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BACKGROUND: A noninvasive ventilation (NIV) mask has been designed to deliver NIV with

expiratory washout to improve efficacy of ventilation by optimizing clearance of expired gases

from the anatomic dead space. This study compared the performance and comfort of a novel investi-

gational mask with expiratory washout with a conventional mask during NIV therapy. METHODS:

In this pilot crossover study, participants with severe stable COPD attended a single visit to receive

bi-level NIV through 2 masks; the investigational mask with expiratory washout and a conventional

mask. The order of mask use was randomly allocated, and each mask was used for 60 min with

a 30–60-min washout in between. The primary outcome was transcutaneous carbon dioxide at

60 min. Other physiologic and NIV device variables were also assessed. RESULTS: The mean

difference (95% CI) in the transcutaneous carbon dioxide between the investigational and con-

ventional masks at 60 min, adjusted for baseline, was –0.74 mm Hg, 95% CI –2.81 to 1.33 mm Hg

(P 5 .45). The investigational mask with expiratory washout elicited a lower tidal volume (–128.7

mL, 95% CI –190.0 to –67.3 mL; P < .001) and minute ventilation (–2.28 L/min,, 95% CI –3.12 to

–1.43 L/min; P < .001), and a higher leak (7.96 L/min, 95% CI 4.39-11.54 L/min; P < .001) than the

conventional mask. There were no differences in other physiologic responses or ratings of dyspnea

or comfort. CONCLUSIONS: NIV therapy delivered by using a novel mask with expiratory

washout was similarly effective at reducing transcutaneous carbon dioxide, whereas the delivered

tidal volume and minute ventilation were significantly lower when compared with a conventional

mask in participants with severe COPD. Key words: non invasive ventilation; respiratory dead space;
mask; exhalation; respiratory insufficiency; capnography; tidal volume. [Respir Care 2024;0(0):1–�. ©
2024 Daedalus Enterprises]

Introduction

Noninvasive ventilation (NIV) delivers pressurized air to

the lungs, which influences pulmonary mechanics in ways

that can reduce work of breathing and improve gas exchange.

Using these physiologic effects has advanced the care of

many conditions, most notably acute and chronic respira-

tory failure and sleep-disordered breathing.1-4 Whereas the

timing, duration, and degree of pressure play a central role

in the efficacy of NIV, the characteristics of the chosen

patient interface can also influence treatment success.5

Most commonly, the patient interface consists of a mask

with a soft cushion that is in contact with the skin and is
fastened to the head by using a harness with adjustable

straps. The mask may be oronasal, nasal, pronasal, or full
face, with modern masks purposefully engineered to optimize

ventilation and improve comfort and tolerability. Because the

mask adds to the redundant component of the NIV circuit,

which plays no role in the exchange of gases, the internal

mask volume has historically been considered an important
modifiable contributor to functional dead space, with design

efforts focused on minimizing mask volume to decrease
carbon dioxide (CO2) rebreathing and retention. However,

in vivo studies report that the internal volume of the masks
has a lesser impact on CO2 rebreathing than initially thought

and that most of the dead space within an NIV circuit is from

the upper airway.6-8

Consequently, interest has shifted to the upper-airway

component of the dead space as a potentially modifiable

factor that could be targeted in a way that improves the effi-

cacy of NIV therapy. One approach that might influence

conditions in the upper airway is the use of a specially engi-

neered mask interface that generates oronasal gas flow pat-

terns that optimize washout of expired gases. In theory, an

interface that more actively purges CO2–rich expired gas

from the airway before the next breath might improve
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dead-space clearance and, in turn, reduce ventilatory work.

Yet, little is reported about how NIVmask design influences

gas clearance from the upper airway, and this theory has

only indirect support from studies that assessed gas-flow

patterns while administering high flow nasal oxygen.9,10

The investigational mask (OptiNIV, Fisher & Paykel

Healthcare, Auckland, New Zealand) is a mask for use with

NIV therapy, with specific design features that optimize ex-

piratory washout of CO2. Improved CO2 clearance is

achieved by a unique mask design with a separation wall

between the mouth and nose that encourages the flow of

gas at the end of expiration toward the oropharynx, up into

the nasopharynx, and then out the nares where the CO2–

rich gas from the upper airway is purged through specially

situated venting holes in the mask (Fig. 1). The design is pro-

posed to reduce functional dead space and improve the

efficiency of ventilation. The anticipated effect of this

mask compared with a conventional mask is to either reduce

arterial CO2 tension or to reduce breathing frequency and/or

tidal volume (VT) without influencing arterial CO2 levels.

