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BACKGROUND: Noninvasive ventilation is recommended in hypercapnic respiratory failure

secondary to ventilatory failure. Noninvasive ventilation may contribute to aerosol dispersion,

which may increase the risk of transmission of COVID 2019. The addition of filters to the venti-

lator circuit has been recommended to reduce this risk. The aim of this benchtop study was to

investigate the impact of adding filters to a ventilator circuit. METHODS: In this benchtop

study, a breathing simulator was used with 4 commonly used ventilators. Ventilators were set to

approximate the typical settings that are used for patients on long-term noninvasive ventilation.

Ventilator performance was then evaluated with 3 circuit configurations in place: circuit A: no

filter in situ; circuit B: 1 filter at the simulator end of the circuit; and circuit C: 1 filter at the

simulator end of the circuit and a second filter at the ventilator end of the circuit. RESULTS:

Ventilator variables were impacted by the addition of filters. Measurements of peak pressure

(P < .001), tidal volume (P < .001), and peak flow (P < .001) decreased between circuit A and

circuit C in all ventilators that were tested. Ventilator triggering was less sensitive in 3 of

the 4 ventilators and the fourth ventilator did not trigger under the same simulator settings.

CONCLUSIONS: This study demonstrated that ventilator settings established with filters in situ

are not applicable if the ventilator is used without the filters. This is an important clinical con-

sideration for patients who are hospitalized and require noninvasive ventilation in the COVID

2019 era. Key words: COVID-19; infectious diseases; noninvasive ventilation; respiratory failure;
benchtop study. [Respir Care 2022;67(7):795–800. © 2022 Daedalus Enterprises]

Introduction

Noninvasive ventilation (NIV) is the standard of care for

the management of acute respiratory failure due to exacer-

bations of COPD and of other respiratory and cardiac

conditions. NIV is also used in the management of chronic

respiratory failure due to various underlying respirat-

ory conditions.1 For patients with coronavirus disease 2019

(COVID-19), NIV therapy has been recommended in

hypercapnic respiratory failure secondary to ventilatory

failure.2 NIV may be capable of generating aerosols, which

may increase the transmission of SARS-CoV-2.3,4 To

reduce this risk, the addition of a filter to the patient end of

the ventilator circuit has been recommended,5 in conjunc-

tion with the appropriate use of personal protective equip-

ment and other environmental modifications.2,3

In 2020, the Victorian Respiratory Support Service, a

state-based chronic ventilation service with >1,000 patients

in Victoria, Australia, adopted the recommended addition of

a filter at the patient end of the ventilator circuit to minimize

the potential spread of SARS-CoV-2 during hospital admis-

sion. Standard practice at the time was to add a separate filter

to the ventilator end of the circuit, so each ventilator used for
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NIV in hospitalized patients had 2 filters in its circuit. Our

benchtop study (conducted at Austin Health, Department of

Respiratory and Sleep Medicine, Heidelberg, Victoria,

Australia) aimed to determine if ventilator performance was

altered by adding filters to the ventilator circuit. Two experi-

ments were undertaken to investigate this. The aim of experi-

ment 1 was to determine the impact of filters on ventilator

performance by measuring the following variables: peak

pressure, PEEP, tidal volume, and peak flow. The aim of

experiment 2 was to examine the impact of filters on ventila-

tor triggering performance.

