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For many patients with chronic respiratory failure requiring ventilator support, noninvasive ven-
tilation (NIV) is preferable to invasive support by tracheostomy. Currently available evidence does
not support the use of nocturnal NIV in unselected patients with stable COPD. Several European
studies have reported benefit for high intensity NIV, in which setting of inspiratory pressure and
respiratory rate are selected to achieve normocapnia. There have also been studies reporting benefit
for the use of NIV as an adjunct to exercise training. NIV may be useful as an adjunct to airway
clearance techniques in patients with cystic fibrosis. Accumulating evidence supports the use of NIV
in patients with obesity hypoventilation syndrome. There is considerable observational evidence
supporting the use of NIV in patients with chronic respiratory failure related to neuromuscular
disease, and one randomized controlled trial reported that the use of NIV was life-prolonging in
patients with amyotrophic lateral sclerosis. A variety of interfaces can be used to provide NIV in
patients with stable chronic respiratory failure. The mouthpiece is an interface that is unique in this
patient population, and has been used with success in patients with neuromuscular disease. Bi-level
pressure ventilators are commonly used for NIV, although there are now a new generation of
intermediate ventilators that are portable, have a long battery life, and can be used for NIV and
invasive applications. Pressure support ventilation, pressure controlled ventilation, and volume
controlled ventilation have been used successfully for chronic applications of NIV. New modes have
recently become available, but their benefits await evidence to support their widespread use. The
success of NIV in a given patient population depends on selection of an appropriate patient,
selection of an appropriate interface, selection of an appropriate ventilator and ventilator settings,
the skills of the clinician, the motivation of the patient, and the support of the family. Key words:
amyotrophic lateral sclerosis; bi-level pressure ventilation, chronic obstructive pulmonary disease; cystic
fibrosis, Duchenne muscular dystrophy; noninvasive ventilation; obesity hypoventilation syndrome; re-
strictive thoracic disorder. [Respir Care 2012;57(6):900-918. © 2012 Daedalus Enterprises]
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Introduction

Noninvasive ventilation (NIV) is the use of assisted
ventilation without an artificial airway (eg, tracheostomy
tube or endotracheal tube). Dating back to the polio epi-
demic of the 1950s, NIV was first applied using negative
pressure applied to the chest wall. But today it is almost
always applied as positive pressure to the airway opening.
Just as the use of NIV has increased in the acute care
hospital setting, its use has increased as well in the long-
term care hospital and the home for the management of
patients requiring prolonged mechanical ventilation. Home
NIV is used primarily for patients with obstructive lung
disease, neuromuscular disease, obesity hypoventilation
syndrome (OHS), and restrictive chest wall disease. Al-
though many patients with chronic critical illness require
respiratory support, most patients receiving NIV for pro-
longed mechanical ventilation do not have chronic critical
illness.

Janssens et al! reported that, in 2000 in the Geneva Lake
area of Switzerland, the 2 major uses of NIV were for
treatment of COPD and OHS. In this study, home NIV
therapy was associated with a significant reduction in hos-
pitalizations in all groups studied. Adherence to treatment
was satisfactory, with reported under-users or interruption
of therapy for non-adherence of 15%. In a survey by Lloyd-
Owen et al2 in 2001-2002, the use of home mechanical
ventilation was found to be very variable throughout Eu-
rope. There were fewer uses for primary lung disease than
for neuromuscular disease and chest wall restriction. The
majority (87%) of patients were ventilated with NIV. Divo
et al® conducted a survey in Massachusetts to estimate the
prevalence and locations of prolonged and home ventila-
tion in 2006. Of the patients included in the survey, 225
were receiving NIV and the remainder had a tracheos-
tomy. The results of these studies suggest that NIV is used
more commonly for prolonged mechanical ventilation in
Europe than in Massachusetts.
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There are several reasons why NIV might be preferable
to tracheostomy for prolonged mechanical ventilation. First,
many patients use the ventilator for only part of the day,
most often at night. Given the acute and long-term com-
plications of tracheostomy,* it would not seem prudent to
perform tracheostomy for part-time ventilation. Issues re-
lated to the care of the tracheostomy complicate manage-
ment for both the patient and caregivers. Finally, the pres-
ence of a tracheostomy is unsightly and might impact the
patient’s quality of life. However, inconsistent findings
have been reported in studies that have assessed quality of
life in patients receiving NIV and those with tracheos-
tomy.>-8 Thus, patient preference should be given consid-
eration in clinical decisions of NIV versus tracheostomy.
The opinions of physicians and respiratory therapists might
not be consistent with patient preference.

Obstructive Lung Disease
Chronic Obstructive Pulmonary Disease

Given the success of NIV during COPD exacerbation,®
one might expect that this therapy might also be helpful in
patients with stable COPD. NIV at night might improve
gas exchange, it could improve sleep quality, and it could
rest chronically fatigued respiratory muscles. Moreover,
symptom management and prevention of exacerbations are
important in reducing morbidity and mortality associated
with COPD. There have been numerous randomized con-
trolled trials'®-'® and observational studies!—3! that have
evaluated the use of NIV in patients with stable COPD. It
is fair to say that the use of NIV for this indication is
controversial.3233

A meta-analysis by Wijkstra of 4 studies'®!1.1923 of
nocturnal NIV in patients with COPD was published in
2003.3* NIV was applied via a nasal or oronasal mask for
at least 5 h/d for at least 3 weeks. The authors of this
meta-analysis concluded that NIV support did not improve
lung function, gas exchange, or sleep efficiency.

A more recent systematic review was published by
Kolodziej et al.3> They included 6 randomized controlled
trials'®-15 and 9 observational studies!®=?7 in their review.
The authors concluded that NIV use in patients with se-
vere stable COPD may improve gas exchange, exercise
tolerance, dyspnea, work of breathing, frequency of hos-
pitalization, health-related quality of life (HRQL), and func-
tional status. However, these findings were based primar-
ily on the results of the observational studies. For example,
improved gas exchange was observed in the observational
studies but not in the randomized controlled trials.

Two more randomized controlled trials'”-'® were reported
that are not included in the meta-analyses of Wijkstra and
Kolodziej.3+35 Duiverman et al'? randomized 72 patients
with COPD to nocturnal NIV in addition to rehabilitation
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(n = 37) or rehabilitation alone (n = 35). Inclusion criteria
were stable clinical condition (no exacerbation in the
4 weeks prior to study participation, together with pH
> 7.35), severe COPD (FEV,/FVC < 70% and FEV,
< 50% predicted), hypercapnia at rest (P,co, > 45 mm Hg
while breathing room air), and age 40—76 years. Outcome
measures of functional status and gas exchange were as-
sessed before and after the 3-month intervention period.
For those who completed the protocol, the mean inspira-
tory positive airway pressure (IPAP) was 20 = 4 cm H,0,
the mean expiratory positive airway pressure (EPAP) was
6 = 2 cm H,O, the mean respiratory rate on NIV was
18 = 3 breaths/min, the inspiration time was 0.9 = 0.2 s,
and the rise time was 1.2 = 0.6 s. Most patients used an
oronasal mask (70%); the remaining used a nasal mask.
Five patients (16%) dropped out due to intolerance of
NIV. Those who completed the protocol used NIV an
average of 96% of the days, with a median daily NIV use
of 7.7 h (interquartile range 5.8—8.5 h/d). The authors
found that NIV augmented the benefits of pulmonary re-
habilitation in patients with COPD and chronic hypercap-
nic respiratory failure, as it improved several measures of
HRQL, functional status, and gas exchange.

McEvoy et al'® conducted a multicenter randomized
controlled trial of NIV plus long-term oxygen therapy
(LTOT) versus LTOT alone in 4 Australian university
hospitals. Enrolled patients had severe stable smoking-
related COPD (FEV, < 1.5 L or < 50% predicted and
FEV,/FVC < 60% with awake P, > 46 mm Hg and on
LTOT for at least 3 months) and age < 80 years. Patients
with sleep apnea or morbid obesity were excluded. Out-
come measures were survival, spirometry, arterial blood
gases, polysomnography, general and disease-specific
quality of life, and mood. One hundred forty-four patients
were randomized (72 to NIV + LTOT, and 72 to LTOT
alone). Adherence to NIV was 4.5 = 3.2 h/night; only
41/72 patients (60%) used NIV > 4 h/night and were
included in the per protocol analysis. IPAP was 12.9 (12.5-
13.4) cm H,O and EPAP was 5.1 (4.8-5.3) cm H,O.
NIV was associated with an improvement in survival but
no change in daytime arterial blood gases, pulmonary
function measurements, or hospitalization rates. Disease-
specific and general quality of life did not improve with
NIV. In fact, it appears that the addition of NIV to usual
care in these severely disabled COPD patients resulted in
deterioration in general and mental health and some as-
pects of mood. The authors concluded that nocturnal NIV
in stable oxygen-dependent patients with hypercapnic
COPD may improve survival, but this appears to be at the
cost of worsening quality of life.