The primary aim of this pilot study was to compare the

change in transcutaneous CO2 pressure (PtcCO2
) from baseline

between the investigational mask and a conventional mask

(Visairo, Fisher & Paykel Healthcare) after 60 min of NIV

therapy. Secondary outcomes included physiologic responses

to the interventions as well as comfort and dyspnea scores.

Methods

Study Design

The study was a single-center, randomized, active con-

trolled, unblinded crossover pilot study with people who

had severe chronic COPD. The study involved a single

visit, which consisted of 2 interventions of bi-level spon-

taneously timed NIV therapy, one with the investiga-

tional mask, the other with a conventional mask. The

study was approved by the New Zealand Central Health

and Disabilities Ethics Committee (reference 21/CEN/

149) and prospectively registered on ClinicalTrials.gov

(NCT04947852). The participants provided written informed

consent before any study procedures.

Participants

Potentially eligible patients were identified from a preex-

isting study contact database. Invitation letters were mailed

and telephone calls were made, which invited participants

to undergo screening for this trial. Participants with a self-

reported physician’s diagnosis of COPD were eligible if

they were $ 18 years old, had 10-min average baseline

values of $45 mm Hg PtcCO2
(Sentec Digital Monitoring

System, Sentec AG, Therwil, Switzerland) and an arterial

oxygen pressure measured by pulse oximetry SpO2
was $

85%. Patients were excluded if they had a FEV1/FVC $
0.70, a body mass index > 40 kg/m2, hypercapnia that was

judged by a study physician (AS, LK, RB, RS) to be pri-

marily due to obesity-hyperventilation syndrome and/or

obstructive sleep apnea, a long-term domiciliary oxygen

prescription of > 4 L/min, any contraindication to NIV as

per the British Thoracic Society guidelines,5 and those with

“unstable COPD,” defined as an exacerbation of their COPD
that required antibiotics and/or oral steroids within the

previous 2 weeks or hospital admission within the previ-

ous 6 weeks. Individuals were also excluded if they had a
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nasal condition that could impair nasal breathing or any

other conditions that were deemed by the study physician

(AS, LK, RB, RS) to present as a safety risk or impact

the feasibility of the study or the results.

Protocol Amendment

The exclusion of patients with a PtcCO2
# 45 mm Hg

resulted in a high screen failure rate, which warranted a

change to eligibility criteria. The inclusion criterion of

PtcCO2
$ 45 mm Hg was removed and replaced with an

FEV1 of #50% predicted (COPD Global Initiative for

Chronic Obstructive Lung Disease grade 3 [severe] and 4

[very severe]11) This protocol amendment was approved

by the Health and Disabilities Ethics Committee before

randomizing any participants; all the participants satis-

fied the amended eligibility criteria.

Procedures

For screening, the participants self-reported their medical

and smoking histories and current medications. A SizeMe

(Fisher & Paykel Healthcare) mask sizing guide was used

to confirm that the participant would fit the face mask.

Spirometry was performed according to American Thoracic

Society/European Respiratory Society criteria (Easy on-PC,

ndd Medical Technologies, Zurich, Switzerland).12 After 20

min of rest with a sensor attached to the participant’s ear

lobe (Sentec), baseline PtcCO2
, SpO2

, and heart rate were

monitored for a further 10 min to obtain the average baseline

values. The sensor remained attached to the ear lobe through-

out the visit.

Participants were randomized to wear either the investi-

gational mask (Fig. 1) or the conventional mask first. The

randomization schedule was computer generated via the

SMART-TRIAL database, within which all data were col-

lected, bar identifiable screening information, which used a

paper-based case report form for local storage by the study

site. For each intervention, the participants underwent

60 min of bi-level NIV therapy with no backup rate via

a V60 ventilator (Phillips, Amsterdam, Netherlands) with

an inspiratory pressure of 12 cm H2O and an expiratory

pressure of 7 cm H2O. We selected a relatively low inspir-

atory pressure of 12 cm H2O because higher inspiratory

pressures that are commonly used in exacerbations of

COPD were considered unlikely to be tolerated in a largely

NIV-naive participant group. An expiratory pressure of

7 cm H2O was considered an appropriate expiratory pres-

sure that is commonly used for exacerbations of COPD.

