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INTRODUCTION: In home mechanical ventilation (HMV), the mask is a key factor for patient
comfort and therapeutic adherence. There is no evidence on the best strategy for choosing the mask
in HMV. OBJECTIVE: To explore patient preference when prescribing the mask for HMV treat-
ment and assess its relationship with effectiveness. METHODS: A prospective study with repeated
measures in stable patients receiving home nocturnal ventilation. Alternating oronasal mask (ONM)
and nasal mask (NM) were tested in day and overnight sessions, with arterial blood gas measured
and S, monitored. At the end of each evening session, patients rated interface comfort using a
visual analog scale. At 3 months we evaluated adherence and effectiveness of the treatment. RE-
SULTS: Twenty-nine subjects (mean * SD age 65 = 13 y, 44% male) completed the study. Initial
functional values were P 57.4 = 5.2 mm Hg and time with S, < 90% (T90) 81.5 £ 9.5%. Both
ONM and NM significantly decreased P, and T90. Over a third (38%) of our subjects preferred
ONM, while NM was deemed more comfortable in general. At 3 months, effectiveness and adher-
ence showed no differences between those treated with NM or ONM. CONCLUSIONS: Patient
choice is an effective criterion for selecting the interface in HMYV treatment. Key words: home
mechanical ventilation; noninvasive ventilation. [Respir Care 2012;57(9):1413—-1417. © 2012 Daedalus

Enterprises]

Introduction

In the process of adaptation to noninvasive ventilation
(NIV), one of the most important decisions is the choice of
mask that acts as the interface between the patient and the
ventilator. This is a key factor for patient comfort and the
success of long-term treatment.! The different models of
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masks can be classified as those that cover only the nose
(nasal mask [NM]), the nose and mouth (oronasal mask
[ONM)]), nasal pillows, and mouthpieces.! The market cur-
rently offers a wide range of options, including custom
made interfaces for highly selected patients.? In deciding
which mask to use, the clinician has to evaluate the most
effective mask in conjunction with patient comfort.

Traditionally, the NM has been considered preferable
for home mechanical ventilation (HMV) and the ONM for
acute NIV.? While the use of ONM for acute NIV seems
well established according to the results of clinical stud-
ies,* there are no studies providing evidence on the impact
that the choice of either mask has on effectiveness and
therapeutic adherence in HMV; patient preference has not
been explored, and there are no definite recommendations
on the choice of interface.

We hypothesized that a combination of comfort and
effectiveness criteria in mask selection for HMV could
improve adherence and substantially change the usage pro-
file of the interfaces commonly used in clinical practice
(NM and ONM). The study aimed to explore personal
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preferences in the choice of the mask during the process of
adaptation to HMV and its relationship to effectiveness in
the short and long term. Secondarily, we assessed the im-
pact of this preference on prescription and its influence on
programmed ventilator parameters.

Methods

The study was performed at the respiratory units at Hos-
pital Universitario de Canarias, La Laguna, Tenerife, Spain,
and Hospital Universitario Central de Asturias, Oviedo,
Asturias, Spain, both of which have experience in home
NIV. The study design was prospective, with repeated
measures and paired data. The subjects were included con-
secutively during a period of 4 months, from August to
November 2009 in one center, and from March to June
2010 in the other. The study was approved by the ethics
committees of both centers, and all participants signed
informed consent for inclusion in the study.

The inclusion criteria were: stable patients eligible for
NIV treatment, without previous experience of ventilation,
with P > 50 mm Hg, and scheduled for home nocturnal
treatment. The exclusion criteria were: pH < 7.35, cogni-
tive disorders, severe uncontrolled comorbidity, and clin-
ical prediction of ventilation required during > 12 hours a
day.