In a retrospective observational study, Oscroft et al>®
evaluated the outcomes of 35 patients with a P o,
> 56 mm Hg and normal pH following hospital admission
with COPD exacerbation. Patients were initiated on long-
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term NIV; 4 patients were intolerant. NIV was titrated to
a mean inspiratory pressure of 26 * 3 cm H,O and expi-
ratory pressure of 4 = 1 cm H,0; 77% used oronasal
masks. Patients used NIV 8.4 = 3.5 h/d. Daytime arterial
blood gases and nocturnal ventilatory parameters improved
significantly on NIV. Median survival was 28.6 months.

High intensity NIV is an approach that has been pro-
moted by Windisch and colleagues. The first report of this
approach was in 2002.3¢ After a period of acclimatization,
patients were instructed to use NIV during the night and
for up to 6 h during the day (total 14 h/d) until normo-
capnia was achieved. The time to reach normocapnia
was 8.8 * 3.8 days, and the mean hospital stay was
14.1 = 5.1 days. From then on the ventilator was used at
night and for up to 2 h during midday (total 10 h/d).
Patients used a nasal mask. Ventilator settings were ad-
justed individually to normalize arterial blood gases, while
maintaining the best comfort for the patient. The inspira-
tory pressure was increased stepwise until a further in-
crease was not tolerated, after which the respiratory rate
was increased beyond the spontaneous rate to establish
passive ventilation. Further increases in respiratory rate
were aimed at a progressive decrease of P, toward nor-
mocapnia. Patients were discharged when normocapnia
(P,co, 37-43 mm Hg) during NIV had been achieved or
P.co, did not show a further decrease during NIV for a
minimum of 3 days. Of the 14 patients enrolled, 11 con-
tinued with the therapy for at least 6 months post dis-
charge. Inspiratory pressure and rate required to reach nor-
mocapnia were 30 = 4 cm H,O (range 24-34 cm H,0)
and respiratory rate 23 = 2 breaths/min (range 20—
26 breaths/min).

In a retrospective study of 34 patients, Windisch et al
evaluated 2-year survival, changes in lung function, and
blood gases in patients with stable hypercapnic COPD in
whom high intensity NIV was used.3” NIV was predomi-
nantly used during the night, but patients were also in-
structed to use NIV for up to 4 h during daytime if nec-
essary to control symptoms. The mean ventilator settings
were an inspiratory pressure of 27.7 = 5.9 cm H,O (range
17-40 cm H,0), respiratory rate 20.8 = 2.5 breaths/min
(range 1424 breaths/min), and inspiratory time 1.0 = 0.2 s
(range 0.7-1.5 s). FEV, increased by a mean of 0.14 L,
P,co, decreased by a mean of nearly 7 mm Hg, and P,
could be increased by nearly 6 mm Hg after 2 months of
therapy. The authors suggest that earlier negative studies
of NIV for stable COPD might have been due to lower
levels of support than what was used in this study.

In another study, Windisch et al reported 2-year and
5-year survival rates for 73 patients receiving high inten-
sity NIV of 82% and 58%, respectively.?8 In a prospective
crossover study performed in 17 patients with severe sta-
ble hypercapnic COPD, Dreher et al3° reported that high-
intensity NIV, compared to lower intensity NIV, resulted
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in significant improvements in exercise related dyspnea,
daytime P,co,, FEV,, vital capacity, and the Severe Re-
spiratory Insufficiency Questionnaire Summary Score. In
an assessment of sleep quality, Dreher et al*® reported that
high inspiratory pressures used with long-term high inten-
sity NIV produce acceptable sleep quality that is no worse
than that produced by lower inspiratory pressures.

The reports of high intensity NIV are intriguing. Be-
cause the reports to date have all come from the same
group of investigators, the generalizability of the results
are unknown. Moreover, all of the data come from obser-
vational studies. The cost effectiveness of a program that
requires a 2-week admission to the hospital is also un-
known, and it is not known whether a similar program
could be implemented on an out-patient basis.

Physical activity may be the strongest predictor of all-
cause mortality in patients with COPD.#! A number of
studies have evaluated NIV to augment exercise training
in patients with COPD.!242-52 Benefits of NIV during ex-
ercise in patients with COPD include greater walking dis-
tance, cycle endurance, and the reduction in minute ven-
tilation during exercise*®; improved exercise tolerance and
dyspnea*’; improvements in heart rate, systolic blood pres-
sure, blood lactate, and oxygen consumption after train-
ing>%; lactate/speed, maximum inspiratory pressure (Pp,,..)s
6-min walk distance, leg fatigue, S, /speed, oxygen con-
sumption, and dyspnea better with NIV than with supple-
mental-oxygen.52 Interestingly, one study found that dys-
pnea and walking distance were not improved, due to the
burden of carrying the ventilator and oxygen in a backpack
(Fig. 1).>! At present, use of NIV during exercise training
is limited to stationary exercise (eg, treadmill or cycle)
until smaller portable equipment is available.

The overlap syndrome refers to patients who have both
sleep-disordered breathing and COPD.>3 Machado et al>*
reported their experience in patients with COPD referred
for LTOT. Patients with OSA symptoms were referred for
polysomnography, and about 15% were confirmed to have
the overlap syndrome. Marin et al>> reported that CPAP
eliminated the additional mortality risk of OSA in overlap
patients, compared to COPD-only patients. It should be
noted that the appropriate therapy for the overlap syn-
drome is usually CPAP, not NIV.

In 1999, a consensus group published recommenda-
tions for the use of NIV in patients with stable COPD
(Table 1).%¢ Overall, these recommendations seem reason-
able today. Perhaps more important from a practical stand-
point, reimbursement criteria of the Centers for Medicare
and Medicaid Services are shown in Table 2. It is still
unclear how NIV should be titrated if it is used in this
population (eg, to comfort while awake, by polysomnog-
raphy while asleep, to normalize blood gases). Evidence is
lacking for benefit in the population of patients with se-
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Fig. 1. A patient with COPD using noninvasive ventilation in ad-
dition to supplemental oxygen. (From Reference 51, with
permission.)

Table 1. Indications for the Use of NIV in Patients With Stable
COPD

1. Symptoms such as fatigue, dyspnea, and morning headache
2. Physiologic criteria (one of the following):
a. Pyco, = 55 mm Hg
b. P,co, of 50-54 mm Hg and nocturnal desaturation = 88% for 5
continuous minutes while receiving oxygen therapy = 2 L/min
¢. Pyco, 0f 50-54 mm Hg and hospitalization related to recurrent
episodes of hypercapnic respiratory failure (= 2 in a 12 month
period)

NIV = noninvasive ventilation
(Adapted from Reference 56.)

vere COPD, although individual patients might benefit.
Perhaps benefit will occur with approaches like high in-
tensity NIV, but this requires further study before it can be
recommended. Use of NIV may be beneficial in some
patients during exercise training, but the studies that have
been reported to date have evaluated physiologic end points
and not patient important outcomes. Moreover, current
Medicare criteria will most likely not cover NIV for this
application.
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Table 2.  Medicare Coverage Criteria, NIV for Severe COPD

1. P,co, = 52 mm Hg while awake and breathing the patient’s usual
Fio,

2. 8,0, = 88% for at least 5 continuous minutes, while breathing
oxygen at 2 L/min or the patient’s usual Fj,, (whichever is higher).

3. Prior to initiating therapy, obstructive sleep apnea and treatment
with CPAP has been considered and ruled out.

If above criteria are met, an E0470 device (without backup rate) is
covered for 3 months.

An E0471 device (with backup rate) will not be covered for a patient
with COPD during the first 2 months.

After 60 d, an E0471 device will be covered if the following criteria
are met:

L. P,co,, repeated no sooner than 61 d after initiation of adherent use
of the E0470, while awake and breathing the patient’s usual Fiq,,
remains = 52 mm Hg.

N

. Sleep oximetry, repeated no sooner than 61 d after initiation of
adherent use of an E0470 device, and while breathing with the
E0470 device, demonstrates SpO2 = 88% for at least 5 continuous
minutes, done while breathing oxygen at 2 L/min or the patient’s
usual Fyo, (whichever is higher).

. A signed and dated statement from the treating physician,
completed no sooner than 61 d after initiation of the E0470 device,
declaring that the patient has been adherent using the E0470 device
(an average of 4 h per 24 h period) but that the patient is not
benefiting from its use.