Methods

This benchtop study was conducted in a laboratory setting

and consisted of 2 separate experiments. The 2 experiments

were designed to exclude patient-related factors that may

impact ventilator performance such as mask leak and varia-

tions in effort. The equipment used in each experiment

in an ASL 5000 Breathing Simulator (IngMar Medical,

Pittsburgh, Pennsylvania) and 4 ventilators: 3 ResMed

(San Diego, California) models: Stellar 150, Astral 100,

and S9 VPAP, and the Philips Respironics (Pittsburgh,

Pennsylvania) model (DreamStation AVAPS 30 AE). These

ventilators were selected due to their common use in the

chronic respiratory failure population. Three ventilator cir-

cuit configurations were evaluated: circuit A had no filter

in the circuit; circuit B had a Pharma Mini port (bacterial/vi-

ral, heat and moisture exchange) filter (Pharma Systems,

Knivsta, Sweden) at the simulator end of the circuit; and cir-

cuit C retained the Pharma Mini port filter at the simulator

end and a Suregard bacterial/viral filter (Bird Healthcare,

Melbourne, Victoria, Australia) was added to the ventilator

end of the circuit (Fig. 1). The dead-space volume of the

Pharma mini port filter was 26 mL, and the resistance was

1.5 cm H2O/L/s at a flow of 20 L/min. The dead space vol-

ume of the Suregard filter was 50 mL and the resistance was

0.71 cm H2O/L/s at a flow of 12 L/s.

In experiment 1, to approximate typical settings that are

used for patients on long-term noninvasive ventilation, all

ventilators were set to the following; spontaneous mode,

inspiratory positive airway pressure, 20 cm H2O; expiratory

positive airway pressure, 10 cm H2O; rise time, 150 ms;

fall time, 200 ms; and minimum / maximum inspiratory

time, 1.0 / 1.5 s. Trigger and cycle settings for the ResMed

ventilators were set to medium and low, respectively. The

Philips Respironics DreamStation ventilator has a proprie-

tary automated triggering and cycling function that could

not be adjusted. The Philips Respironics DreamStation has

the option of average volume-assured pressure support

(AVAPS) mode. This mode was not used in this study. The

ASL 5000 was set to the following: rate, 12 breaths/min; re-

sistance, 8 cm H2O/L/s; compliance, 61 mL/cm H2O; mus-

cle pressure, 2 cm H2O; rise time, 9%; release time, 2%;

and inspiratory hold, 0%. In experiment 1, steady state was

achieved by 30 s. The next 20 breaths were used to calcu-

late the results for each simulation.

In experiment 2, the ventilator settings were the same as

in experiment 1 except for trigger sensitivity. Four different

trigger sensitivity settings were tested in the ResMed ventila-

tors: low, medium, high, and very high. The DreamStation

ventilator has a proprietary automated triggering and cycling

function that could not be altered. To investigate the trigger

function in experiment 2, some of the settings for the ASL

5000 had to be different from the settings used in experiment

1. The settings were as follows; rate ¼ 12 breaths/min; re-

sistance, 8 cm H2O/L/s; compliance, 61 mL/cm H2O; mus-

cle pressure, 0.9 cm H2O; rise time, 10%; release time, 10%;

and inspiratory hold, 6%. The same 3 circuit configurations

were used in experiment 2 as in experiment 1 (Fig. 1). Each

simulation was run until triggering was clearly present or

clearly absent,�10–15 breaths.

The Compumedics Grael (Abbotsford, Victoria, Australia)

polysomnography system (Fig. 1) was used as an interface to

display selected results of experiment 2 (Fig. 2). The pressure

signal as displayed in Figure 2 was taken from a port on the

connector adjacent to the simulator (Fig. 1). The other signals

displayed in Figure 2 (flow, tidal volume, and trigger/cycle)

were computed by the Stellar 150 device. These signals were

received by a ResMed connection module, which then per-

formed an analog-to-digital conversion and the signals were

then outputted to the Compumedics Grael polysomnography

system. Before conducting experiment 2, the analog signals

were calibrated by using the ResMed connection module and

QUICK LOOK

Current knowledge

Noninvasive ventilation (NIV) may contribute to aero-

sol dispersion. NIV is the recommended treatment for

hypercapnic respiratory failure secondary to ventilatory

failure. The use of NIV in a health-care setting in

patients with COVID-19 increases the risk of transmis-

sion of the virus. The addition of a filter to the ventila-

tor circuit has been recommended to reduce this risk.

What this paper contributes to our knowledge

When using a bench model, 4 commonly used NIV

devices were tested with 3 different circuit configura-

tions: (1) no filter in the circuit, (2) a filter at the simu-

lator end of the circuit, and (3) a filter at the simulator

end and a filter at the ventilator end of the circuit.

