
Indications for HEPA Filter Use in Patients Undergoing General Anesthesia With a 

Breathing Device: An Integrative Review 

 

Tara Dickey, DNAP, CRNA 

 

Bryan College of Health Sciences 

 

Abstract 

Aim and Purpose: This integrative literature review aims to provide evidence-based 

recommendations for high-efficiency particulate air (HEPA) filter use within the anesthesia 

breathing circuit. The purpose of the recommendations is to reduce the risk of pathogen 

transmission to patients undergoing general anesthesia with a breathing device. 

 

Methods: Relevant literature was critically appraised for validity and reliability. A matrix was 

utilized for data extraction, allowing themes to be generated as well as for categorizing findings 

and limitations. Inclusion criteria were current recommendations guiding filter use within the 

anesthesia breathing machine, indication for filter use, placement within the respiratory circuit, 

and recommended filter specifics. 

 

Results: Certified HEPA filters were found to be more effective when compared with non- 

HEPA filters. Non-HEPA filters are unreliable and ineffective in preventing pathogen 

transmission in clinical studies. HEPA filters improve prevention, although their use is not 

without risk of complications. 

 

Conclusions: The appropriate use of filters in the anesthetic breathing circuit is poorly 

understood.6 More research is required to determine the optimal use of HEPA filters in anesthesia 

breathing systems. 

 

Keywords:  HEPA filter, pathogen, cross-contamination, anesthesia breathing circuit, 

ventilator-associated pneumonia. 
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Problem Overview 

 

Introduction 

 

Variation in Recommendation. The Center for Disease Control and Prevention (CDC) does not 

recommend routine filter use within the respiratory circuit of the anesthesia machine, stating 

filter use is an unresolved issue.1 Conversely, professional bodies generally recommend routine 

use of filters within the breathing circuit. Comparisons of recommendations between the CDC, 

the American Society of Anesthesiologists (ASA), and the American Association of Nurse 

Anesthetists (AANA) found the recommendations to be highly variable.1,2,3 These inconsistent 

recommendations offer little direction for decision making by the anesthesia provider. 

 
Contradicting Evidence. There is evidence in the literature of contamination to the respiratory 
circuit of the anesthesia breathing system and survival of organisms allowing the potential for 

pathogen transmission.4-8 Large numbers of bacteria are aerosolized by infected patients and the 
pathogens are efficiently transmitted to the anesthesia machine where they may reside. While 
this is known, recommendations have not been revised due to conflicting studies demonstrating 

pathogen transmission by patients.1 Incongruence in study outcomes may be related to large 
numbers of variables contributing to the transmission of virulent pathogens to the breathing 

circuit.9 It is unlikely that a single study could provide all variables given the complexity of 

anesthesia care in a clinical setting.10
 

 
Current Recommendations. Insufficient data is supporting the clinical effectiveness of filter 
use; therefore routine filter use in the anesthesia respiratory circuit cannot be determined and 
remains as an unresolved issue per the 1997 Morbidity and Mortality Weekly Report Guideline 

for Preventing Healthcare-Associated Pneumonia.11 An exception is made in particular 
consideration of a patient with active tuberculosis (TB) requiring inhalational anesthesia. In this 

case, the CDC and AANA recommend the use of a high-efficiency particulate air (HEPA) filter.1 

Components of the respiratory circuit such as the mask, connector, and breathing hoses must first 
be cleaned then subjected to high-level disinfection before reuse, according to the CDC, ASA 
and AANA. Single-use equipment is more common in practice than reusable equipment by 

anesthesia provider preference.12
 

 

Methods 

 

A literature search was conducted of the following online electronic databases: 

MEDLINE/PubMed, Google Scholar, Scopus, and Cumulative Index to Nursing & Allied Health 

Literature (CINAHL).  The following search terms alone and in combination: breathing 

machine, breathing system, breathing circuit, filter, filters, filtration, airway management, 

respiration, artificial respiration, mechanical ventilation, mechanical ventilator, and ventilator- 

associated pneumonia; resulted in 787 articles. Web-based searches included: the CDC, the 

Internal Organization for Standardization (ISO), as well as infection prevention and control 

guidelines set by anesthesia professional bodies such as the AANA and ASA. The literature 

search was limited to English-language articles. 
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Review of Literature 
 

Quality of Available Evidence 

 