(98]

NIV = noninvasive ventilation

Cystic Fibrosis

Cystic fibrosis (CF) is characterized by a progressive
decline in lung function, which often progresses to end-
stage respiratory failure. A physiologic rationale can be
made for the use of NIV in patients with acute and stable
CF, where it might unload respiratory muscles, relieve
dyspnea, and improve alveolar ventilation and gas ex-
change. There have been a number of reports of the use of
NIV for CF, but most have been short-term physiologic
studies and observational reports.57-80 In a survey of the
use of NIV for CF in France, Fauroux et al’¢ found that
respiratory exacerbation was the most common criterion to
initiate NIV. The primary indication for NIV in stable
patients was diurnal hypercapnia, though certain other fac-
tors, such as respiratory sleep disturbance, were also im-
portant. It was also found that CF centers have high ex-
pectations about the potential benefits of NIV, but this
contrasts with the lack of evidence of those benefits in this
population. In an observational study, Fauroux et al”” eval-
uated the effect of 1 year of NIV on lung function in
patients with advanced CF. Patients who used NIV (n = 41)
were compared to matched controls (n = 41). They found
that long-term NIV was associated with stabilization of the
decline in lung function. However, patients were not ran-
domized in a prospective manner, and selection bias may
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have favored the group receiving NIV. Validated criteria
for selecting patients with CF for NIV are not available,
and the long-term benefits of NIV in this patient popula-
tion are not known.30

Several studies have evaluated the use of NIV as an
adjunct to airway clearance therapy in patients with
CF.%4.7275 Fauroux et al®* found that the use of NIV during
chest physiotherapy was associated with an improvement
in respiratory muscle performance and with a reduction in
oxygen desaturation. Holland et al’? evaluated the use of
NIV during chest physiotherapy in 26 patients with CF
and found that NIV improved inspiratory muscle function,
oxygen saturation, small airway function, and dyspnea.
Placidi et al’> evaluated 17 patients with CF and found no
significant difference in sputum dry weight between mask
positive expiratory pressure (PEP), CPAP, NIV, and di-
rected cough. However, patients felt less tired after CPAP
and NIV sessions than after mask PEP.

Three studies evaluated nocturnal NIV in patients with
CF.62:68.78 Gozal et al°? conducted a single-night study in
which patients received room air on the first trial night. If
the patient exhibited substantial hypoxemia or hypercap-
nia, or both, the results were compared for a single over-
night session of NIV and oxygen and to a single overnight
session of oxygen. NIV improved sleep-related hypoxemia
and hypercapnia, but did not affect sleep architecture and
arousals. Milross et al®® also conducted a single-night trial
of NIV (with or without oxygen), compared to an over-
night session of low level CPAP and oxygen. Both NIV
and oxygen therapy improved nocturnal S, , especially
during rapid-eye-movement (REM) sleep. The rise in trans-
cutaneous P, with REM sleep was attenuated with NIV.
Young et al’® conducted a randomized crossover study of
NIV in 8 patients with CF and hypercapnia. Six weeks of
NIV were compared with 6 weeks of placebo (no NIV).
NIV improved the chest symptom score in a CF quality
of life questionnaire, the transitional dyspnea index score,
the nocturnal P, , and exercise performance. However,
NIV did not improve sleep architecture, lung function, or
awake P,cq .

A Cochrane review has evaluated NIV for CF.7 The
authors found that NIV may be a useful adjunct to airway
clearance techniques, particularly in patients with CF who
have difficulty expectorating sputum. They also found that
NIV, when used in addition to oxygen, might improve gas
exchange during sleep to a greater extent than oxygen
therapy alone in patients with moderate to severe disease.
These benefits of NIV have been demonstrated primarily
in single treatment sessions with small numbers of sub-
jects. The authors of this review conclude that the impact
of NIV on exacerbations and disease progression remain
unclear. They recommend adequately powered long-term
randomized controlled trials to determine the clinical ef-
fects of NIV in CF.
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High level evidence is lacking to support the use of NIV
in patients with stable CF. Its use seems reasonable in
patients with severe disease and hypercapnia, in patients
with sleep-disordered breathing, and in patients who be-
come fatigued during chest physiotherapy. However, given
the lack of robust evidence, the use of NIV for CF should
be approached on an n-of-1 basis, and reimbursement might
be problematic.

Restrictive Lung Disease
Restrictive Thoracic Disorders

NIV has been used in the treatment of patients with
restrictive thoracic disorders for many years.®!-° Potential
mechanisms for benefit in this patient population include
unloading of respiratory muscles and improvement in gas
exchange. When NIV is used at night, it is hoped that these
mechanisms will lead to better daytime gas exchange and
less daytime fatigue.

In 49 patients with kyphoscoliosis, Marti et al°® reported
a S-year survival of 75%. P,co, = 50 mm Hg after 1 month
of NIV and comorbidity (Charlson Index = 3) were inde-
pendent predictors of mortality. In that same study, 61
patients with chest wall deformity due to tuberculosis se-
quelae experienced a 5-year survival of 69%. Jager et al®®
retrospectively evaluated 188 patients; 85 received me-
chanical ventilation (all but 2 with NIV), and 103 received
oxygen therapy alone. Mechanical ventilation was associ-
ated with a significantly better survival than oxygen ther-
apy alone. After adjustments for age, sex, concomitant
respiratory disease, blood gases, and vital capacity, the
adjusted hazard risk of death was 0.35 (95% CI 0.17-
0.70). Gustafson et al®? retrospectively evaluated 100 pa-
tients who received mechanical ventilation (all but 3 with
NIV), and 144 patients received oxygen therapy alone.
Patients treated with mechanical ventilation had better sur-
vival, even when adjusting for age, sex, concomitant re-
spiratory diseases, and blood gas levels, with a hazard
ratio of 0.30 (95% CI 0.18—-0.51). These studies, although
retrospective and non-randomized, make a strong case for
the use of NIV in patients with chest wall deformity. Ward
et al®! studied a heterogeneous group of 47 patients with
nocturnal hypoventilation secondary to neuromuscular dis-
ease, including some with chest wall deformity. They found
that patients with neuromuscular disease and nocturnal
hypoventilation are likely to deteriorate, with the devel-
opment of daytime hypercapnia and/or progressive symp-
toms within 2 years, and thus might benefit from the use
of nocturnal NIV before daytime hypercapnia ensues.

Menadue et al®® evaluated 13 patients with severe ky-
phoscoliosis who performed endurance treadmill tests in
random order: sham pressure support, pressure support of
10 cm H,0, and high-level pressure support of 20 cm H,O.
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Endurance time was significantly greater with a pressure
support of 20 cm H,O. In a study by Borel et al,”” 9
patients exercised with NIV and 7 without NIV. Exercise
training effects did not differ between patients training
with or without NIV. This is in contrast to a previous study
by Borel et al,> in which they reported that NIV during
exercise significantly improved exercise duration and tol-
erance and increased alveolar ventilation in patients with
severe restrictive disease. Vila et al®* evaluated NIV and
15 cm H,O pressure support with 4 cm H,O PEEP in 8
patients with hypercapnia and kyphoscoliosis. They found
that gas exchange, dyspnea, and perceived effort were im-
proved with NIV.

A Cochrane review evaluated nocturnal mechanical ven-
tilation for chronic hypoventilation in patients with neu-
romuscular and chest wall disorders.®3 Eight eligible
trials included 144 patients, most with neuromuscular
disease and only a few with restrictive thoracic disorders.
The authors concluded that current evidence about the
therapeutic benefit of mechanical ventilation is weak, but
consistent, and suggests alleviation of the symptoms of
chronic hypoventilation. Further larger randomized trials
are needed to confirm long-term beneficial effects of noc-
turnal mechanical ventilation on quality of life, morbidity,
and mortality, to assess its cost-benefit ratio in chest wall
diseases, and to compare the different types and modes of
ventilation.

Obesity Hypoventilation Syndrome

OHS is defined as the triad of obesity, daytime hy-
poventilation, and sleep-disordered breathing in the ab-
sence of an alternative neuromuscular, mechanical, or met-
abolic explanation for hypoventilation.!?%1°! From 1986 to
2005 the prevalence of body mass index (BMI) = 40 kg/m?
has increased by 5-fold, affecting 1 in every 33 adults. The
prevalence of BMI = 50 kg/m” has also increased by
10-fold, affecting 1 in every 230 adults. The prevalence of
OHS is between 10% and 20% in obese patients with
OSA, and is higher in the subgroup of patients with ob-
structive sleep apnea and extreme obesity. The most widely
used therapy for managing OHS is CPAP or NIV.

Priou et al'%2 retrospectively evaluated 130 patients with
OHS, either under stable conditions or during ICU man-
agement of acute hypercapnic exacerbation. Arterial blood
gases and the Epworth sleepiness scale were significantly
improved after 6 months of NIV. After a mean follow-up
of 4.1 = 2.9 years, 24 patients had died and 24 had dis-
continued NIV. The 1-, 2-, 3-, and 5-year survival proba-
bilities were 97.5%, 93%, 88.3%, and 77.3%, respectively.
Supplemental oxygen therapy was the only independent
predictor of mortality. The probability of continuing NIV
was 80% at 3 years with a high rate of daily use (> 7 h),
and female sex was predictive of lower long-term adher-
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ence. The authors concluded that NIV is an effective and
well tolerated treatment of OHS, whether initiated in the
acute or chronic setting.

Piper et al'® conducted a randomized trial of CPAP
versus NIV for the treatment of OHS in 36 patients with-
out severe nocturnal desaturation. There was no difference
in adherence between the 2 groups, and both groups had
similar improvements in symptoms. The authors concluded
that both CPAP and NIV are equally effective in improv-
ing daytime hypercapnia. But these results may be relevant
only in a subgroup of patients with OHS without severe
nocturnal hypoxemia.