Ventilator variables of peak pressure, PEEP, tidal vol-

ume, and peak flow were impacted by the addition of

filters. Triggering became less sensitive in 3 of the

NIV devices and the fourth device failed to trigger.
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the Compumedics Grael polysomnography system, and the

pressure signal was calibrated with a fluid manometer.

Statistical Analysis

Statistical analyses were performed by using IBM SPSS

Statistics software version 23 (Armonk, New York). Results

are reported as median and interquartile range. For each ven-

tilator model, when homogeneity of variances were met,

one-way analyses of variance were conducted to determine

if there were differences between circuit configurations and

Bonferroni post hoc analyses were performed and, when ho-

mogeneity of variances were not met, Welch analyses of

variance were conducted to determine differences among

circuit configurations and Games-Howell post hoc analyses

were performed. All statistical comparisons were 2-tailed,

and the level of significance was set at P< .05.

Results

Results of experiment 1 are presented in Table 1. For each

ventilator, there were significant differences in the ventilator

variables of peak pressure, tidal volume, and peak flow

between circuit configurations. There were no differences in

PEEP among the circuit configurations for the Stellar 150,

Astral 100, and DreamStation ventilators. Post hoc analyses

showed that there was a reduction in most ventilator varia-

bles with the addition of filters to the circuit (Table 1).

Results of experiment 2 are presented in Table 2. Triggering

became less sensitive in all ResMed ventilators with the

addition of filters. The DreamStation failed to trigger under

the same simulated respiratory effort. Changes in pressure

and flow profiles, along with changes in ventilator cycling in

the Stellar 150 with the addition of filters to the circuit are

shown in Figure 2. With no filter in situ (circuit A), ventilator

triggering was achieved at the high setting; when 2 filters

Circuit A

Circuit B

Ventilator
Breathing
simulator

Tube Exhalation port

Connector with port

Pressure line to PSG recording

Ventilator Breathing
simulator

Tube Exhalation port VF1

Connector with port

Pressure line to PSG recording

Circuit C

Ventilator Breathing
simulator

Tube Exhalation port VF1VF2

Connector with port

Pressure line to PSG recording

Fig. 1. Three benchtop simulator-ventilator circuit configurations. Circuit A: no filter in situ; circuit B: a VF1 filter in situ; circuit C: VF1 and VF2 fil-
ters in situ. VF1¼ filter at the simulator end of the circuit; VF2¼ filter at the ventilator end of the circuit; PSG¼ polysomnography.
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were in situ (circuit C), ventilator triggering was not

achieved until the trigger setting was increased to very high

(Fig. 2).

Discussion

Both experiments in this study demonstrated that ventila-

tor performance was affected by modifying the circuit.

Variables generated by the ventilator and the ventilator’s

ability to appropriately detect and trigger ventilation were

affected when the circuit configuration was modified.
The changes seen in ventilator performance were likely at-
tributable to the extra resistance in the circuit with the
addition of filters. In ventilators that use flow triggering, as
the trigger sensitivity settings are increased, the required

flow to achieve triggering is reduced. It is likely that the

addition of filters reduces the circuit flow due to the extra

resistance. Thus, a higher sensitivity setting will be required

to achieve triggering for the same inspiratory effort. It is

difficult to compare the trigger sensitivity settings that

achieved triggering among the machines because the flows

that correspond to these settings are different among the

machines or are unknown. However, in the second experi-

ment it was apparent that the ResMed ventilators required a

higher sensitivity setting to achieve triggering when the fil-

ters were added and all other factors remained unchanged.