Humidified air was delivered at 29�C when using a F&P

950 Humidification System (Fisher & Paykel Healthcare).

A single-limb heated circuit was used without an expira-

tory port because both study masks were vented. As such,

no ventilator leak test was performed, and all measured

leaks are reported as the total leak sensed by the V60 ven-

tilator. To assess whether the mask design itself resulted

in systematically different V60 ventilator measured VT,

pretrial bench testing was conducted by delivering an

inspiratory pressure of 12 cm H2O and an expiratory

pressure of 7 cm H2O with both the investigational and

the conventional NIV mask, through an anatomically

accurate upper-airway model with an in-line flow meter

(IMT FlowAnalyser PF-302, IMT Analytics AG, Buchs,

Switzerland) at the level of the trachea, to a TestChest

(Organis-gmbh, Landquart, Switzerland) lung simulator.

Paired measures of VT reported by the V60 and the flow

meter did not significantly differ with both the investiga-

tional and conventional masks (Appendix S1 [see the

supplementary materials at http://www.rcjournal.com]).

The participants completed a 30-min washout period

between interventions; if PtcCO2
returned to within62 mmHg

of the baseline value, then they proceeded onto the second

intervention, otherwise the washout period was extended

until either they returned to within 62 mm Hg of baseline

or completed 60 min of washout. Breathing frequency,

minute ventilation, VT, and ventilator calculated total leak

were continuously monitored by using the Philips V60 venti-

lator (Phillips, Amsterdam, Netherlands) sensing algorithms

that were displayed on the device interface and captured on

the logging software of an external computer. PtcCO2
, SpO2

,

and heart rate were continuously measured by using the

Sentec monitoring device. After each intervention, the

participants immediately completed a modified 0–10 Borg

Fig. 1. Images of the investigational mask interface. A: The conven-
tional noninvasive ventilation (NIV) mask used in this study. B: The

gas-flow patterns in the upper airway at the end of expiration with
the use of the conventional NIV mask. C: The investigational mask
used in this study. D: The gas-flow patterns in the upper airway at

the end of expiration with the use of the investigational NIV mask.
Purple arrows represent the flow pattern of gases delivered by the

ventilator, orange shading represents expired CO2, orange arrows
represent the proposed additional purging of CO2 from the upper
airway with the investigational mask at the end of expiration imme-

diately before the next inhalation.
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dyspnea questionnaire13 and a subjective comfort ques-

tionnaire, and adverse events were assessed. The comfort

questionnaire consisted of 5 items that were rated on a

6-point scale, with lower scores indicating more favorable

ratings. The 5 items included “overall comfort,” “under
nose comfort,” “unintentional air leak,” “claustrophobia,”
and “mouth and nose dryness.”

Outcomes

The primary outcome was PtcCO2
at 60 min of the

intervention, adjusted for baseline. Secondary outcomes

included the proportion of the participants who had a

decrease in PtcCO2
by $ 4 mm Hg and $ 8 mm Hg com-

pared with baseline as well as PtcCO2
, SpO2

, heart rate,

breathing frequency, minute ventilation, VT, and leak, all

adjusted for baseline, at time points 0, 5, 10, 15, 30, and

60 min. Additional secondary outcomes that relate to mask

comfort and tolerability included the proportion of the par-

ticipants who withdrew from the intervention before it was

completed, and results from the modified Borg dyspnea

scale and the subjective comfort questionnaire.

Sample Size

No previous data were available to estimate the baseline

adjusted mean difference and associated SD for PtcCO2
com-

pared between the investigational and control masks, so a

conventional power calculation could not be made. As such,

a theoretical model for selecting an optimal pilot study sam-

ple size was used.14 For a main trial with a “medium” stand-
ardized effect size, 90% power, and 2-sided 5% significance,

an estimated 15 participants would provide the optimal pilot

study sample size. We chose to include 16 participants to

ensure that randomized allocations were evenly balanced.

Statistical Analysis

For the primary analysis, a linear mixed model was used

with fixed effects of mask and mask order, and random

effects for the participants to account for the crossover

design. For the secondary analyses, linear mixed models

were used with an additional fixed effect for time (0, 5, 10,

15, 30, 60 min) and a time by mask interaction. In the event

that there was no significant time by mask interactions, the

overall difference averaged over all time points was used

because it was considered to be a more accurate representa-

tion of the difference between masks. Mean differences

were calculated as the investigational mask minus the con-

ventional mask. Analysis of marginal proportions was by

using the McNemar test. Statistical analysis was performed

by using SAS (version 9.4, SAS Institute, Cary, North

Carolina), and statistical significance was set at P# .05.