The following pressure ventilators were adapted for NIV:
Vivo 30 and Vivo 40 (Breas Medical, Molnlycke. Swe-
den), and VPAP III and VPAP IV (ResMed, Sydney, Aus-
tralia). The ventilatory mode was spontaneous/timed with
backup breathing frequency slightly lower than spontane-
ous breathing rate. In all cases the mask used had an
intentional leak circuit. NM and ONM were used alter-
nately in a predetermined order, reversed for each new
case. The most appropriate mask size was applied in each
case, to minimize leakage. Subjects attended 2-hour day
sessions and used each mask on successive days, with
arterial blood gas tested after each session, and evening
sessions with pulse oximetry. The inspiratory and expira-
tory positive airway pressures were titrated empirically in
the day sessions, to maximize comfort (this was deter-
mined by asking the subject about his/her comfort level at
different times during the process of adaptation), and ef-
fectiveness was arbitrarily defined using the following cri-
teria: decrease in day Pco, of at least 5 mm Hg and/or
decrease of at least 30 points in the percentage of noctur-
nal time with S, < 90% (T90). At the end of each
evening session the subject was asked to rate the mask on
a visual analog scale (0 to 10), responding to the following
request: “Please indicate your level of comfort on breath-
ing through the mask.” After testing the 2 masks, the sub-
ject was asked to choose one for his/her home treatment.
For interface prescription, subject preference was priori-
tized when both masks met the criteria of effectiveness,
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QUICK LOOK

Current knowledge

A major factor in the success of home noninvasive
ventilation is patient acceptance of the interface. Mask
comfort plays a primary role in patient adherence to
NIV treatment.

What this paper contributes to our knowledge

Patient preference is a key component of NIV accep-
tance. The patient’s subjective assessment of comfort
improves NIV adherence and should play a major role
in the choice of the NIV interface.

otherwise the most effective model was prescribed. After
3 months, effectiveness was assessed according to arterial
blood gas and home nocturnal S, values, home ventila-
tion time, changes of interface and dropout.

Nocturnal S, values were measured continuously dur-
ing sleep in the supine position, using a finger tip infrared
pulse oximeter (Pulsox-3iA, Konica Minolta Sensing,
Osaka, Japan), provided with a finger clip and a multisite
probe (SR-5C, 0.3 m, Konica Minolta Sensing, Osaka,
Japan). The S, readings and pulse rate were displayed on
a computer screen with an interface unit (IF-3, Konica
Minolta Sensing, Osaka, Japan), and an interface cable
(I/F cable, Konica Minolta Sensing, Osaka, Japan), via
software (Pulsox DS-3, Konica Minolta Sensing, Osaka,
Japan).

The NM models used were: FlexiFit 405 (Fisher & Paykel
Healthcare, Auckland, New Zealand), with over-the-nose
silicone seal, elbow exhalation port, and a dead space of
88 mL; and Ultra Mirage II (ResMed, San Diego, Cali-
fornia), with elbow exhalation port and a dead space of
130 mL. The ONM models used were: Forma (Fisher &
Paykel Healthcare, Auckland, New Zealand), covering
mouth and nose, with nasal bridge exhalation port; Flexi-
Fit 431 (Fisher & Paykel Healthcare, Auckland, New Zea-
land), with silicone sheath covering the nose and mouth,
and elbow exhalation port; and Wizard-Fit (Apex, Tai-
wan), covering the nose and mouth, with elbow exhalation
port. The ONM dead space varied between 108 mL and
192 mL, depending on the model.

The results are presented as mean and standard devia-
tion for quantitative variables, and percentages for quali-
tative variables. We used the Student 7 test to compare the
means of quantitative variables, and chi-square for quali-
tative variables. We used the Kolmogorov-Smirnov test to
check the fit of the variables to normal distribution. Dif-
ferences with a P value of < .05 were considered statis-
tically significant.
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Table 1.  Results of the Adaptation Process to Nasal vs Oronasal
Mask
Nasal Mask Oronasal
(n = 29) Mask P
(n = 29)
P,co, after NIV (2 h day session), 47363 502=*5.1 .87

mm Hg
pH after NIV (2 h day session) 740 =030 7.40=*=0.28 .81
HCO;™ after NIV (2 h day session), 29.3 £32 322*18 .23

mmol/L
T90 after NIV (night session), % 394 *£203 36.6+295 .67
IPAP, cm H,O 13.7 =27 154+24 .02
EPAP, cm H,0 63 1.1 62=*12 .89
Respiratory rate, breaths/min 155 £3.1 145*23 71
Comfort score, analog scale 69 +23 53+23 .01

Values are mean * SD.