The Stellar 150 and Astral ventilators have a “learn cir-

cuit” function that measures circuit resistance and allows the

device to compensate for this resistance. The instructions for

this function are to not include any extra resistance between

Circuit A

Pressure (cm H2O)

Flow (L/min)

Tidal volume (L)

Trigger/cycle

H Trigger

Circuit C

Pressure (cm H2O)

Flow (L/min)

Tidal volume (L)

Trigger/cycle

H Trigger VH Trigger

Medium trigger High trigger

High trigger Very high trigger

Fig. 2. Experiment 2: Compumedics Grael polysomnography (PSG) recording of signals produced by the ResMed Stellar 150 ventilator when

connected to an ASL 5000 Breathing Simulator under 2 different circuit configurations. Circuit A (no filter in situ): ventilator triggering was
achieved when the trigger sensitivity was changed from medium to high. Circuit C (2 filters in situ; 1 at the simulator end and 1 at the ventilator
end of the circuit): ventilator triggering was achieved when the trigger sensitivity was changed from high to very high.
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the patient interface and the exhalation port. For the filter to

perform its role, it must be added to the circuit between the

patient interface and the exhalation port; therefor, in this sce-

nario, the filter will not be included in the resistance compen-

sation feature. The second experiment also revealed that the

DreamStation proprietary automated triggering function

needed the simulator settings to be adjusted to achieve trig-

gering. This proprietary automated triggering function uses

an automated triggering, cycling, and leak compensation

algorithm that adjusts ventilation to the patient’s natural

breathing patterns. It is not user adjustable, which may mean

that it has limitations because it was not able to be triggered

without changes being made to the simulator settings.

Patout et al6 also extensively studied the effects of modi-

fying noninvasive ventilator circuits to prevent aerosol dis-

persion in this COVID-19 era. Their studies were also

benchtop, but they used a model head with an artificial

lung. They assessed various strategies to minimize aerosol

dispersion, by testing 8 circuit setups, a dual-limb circuit

with either a helmet interface or an oronasal mask, a single-

limb circuit with a passive exhalation valve, 3 single-limb

circuits with custom-made introduced leaks and 2 single-

limb circuits with active exhalation valves.6 In addition,

they used 1 of 2 types of filters: a heat-and-moisture

exchange filter or a low-resistance bacterial filter. In their

model, all the different types of circuits that they tested

affected ventilator performance. Filters increased the inspir-

atory flow required to trigger the ventilator, with a greater

inspiratory effort required, longer time to trigger with

greater work of breathing, and more asynchrony.6 Our

study adds to their findings because firstly we used differ-

ent filter brands, and we used the 2 filters (1 bacterial/viral,

heat and moisture exchange filter and 1 bacterial/viral fil-

ter) in a series. We also tested not just 1 ventilator, but the 4

commonly used models of ventilators in Australia. Our

results are consistent with those of Patout et al.6

The findings of our study have a number of clinical

implications. Patient-ventilator asynchrony has been dem-

onstrated to be associated with reduced tolerance of NIV

therapy and a negative impact on sleep quality.7-9 One of

the key components of patient-ventilator asynchrony is trig-

ger asynchrony. This occurs when there is an uncoupling

between patient inspiratory effort and a triggering of a ven-

tilator-supported breath. As demonstrated in experiment 2,

modifying the circuit directly affected the trigger sensitiv-

ity, which may increase the incidence of patient-ventilator

asynchrony. This is also clinically relevant if a patient with

previously established chronic respiratory failure becomes

acutely unwell and requires the addition of a filter to the cir-

cuit because his or her previous trigger sensitivity may no

Table 1. Experiment 1. Impact of Filters on the Performance of 4 Ventilators

Ventilator
Circuit Configurations

P Post Hoc Comparison†

Circuit A (1) Circuit B (2) Circuit C (3)

S9 VPAP

Peak pressure, cm H2O 21.8 (21.7–21.8) 19.9 (19.9–19.9) 19.1 (19.1–19.1) <.001* 1 vs 2†; 1 vs 3†; 2 vs 3†

PEEP, cm H2O 10.1 (10.0–10.1) 10.1 (10.1–10.1) 9.7 (9.7–9.7) <.001* 1 vs 3†; 2 vs 3†