Results

Thirty-two patients were screened and 18 were random-

ized (Table 1). Participants had severe air-flow obstruction,

with a mean FEV1 predicted of 35.3%. The mean baseline

PtcCO2
and SpO2

were 38.9 mm Hg and 94.3%, respectively.

The Consolidated Standards of Reporting Trials flow dia-

gram is presented in Figure 2. Two participants did not com-

plete the interventions and were replaced, which resulted in

16 complete data sets for analysis: one participant was

withdrawn from the study due to a Crohn exacerbation

during the washout period and one due to not tolerating

the therapy during the first intervention (conventional

mask). One participant was prescribed home oxygen therapy

and commenced on this flow per protocol, although because

SpO2
exceeded the participant’s prescribed target range of

89–92%, oxygen was down-titrated to 21% within the first 3

min of the first intervention and the participant was not

administered any supplementary oxygen during the second

intervention. Five participants required an extended washout

period, 3 of whom did not return to within 62 mm Hg of

baseline before commencing the second intervention after

60 min of washout. The mean 6 SD PtcCO2
at 60 min for

the investigational and conventional masks was 35.3 6
6.9 mm Hg and 36.4 6 7.3 mm Hg, respectively, with a

mean difference in the PtcCO2
of –0.74 mm Hg, 95% CI –

2.81 to 1.33 mm Hg (P ¼ .45). At 60 min, the PtcCO2
fell

by a mean 6 SD of –4.0 6 5.6 mm Hg for the investiga-

tional mask and by –3.5 6 4.5 mm Hg with the conven-

tional mask (Table 2, Fig. 3).

The baseline measurements of VT and minute ventilation

by using the investigational mask were higher than that of

the conventional mask (Table 2). After 5 min of therapy,

VT and minute ventilation when using the conventional

mask had risen above that of the investigational mask and

remained higher than the investigational mask for the

Table 1. Participant Characteristics (N ¼ 16)

Characteristic Results

Age, y 69.1 6 7.7

Men:women, n 12:4

Body mass index, kg/m2 25.4 6 5.7

FEV1, % predicted 35.3 6 0.3

FVC, L 2.696 0.81

FEV1/FVC 0.376 0.08

PtcCO2
, mm Hg 38.9 6 4.4

SpO2
, % 94.3 6 2.2

Smoking status, n (%)

Current 1 (6.3)

Former 14 (87.5)

Never 1 (6.3)

Had previously received NIV therapy, n (%) 1 (6.3)

Values are presented as mean 6 SD, unless otherwise stated.

PtcCO2
¼ transcutaneous carbon dioxide.

NIV ¼ noninvasive ventilation.
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remainder of the 60-min interventions (Fig. 4). Total leak at

baseline was higher with the investigational mask and

remained higher than the conventional mask throughout the

interventions (Table 2, Fig. 5). Over the 60-min intervention

periods, when measurements were adjusted for the baseline

values, the investigational mask elicited a significantly lower

VT and minute ventilation, and a significantly higher total

leak than the conventional mask (Table 2). There was no

time by mask interactions for PtcCO2
(P ¼ .84), SpO2

(P ¼
.27), heart rate (P ¼ .41), breathing frequency (P ¼ .36), VT

(P ¼ .71), minute ventilation (P ¼ .55), or leak (P ¼ .09).

There were no significant overall mean differences in PtcCO2
,

SpO2
, heart rate, or breathing frequency between masks when

averaged over the intervention time points (Table 2).

There were no differences in the proportion of the par-

ticipants with a decrease in PtcCO2
by $ 4 mm Hg (P >

.99) and $ 8 mm Hg (P > .99) at time 60 min between

the masks. Two participants experienced decreases in

PtcCO2
of $4 and $8 mm Hg with both masks. For the

decrease in PtcCO2
of $4 mm Hg, 2 participants achieved

this reduction with the investigational mask but not with

the conventional mask, whereas 2 participants achieved

this reduction in the conventional mask but not with the

investigational mask. One participant experienced a reduc-

tion in PtcCO2
of $8 mm Hg with the investigational mask

but not with the conventional mask, and one participant

experienced a reduction of $8 mm Hg with the conven-

tional mask but not with the investigational mask.