Redolfi et al'** evaluated CO, sensitivity before and
after nocturnal NIV in 6 patients with OHS. NIV was
associated with improvements in gas exchange and CO,
chemosensitivity, and plasma leptin increased from after
initiation in NIV. Heinemann et al'®> evaluated 35 stable
patients with OHS. They found that long-term domiciliary
NIV normalized hypercapnia, markedly improved hypox-
emia, and increased expiratory reserve volume. In a study
of 15 patients with OHS, Chouri-Pontarollo!? found that
the lower the daytime CO, response, and the higher the
proportion of REM sleep hypoventilation and daytime
sleepiness, the better short-term therapy with NIV im-
proved all of these parameters. In a study of 126 patients
with OHS, Budweiser et al'%7 reported that gas exchange
and lung function were improved after initiation of NIV.
Hypoxemia, high pH, and elevated inflammation markers
predicted poor survival. Perez de Llano et al'®® assessed
the outcome of 54 patients with OHS who were treated
with NIV, and found that it provided a significant im-
provement in clinical status and gas exchange. In a 12-
month study of the use of NIV in 13 patients with OHS,
de Lucas-Ramos'® et al reported reductions in P, and
increases in P, , FVC, and ventilatory response to hyper-
capnia. Masa et al''? assessed the effectiveness of NIV in
22 patients with OHS, and in another group of 14 patients
with kyphoscoliosis, and reported that NIV improved the
clinical symptoms and the respiratory failure of patients
with OHS to a degree similar to that reported with kypho-
scoliosis.

Although the studies to date are observational and many
are retrospective, the available evidence supports that NIV
provides the benefits of CPAP (maintaining upper airway
patency), while increasing tidal volume and alveolar ven-
tilation. Long-term outcomes of NIV include improvement
in blood gases, quality of life, and ventilatory response to
CO,.""" NIV should be considered the treatment of choice
in patients with OHS if nocturnal hypoxemia is persistent
despite an adequate CPAP titration. To be successful, the
inspiratory pressure should be at least §—10 cm H,O above
the expiratory pressure needed to eliminate obstructive
respiratory events.!!'?
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Neuromuscular Disease

Neuromuscular respiratory failure can result from dis-
ease affecting the cerebral cortex, brainstem, basal gan-
glia, spinal cord, motor nerves, neuromuscular junction,
and respiratory muscles.!’3 The respiratory effects of a
wide range of neuromuscular diseases of various etiolo-
gies are similar. Consideration should be given to ability to
ventilate, ability to cough, and aspiration risk.

Although all of the evidence is observational, there is
little debate that NIV is life-prolonging in patients with
Duchenne muscular dystrophy (DMD). Ishikawa et!'# de-
scribed survival in 3 groups of patients with DMD: group 1
patients were untreated (prior to 1984), group 2 patients
underwent tracheotomy (1984-1991), group 3 patients
were managed by noninvasive mechanical ventilation and
cardioprotective medications (1992—present). The 56 pa-
tients of group 1 died at 18.6 = 2.9 years of age; the 21
patients of group 2 died at 28.1 = 8.3 years of age, with
3 still alive; and the 88 patients using NIV had 50% sur-
vival to 39.6 years (P < .001). Bach and Martinez''>
described survival outcomes with NIV for full ventilatory
support, and a mechanically assisted cough and oximetry
protocol, in a series of patients with DMD. With advanc-
ing disease, 101 nocturnal-only NIV users extended their
NIV use throughout the daytime hours and required it
continuously for 7.4 *= 6.1 years to 30.1 = 6.1 years of
age, with 56 patients still alive. There were 8 tracheos-
tomized patients decannulated to NIV, and 31 intubated
patients were extubated to NIV plus mechanically assisted
cough.

Guidelines for the respiratory management of DMD
have been published. Recommendations from an expert
panel were published in 2010, related to necessary equip-
ment, procedures, tests, diagnostic evaluations, and a
structured approach to the assessment and management
of the respiratory complications of DMD.!!'® This docu-
ment recommends use of nocturnal NIV when there are
symptoms of hypoventilation, S,, < 95% or end-tidal
carbon dioxide pressure (Pgrco,) > 45 mm Hg, or when
the apnea-hypopnea index is > 10 events/h or 4 or more
episodes of S, < 92%, or drops in S, of at least 4% per
hour of sleep. Daytime NIV is recommended for self ex-
tension of nocturnal NIV into the waking hours, abnormal
deglutition due to dyspnea that is relieved by respiratory
assistance, inability to speak in full sentences due to dys-
pnea, and symptoms of hypoventilation, with S, < 95%
and Pgrco, > 45 mm Hg while awake. In 2007, a con-
sensus statement was published on the respiratory man-
agement of patients with DMD undergoing anesthesia or
sedation.!'!'” For patients at increased risk of respiratory
complications (FVC < 50% predicted, and especially for
patients with FVC < 30% predicted), it is recommended
to consider preoperative training in the use of NIV. For
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patients at high risk of ineffective cough (peak cough flow
< 270 L/min or peak expiratory pressure > 60 cm H,0),
consider preoperative training in manual and mechanically
assisted cough. It is also recommended to consider extu-
bating patients with FVC < 50% predicted, and especially
those with FVC < 30% predicted, directly to NIV. In a
consensus statement by the American Thoracic Society,''8
nocturnal NIV is recommended for sleep-related upper-
airway obstruction and chronic respiratory insufficiency,
and daytime ventilation is recommended when awake P,cq,
is > 50 mm Hg or when daytime S5 < 92%.

NIV is also commonly used in patients with amyotro-
phic lateral sclerosis (ALS). Bourke et al conducted a
randomized controlled trial to assess the effect of NIV on
quality of life and survival in patients with ALS. Patients
were assigned to NIV (n = 22) or standard care (n = 19)
when they developed either orthopnea with Py, < 60%
of that predicted or symptomatic hypercapnia. NIV im-
proved survival in the subgroup with better bulbar func-
tion, but not those with severe bulbar involvement. This
subgroup showed improvement in several measures of qual-
ity of life, and a median survival benefit of 205 days
(P = .006). An evidence-based practice parameter by the
American Academy of Neurology''® recommends that NIV
should be considered to treat respiratory insufficiency in
order to lengthen survival, that it may be considered to
slow the decline of FVC and improve quality of life, and
that early initiation may increase adherence. The authors
of a Cochrane review concluded that evidence from a sin-
gle randomized trial of NIV involving 41 participants (dis-
cussed above) suggests that it significantly improves and
maintains quality of life and prolongs survival in patients
with ALS.120

Several measures have been used to identify the appro-
priate time to initiate NIV in patients with respiratory mus-
cle weakness associated with neuromuscular disease. An
FVC < 50% predicted is the most common respiratory
assessment used as an indication to initiate NIV. However,
it may be a less sensitive indicator of respiratory muscle
weakness than Py ,.. A Pp,.. > —60 cm H,O is also used
as an indication to initiate NIV. Mendoza et al'?! reported
that there were no cases among 161 patients where FVC
< 50% antedated Py,,,, > —60 cm H,O. Patients reached
the P, criterion 4—6.5 months earlier than the FVC
criterion. In patients with diaphragm weakness, supine FVC
(orthopnea) may be a better indicator of the time to initiate
NIV than an erect FVC. A sniff nasal pressure can also be
used, which is measured through a plug occluding one
nostril during sniffs through the contralateral nostril.'??
Overnight oximetry may be useful, as desaturation sug-
gests nocturnal hypoventilation. The use of polysomnog-
raphy to identify the need for NIV and titration of setting
is controversial, although it is recommended in one con-
sensus statement.!!'® Recommendations from a consensus
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Table 3.  Medicare Coverage Criteria, NIV for Restrictive Thoracic
Disorders

1. Documentation in patient’s medical record of a neuromuscular
disease (eg, amyotrophic lateral sclerosis) or a severe thoracic cage
abnormality (eg, post-thoracoplasty for tuberculosis); and

2. An arterial blood gas P, , done while awake and breathing the
patient’s Fyq,, is = 45 mm Hg; or sleep oximetry demonstrates
oxygen saturation = 88% for = 5 min (minimum 2-h recording
time), done while breathing the patient’s prescribed Fyq,; or for a
neuromuscular disease (only), maximal inspiratory pressure is
< 60 cm H,O or FVC is < 50% predicted; and

3. COPD does not contribute substantially to the patient’s pulmonary
limitation.

If all of the above criteria are met, either an E0470 or E0471 (based
upon the judgment of the treating physician) will be covered for
patients within this group of conditions for the first 3 months of
therapy.

NIV = noninvasive ventilation

committee suggest that NIV should be initiated in patients
with neuromuscular disease with symptoms (such as fa-
tigue, dyspnea, morning headache) and one of the follow-
ing physiologic criteria: P, = 45 mm Hg, nocturnal
oximetry demonstrating oxygen saturation = 88% for 5
consecutive minutes; for progressive neuromuscular dis-
ease, P« = —60 cm H,O or FVC < 50% predicted.
Criteria for reimbursement are shown in Table 3.

NIV can be used to provide respiratory support during
gastrostomy tube placement in patients with neuromuscu-
lar disease. Several case series have reported that this is
safe in patients with ALS and DMD.!23-130 Alternatively,
the patient can be intubated for the procedure and extu-
bated to NIV.