NIV = noninvasive ventilation

T90 = percentage of time with S, < 90% during nocturnal ventilation
IPAP = inspiratory positive airway pressure

EPAP = expiratory positive airway pressure

Results

Of the initial 30 candidates, one patient refused treat-
ment at the start of the 3-month adaptation process. The
process was carried out by 29 subjects (44% male),
mean * SD age 65 * 13 years. Diagnoses were: 20 obe-
sity hypoventilation syndrome, 4 chest wall pathology
(2 with post-tuberculosis sequelae and thoracoplasty, and
2 with diaphragmatic paralysis), 3 neuromuscular disease
(2 had AMS and one had Werdnig-Hoffman spinal atro-
phy), and 2 subjects had COPD. Nocturnal polygraphy
was performed in all 20 subjects with obesity hypoventi-
lation syndrome; 16 (80%) had an apnea-hypopnea sever-
ity index above 5, and a mean * SD value of 50 = 32.

Baseline functional values were: P 57.4 = 5.2 mm Hg,
T90 81.5 = 9.5%. At the end of day and evening adapta-
tion sessions, we found significant decreases in Poo and
T90 with the use of either mask, and no significanf dif-
ferences between NM and ONM (Table 1). In 11 cases the
ONM was preferred (38%), but actually prescribed for 14
subjects (48%), because in 3 cases (10%) the criterion of
effectiveness was prioritized over comfort. The NM com-
fort score was significantly higher than that of the ONM
(see Table 1).

At 3 months, 4 subjects (13%, 3 with NM and 1 ONM)
had discontinued treatment: one had COPD, and 3 had
obesity hypoventilation syndrome. There was one change
from NM to nasal pillows, due to nasal bridge erosion (this
subject also required heated humidification), and one sub-
ject treated with ONM who initially preferred NM re-
quested a change of mask. Of the 23 subjects who com-
pleted the 3-month adaptation process with their initial
interfaces, daytime P and T90 values showed no sig-
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nificant differences between NM and ONM users (Ta-
ble 2). Mean nocturnal ventilation time was greater than
7 hours, with no significant differences between groups.

Discussion

In our subjects, NM were generally deemed more com-
fortable than ONM, but 40% preferred to be treated with
ONM. We found no significant differences between the 2
interfaces in effectiveness, the process of adaptation, or
long-term use. Using a strategy that combines patient pref-
erence and effectiveness, ONM requirement rose to 48%
of treated cases.

Interface comfort in NIV is crucial to achieve good
tolerance and compliance, and thus long-term effective-
ness. The choice of mask is one of the key decisions to be
made by the attending clinician.! While studies on the
management of acute patients have explored the effective-
ness of different types of interfaces and the strategy to be
implemented is well established, few such studies have
been performed in chronic patients, so there is great vari-
ability in clinical practice.

Navalesi et al’ studied 26 patients randomly assigned to
receive NM, ONM, or nasal pillows. NM were better tol-
erated, while ONM proved more effective; the authors did
not analyze nocturnal ventilation or long-term results. Our
results are consistent with the finding that NM is generally
better tolerated, but showed no significant differences in
effectiveness. This discrepancy may be explained by a
methodological difference: in the study by Navalesi et al,
the trial period with each mask lasted 30 min, compared
with 120 min in our series.

More recently, Willson et al® studied 16 patients previ-
ously treated with NIV using NM; on one night, treatment
with ONM was tested to assess comfort with this mask,
and effectiveness according to polysomnographic criteria.
There were no differences in effectiveness in the polysom-
nographic variables analyzed, and NM was found to be
more comfortable. In this work, the study population was
treated with HMV using NM before the study.

In general, according to previous studies™° and our own
results, greater comfort is found with NM. However, a
high percentage of our subjects preferred to be treated with
ONM. Some authors use ONM when they detect problems
in NM ventilation.” Our results suggest that a combination
of effectiveness and patient preference from the outset
may be a more appropriate strategy.