Tidal volume, mL 589.5 (588.0– 592.0) 571.0 (571.0–571.0) 538.0 (538.0–538.0) <.001* 1 vs 2†; 1 vs 3†; 2 vs 3†

Peak flow, L/min 73.7 (73.5–73.8) 50.0 (49.4–50.5) 43.9 (43.5–44.5) <.001* 1 vs 2†; 1 vs 3†; 2 vs 3†

Stellar 150

Peak pressure, cm H2O 21.5 (21.4–21.5) 20.0 (20.0–20.0) 20.0 (19.9–20.0) <.001* 1 vs 2†; 1 vs 3†

PEEP, cm H2O 10.1 (10.1–10.1) 10.1 (10.1–10.1) 10.1 (10.1–10.1) NA

Tidal volume, mL 600.0 (598.3–602.8) 571.0 (571.0–572.0) 571.0 (571.0–571.0) <.001* 1 vs 2†; 1 vs 3†

Peak flow, L/min 68.5 (68.3–68.8) 45.4 (44.6–46.3) 44.5 (44.0–44.9) <.001* 1 vs 2†; 1 vs 3†

Astral 100

Peak pressure, cm H2O 21.2 (21.2–21.4) 20.0 (20.0–20.0) 20.1 (20.1–20.2) <.001* 1 vs 2†; 1 vs 3†; 3 vs 2†

PEEP, cm H2O 10.1 (10.1–10.1) 10.1 (10.0–10.1) 10.1 (10.0–10.1) .36*

Tidal volume, mL 578.5 (576.3–581.8) 560.0 (558.0–562.5) 571.5 (566.0–574.5) <.001 1 vs 2†; 1 vs 3†; 3 vs 2†

Peak flow, L/min 59.7 (59.1–60.3) 41.9 (41.1–42.4) 39.1 (38.8–39.7) <.001 1 vs 2†; 1 vs 3†; 2 vs 3†

DreamStation

Peak pressure, cm H2O 20.4 (20.4–20.4) 19.8 (19.8–19.8) 19.0 (19.0–19.0) <.001 1 vs 2†; 1 vs 3†; 2 vs 3†

PEEP, cm H2O 10.0 (10.0–10.0) 10.0 (10.0–10.0) 9.6 (9.6–9.6) NA

Tidal volume, mL 586.0 (585.0–588.0) 551.5 (549.0–555.8) 525.5 (521.3–528.8) <.001* 1 vs 2†; 1 vs 3†; 2 vs 3†

Peak flow, L/min 42.1 (41.8–42.4) 28.8 (28.8–28.8) 26.0 (26.0–26.2) <.001* 1 vs 2†; 1 vs 3†; 2 vs 3†

Data are presented as median (IQR) for peak pressure, PEEP, tidal volume, and peak flow for the 4 ventilators. Ventilator performance was evaluated with 3 different circuit configurations: Circuit A (1):

no filter in situ; Circuit B (2): 1 filter at the simulator end of the circuit; Circuit C (3): 1 filter at the simulator end and a second filter at the ventilator end of the circuit.
*P from Welsh analysis of variance.
†P < .001.

NA ¼ could not be calculated.
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longer be adequate. NIV titration, particularly in the acute

hospital-based environment, involves assessment of clinical

and ventilation variables, and arterial blood gas sampling.

Review of ventilator variables such as tidal volume and

minute ventilation are frequently used in the titration of

NIV settings. Experiment 1 demonstrated that the ventila-

tor-reported tidal volume was directly affected by the addi-

tion of the filters to the circuit. This is an important clinical

consideration when performing bedside titration of NIV

settings.

There were a few limitations of our study. Both experi-

ments were benchtop simulations only and did not reflect a

patient’s respiratory mechanics. In patients, respiratory

muscle effort, ventilatory drive, and respiratory compliance

vary from breath to breath, thus the capture and associated

triggering of a ventilator-delivered breath may improve.