Successful extubation typically follows successful com-
pletion of a spontaneous breathing trial. Bach et al!3! re-
ported successful extubation of patients with neuromuscu-
lar disease and weakness who could not successfully
complete a spontaneous breathing trial. Data were col-
lected on 157 consecutive patients who could not pass a
spontaneous breathing trial before or after extubation. The
first-attempt protocol extubation success rate was 95%;
6 of 8 patients who initially failed extubation succeeded on
subsequent attempts, so only 2 underwent tracheotomy.
These results, although observational, suggest the NIV can
be used not only to prevent intubation and tracheostomy,
but can also be used to allow successful extubation.

Some patients with a tracheostomy and chronic respi-
ratory failure may be able to breathe without mechanical
ventilation during the day, but still require nocturnal ven-
tilation to manage hypoventilation and improve respira-
tory muscle function. These patients might also be suc-
cessfully transitioned to NIV at night, with a capped
tracheostomy tube, and ultimately decannulated (Fig. 2).32
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Fig. 2. Noninvasive ventilation via nasal pillows, with a capped
tracheostomy tube. (From Reference 132.)

For patients with chronic respiratory failure, appropriate
airway clearance is important in addition to support of
ventilation.!'3133 A peak cough flow (PCF) > 160 L/min
has been reported to predict success in extubation and
decannulation.'3* A PCF of < 160 L/min has been used as
a threshold for initiating cough-augmentation therapy for
patients with neuromuscular disease and cough insuffi-
ciency. A PCF < 270 L/min is considered a risk factor for
complications associated with respiratory infection, be-
cause the PCF can fall below 160 L/min during respiratory
infection.!35 A peak expiratory pressure < 60 cm H,O or
a history of repeated hospitalization for respiratory infec-
tion and an inability to clear secretions are also indications
for initiating cough-augmentation therapy.''® Cough aug-
mentation techniques include manual cough augmentation,
hyperinflation maneuvers, and mechanical in-exsufflation
therapy. 133136

Despite the fact that many patients with chronic neuro-
muscular respiratory failure can be managed with NIV,
tracheostomy becomes necessary for some. Indications for
tracheostomy include intolerance of NIV, complications
associated with NIV, aspiration of upper airway secre-
tions, repeated lower-respiratory-tract infections despite
aggressive cough augmentation, and patient wishes.

Equipment Needs

In the past, negative pressure ventilators were used for
long-term NIV. However, these devices are nearly extinct
today, with positive pressure ventilators now predominat-
ing. The success of NIV is to a large extent dependent on
the selection of an appropriate interface, ventilator, and
ventilator settings. But equally important is the under-
standing of the clinical team on the use of this equipment
and appropriate training of the patient, family, and care-
givers. Specific issues related to equipment for NIV are
discussed in detail elsewhere.!37-140
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Interface

The interface is the weak link in the application of
NIV. Desirable characteristics of an interface are listed
in Table 4. The most commonly used interfaces are nasal
masks and oronasal masks, and there are advantages and
disadvantages of each (Table 5). Other interfaces used
for chronic respiratory failure include nasal pillows, total
face masks, and mouthpieces. Many sizes and designs
are commercially available.

The nasal mask fits just above the junction of the nasal
bone and cartilage, directly at the sides of both nares, and
just below the nose above the upper lip. Some are gel-
filled and others use an open cushion with an inner lip, in
which pressure inside the mask pushes the cushion against
the face. Nasal pillows, sometimes called nasal prongs or
cushions, are available from several manufacturers. This
interface consists of soft plastic plugs inserted into the
nares, shaped in a way that the pressure applied during
inspiration helps to seal the wall of the pillows against the
inner surface of the nasal vestibule.

In a crossover design, Navalesi et al'4! assessed 26 sta-
ble hypercapnic patients with restrictive thoracic disease
or COPD who were naive to NIV. They reported that the
nasal mask was better tolerated than the other interfaces,
but P,, was lower with an oronasal mask than with nasal
mask, and minute ventilation was higher with oronasal
mask than with nasal mask. A criticism of this study!4! is
that the authors used a very comfortable nasal mask (gel
cushion) but a less comfortable oronasal mask (air inflat-
able cushion). In a randomized crossover trial involving 24
healthy volunteers, Holanda et al'#? evaluated adverse ef-
fects and comfort of total face masks, oronasal masks, and
nasal masks during NIV. They found no differences among
the masks in terms of comfort score, respiratory rate, heart
rate, and S, . No differences in adverse effects were ob-

Table 4.  Desirable Characteristics of an Interface for NIV

Low dead space

Transparent

Lightweight

Easy to secure

Adequate seal with low facial pressure
Disposable or easy to clean
Non-irritating (non-allergenic)
Inexpensive

Variety of sizes: adult and pediatric
Adaptable to variations in facial anatomy
Ability to be removed quickly
Anti-asphyxia mechanism

Compatible with wide range of ventilators

NIV = noninvasive ventilation
(Adapted from Reference 137.)
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Table 5.  Advantages and Disadvantages of Various Interfaces for
NIV
Interface Advantages Disadvantages
Nasal mask Less risk for aspiration Mouth leak

Oronasal mask

Mouthpiece

Total face
mask

Nasal pillows

Hybrid

NIV = noninvasive

Easier secretion clearance
Less claustrophobia
Easier speech

May be able to eat

Easy to fit and secure
Less dead space

Better oral leak control
More effective in mouth
breathers

Less interference with
speech

Very little dead space

May not require headgear

May be more comfortable
for some patients

Easier to fit (one size fits
all)

Less facial skin breakdown

Advantages of nasal mask,
but more comfortable

Less risk of facial skin
breakdown than nasal
mask

Combines advantages of
mouthpiece and nasal
pillows

ventilation

(Adapted from Reference 137.)

Higher resistance through
nasal passages

Less effective with nasal
obstruction

Nasal irritation and
rhinorrhea

Mouth dryness

Increased dead space

Claustrophobia

Increased aspiration risk

Increased difficulty
speaking and eating

Asphyxiation with
ventilator malfunction

Less effective if patient
cannot maintain mouth
seal

Usually requires nasal or
oronasal interface at
night

Potential for orthodontic
injury

Potentially greater dead
space

Potential for drying of the
eyes

Cannot deliver aerosolized
medications

Same as nasal mask

Same as oronasal mask

served. The full face mask avoided pain on the bridge of
the nose and presented no air leaks around the eyes and
mouth. A criticism of this study is that it was conducted in
healthy volunteers and thus the implications for long-term
ventilation are unclear.!43

Willson et al'# studied the effectiveness of a nasal mask

versus an oronasal mask in patients with nocturnal hy-
poventilation. They reported that the type of interface did
not affect gas exchange, and arousal indices were com-
parable for both masks. Meyer et al'*> assessed the fre-
quency of occurrence and effect on sleep quality of air
leaking through the mouth during nocturnal nasal ventila-
tion in 6 patients with chest wall and neuromuscular dis-
ease using nocturnal nasal NIV. All patients had air leak-
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Fig. 3. Mouthpiece ventilation. Left: Patient with mouthpiece and
ventilator circuit in standard position. Right: Rear view of wheel-
chair with ventilator and mouthpiece circuit in place. (From Ref-
erence 148.)

ing through the mouth for the majority of sleep, and air
leaking through the mouth was associated with frequent
arousals during lighter stages of sleep that interfered with
progression to deeper stages, thus compromising sleep
quality. Teschler et al'#¢ found that mouth leak reduced
effective respiratory support, increased transcutaneously
measured partial pressure of carbon dioxide (Py.co,), and
disrupted sleep architecture.

Leaks through the mouth are common with a nasal in-
terface. This can affect comfort, it can result in dry mouth,
it can result in less effective ventilation, it can affect pa-
tient-ventilator interaction (trigger and cycle), and it can
disrupt sleep architecture.!3® The patient can be coached to
keep the mouth closed, but this may be ineffective, par-
ticularly during sleep. A chin strap can be tried, and the
current generation of chin straps can be quite effective.
Willson et al'#* found the chin strap effective in 14 of 16
subjects. Gonzalez et al'#7 reported that a chin strap can
reduce air leak and P, . However, the chin strap was
effective only in about a third of patients. If persistent
mouth leak occurs, an oronasal mask is often required. A
nasal interface can be used during the daytime, and an
oronasal mask is used at night to minimize mouth leak and
improve sleep quality.

A potential problem with nasal and oronasal masks is
facial skin breakdown, which most commonly occurs on
the bridge of the nose. Perhaps the most important ap-
proach to prevent skin breakdown is to avoid strapping the
mask too tight. A mask that is too large or that is too small
increases the likelihood of poor fit and facial soreness. A
mask with a forehead spacer or an adjustable forehead arm
can be used to reduce the pressure on the bridge of the
nose. Hypoallergenic care tape can be applied to the bridge
of the nose, but this is less effective after substantial skin
breakdown has occurred. Commercially available material
is available specifically for this purpose. One can also
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consider the use of a different interface (eg, nasal pillows,
mouthpiece, total face mask, or different manufacturer).