Reliability. Factors limiting the reliability of laboratory data findings include the inability to 
control or identify all variables. The contingency of ventilator-associated infections is 
circumstantial as outcomes are dependent on a combination of variables.  Due to the inability to 
control all variables, situations encountered in clinical practice cannot be replicated, nor can the 

magnitude of risk be predicted.10 Patient influenced variables affecting pathogen transmission 
and progression to infection are dependent on the susceptibility to infection development, such as 

overall health status, age, and co-morbidities.13 The magnitude of risk present is not predictable 
and is highly variable from one subject to another. Anesthesia-related influences which increase 

risk include a low fresh gas flow rate4 and a reduced length of time between the use of the 

anesthesia machine ventilator.9 The duration of time under mechanical ventilation, as well as the 
temperature and humidity of the gas exposed to the patient's airway also play a role in the risk of 
ventilation associated pneumonia. The influence of pathogen sustainability, viral load, and 

virulence largely influence infection progression.14
 

 
Studies have demonstrated pathogens can penetrate anesthesia breathing system filters in clinical 
and laboratory settings. An experimental laboratory study by Scott et al. (2010) demonstrated 
free passage of Candida albicans and coagulase-negative staphylococci through 6 types of wet 

heat and moisture exchangers with a bacterial/viral filter (HMEF).15 A retrospective study by 
Garibaldi et al. (1981) demonstrated no difference in the incidence of postoperative pneumonia, 

whether bacterial filters were used in circuit or not.16 In contrast, Olds et al. (1972) described 
multiple cases of an acquired respiratory tract infection from a contaminated anesthesia machine 

containing Pseudomonas aeruginosa.17 Feeley et al. (1981) compared the evidence of 
postoperative pulmonary infections in patients ventilated with a sterile disposable breathing 
circuit with a disinfected reusable breathing circuit without a filter. There was no difference in 
the rate of postoperative pulmonary infection. Feeley et al. concluded that the use of filters in the 

anesthesia breathing circuit does not decrease postoperative pulmonary infection.18 Collectively, 
the reliability of the individual filters remains questionable. 

 

Ethical Restrictions. In a clinical setting the difficulty in identifying pathogen transmission 
resides in restrictions identifying pathogen transmission occurrences as well as restrictions in 

regards to moral principle to 'do no harm'. Due to this, research studies are generally limited to 
case reports, outbreak trends, chart reviews, investigations, surveillance and retrospective 

studies. While the purpose of these studies is to use already existing data to formulate possible 

correlations, they are not capable of producing cause and effect relationships. In addition to this, 
the resulting overall evidence gained from these study designs is prone to misclassification bias 

and associated with low levels of evidence ratings.16 In order for support to be granted for routine 

use of filters within the anesthesia respiratory circuit, evidence taken from a clinical setting is 
necessary to demonstrate a link between colonization of the anesthesia machine, causing 

clinically significant cross-infection. Criteria necessary to support a recommendation for routine 

filter placement in the anesthesia respiratory circuit is not plausible.19
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Identification and Reporting. Factors affecting data collection for interpretation and analysis 
are limited by the accuracy of lower respiratory tract pneumonia surveillance and compliance 

with clinical reporting.14 Outside of specific situations of known exposure, the occurrences are 
difficult to monitor.  Surveillance of pathogen cross-contamination originating from the 

respiratory circuit of the anesthesia machine and progression to infection requires a link to be 
made. A link not easy to determine as recommendations for performing surveillance cultures of 

high-risk patients, equipment, or devices used for the delivery of anesthesia are not present.6 

Without surveillance of pathogen transmission, it is highly difficult to pinpoint when or how an 
infection was obtained due to varying pathogen incubation periods. Length of time between 
initial exposure to the onset of symptoms and diagnosis of infection affects the ability to link an 
infection to the transmission source. As stated by Garibaldi et al., identification and reporting of 

contaminated anesthesia equipment is often rare and inconclusive.16 These limitations create 

conditions where pathogen transmission from the anesthesia machine to the patient is rarely 

reported, leading to the assumption that there is a low likelihood of occurrence.10,16, 20 Limitations 
associated with identification and reporting; and the infrequency of documented events does not 
exclude the occurrence of infection. 