Traditionally, greater effectiveness has been attributed
to ONM, due to its greater ability to prevent oral leaks. In
our study, leakage was not measured, but similar effec-
tiveness between the 2 masks suggests that the ventilator
could compensate for excess oral leaks when the NM was
used, as suggested by some authors?; in our study this was
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Table 2. Follow-up Results at 3 Months

Nasal Mask Oronasal
o Mask P
(n=11) = 12)
Age, y 67.6 * 12.29 63.8 = 11.1 A3
Male, no. 3 7 .045
Female, no. 8 5 ND
Underlying Disease
Obesity-hypoventilation syndrome 10 7 ND
Neuromuscular disease 0 2 ND
Chest disease 1 2 ND
COPD 0 1 ND
Initial P,cp,, mm Hg 55.0 £ 125 545 = 8.6 .83
Initial T90, % 79.8 =223 79.8 = 1.8 .84
Pco, after 3 months of NIV, mm Hg 443 £35 442 €26 74
pH after 3 months of NIV 7.40 = 0.004 7.40 £ 0.02 .88
HCO;™ after 3 months of NIV, mmol/L 275 1.7 273 1.5 81
T90 at 3 months (S,0,), % 3445 8.1x6.1 25
Daily NIV time 7 h 6 min 7 h 20 min .35

*+ Values are mean * SD.

ND = no data: not calculated because of inadequate sample size

NIV = noninvasive ventilation

T90 = percentage of time with S,o, < 90% during nocturnal ventilation

not demonstrated. To confirm this supposition, leakage
would have to be measured with each interface used.

There is a noticeable difference between NM and ONM
in the dead space they provide, and this difference could
influence the effectiveness of the interface. In a lung model,
Saatci et al® demonstrated that the dynamic dead space in
ONM with a leak port was very similar to NM and was
related to the location of this leak port and the use of
continuous pressure in the expiratory phase. These results
were confirmed by Couvelier et al'® in a clinical trial.

Although not all studies on HMV report which masks
were used, it seems clear that NM is the most common
choice.”!!-12 According to our results, prioritizing patient
preference for prescription would increase ONM use to
almost 50%, which represents a substantial change in the
use profile of this interface.

In patients who require long-term nocturnal mechanical
ventilation, treatment adherence is critical to effectiveness.
Criner et al'® reported 65% adherence, with an average of
4.5 hours per night. More recently, Priou et al” rated com-
pliance at 80%, with ventilation time of approximately
7 hours per night, and attributed this to factors associated
with improved comfort of the NIV masks and devices. In
our series, at 3 months, adherence to treatment was 86%,
with an average ventilation time of more than 7 hours per
night. The strategy of involving the patient in choosing the
interface may positively affect therapeutic adherence.

Possible limitations of our study include the fact that the
subjects were ventilated with different ONM and NM mod-
els, but we believe that the careful individual titration of
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the inspiratory and expiratory airway pressure parameters
and the general methodology employed minimize this im-
pact on results. Comparison with the few existing studies
addressing this problem is difficult because the methodol-
ogy and patient characteristics differ, with a diagnostic
predominance of obesity hypoventilation syndrome in our
study. The criteria for effectiveness in the process of ad-
aptation were arbitrarily established with undemanding lim-
its based on the values of P and T90. There are no clear
references in the literature on this point, and our intention
was to maximize comfort. At 3 months, the improvement
in T90 and P, was much greater than at the time of
adaptation, and therefore we consider that greater long-
term effectiveness was achieved when comfort was max-
imized. However, assessing effectiveness by means of these
2 parameters has certain limitations, since gasometry was
performed during the daytime, and nocturnal pulse oxim-
etry does not directly measure the response to ventilation.

Another limitation of the study was the lack of homo-
geneity in underlying disease of the study population. We
chose to study a population of patients scheduled to re-
ceive mechanical ventilation only at night: such patients
are usually supplied with a single mask, and therefore a
strategy to select the most appropriate could have a great
impact on treatment. Our results are not applicable to pa-
tients requiring more prolonged (> 12 h/d) ventilation
time, and, usually, different types of mask in the same
patient. Lastly, the present study provides no information
on other types of interfaces (nasal pillows and custom-
made masks).
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Conclusions

To our knowledge, this is the first work to propose that
mask prescription for HMV should take patient preference
into account. Given the favorable results in sustained ther-
apeutic compliance and effectiveness, we conclude that
patient comfort could be the most effective criterion for
interface selection in HMV treatment. Further studies with
a randomized design are required to support this conclu-
sion.
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