A small, angled mouthpiece or straw-type mouthpiece
has been used for many years for NIV in patients with
chronic respiratory failure (Fig. 3). Usually, the patient
uses a mouthpiece during the day, but changes to a nasal
or oronasal mask at night. The typical setup involves the
use of a portable ventilator.'48 Although the circuit is open,
the pressure in the circuit prevents a low-pressure alarm.'4°
The respiratory rate is set on a low setting so that the
patient can take breaths as needed, without the ventilator
triggering when a breath is not needed. The patient acti-
vates the breath by placing the mouth on the mouthpiece
and creating a small negative pressure in the circuit by
sipping or inhaling. Some of the breath is lost to leak
around the lips, so the tidal volume is set higher than what
would be set otherwise. Tidal volume is set per the pa-
tient’s comfort, typically in the range is of 0.7-1.2 L. The
mouthpiece can be mounted close to the head so that the
patient can speak after each breath. Some mouthpieces are
configured with a lip seal to minimize air leak. In a report
by Bach et al'> of 257 patients with acute or chronic
respiratory failure, mouth NIV was the predominant method
of daytime ventilator support in 228 of the patients. Mouth-
piece NIV was also used by 163 patients, of whom 61 had
little or no measurable vital capacity. A lip seal or custom
orthodontic interface was used for nocturnal mouthpiece
NIV. Toussaint et al'3! evaluated daytime mouthpiece ven-
tilation in 42 patients with DMD, and found it to be safe
and to prolong survival.

The pressure on facial structures from the mask has
been associated with flattening of facial structures in chil-
dren, because forces responsible for the broadening and
outward growth of the face can be counteracted by the
inward pressure exerted by the mask.!> This causes facial
flattening, particularly of the mid-face,'s3!54 and mal-
occlusion with retrusion of the maxillary ridge (class III
angle malocclusion).'>#15> Fauroux et al'>> quantified
mask-related facial injuries and reported that global
facial flattening was present in 68% of the children: 43%
had flattening of the forehead, 38% had flattening of the
malar area, and 28% had flattening of the maxilla. A
concave face was reported in 12% of the children. Max-
illary retrusion was found in 37% and was seen more
commonly when the nasal mask was used. Facial flat-
tening was not associated with patient age, cumulative
use of nasal NIV, or underlying disease. Skin injury was
much more common in children greater than 10 years
of age. Young children treated with NIV should be fol-
lowed by an orthodontist so that necessary mask adjust-
ments can be made or corrective orthotic devices can be
employed.!>*
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Ventilator

Table 6 lists considerations in the selection of a venti-
lator for NIV. There are 3 types of circuits commonly used
with positive pressure ventilators for NIV. Dual limb cir-
cuits, such as those used with critical care ventilators, have
inspiratory and expiratory valves, and separate hoses for
the inspiratory and the expiratory gases. For portable ven-
tilators, such as those typically used for ventilation in the
home, a single limb circuit is used with an exhalation
valve near the patient. The expiratory valve is actively
closed during the inspiratory phase to prevent loss of de-
livered tidal volume. Because the expiratory valve is near
the patient, rebreathing is minimized. For bi-level pressure
ventilators, a single limb circuit is used. A leak port is
present, which serves as a passive exhalation port for the
patient. In some configurations, the leak port is incorpo-
rated into the circuit near the patient. In other configura-
tions, the leak port is incorporated into the interface.

Bi-level pressure ventilators are blower devices that de-
liver inspiratory and expiratory pressures. They typically
provide pressure support ventilation (PSV) or pressure con-
trolled ventilation (PCV); the difference between the IPAP
and EPAP is the level of pressure support (or pressure
control). These ventilators use a single limb circuit with a
passive exhalation port. For devices used in the home,
supplemental oxygen, if required, is titrated into the circuit
at the ventilator outlet or into the mask. Fig_is determined
by the oxygen flow, respiratory pattern, and leak.

Intermediate ventilators are commonly used for home
care ventilation. Most current generation devices use a
single limb circuit with an active exhalation valve near
the patient. Older generations provided only volume con-
trolled ventilation (VCV), but newer generations provide
VCV, PCV, and PSV. Some of these are designed for
either invasive or noninvasive ventilation. They vary in
their ability to compensate for leaks; some compensate
well and some not at all. Most have internal batteries,
which power the ventilator for many hours, and can be
mounted on a wheelchair.

Important to the function of ventilators for NIV is their
ability to tolerate leaks. The function of bi-level pressure
ventilators depends on the presence of a leak. Leaks in-
clude intentional leak through the passive exhalation port
as well as any unintentional leaks that may be present in
the circuit or at the interface. Some ventilators are able to
detect unintentional leak and adjust flow to accommodate
the leak. Leak detection algorithms must adjust for changes
in leak with inspiratory and expiratory pressure changes,
as well as changes that may occur breath-to-breath due to
fit of the interface. Some newer generations of bi-level
pressure ventilators use redundant leak estimation algo-
rithms. Storre et al'>° assessed leak compensation during
PCV and VCV in 14 stable hypercapnic patients with COPD
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Table 6.  Considerations in the Selection of a Ventilator for NIV

Leak compensation

Trigger and cycle coupled to patient’s breathing pattern
Rebreathing

Oxygen delivery

Monitoring

Alarms (safety vs nuisance)

Portability

Battery life

Tamper-proof

Cost

NIV = noninvasive ventilation
(Adapted from Reference 137.)

receiving long-term NIV. Leak compensation decreased
leakage-induced dyspnea. However, much of the additional
inspiratory volume during PCV was lost via leakage. The
authors concluded that leak compensation largely feeds
the leak and results in only a marginal increase of tidal
volume. PCV, but not VCV, resulted in clinically impor-
tant leak compensation.

For long-term care, the clinician must decide among
VCV, PCV, and PSV. There are advantages and disadvan-
tages of either approach for NIV (Table 7). PSV is com-
monly used for NIV. A theoretical advantage of PSV is
that it varies the inspiratory flow to meet patient demand,
which should improve patient comfort during NIV.!39
Girault et al'>” compared VCV and PSV in 15 patients
with hypercapnic respiratory failure and reported that both
modes similarly improved breathing pattern and gas ex-
change. The inspiratory work load was less with volume
control, but patient comfort was greater with pressure sup-
port. In patients with stable CF, Fauroux et al®” reported
that both pressure and volume ventilation decreased respi-
ratory muscle unloading. In 13 ventilator-naive patients
with chest wall deformity, Struik et al'>® compared vol-
ume-targeted and pressure-targeted ventilation in a ran-
domized fashion. Two patients switched from volume to
pressure ventilation due to lack of tolerance, but improve-
ments in P,co and P,, were not significantly different
between the approaches. Available evidence has not shown
any mode to be clearly superior to another for NIV.!37

An issue of some controversy is whether or not a back-up
rate is needed for NIV in patients with stable chronic
respiratory failure. This has financial implications because,
in the United States, reimbursement for a device with a
backup rate (E0471 respiratory assistance device) is more
than twice that for a device without a backup rate (E0470
respiratory assistance device). In a retrospective study of
182 post-tuberculosis patients receiving long-term NIV,
Tsuboi et al'>® found that patients treated with a pure
controlled mode (rate determined by the ventilator) had
longer survival rates than those treated with a mode that
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Table 7. Comparison of Volume-Targeted Ventilation and
Pressure-Targeted Ventilation for NIV in Patients With

Neuromuscular Disease

Volume Ventilator
More complicated to use
Wide range of alarms
Constant tidal volume
Breath stacking possible
No leak compensation
Can be used without PEEP
Rebreathing minimized
Pressure Ventilator
Simple to use
Limited alarms
Variable tidal volume
Breath stacking not possible
Leak compensation
PEEP (expiratory positive airway pressure) always present
Rebreathing possible

NIV = noninvasive ventilation
(Adapted from Reference 137.)

allowed patient triggering. In fact, the 10-year probability
of continuing NIV in those receiving the controlled mode
was approximately 3-fold higher. Dellweg et al'®® mea-
sured blood gas values, respiratory muscle strength, spon-
taneous breathing pattern, and lung function before and
after a 3-month period of NIV in 305 patients; 91% of the
patients were able to adapt to a controlled mode of NIV.
They observed a significant reduction in daytime P,cq ,
increased daytime P, , improved lung function, and im-
proved maximum respiratory muscle strength after
3 months of NIV using the controlled mode. Fauroux et al”3
evaluated the effect of a back-up rate on respiratory effort
during NIV. The back-up rate was progressively increased
to the maximum that patients could tolerate, which re-
sulted in decreased respiratory effort in 10 patients with
CF. A back-up rate during NIV is particularly important in
patients prone to hypoventilation with loss of wakefulness
respiratory drive during sleep, such as those with neuro-
muscular disease!¢'-192 or stable chronic alveolar hypo-
ventilation syndromes.'®3

Proportional-assist ventilation (PAV) has been used to
improve patient-ventilator synchrony during acute respi-
ratory failure.'®* In patients with chronic respiratory fail-
ure due to neuromuscular disease and chest-wall defor-
mity, Hart et al'®> found that PSV and PAV produced
similar improvements in physiologic variables. However,
greater diaphragm unloading was observed with PSV than
with PAV, which was associated with greater symptomatic
benefit. Porta et al'®® compared the short-term physiologic
effects of PSV and PAV in 11 patients with clinically
stable COPD and 7 patients with restrictive chest-wall
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diseases. They reported that noninvasive PAV, set at the
patient’s comfort, was not superior to PSV in unloading
the inspiratory muscles. Winck et al'®” compared the tol-
erance and physiologic effects of a 5-night treatment with
either nasal PAV or PSV in patients with chronic respira-
tory failure (4 with COPD and 10 with restrictive thoracic
diseases). PAV and PSV had similar patient tolerance and
were equally effective in reducing daytime hypercapnia
and improving nocturnal oxygen saturation and symptoms.
PAV was associated with less nasal and oral dryness, but
with more alarm noise. Poggi et al'8 compared PAV ver-
sus PSV in 8 male patients with chronic respiratory failure
due to COPD. They found that PAV and PSV unload the
diaphragm, but that PAV can be more efficient than PSV,
by producing a greater minute ventilation for a similar rise
in transdiaphragmatic pressure. Importantly, PAV is de-
signed to only amplify patient effort. There is no minimal
support provided in the setting of very weak or absent
efforts.