There were no significant differences between masks in

the modified Borg dyspnea scores (.09 [–.56 to .74]; P ¼
.77) or any of the comfort scores, including for “overall
comfort” (–.31 [–.92 to .29]; P ¼ .29), “under nose com-

fort” (–.44 [–1.14 to .26]; P ¼ .20), “unintentional air leak”
(–.13 [–.83 to .58]; P ¼ .72), “claustrophobia” (–.13 [–.45

to .20]; P ¼ .43), and “mouth and nose dryness” (.06 [–.35

to .47]; P¼ .75).

Patients assessed for eligibility
32

Participants enrolled
18

Adverse event: 2

Did not meet inclusion criteria: 14

NIV mask with 
expiratory washout

7

NIV mask with 
expiratory washout

9

Conventional 
NIV mask 

9

Conventional 
NIV mask 

9

Analyzed
9

Analyzed
7

Washout

Fig. 2. Flow chart. NIV¼ noninvasive ventilation.
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Twelve adverse events were reported by 11 of the

randomized participants (61.1%) (Table S1 [see the supple-

mentary materials at http://www.rcjournal.com]). Only mild

adverse events were reported after the investigational inter-

vention, including dryness under the nose, a runny nose, feel-

ing lightheaded, coughing, and tingling in the limbs. The

tingling occurred concomitantly with an abnormally low

PtcCO2
and was judged to be caused by the NIV therapy

rather than the mask itself. After the comparator intervention,

the adverse events included dryness, sore nose, headache,

and feeling lightheaded, all of which were rated as being

mild. Six adverse events were not judged to be related to the

device, 4 adverse events were judged to possibly be related

to the device (investigational mask, n¼ 2; comparator mask,

n ¼ 2), and 3 adverse events were judged to be caused by

the device (investigational mask, n ¼ 1; comparator mask,

n¼ 2). There were no serious adverse events.

Discussion

This pilot study demonstrated no significant difference

in PtcCO2
adjusted for baseline between the investigational

and the conventional mask over 60 min of bi-level NIV

therapy in adults with stable severe COPD, which suggests
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Table 2. Overall Mean Differences in Physiologic Outcomes

Parameter Baseline, mean 6 SD 60 Min, mean 6 SD Mean Difference (95% CI) P

Investigational

Mask

Conventional

Mask

Investigational

Mask

Conventional

Mask

PtcCO2
, mm Hg 39.3 6 5.1 39.9 6 4.3 35.3 6 6.9 36.46 7.3 –0.74 (–2.81 to 1.33)* .45

–0.52 (–1.27 to 0.24)† .18

SpO2
, % 94.5 6 2.8 94.4 6 2.3 95.4 6 1.9 95.26 1.8 0.20 (–0.60 to 1.01)* .59

–0.14 (–0.43 to 0.14)† .33

Heart rate, beats/min 82.1 6 18.1 83.3 6 21.0 79.9 6 13.5 80.46 18.8 –2.22 (–5.31 to 0.87)* .14

–0.42 (–2.48 to 1.63)† .69

Breathing frequency, breaths/min 17.8 6 6.0 22.3 6 6.8 17.8 6 7.1 17.16 4.9 1.82 (–2.31 to 5.95)* .36

0.45 (–0.93 to 1.82)† .52

VT, mL 600.7 6 351.3 418.2 6 236.7 643.5 6 255.1 828.1 6 282.9 –207.90 (–334.7 to –81.1)* .003

–128.7 (–190.0 to –67.3)† <.001

Minute ventilation, L/min 10.1 6 5.1 8.6 6 4.7 10.7 6 3.5 13.16 3.3 –2.56 (–4.46 to –0.66)* .01

–2.28 (–3.12 to –1.43)† <.001

Total leak, L/min 51.3 6 17.1 41.1 6 24.0 54.3 6 19.0 43.96 17.1 6.40 (–3.19 to 15.98)* .17

7.96 (4.39 to 11.54)† <.001

PtcCO2
¼ transcutaneous carbon dioxide

VT ¼ tidal volume

*The mean difference between the investigational mask and the conventional mask at 60 min.
† The mean difference between the investigational mask and the conventional mask with the 5, 10, 15, 30, and 60-min differences averaged.
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no difference in how each mask influenced alveolar ventila-

tion. In addition to alveolar ventilation, there was no differ-

ence in breathing frequency between the masks. There were

differences in other components of ventilation, including sig-

nificantly lower VT and minute ventilation, and significantly

higher total leak, with the investigational mask. When these

parameters are considered together, one potential interpreta-

tion is that the use of the investigational mask leads to a

reduction in the dead-space component of the measured VT.