 

Filter Performance 

 

No Required Performance Level. Filtration performance is assessed by exposing the filter to a 

challenge of particles in the anesthesia breathing circuit system. Filtration performance results 

can be stated either in terms of penetration or efficiency. Penetration is defined as the percentage 

of a particle mass challenge to the filter which passes through the filter. A mathematical equation 

determines filtration efficiency, defined as the percentage of the mass of particles prevented from 

passing through the filter to the mass of particles in the challenge.  Filtration efficiency equals 

100 minus penetration. Provided that particle size and gas flow rate determine filter performance, 

particle size and flow rate must be included in the stated performance level. Otherwise, the 

performance data is deemed as irrelevant.21
 

 

To date there is not a filtration performance standard required for breathing circuit filters 

manufactured for retail.21 The implication of this affects consumers as a manufacturer may state 

99.999% efficiency for a filter. While this may sound like a high-efficiency filter, the filter's 
efficiency increases as larger particles are used to challenge the filter. Therefore, the filter 

presented may be useless in preventing passage of pathogens that are present in clinical 
situations. For that reason, manufacturer efficiency claims must be evaluated according to the 

test methodology.22 The importance of implementing standardized testing methods for healthcare 

equipment cannot be over-emphasized. The absence of adequate guidelines, primarily due to 
methodological uncertainty of what constitutes a sufficient level of filtration allows filter testing 

methods to be determined by the manufacture. This has ultimately led to manipulation of 
variables that directly affect performance ratings of filters. 

 

In addition to there being a broad range of filtration efficacy in filters available for retail, 

manufactures are not required to include the particle size and flow rate used to test filter 

efficiency. Dellamonica (2004) compared manufacturer specifications for 44 types of anesthesia 

breathing circuit filters. During their analysis they found diverse test protocols used by 

manufacturers.23 Filter performances were estimated by manufacturers with different sizes of 
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particles and durations of challenge. The Medicines and Healthcare Products Regulatory Agency 
(MHRA) reported similar findings in their filter specification comparison. The MHRA also 
described several cases where retail package inserts listed different specifics than what was 

reported on the manufacturer’s website.24 Dellmonica too noted poor accuracy of reporting as 

some companies provided higher efficiency values in their commercial brochures than reported 

in their technical files.23 While the buyer is deceived in choosing a filter to aid in the protection 
of their patients, the magnitude of this finding highlights the possibility of acquiring ventilator- 
associated pneumonia while undergoing general anesthesia. Based on the provided evidence, 
filtration values provided by manufacturers, as well as third-party tests, must be viewed with 

caution.23 Findings related to the reliability of filter testing make it difficult for the user to make 

an informed choice regarding the use of a filter in the respiratory circuit of the anesthesia 
machine. 

 

Inconsistent Testing Methods. The European Committee for Standardization is responsible for 

developing a standard for testing breathing system filters. Since they are unable to come to a 

consensus on an acceptable test method, a standard does not exist.14 In the absence of a 

standardized method, manufacturers have been able to proclaim filtration efficiencies against 

their test conditions. As a result, manufacturer claimed filtration efficiencies should not be used 

in comparing filter products as the filter performance is relative to the method of testing. 

 

Recently several filter efficiency testing methods have been published, although there is still no 

requirement for any particular test method to be followed. The BS EN 13328-1:2001 standard is 
the most utilized testing standard used by manufacturers. Commonly known as the salt test 

method, it was developed from the National Institute for Occupational Safety and Health 

protocol for respiratory protective devices.24 In 2004 the MHRA enabled direct interstudy 
performance comparisons to be made on 104 different filters by testing the filters with a standard 

method. The MHRA provided evaluations for each filter tested and comparisons of filter 

efficiency against manufacture stated results. A wide discrepancy in filter performance was 
revealed in some cases. One filter with a filtration efficiency reported as 99.994% by the 

manufacturer was found to have 26% efficiency in the MHRA testing data.24
 

 

HEPA Filters 

 

Performance and Testing Methods 

 

The use of a HEPA grade filter within the anesthesia breathing circuit is widely recommended by 

the CDC, ASA, and AANA when a patient is suspected of active TB.1, 2 Clear, established testing 
and performance standards exist for the HEPA filter and these standards are considered to be the 

most rigorous of filter performance tests.22 The performance of the certified HEPA grade filter is 

rated based on the percentage of airborne particles it is able to filter. There are five standard 
classification levels. A filter rated H14 means the filter captures 99.995% of all particles within 
the air flowing through it; therefore, it is 99.9995% efficient. A filter rated H13 correlates with 

99.95% efficiency, H12 with 99.5%, H11 with 95%, and H10 with 85% efficientcy.22 HEPA 
filter performance can be compared between manufacturers as they are individually tested before 
retail. They must also effectively satisfy performance standards in laboratory and clinical 
settings. 
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There are two standardized testing methods for HEPA filters, either the British BS3928 Sodium 

Flame standardized testing method or the USA Hot DOP (di-octyl-phthalate) method. Passing 

either of these tests meets certification requirements and assures that each HEPA filter can trap 

particles as small as 0.3 μ.24
 

 

Contraindications 

 

Given that filtration efficiency increases as filter media depth and density increase, these factors 

also directly correlate with increases in resistance to gas flow.25 General contraindications to 
filter use is the presence of frank blood, or any thick, or copious secretions. Patients with 
pulmonary edema, or those whose expired tidal volume is less than 70% of the delivered tidal 

volume should not have a filter placed in the breathing circuit.26 Filters should not be used for 
patients with small tidal volumes or acute respiratory failure. Filter use may cause increased 
mucus plugging and should also be removed when administering an aerosol treatment. The 
weight of an unsupported filter may cause endotracheal tube displacement or disconnection from 
the Y site. Inspiratory resistance caused by the filter can typically be overcome with mechanical 

ventilation unless the filter becomes occluded with secretions.22
 

 

Complications 

 

The use of bacterial/viral filters is not problem-free as case studies have been reported 
highlighting complications associated with their use. Buckley described an episode of increased 

resistance to ventilation when a filter was used with a wire heated humidifier.27 One case study 
describes a tension pneumothorax caused by sputum obstructing the filter resulting in high end- 
expiratory pressures generated in the lungs and eventually resulting in a bilateral 

pneumothorax.28 An episode of filter obstruction was noted following nebulized albuterol, 

causing a similar high resistance to expiratory flow.29 Williams describes a case of filter 

obstruction by edema fluid, presenting as hypoxia on account of failure to ventilate.19 When 
weighing risks of filter use versus benefits, it should be done on a patient to patient basis. Very 
few studies were identified in the existing literature that specifically addressed the use of HEPA 
filters outside of use with active TB. 

 

Indications 

 

Anytime a HEPA filter is chosen for use within the anesthesia respiratory circuit, it is important 

to assess the risk versus benefit for each patient. Patients who are more vulnerable to infection 

include those with musculoskeletal or neuromuscular dysfunction, deficient immune systems, 

and those with chronic diseases such as diabetes mellitus, cancer, emphysema, or heart failure. 

Immunosuppressive therapy, radiation, cytotoxic chemotherapy, anti-rejection medication, and 

steroid administration also increase risk of infection.30 Other vulnerable patient populations 

include the neonatal or pregnant populations and patients with recent or active infections. Those 

with a previously history of recent intubation, an inpatient status, or persons with a traumatic 

injury are at increased risk. Surgical procedures deemed at high risk for the development of 

postoperative pneumonia are abdominal, chest, head, or back procedures. These patient 

populations present with considerable risk of infection with susceptibility to organisms that 
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previously may have been considered low-pathogenic.30 Assessment of risk benefit should 

include estimating the level of exposure to risks. Characteristics of exposure level include, but 

are not limited to, the duration of time the patient is assisted by the anesthesia breathing circuit 

system, the level of gas flow through the respiratory circuit system as chosen by the anesthesia 

professional, and duration of time between use of the anesthesia respiratory system. Trauma to 

the airway or oral pharynx also plays a role in risk exposure. 

 

While a HEPA filter is in place, continual awareness of signs demonstrating filter obstruction is 

necessary, especially when administering nebulized solutions such as albuterol. Increased 

expiratory obstruction is more difficult to monitor than inspiratory obstruction. The use of a 

HEPA filter within the respiratory circuit of the anesthesia machine raises the need for 

heightened attentiveness to changes in ventilatory resistance as well as routine visual inspections 

of the filter throughout the procedure. 
 

 
Recommendation for Future Studies 

Conclusion 

 

Based on the research findings, certified HEPA filters are statistically more reliable in prevention 

of pathogen transmission than non-HEPA filters. The current published research does not 

provide enough evidence at this time to suggest the routine use of HEPA filters over non-HEPA 
filters. The available evidence is insufficient regarding what constitutes an acceptable level of 

performance provided by breathing system filters.13 An acceptable level of filtration considered 

effective in reducing the risk of contamination has yet to be defined. Considering the clinical 
relevancy of these gaps in the literature, further research is required in order to establish a 

supporting guideline.13 While the risk of pathogen transmission exists, it is crucial to weigh the 

risks and benefits when choosing a filter for the anesthesia circuit. Using data from a 
standardized filter test as a guide in determining filter choice may result in better outcomes. 

 

Recommendations for future studies include comparing the routine use of HEPA filters within 

the respiratory circuit of the anesthesia machine to a control group with standard care. The 

outcome of respiratory infection rate should be compared with a large sample size of 1500 or 

more patients, in order to achieve statistical power.20
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