Average volume-assured pressure support (AVAPS)
maintains a tidal volume equal to or greater than the target
tidal volume, by automatically controlling the minimum
and maximum IPAP settings. AVAPS averages tidal vol-
ume over time and gradually changes the IPAP over sev-
eral minutes to achieve the target tidal volume. If patient
effort decreases, IPAP is increased to maintain the target
tidal volume. On the other hand, if patient effort increases,
IPAP is reduced. Because AVAPS is a form of adaptive
pressure-controlled ventilation, there is a concern that the
ventilator will inappropriately decrease support if respira-
tory drive increases.'®® In 10 patients with OHS who did
not respond to therapy with CPAP, the effects of NIV with
PSV and AVAPS on ventilation pattern, gas exchange,
sleep quality, and HRQL were assessed in a randomized
crossover trial.'7% NIV with PSV substantially improved
oxygenation, sleep quality, and HRQL in patients with
OHS. AVAPS provided additional benefits on ventilation
quality, thus resulting in a more efficient decrease of Py o ,
but this did not provide further clinical benefits regarding
sleep quality and HRQL. In a single-blind randomized
crossover study of 28 patients with chronic respiratory
failure, Ambrogio et al'7! found that AVAPS was compa-
rable to PSV with regard to sleep efficiency.

Another type of adaptive pressure-controlled ventilation
is intelligent volume-assured pressure support. This mode
is designed to guarantee minimum alveolar ventilation,
defined as minute ventilation minus anatomical dead-space
ventilation. The level of pressure support is continuously
adjusted by comparing the continuously updated estimate
of alveolar ventilation with the target alveolar ventilation.
Battisti et al'7? evaluated this approach in 19 patients re-
ceiving NIV for acute hypercapnic respiratory failure. They
found that the alveolar ventilation based control of PSV
during NIV was feasible and led to beneficial effects in
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patients, comparable to manually set PSV. In a random-
ized crossover trial of 25 patients with COPD and chronic
respiratory failure, Oscroft et al'’ compared NIV with
intelligent volume-assured pressure support to conventional
PSV. Each treatment period consisted of 8 weeks. No
significant differences were found in arterial blood gases,
nocturnal oxygen saturation, or any of the secondary out-
comes that included lung function, exercise capacity, noc-
turnal PthOZ, health status, or adherence. The authors con-
cluded that the 2 modes were equally effective in the long-
term management of ventilatory failure associated with
stable COPD. Jaye et al'’* conducted a randomized cross-
over trial that compared NIV with intelligent volume-
assured pressure support to PSV in 20 patients with neu-
romuscular and chest wall disease who required long-term
ventilation for nocturnal hypoventilation. They found com-
parable control of nocturnal oxygenation without compro-
mising sleep quality.

Rise time (pressurization rate) is the time required to
reach the inspiratory pressure at the onset of the inspira-
tory phase with pressure support or pressure control ven-
tilation.!”> Rise time should be set to maximize patient
comfort. Ramp settings reduce the initial pressure and then
gradually increase it to the pressure setting. A ramp has
been used primarily in patients receiving CPAP for sleep
apnea, the objective being to allow the patient to fall asleep
more comfortably. The role of a ramp during NIV is un-
clear. Although it might be considered to improve patient
tolerance of NIV, it also delays the onset of effective
respiratory support. Another embellishment of NIV is
Bi-Flex, which inserts a small amount of pressure relief
during the latter stages of inspiration and the beginning
part of exhalation. Evidence supporting the use of Bi-Flex
with NIV is anecdotal.

Although the use of humidification during NIV is con-
troversial,!7¢ it is commonly used to improve patient com-
fort and to prevent drying of the upper airway. Humidifi-
cation can be provided by an active heated humidifier or a
passive heat-and-moisture exchanger (HME). In a random-
ized crossover 12-month study,!”” 16 patients with stable
chronic hypercapnic respiratory failure received either
heated humidification or HME. At the end of the trial, 10
out of 14 surviving patients decided to continue with heated
humidification. Lellouche et al'78 reported that minute ven-
tilation was significantly higher with an HME than with a
heated humidifier for a similar P, . Jaber et al'” re-
ported that P, was significantly higher with an HME
than with a heated humidifier, and concluded that the in-
creased dead space of an HME may negatively affect re-
spiratory function and gas exchange. Based on this evi-
dence, the use of an HME during NIV is not recommended.

Ventilators for NIV can be battery-powered for safety
and increased portability. Some ventilators that can be
used for NIV have an internal battery. Others can be pow-
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ered with a battery or uninterruptable power supply. The
duration of a fully charged battery is determined by the
size of the battery, ventilator settings, amount of leak, and
whether or not a humidifier is used. When using a battery,
it is generally best not to use a humidifier if possible, as
this will extend the life of the battery.

Approaches to Intolerance

The implementation of NIV is as much an art as a
science. Initiation of NIV requires strategies to encourage
patient tolerance of the therapy. In patients with neuro-
muscular respiratory failure, it is important for the patient
to understand that NIV is life-prolonging. Selection of an
appropriate interface is often key to success. Various in-
terfaces should be made available and the patient should
have some say in the selection of the interface. To accli-
mate the patient to the mask, sometimes it is helpful for the
patient to practice applying the mask and adjusting the
headgear for short periods without attaching the ventilator.
When introducing the ventilator, it is helpful to begin with
low pressures. Sometimes sub-therapeutic settings are used
initially to acclimate the patient. However, it is important
to titrate to therapeutic levels as quickly as possible. Hu-
midification is important for patient comfort. Attention
should be given to facial skin breakdown by adjusting the
headgear, switching to an alternate interface, or applying
tape to the face. For patients intolerant of nocturnal NIV,
therapy can be used for short periods during the daytime
while there is a distraction such as watching television or
reading a book. Family support is essential. For example,
in the patient with neuromuscular disease, a family mem-
ber (or other care provider) is needed to place the mask
and turn on the ventilator. For patients needing NIV during
the daytime, consideration should be given to alternating
interfaces, such as a mouthpiece during the daytime and a
mask at night. Effective therapy requires motivation and
close communication among the patient, family, respira-
tory therapist, and physician to address problems and as-
sure effective therapy.

Summary

Despite the observational nature of most of the evi-
dence, the use of NIV in the treatment of stable chronic
respiratory failure is increasing. In some cases, such as the
use of nocturnal NIV for unselected patients with stable
COPD, it is not well supported by the available evidence.
In other cases, such as chronic respiratory failure associ-
ated with neuromuscular disease, the preponderance of
evidence supports the use of NIV. The success of NIV in
this patient population depends on selection of an appro-
priate patient, selection of an appropriate interface, selec-
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tion of an appropriate ventilator and ventilator settings, the
skills of the clinician, the motivation of the patient, and the
support of the family.
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MaclIntyre: I think this area is hor-

Carson: Weknow thatduring COPD
exacerbations NIV decreases the work
of breathing. Moreover, these patients
are coming in with auto-PEEP [in-
trinsic PEEP], and, theoretically, ap-
plied expiratory pressure helps them
overcome that auto-PEEP to initiate
breaths. However, in the non-exacer-
bated COPD patient is it possible that
auto-PEEP is less, and thus applied
expiratory pressure is unnecessary and
could be harmful, increasing the work
of breathing?

Hess: What you’re suggesting is that
NIV, particularly the EPAP or PEEP,
could be contributing to dynamic hy-
perinflation and that could be harmful?

Carson: Right. Or they’re having to

exhale against pressure—something a
chronically failing patient may not be
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ginal as to benefit, should we be rou-
tinely adding PEEP?

Hess: What you say is true for the
bi-level devices that need a minimum
amount of EPAP to prevent rebreath-
ing and so forth. But for the RCTs
[randomized controlled trials] that
were done back in the 1990s, I think
those studies pre-dated bi-level de-
vices.