This interpretation aligns with the proposed mechanism of
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action of the investigational mask and supports the study

hypothesis that targeting expiratory washout of the anatomic

dead space through a specialized mask design is a feasible

approach for influencing minute ventilation and VT.

As reported in previous studies, higher levels of leak can

affect the accuracy of ventilator sensing software, which

results in spurious underestimation of VT.
15,16 An alternate

explanation for the observed reductions in VT and minute

ventilation in the present study is that the additional leak in-

herent in the use of the investigational mask resulted in a

measurement error. Although pre-study bench testing con-

firmed the accuracy of the Philips V60 ventilator sensing

software, there was no secondary independent measure of

VT during the clinical trial itself, so we are unable to directly

refute this potential explanation; however, the trends in

VT and minute ventilation observed between the investiga-

tional and conventional masks over the trial period did not

seem to follow a pattern that we would consider to be con-

sistent with systematic underestimation of VT that occurred

only with the investigational mask.

The dyspnea and comfort scores were not significantly

different between the 2 masks, which highlights that the

novel mask design with its unique gas-flow pattern seemed

to reduce VT and minute ventilation without an appreciable

difference in patient comfort. Although it would be reason-

able to expect a decrease in dyspnea with the use of an

investigational mask that has the effect of lowering VT, no

difference in dyspnea between the masks was found. Mask

leak is often cited as a reason for poorer mask comfort17; yet,

reassuringly, the comparison of the participants’ response

with the “unintentional air leak” component of the comfort

questionnaire did not reveal any significant difference in

comfort related to mask leak.

The difference in measured VT and minute ventilation

seen with the investigational mask occurred with no signifi-

cant between-masks difference in measured PtcCO2
. This

suggests that, although when using the investigational mask

compared with the conventional mask, the participants took

relatively smaller breaths, which did not result in a differ-

ence in alveolar ventilation. This may have clinically im-

portant implications because smaller VT when using the

investigational mask may confer less alveolar distention

and reduced work of breathing for the same amount of alve-

olar ventilation and CO2 clearance. High VTs in patients

who are mechanically ventilated are clearly detrimental,

with the resultant increase in alveolar distention and trans-

pulmonary pressures that contribute to the development of

ventilator-induced lung injury.18 Patients who receive NIV

for acute respiratory failure also seem at risk from the

adverse effects of excessive VT, with exposure to high

VT during NIV being independently associated with NIV

failure.19 Furthermore, as the relative contribution of dead

space to VT changes, outcomes for patients on mechanical

ventilation has also been shown to differ. Specifically, those

who have a higher fraction of dead space tend to have higher

mortality rates.20-22 Although high VT ventilation and higher

dead-space fractions are associated with patient harm, it

remains to be determined whether reducing VT through

reductions in the anatomic dead space with a novel mask

design would influence clinically important patient outcomes.

Limitations of this study were the inclusion of partici-

pants who were normocapnic, whose ventilatory parame-

ters were measured by using indirect techniques. An

accurate approximation of arterial CO2 can reliably be

achieved with a PtcCO2
earlobe sensor23; however, VT, mi-

nute ventilation, and leak were all estimated by using the

ventilator sensing software, which has inherent accuracy

limitations and was not corroborated with independent

measurement techniques. Although the order that the par-

ticipants received each therapy was randomized and the 2

groups were well balanced, a washout period of 30 to 60

min may have been insufficient to minimize a carryover

effect between interventions. Because the study popula-

tion were largely naive to NIV therapy, a relatively low

inspiratory pressure was selected to improve NIV toler-

ance. In addition, the study population was not representa-

tive of patients who would be considered to have an

indication for acute or chronic NIV therapy. These factors

mean that the study findings are not generalizable to real-

world conditions and further evidence is required to assess

the effects of the investigational mask in the patient popu-

lations that have an indication for its use.