The 3 circuit configurations used were leak free because a

breathing simulator was used in place of a patient. In clini-

cal circumstances, it would be rare to observe a leak-free

ventilator circuit in patients. Also, although we tested 4

ventilators and 3 circuit configurations, our results do not

necessarily apply to other ventilators or filter configurations

that may be used elsewhere.

Conclusions

With the use of a breathing simulator, this benchtop

study demonstrated that modification of an NIV circuit

configuration had direct effects on ventilator perform-

ance. This is an important consideration for patients with

both acute and chronic respiratory failure who require

NIV therapy when admitted to the hospital in the

COVID-19 era. Further research is needed in other venti-

lator models.

REFERENCES

1. Casey KR, Cantillo KO, Brown LK. Sleep-related hypoventilation/

hypoxemic syndromes. Chest 2007;131(6):1936-1948.

2. NHS. Specialty guides for patient management during the coronavirus

pandemic. 2020. Available at https://amhp.org.uk/app/uploads/2020/03/

Guidance-Respiratory-Support.pdf. Accessed August 10, 2021.

3. Centers for Disease Control and Prevention. Coronavirus. 2019.

Available at https://www.cdc.gov/coronavirus/2019-ncov/hcp/faq.html.

Accessed Aug 11, 2021.

4. Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol generat-

ing procedures and risk of transmission of acute respiratory infections to

healthcare workers: a systematic review. PLoS One 2012;7(4):e35797.

5. Rabec C, Gonzalez-Bermejo J, Respiratory Support Chronic Care

Group AVO2 of the French society of Respiratory Diseases SPLF;

GAVO2 collaborators. Respiratory support in patients with COVID-19

(outside intensive care unit). A position paper of the Respiratory

Support and Chronic Care Group of the French Society of Respiratory

Diseases. Respir Med Res 2020;78:100768.

6. Patout M, Fresnel E, Lujan M, Rabec C, Carlucci A, Razakamanantsoa

L, et al; SomnoNIV Group. Recommended approaches to minimize aer-

osol dispersion of SARS-CoV-2 during noninvasive ventilatory support

can cause ventilator performance deterioration: a benchmark compara-

tive study. Chest 2021;160(1):175-186.

7. Crescimanno G, Canino M, Marrone O. Asynchronies and sleep

disruption in neuromuscular patients under home noninvasive ven-

tilation. Respir Med 2012;106(10):1478-1485.

8. Fanfulla F, Delmastro M, Berardinelli A, Lupo NDA, Nava S. Effects

of different ventilator settings on sleep and inspiratory effort in patients

with neuromuscular disease. Am J Respir Crit Care Med 2005;172

(5):619-624.

9. Guo YF, Sforza E, Janssens JP. Respiratory patterns during sleep in

obesity-hypoventilation patients treated with nocturnal pressure

support: a preliminary report. Chest 2007;131(4):1090-1099.

This article is approved for Continuing Respiratory Care Education
credit. For information and to obtain your CRCE

(free to AARC members) visit
www.rcjournal.com

Table 2. Experiment 2. Triggering in 4 Ventilator Models With 3

Circuit Configurations in Place

Trigger Setting per Ventilator Model Circuit A Circuit B Circuit C

S9 VPAP

Low N N N

Medium Y/N N N

High Y Y/N Y/N

Very high Y Y Y

Stellar 150

Low N N N

Medium N N N

High Y N N

Very high Y Y Y

Astral 100

Low N N N

Medium N N N

High Y Y/N Y/N

Very high Y Y Y

DreamStation

Automated trigger function N N N

Experiment 2: 10 to 15 breath simulations in the 4 ventilators. Trigger sensitivities were tested

with 3 different circuit configurations in place: circuit A (no filter in situ), circuit B (1 filter at

the simulator end of the circuit), and circuit C (1 filter at the simulator end and a second filter at

the ventilator end of the circuit). Simulator setting: muscle pressure 0.9 cm H2O.

N ¼ ventilator not triggered

Y/N ¼ inconsistent ventilator triggering

Y ¼ ventilator triggered
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