Maclntyre: They used ICU ventila-
tors.
Hess: It’s possible to set PEEP on

those ventilators, but it’s also possible
to set no PEEP. I would have to go
back and look at the individual stud-
ies; I don’t know that they used PEEP
in those studies. I suspect that maybe
they did not.

ribly confusing, and Shannon brings
up an excellent point. You could also
argue the opposite: that in fact these
people do have chronically high lev-
els of intrinsic PEEP and, instead of
5, maybe they need 8 cm H,O of PEEP.
I’m not saying we should, but I think
it’s very unclear what the EPAP level
ought to be. They’re often just set at 5
for no apparent reason.

Hess: Or the lowest level available. 1
think you might also argue that the Win-
disch high intensity NIV approach!-?
might contribute to auto-PEEP. It drives
up the minute ventilation.

1. Windisch W, Kosti¢ S, Dreher M, Virchow
JC Ir, Sorichter S. Outcome of patients with
stable COPD receiving controlled noninva-
sive positive pressure ventilation aimed at a
maximal reduction of P,cq,. Chest 2005;
128(2):657-662.
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2. Dreher M, Storre JH, Schmoor C, Windisch
W. High-intensity versus low-intensity non-
invasive ventilation in patients with stable
hypercapnic COPD: a randomised crossover
trial. Thorax 2010;65(4):303-308.

Maclntyre: I was going to bring that
point up, because I’ve heard Windisch
speak on this issue, and I’ve seen the
numbers and it blows me away.

Hess: No pun intended.

MaclIntyre: That’s right! Often in
obstructive lung disease we tend to
try to reduce support in the acute phase,
because these people are so horribly
inflated, and one of the reasons we
allow hypercapnia is in an effort to
get minute ventilation down and re-
duce some auto-PEEP. So this notion
of suddenly trying to drive the lung
to normocapnia—the exact opposite
of permissive hypercapnia—with in-
spiratory pressures of 20 to 40 cm
H,O and breathing frequencies of
24 breaths a minute. Using John
Marini’s algorithms! they must have
horrific levels of intrinsic PEEP, and
yet for some reason Windisch seems
to think this helps. I'm confused on
the physiology of what’s going on.

1. Marini JJ, Crooke PS. A general mathemat-
ical model for respiratory dynamics relevant
to the clinical setting. Am Rev Respir Dis
1993;147(1):14-24.

Hess: I think that if you could drive
down their Pe, to normal, as Win-
disch does by having them on 8, 10,
12, 15 hours a day of this, in the times
that they’re not on the ventilator their
work of breathing must be incredible
to try to maintain that Peq

MaclIntyre: The other thing is that
these reported pressures are pressures
in the mask. I’'m not sure it really trans-
lates to pressures inside the lung. But,
still, it’s an area I find terribly con-
fusing.

White: One issue we run into that’s
kind of interesting is that we have pa-

tients who come to the LTAC [long-
term acute care facility] who are started
on NIV and have CO, of 52 to
55 mm Hg. With a good percentage of
them, we’re able to get them adherent
and efficiently treated with NIV, and
their CO, falls to the mid-40s. Then
we have to try to qualify the patient to
go home, and in order to qualify them
and get them home, that testing has to
be done within 24-48 hours of dis-
charge. You look at blood gases, and
their P,co, is 48 mm Hg. Then we
have a patient who is nicely adherent
to NIV, doing well with it and wants
to go home with it, and I can’t get it
approved. The system creates a prob-
lem for us. Do you have any comment
on that?

Hess: It seems to me that the rules
are really written for a patient with
chronic stable COPD getting de novo
NIV. It doesn’t address the type of
patient you’re talking about at all, nor
do any of the RCTs address the pa-
tient that you’re talking about. All of
the RCTs, to my knowledge, have
taken patients who were at home and
who were stable with COPD and a
Pro, of 55 mm Hg or so, and then
started them on nocturnal NIV. They
aren’t the patients who you’re describ-
ing, who came to the emergency de-
partment of an acute care hospital, got
started on NIV (for which there is an
abundance of evidence that supports
that as the right thing to do), and then
4 or 5 days later they’re out in the
wards and they’re still on NIV half
the day or at night. Then they come to
you, and you can make the case that
it’s a patient you want to transition
home on NIV. But the way that the
rules are written now, I don’t think it
considers that scenario.

White: In that small subset of pa-
tients who have done well with NIV
in the LTAC and we can’t send them
home on it, are they bouncing back to
the short-term acute care hospitals be-
cause we couldn’t provide them with
the machine at home? I don’t have
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those data. Anecdotally, we’ve had
some of those reported, but getting our
hands on that information is going to
be a struggle in trying to build our
argument to make a change.

Hess: It’s really a data-free zone as
far as I know, but it sounds like it
would be ripe for a study for some-
body like you to do, where those kinds
of patients would be randomized to
go home on NIV or not. I think a very
important outcome would be how
many days until their first readmis-
sion to an acute care facility.

Muldoon:” Do you have any guid-
ance as to how we might answer an
NIV patient who says, “I do not want
to go on invasive mechanical ventila-
tion, but if I can’t breathe anymore,
I'll take NIV round the clock for as
long as it takes?” We’ve seen this
get to days, weeks, and sometimes
longer.

Hess: I help to care for patients with
neuromuscular disease who are at
home on 24/7 NIV and they’ve been
like that for months and years or more.
When a patient asks me about the al-
ternatives, I will tell them that this is
one of the alternatives, and if they
choose to go that way, I will do what-
ever I can as an RT [respiratory ther-
apist] to make that work for them. And
if they prefer to have a tracheostomy,
then I will work with them as an RT
to the best of my abilities to get them
stabilized with the trach.

Muldoon: The skin is holding up?

Hess: Yes, surprisingly well. Now,
what can you do to address that? There
are things you can do, like rotate in-
terfaces. Another thing that is helpful
is for the patient to use a mouthpiece
in the daytime and an oronasal or na-
sal mask at night. I have patients who

* Sean R Muldoon MD MPH, Kindred Health-
care, Hospital Division, Louisville, Kentucky.
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use the oronasal mask sometimes, or
use nasal pillows with a chin strap,
and others who use the total face mask
sometimes . . . so essentially rotating
the pressure points on the skin. I tell
patients to use barriers. I used to tell
people to buy Duoderm, until they told
me that it’s very expensive and insur-
ance doesn’t pay for it, so now they
usually just put a band-aid on their
nose.

I instruct family members not to
strap it on so tightly that it leaves a
mark in the morning, that it’s okay to
have a little bit of a leak around the
mask. However, for some patients, if
there’s a lot of leak around the mask,
that makes it very uncomfortable for
them, particularly if it’s leaking around
their eyes. I have had patients who
have been on full-time or near full-
time NIV for months and months with
no skin breakdown.

Nelson: This again raises the issue
of sub-typing. I'm not sure I agree
with the idea of sub-typing because
I think that CCI [chronic critical ill-
ness] and neuromuscular disease are
2 distinct entities rather than sub-
types. PMV [prolonged mechanical
ventilation] is an overlap area, but
in my mind these are 2 different dis-
eases. And I think the issues of
NIV for patients with CCI may very
well be different.

In our experience, patients with CCI
have skin breakdown no matter what

we do: even the most meticulous nurs-
ing care can’t stop it from happening.
The patients with neuromuscular dis-
ease don’t have the same sort of in-
flammatory condition, they’re not usu-
ally anasarcic, we can keep up better
with their nutritional needs, and their
skin is less of a problem.

I can count on one hand the number
of patients over the last 10 years in
our in-hospital respiratory care unit
who were discharged to home. Be-
cause the issue isn’t just the ventila-
tor: these patients have systemic, on-
going illness, and they can’t get by on
care at home. So I think we have to
keep making a distinction between pa-
tients who have CCI and other pa-
tients, like those with neuromuscular
disease, who need PMV for a differ-
ent reason.

Hess: I appreciate your point. When
I heard you make that point this morn-
ing, that’s when I considered chang-
ing the title of my talk. Because I think
what I’'m talking about is not CCI, but
there’s some overlap.

Nelson: But we could ask the ques-
tion, is NIV a viable solution for some
patients with CCI? To my knowledge,
we do not have much if any data to
answer that question right now.

Hess: Again, I think this is a data-
free zone: I don’t think we know. If I
tried to write my entire paper on that

question, I probably wouldn’t have
enough for one page.

Nelson: Many patients with CCI
can’t even survive an ambulance ride
to get them home. If it’s extremely
important for them to die in their
homes, as it is for some, then maybe
something like this—NIV—can get
them in the ambulance all the way
home and there long enough to die in
the place they’ve chosen. NIV for the
chronically critically ill presents im-
portant issues for research.

White: We have data over one year
of 188 patients who came to the LTAC,
who either came on or were started on
NIV in the LTAC. I can’t give you the
specific number, but it’s a single-digit
number of people who were tracheot-
omized and ventilated who ended up
on NIV. Therest were the typical group
with COPD, congestive heart failure,
and neuromuscular disease. We’re put-
ting those data into a paper, which may
help inform the discussion about the use
of NIV in the CCI/PMV population.

King: John Bach pointed out that,
though there aren’t any RCTs to show
that mechanical ventilation gives
Duchenne muscular dystrophy pa-
tients a longer life, there aren’t any
RCTs on parachutes, either, but many
people use them when they jump out
of planes.
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