Conclusions

This pilot study found that, when compared with a con-

ventional pronasal mask, the investigational mask seemed

to improve expiratory washout of the anatomic dead space

while maintaining similar alveolar ventilation with no

discernible difference in tolerability. Further studies are

warranted to first corroborate these findings with more

accurate measurement techniques and then to assess how

the proposed physiologic effects of the investigational

mask might translate into clinical outcomes when used in

acute care, particularly for those in acute hypercapnic re-

spiratory failure with high VT ventilation.
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Physiological effects of different interfaces during noninvasive venti-

lation for acute respiratory failure. Crit Care Med 2009;37(3):939-945.

9. Tatkov S, Rees M, Gulley A, van den Heuij LGT, Nilius G. Asymmetrical

nasal high flow ventilation improves clearance of CO2 from the anatomical

dead space and increases positive airway pressure. J Appl Physiol (1985)

2023;134(2):365-377.

10. Pinkham MI, Domanski U, Franke K-J, Hartmann J, Schroeder M,

Williams T, et al. Effect of respiratory rate and size of cannula on pres-

sure and dead-space clearance during nasal high flow in patients with

COPD and acute respiratory failure. J Appl Physiol (1985) 2022;132

(2):553-563.

11. Agustı́ A, Celli BR, Criner GJ, Halpin D, Anzueto A, Barnes P, et al.

Global Initiative for Chronic Obstructive Lung Disease 2023 Report:

GOLD Executive Summary. Eur Respir J 2023;61(4):2300239.

12. Graham BL, Steenbruggen I, Miller MR, Barjaktarevic IZ, Cooper

BG, Hall GL, et al. Standardization of Spirometry 2019 Update. An

official American Thoracic Society and European Respiratory Society

Technical Statement. Am J Respir Crit Care Med 2019;200(8):e70-e88.

13. Kendrick KR, Baxi SC, Smith RM. Usefulness of the modified 0–10

Borg scale in assessing the degree of dyspnea in patients with COPD

and asthma. J Emerg Nurs 2000;26(3):216-222.

14. Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the

sample size for a pilot randomised trial to minimise the overall trial

sample size for the external pilot and main trial for a continuous out-

come variable. Stat Methods Med Res 2016;25(3):1057-1073.

15. Contal O, Vignaux L, Combescure C, Pepin J-L, Jolliet P, Janssens J-

P. Monitoring of noninvasive ventilation by built-in software of home

bilevel ventilators: a bench study. Chest 2012;141(2):469-476.

16. Luján M, Lalmolda C, Ergan B. Basic concepts for tidal volume and

leakage estimation in non-invasive ventilation. Turk Thorac J 2019;20

(2):140-146.

17. Cammarota G, Simonte R, De Robertis E. Comfort during non-inva-

sive ventilation. Front Med (Lausanne) 2022;9:874250.

18. Slutsky AS, Ranieri VM. Ventilator-induced lung injury. N Engl J

Med 2013;369(22):2126-2136.

19. Carteaux G, Millán-Guilarte T, De Prost N, Razazi K, Abid S, Thille

AW, et al. Failure of noninvasive ventilation for de novo acute hypo-

xemic respiratory failure: role of tidal volume. Crit Care Med 2016;44

(2):282-290.

20. Siddiki H, Kojicic M, Li G, Yilmaz M, Thompson TB, Hubmayr RD,

Gajic O. Bedside quantification of dead-space fraction using routine

clinical data in patients with acute lung injury: secondary analysis of

two prospective trials. Crit Care 2010;14(4):R141.

21. Nuckton TJ, Alonso JA, Kallet RH, Daniel BM, Pittet J-F, Eisner MD,

Matthay MA. Pulmonary dead-space fraction as a risk factor for death

in the acute respiratory distress syndrome. N Engl J Med 2002;346

(17):1281-1286.

22. Jayasimhan D, Chieng J, Kolbe J, Sidebotham DA. Dead-space venti-

lation indices and mortality in acute respiratory distress syndrome: a

systematic review and meta-analysis. Crit Care Med 2023;51(10):

1363-1372.

23. Conway A, Tipton E, Liu W-H, Conway Z, Soalheira K, Sutherland J,

Fingleton J. Accuracy and precision of transcutaneous carbon dioxide

monitoring: a systematic review and meta-analysis. Thorax 2019;74

(2):157-163.

NIV MASK WITH EXPIRATORY WASHOUT

RESPIRATORY CARE � � � VOL � NO � 9

RESPIRATORY CARE Paper in Press. Published on November 12, 2024 as DOI: 10.4187/respcare.11876

Copyright (C) 2024 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE




