requirements (OR: 0.573, 95% CI: 0.37-0.889). The BVMs using high-temperature drying
cabinets, and infant BVMs had higher probabilities of the occurrence of cleaning failures.

Discussion

The BVM is a critical device for emergency treatment and life support. The quality of its disinfection and the integrity of
its function are paramount. The CSSD is responsible for reprocessing all reusable medical devices within a healthcare
institution. The standardization, quality, and efficiency of CSSD procedures directly impact the quality of clinical
diagnosis and emergency treatment. If BVMs are not thoroughly cleaned and disinfected or if functional testing is not
conducted properly, it may endanger patients’ lives.

Table 7 Logistic Regression Analysis Results for Factors Associated with Malfunctions

Items Regression Standard | Wald | Degree of P Odd 95%

Coefficient Error v Freedom Ratio | Confidence
Interval

Bag valve mask type_infant 0.564 0.228 6.093 | 0.014* | 1.757 1.123-2.75

Disinfection methods_Moist heat disinfection | —0.386 0.236 2.687 | 0.101 0.68 0.428-1.079

Disinfection methods_Chemical disinfection | 0.225 0.24 0.875 | 0.350 1.252 0.782-2.006

(high-level disinfection)

Drying methods_high-temperature drying 0.439 0.195 5.046 | 0.025*% | 1.551 1.058-2.274

cabinets

Whether bag valve masks were stored 0.556 0.316 3.098 | 0.078 1.744 0.939-3.241

separately from others or not

Storage conditions of bag valve masks 6.229 2 0.044

Storage conditions_Not prioritized in —0.289 0.259 1.25 | 0.264 | 0.749 0.451-1.243

practice

Storage conditions_Fully met requirements —0.556 0.224 6.192 | 0.013* | 0.573 0.37-0.889

Constant —-1.187 0.47 6.372 | 0.012 | 0.305

Notes: *P < 0.05. Dependent variable = malfunctions; Dummy variable = storage conditions of bag valve masks; Reference = storage conditions partially met requirements.
Likelihood-ratio test results: —2 times the log of the likelihood ratio = 629.697; x* = 30.473; Degree of freedom = 7; P=0.000<0.01, indicating a valid model. Hosmer-
Lemeshow test results: XZ = 3.763; Degree of freedom = 8; P = 0.878>0.05, indicating a good model fit.
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Figure 3 Forest plot of logistic regression analysis of factors associated with malfunctions.

Functional Testing Gaps

The findings of this study indicate that BVM reprocessing has not received adequate attention from hospitals across all
levels in China. Moreover, functional tests were not performed on BVMs, and tests on some components were conducted
inappropriately. A BVM consists of multiple components, such as a face mask, intake valve, air-inlet reservoir and air-
out valves, pop-off valve, oxygen in-let tubing, and oxygen reservoir bag. Each component has its own specific function.
For example, the pop-off valve can automatically adjust pressure. If the pressure inside the self-inflating bag reaches
60cm H20 for adults and 40cm H2O for children and infants, the pop-off valve will automatically open to protect the
lungs from high-pressure damage. CSSD staff shall correctly and carefully inspect the components of BVMs during
BVM reprocessing. This ensures that BVMs are safely and effectively used to rescue patients. The reasons for functional
tests not being implemented or being implemented inappropriately may be because CSSD staff did not have an adequate
understanding of the role of each component of BVM or because they received improper training.

It is recommended that the safety awareness of CSSD staff of hospitals across all levels in China be enhanced. They
should prioritize the use and reprocessing of emergency medical equipment. Clear standard operating procedures for
BVM reprocessing should be established. CSSD staff require additional professional training and should only be
permitted to work after passing an assessment to ensure their competence in BVM reprocessing. This ensures an
effective supply of BVMs and supports seamless clinical diagnosis and treatment.

Factors Associated with Cleaning Failures and Malfunctions

This study found that the types of BVMs and the methods of cleaning, disinfection, drying, and storage conditions could
affect the cleaning quality or functional integrity of BVMs. BVMs are categorized into adult, child, and infant types with
similar materials and structures. However, negative feedback regarding the cleaning quality of non-adult BVMs was
more frequent than for adult BVMs in practice. This suggests that greater attention should be paid to reprocessing small
and precise components during the cleaning process. Finely controlled pressure is particularly critical for infant and child
BVMs, as infants and young children have immature lungs, high airway resistance, and are vulnerable to barotrauma.
This highlights the need for a greater emphasis on the functional testing of BVMs. This study found that some CSSD
staff did not clean the BVM cavity during the manual cleaning. The results of Li et al*! have shown that when patients
have excessive respiratory bleeding or secretions (such as sputum) and choking cough, blood and secretions can flow
back into the face mask or cavity of the self-inflating bag of the BVM, thereby polluting the cavity. Incomplete
disassembly and ineffective cleaning is one of the important factors that may cause respiratory infections in patients.'
Therefore, a BVM should be disassembled into its smallest components before cleaning and disinfection, and the internal
and external surfaces of the self-inflating bag and other components should be thoroughly reprocessed.

According to China’s Hygienic Standard for Disinfection in Hospitals (GB 15982-2012),** the United States’
Chemical Sterilization and High-level Disinfection in Health Care Facilities (ANSI/AAMI ST58),% and the World
Health Organization’s Infection Prevention and Control of Epidemic-and Pandemic Prone Acute Respiratory Infections
in Health Care,?* devices that come into direct or indirect contact with mucous membranes are classified as moderately
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hazardous items. They should undergo high-level or medium-level disinfection before use. Reusable oxygen humidifier
bottles, suction bottles, water bottles for infant incubators, and heated humidifier tanks require high-level disinfection.
A BVM contacts skin and mucous membranes during use, making it a moderately hazardous item and requires high-level
disinfection. Moist heat disinfection and chemical disinfection can meet high-level disinfection requirements. Zhang’s
findings® indicate that when chlorine-containing disinfectants are used for soaking, disinfection may be incomplete due
to the volatility of their aqueous solutions, insufficient coverage of the disinfectant on the BVM’s inner surface, or the
formation of an organic biofilm on the inner wall that hinders disinfectant penetration.

This study found that BVMs disinfected with moist heat had a lower incidence of malfunctions, suggesting that
chemical disinfection may negatively affect their materials and structures. For disinfection efficacy and functional testing,
moist heat disinfection appears to be a better option than chemical disinfection. For drying methods, BVMs using high-
temperature drying cabinets had a higher incidence of malfunctions, according to the feedback from clinical department
staff. A BVM has multiple components - the components can be made of high-polymer materials, such as polyvinyl
chloride and polyethylene. Different components may have different heat resistance. Non-standard treatment is prone to
cause changes in physical properties, such as aging and deformation. For storage methods and conditions, BVMs, which
were stored separately from other items and were stored under conditions fully meeting the requirements, received
a lower incidence of malfunctions. This suggests that CSSDs should obtain the product manuals from the BVM
manufacturers before receiving BVMs, be familiar with the characteristics of structure and different components,
correctly disassemble the BVMs, and choose the proper disinfection and drying methods. Clinical departments using
BVMs and CSSDs should regularly monitor storage conditions and prevent damage by ensuring that BVMs are stored
separately from other items. CSSDs should develop standardized reprocessing procedures for different BVM types and
create detailed illustration diagrams for BVMs with different model numbers, which are prone to confusion.

Needs for Technical Standardization

This study explored the needs and preferences of CSSD staff for improving BVM reprocessing procedures, quality
criteria, and technical guidelines. It revealed that some CSSDs lacked standard operating procedures or quality criteria
for BVM reprocessing. Most investigated CSSD staff expressed a need for unified technical guidelines for BVM
reprocessing. The aforementioned factors may negatively impact BVMs and are related to CSSD operations.
Therefore, unified technical guidelines are essential for standardizing the reprocessing of BVMs. It is hoped that these
issues can be addressed through the development of unified technical guidelines and the implementation of systematic
training.

Limitations

This study had a small sample size, and demographic data of BVM reprocessing personnel were not collected. Future
studies should increase the sample size, include more primary and private hospitals, and collect BVM reprocessing
personnel’ demographic data (such as age, length of service, and qualification). This will enable a more comprehensive
analysis and yield robust conclusions. Future studies should evaluate BVM performance post-standardized reprocessing
protocols in a controlled trial.

Conclusions
A CSSD serves as a hospital’s “heart” and is responsible for cleaning, disinfecting, sterilizing, and supplying sterile
reusable diagnostic and treatment instruments, utensils, and articles. It plays an important role in preventing and
controlling nosocomial infections.”*® Therefore, CSSDs should prioritize the standardized management of reusable
medical devices. Given its complex structure and critical role as a first aid and life support tool, a BVM must remain in
optimal condition for immediate use. CSSDs play a vital role throughout the entire lifecycle of a BVM. Standardizing
cleaning and disinfection procedures for BVMs and ensuring their functional integrity is crucial to guarantee the safety
and availability of these devices in emergency care.

CSSD staff should communicate with clinical departments, consult BVM manufacturers’ manuals, adhere to national
and industry standards, refine standard operating procedures, participate in cross-department training provided by CSSD,
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the Emergency Department, and the Intensive Care Unit, standardized pre-treatment procedures (such as disassembling
reusable BVMs and keeping them moist immediately after use), strength professional training, collect ongoing feedback
from clinical departments on BVM performance, optimize cleaning, disinfection, inspection, and sterilization procedures,
and implement dynamic quality control and continuous quality improvement. This ensures the effective reprocessing of
BVMs and prevents the transmission of nosocomial infections. The results of BVM reprocessing reflect the level of
medical device management and CSSD operations.

This baseline survey reveals that no established standard operating procedures or quality criteria exist for BVM
reprocessing, highlighting the need for unified technical guidelines, which is highly significant for ensuring patient safety.
The design of clinical diagnostic and treatment devices should fully consider the effectiveness of their reprocessing
procedures. Therefore, this study can serve as a design reference for BVM manufacturers, encouraging greater focus on
the operability and quality of BVM reprocessing, such as cleaning and disinfection, in product design. It also provides
data support for further studies on quantifying key factors associated with the cleaning quality and functional testing of
BVMs.

Data Sharing Statement
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable
request.
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with relevant guidelines and regulations, as well as the Declaration of Helsinki. Ethical approval of this study was
obtained from the Biomedical Ethics Committee of West China Hospital, Sichuan University [2024 Nian Shen (2578)].
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University.
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