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Optimal NIV Medicare Access Promotion:
Patients With Thoracic Restrictive
Disorders
A Technical Expert Panel Report From the American College of Chest
Physicians, the American Association for Respiratory Care, the American
Academy of Sleep Medicine, and the American Thoracic Society
Lisa F. Wolfe, MD; Joshua O. Benditt, MD; Loutﬁ Aboussouan, MD; Dean R. Hess, PhD, RRT; John M. Coleman III, MD; on
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The existing coverage criteria for noninvasive ventilation (NIV) do not recognize the
beneﬁts of early initiation of NIV for those with thoracic restrictive disorders and do not
address the unique needs for daytime support as the patients progress to ventilator
dependence. This document summarizes the work of the thoracic restrictive disorder
Technical Expert Panel working group. The most pressing current coverage barriers
identiﬁed were: (1) delays in implementing NIV treatment; (2) lack of coverage for many
nonprogressive neuromuscular diseases; and (3) lack of clear policy indications for home
mechanical ventilation (HMV) support in thoracic restrictive disorders. To best address
these issues, we make the following key recommendations: (1) given the need to
encourage early initiation of NIV with bilevel positive airway pressure devices, we
recommend that symptoms be considered as a reason to initiate therapy even at mildly
reduced FVCs; (2) broaden CO 2 measurements to include surrogates such as transcutaneous, end-tidal, or venous blood gas; (3) expand the diagnostic category to include
phrenic nerve injuries and disorders of central drive; (4) allow a bilevel positive airway
pressure device to be advanced to an HMV when the vital capacity is < 30% or to address
severe daytime respiratory symptoms; and (5) provide additional HMV when the patient is
ventilator dependent with use > 18 h per day. Adoption of these proposed recommendations would result in the right device, at the right time, for the right type of patients with
thoracic restrictive disorders.
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Note to the Reader: The current document is one of a series
produced by a Technical Expert Panel (TEP), whose purpose
was to propose changes to Centers for Medicare & Medicaid
Services national coverage determinations for the use of
noninvasive ventilation and home mechanical ventilation,
which were formulated in 1998. Speciﬁcally, the TEP
proposed changes to national coverage determinations for
thoracic restrictive disorders (neuromuscular disease),
COPD, hypoventilation syndromes, central sleep apnea, and
OSA. The background, makeup of the TEP, and key
recommendations are highlighted in an Executive
Summary. CHEST, the American Association of
Respiratory Care, the American Academy of Sleep Medicine,
and the American Thoracic Society formed the “Optimal
NIV Medicare Access Promotion (ONMAP)” to provide
processes to obtain the “right device for the right patient at
the right time.” More details and rationale for the proposed
changes are available in the companion documents.
Thoracic restrictive disorders (TRDs) are characterized
by restrictive respiratory physiology due to weakness
from neuromuscular diseases (NMDs) and/or chest wall
deformity. TRDs often lead to disturbed sleep
architecture, sleep hypoventilation, and ultimately
daytime hypoventilation.1,2 The leading causes of death
and major morbidity in these diseases are respiratory
infection and respiratory failure.3 Classes of disease
leading to TRD chronic respiratory failure include
defects in generation of respiratory drive (eg, central
congenital hypoventilation syndrome), upper airway
weakness or instability (eg, amyotrophic lateral sclerosis
[ALS]), weakness of the diaphragm and other
respiratory muscles (eg, muscular dystrophies, ALS,
diaphragmatic paralysis), or thoracic cage deformities
(eg, severe scoliosis).

Background
Initially, noninvasive ventilation (NIV) was used to treat
TRDs, starting during the polio epidemics of the midtwentieth century in the form of negative pressure
ventilation with the “iron lung,” and from that time on
reduction in mortality and improvement of quality of
life have been universally shown.4 Patients with TRD
require NIV support for anywhere from a few hours to a
substantial portion of the day, using a mask at night and
a mouthpiece during the day. At this time (2021),
daytime mouthpiece ventilation can only be realistically
supplied by home mechanical ventilation (HMV) (not
bilevel positive airway pressure [BPAP]), illustrating
why many patients with TRD will use HMV (not BPAP
devices) via noninvasive interfaces.
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Based on recommendations of a consensus conference of
experts organized in 1998 by the American College of
Chest Physicians and the National Association of
Directors of Respiratory Care,5 Medicare developed an
national coverage determination (NCD) for coverage of
noninvasive respiratory support of individuals with
TRD. At that time, limited data were available to develop
the coverage rules. A signiﬁcant increase in data is now
available and should be used to drive coverage decisions
(https://www.cms.gov/medicare-coverage-database/
details/lcd-details.aspx?LCDId¼33800).

Barriers to Clinical Care in TRD
Although NIV improves both quality and length of life,
there are substantial barriers to the optimal clinical care
of patients with TRD, which is discussed in the following
sections.
Barrier #1: Delays in Implementing NIV Treatment

There are three major causes of implementation delay
for NIV:
1. Failure to acknowledge symptoms as a major
component of coverage.
2. Difﬁcult-to-measure and excessively stringent functional criteria (eg, spirometry, respiratory muscle
pressure measurements, oxygen/CO2 assessment).
Measurement of vital capacity (VC), maximal inspiratory pressure (MIP), and a measure of arterial blood
CO2 level are the measures currently mandated by the
Centers for Medicare & Medicaid Services (CMS)
policies.
3. Lack of patient access to laboratories to undergo
functional measurements.
Patients with TRDs have limited access to care for
hypoventilation because of the numerous hurdles that our
standard health care models present. Just getting to the
clinic may present a challenge due to the need for
specialized transport. Once at the facility, obtaining
spirometry testing is another challenge as many
pulmonary function laboratories use plethysmographic
(“body box”)-based systems that cannot accommodate a
wheelchair and will not allow for supine measurements.
A potential solution for this lack of access is home-based
spirometry testing.6,7
Barrier #2: Lack of Coverage for Many
Nonprogressive NMDs

Although some nonprogressive TRDs have received
positive coverage decisions, there are several
nonprogressive NMDs that result in hypercapnic
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respiratory failure (eg, phrenic nerve/diaphragm
disorders, spinal cord injury, quadriplegia). The
situation regarding lack of coverage may also force
additional diagnostic testing and delay of needed
therapy in symptomatic patients who fall above the
qualifying thresholds, or in those who cannot perform
the required testing because of features of the disease
(eg, bulbar symptoms in cerebral palsy).
Barrier #3: Lack of Clear Policy Indications for HMV
Support in TRD

The system of providing home-based ventilation support
for those with NMD should, in most cases, start with the
use of a BPAP with a backup rate. However, an HMV
may be indicated initially for some individuals with TRD
due primarily to diaphragm failure, especially if their
disease is progressing rapidly or they present at a late
stage in the course of their disease. Presently, there are
no clear, speciﬁc clinical indicators to satisfy CMS
coverage criteria for the HMV. Some practitioners
prescribe an HMV as the initial device for other reasons,
as summarized in Table 1. The frequent and substantial
servicing (FSS) plan means that there are never-ending
rental payments for the HMV, which is the only
mechanism to fund home-based respiratory therapy. In
addition, it is now well established that symptomatic
patients with NMD need NIV, but the BPAP criteria are
so outdated and challenging to fulﬁll that physicians
simply give up and prescribe an HMV. The extra cost is
outweighed to avoid the burden of the BPAP criterion.

TABLE 1

] Reasons Cited for Selection of HMV Over
BPAP Devices

 Respiratory therapist support in the home is not
available with BPAP devices
 Physicians and homecare companies feel that the
current RAD/bilevel criteria are so obstructive that an
HMV is easier to approve
 Current RAD/bilevel criteria are out of date with the
medical standards, especially for ALS
 Historically, volume-cycled modes of ventilation were
used exclusively to treat patients when the data
encourage an early start for NIV with NMD
 Desire to use HMV early in the course of disease to
facilitate lung volume recruitment
 Health care providers in rural areas or hurricane zones
require assured battery backup
ALS ¼ amyotrophic lateral sclerosis; BPAP ¼ bilevel positive airway
pressure; HMV ¼ home mechanical ventilation; NIV ¼ noninvasive
ventilation; NMD ¼ neuromuscular disease; RAD ¼ respiratory assist
device.
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These reasons seem completely appropriate. However, it
is likely that there is both a purely optional use of HMV
in early progressive TRDs and a subsequent necessity in
more advanced disease in which NIV daytime support
with a portable HMV is indicated.

Current Evidence/Clinical Consensus Practice
Guidelines
Over the last 20 years (particularly in the treatment of
ALS), earlier treatment with NIV has been shown to
improve outcomes. In a randomized controlled trial,
Bourke et al8 showed that survial and quality of life
improved in the NIV treatment group. Patients were
started on NIV based on the symptom of orthopnea,
with an average FVC of 56%. This study was followed by
a retrospective study of patients with ALS who were
started on “early NIV” (FVC > 65%) and a standard
group (FVC < 65%).9 In addition to reduced FVC,
patients were enrolled based on symptoms, speciﬁcally
dyspnea, orthopnea, and/or fragmented sleep. Those in
the early NIV group were found to have up to 1 year of
prolonged life compared with the standard group. A
retrospective cohort analysis also supports the use of
“early NIV” in ALS prior to deterioration in VC. At an
FVC < 80% with symptoms, adding NIV was associated
with an additional 7-month survival time.10 This
increased to approximately 11 months with improved
adherence to NIV therapy.
Based on the aforementioned data and consensus expert
opinion, many international professional society
guidelines have strongly advised earlier intervention
with NIV ventilatory support (Table 2).4,11-18 The more
up-to-date international statements signiﬁcantly expand
criteria for NIV compared with the current CMS
coverage policies. The US policies have remained in line
with the CMS criterion because of the funding
limitations of the current system. A very important and
consistent message from these international guidelines is
that patient symptoms play a crucial role in determining
application of NIV in individuals with TRD.
Functional Measures of Neuromuscular Weakness

There has been signiﬁcant advancement in the
understandings of the best measures of respiratory
function in the individual with TRD.
Spirometry: VC is a signiﬁcant predictor of survival,
sleep-disordered breathing, nocturnal hypoventilation,
and daytime hypercapnia.19 Studies conﬁrm the
importance of VC as a predictor of survival in ALS and
Duchenne muscular dystrophy.20,21 The CMS coverage

e401

e402 Special Features

TABLE 2

] International Guidelines and Criteria for Initiation of Assisted Ventilation
Criteria for Assisted Ventilation (Any of the Following)

Source

Diagnosis

AAN16

MND

AFM13

NMD

Symptoms/Signsa
Orthopnea

Spirometry
FVC < 50%

Respiratory Muscle Pressure

Awake/Daytime
Hypoventilation/Oxygenation

MIP < –60 cm H2O
SNIP < –40 cm H2O

VC < 50%

Nocturnal/Sleep Hypoventilation/
Oxygenation
Nocturnal oximetry
< 90% for 1 cumulative
minute

PaCO2 > 45 mm Hg

Nocturnal hypercapnia

Symptoms indicative
of hypoventilation
(eg, morning
headaches, fatigue)
and nocturnal
hypoxemia: SaO2
< 88% for $ 5
consecutive
minutes or
< 90% for > 5% of
nocturnal time
NMD/RTD

FVC < 40% in
RTD
FVC < 50% in
NMD

MIP < –60 cm H2O

PaCO2> 45 mm Hg

O2 saturation
< 88% for $ 5
consecutive minutes

ASA/TSANZ11

NMD

VC < 50%

MIP < 40%

PaCO2 $ 45 mm Hg

SaO2 < 90% for > 2
consecutive minutes
SaO2 < 90% for > 5% of
night
EtCO2/TcCO2 > 50 mm Hg
for > 50% of sleep EtCO2/
TcCO2 rise > 8 mm Hg
above wake
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Symptoms of
signiﬁcant nocturnal
obstructive or
hypopneic events
(obtain PSG for
history suggestive
of sleep-disordered
breathing or FVC
< 40%, base excess
> 4 mM on ABG or
erect/supine fall in
VC $ 25%)

]

(Continued)
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TABLE 2

] (Continued)
Criteria for Assisted Ventilation (Any of the Following)

Source
CTS18

Diagnosis
MND

Symptoms/Signsa
Orthopnea

Spirometry

Respiratory Muscle Pressure

Awake/Daytime
Hypoventilation/Oxygenation

FVC < 50%

SNIP < – 40 cm H2O
MIP < –40 cm H2O

Arterial or capillary pCO2
> 45 mm Hg

FVC < 50%

MIP < –60 cm H2O

CO2 (EtCO2/TcCO2, arterial
venous or capillary)
> 45 mm Hg
Awake baseline SpO2
< 95%

Nocturnal/Sleep Hypoventilation/
Oxygenation

Symptoms AND FVC
sitting or supine
< 80% AND SNIP
< –50 cm H2O or
MIP < –65 male
subjects or < –55
female subjects
Symptoms and
nocturnal O2
saturation
< 90% for > 5% of
sleep time or
< 88% for $ 5
consecutive
minutes, or
$ 10 mm Hg
increase in TcCO2
during sleep
DMD Care
Considerations
Working Group14

DMD

Signs or symptoms

German Society for
Pneumology17

NMD/RTD

Symptoms and rapid
signiﬁcant VC
decline
Symptoms and
PaCO2 $ 45 mm Hg

EtCO2/TcCO2 > 50 mm Hg
for $ 2% of sleep time
Increased EtCO2/TcCO2 of
10 mm Hg above
awake baseline for
$ 2% of sleep time,
SpO2 # 88% or less for
$ 2% of sleep time or $
5 continuous minutes
AHI $ 5 events/h

(Continued)
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TABLE 2

] (Continued)
Criteria for Assisted Ventilation (Any of the Following)

Source

Diagnosis

Symptoms/Signsa

Spirometry

Respiratory Muscle Pressure

Awake/Daytime
Hypoventilation/Oxygenation

Nocturnal/Sleep Hypoventilation/
Oxygenation

Symptoms and
either nocturnal
PaCO2
$ 50 mm Hg or
TcCO2 rise $
10 mm Hg
(obtain PSG with
TcCO2 when VC <
70%)
NICE12

VC < 50%

MND

SNIP/MIP < –40 cm H2O
Decrease in SNIP/MIP >
10 cm H2O per
3 months

Symptoms or signs
(especially
orthopnea) with
VC < 80% or SNIP/
MIP < –65 cm H2O
in men and < 55 cm
H2O in women
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MIP and SNIP are negative and “<“ reads as “worse than.” AAN ¼ American Academy of Neurology; ABG ¼ arterial blood gas; AFM ¼ Association Française contre les Myopathies; AHI ¼ apnea-hypopnea index;
AHRQ ¼ Agency for Healthcare Research and Quality (US); ASA/TSANZ ¼ Australasian Sleep Association/Thoracic Society of Australia and New Zealand; CTS ¼ Canadian Thoracic Society; DMD ¼ Duchenne muscular
dystrophy; EFNS ¼ European Federation of Neurological Societies; EtCO2 ¼ end-tidal CO2; MIP ¼ maximal inspiratory pressure; MND ¼ motor neuron disease; NICE ¼ National Institute for Health Care and Excellence
(UK); NMD ¼ neuromuscular disease; PSG ¼ polysomnogram; RTD ¼ restrictive thoracic disorders; SaO2 ¼ arterial oxygen saturation; SNIP ¼ sniff nasal inspiratory pressure; SpO2 ¼ arterial oxygen saturation by
pulse oximetry; TcCO2 ¼ transcutaneous CO2; TRD ¼ thoracic restrictive disorders; VC ¼ vital capacity.
a
Dyspnea, tachypnea, orthopnea, disturbed sleep due to nocturnal desaturation/arousals, including frequent nocturnal awakenings or difﬁcult arousal, awakenings with dyspnea and tachycardia, or frequent
nightmares, daytime fatigue, difﬁculty concentrating, daytime hypersomnolence, use of auxiliary respiratory muscles at rest, and paradoxical respiration.

]

criteria of an FVC < 50% predicted as the minimal
ﬁnding for initiation of NIV is clearly too restrictive. The
policies fail to consider those who are symptomatic with
a lesser reduction in their FVC. Although FVC is the
most commonly used measurement, slow VC may be
easier to perform and is equivalent to FVC.22,23
Measures of Respiratory Muscle Strength: MIP
predicts survival, has been used as an end point of
clinical trials, and is a sensitive predictor of nocturnal
hypoxemia.24,25 The sniff nasal inspiratory pressure is an
alternative to MIP to assess respiratory muscle weakness.
Whereas MIP assesses global inspiratory muscle
strength, sniff nasal inspiratory pressure assesses
diaphragm weakness and can be easier to perform for
those with bulbar dysfunction.26,27
Gas Exchange Measures: Elevation in PCO2 is accepted
universally as the hallmark of hypoventilation, and the
arterial blood gas is the standard for measurement.
Daytime hypercapnia predicts beneﬁt from NIV8 and is
a sensitive predictor of sleep hypoventilation.28 Arterial
blood gas sampling is the only measure currently
recognized by the CMS policies for measurement of gas
exchange. The venous blood gas PCO2, end-tidal CO2
TABLE 3

] List of Indications for Initiation of a BPAP
Device

Any single criterion sufﬁcient to initiate BPAP device in
TRD.
1. Symptoms plus a VC < 80%
U Orthopnea, dyspnea, morning headache, daytime
sleepiness, or unrefreshing sleep
2. CO2 measurement
U Daytime/awake PaCO2 $ 45 mm Hg via ABG
U EtCO2/TcCO2 or VBG PCO2 $ 50 mm Hg
3. Sleep-related oxygen saturation from any source,
including PSG/HST
U # 90% for $ 5% of the night
U # 88% $ 5 min

TABLE 4

] Diagnostic Groups Contained in Updated
TRD Category

1. Spinal cord injury
2. Muscular dystrophy
3. Motor neuron diseases
4. Ion channel diseases
5. Myopathies
6. Mitochondrial diseases
7. Neuromuscular junction diseases
8. Phrenic nerve diseases
9. Impaired respiratory drive disorders; for example,
Chiari malformation, central congenital
hypoventilation
10. Thoracic cage abnormalities
TRD ¼ thoracic restrictive disorder.

(EtPCO2), and transcutaneous CO2 (TcCO2) are measures
that have been used successfully as surrogates for PaCO2.
The TcCO2 measurements have been shown to track
closely with arterial blood gases.29 The venous blood gas
can track with PCO2 on arterial blood gas but are known
to exceed the value by approximately 5 mm Hg.30 Lastly,
EtPCO2 has been commonly used in sleep laboratories in
patients with NMD. Although this method is known to
frequently report false-negative ﬁndings when
evaluating these patients for hypoventilation, falsepositive ﬁndings are not an issue. The ease of use and
low cost suggest that EtPCO2 will continue to be
frequently used with conﬁdence and that elevated values
reliably identify hypoventilation.31
Nocturnal hypoventilation without diurnal hypercapnia
is a strong predictor of daytime respiratory failure
within 12 to 24 months.32 Nocturnal hypercapnia is
deﬁned by a mean TcCO2 > 50 mm Hg or as an increase
in TcCO2 $ 10 mm Hg to a value > 50 mm Hg for $ 10
min.33 In a randomized study, initiation of NIV in ALS
for nocturnal oxygen desaturation (oxygen saturation by
pulse oximetry < 90% for 1 cumulative minute)

4. VC (either FVC or slow VC)
U # 50 % predicted
5. MIP/SNIP- is less negative then the values below
U MIP less than or equal to –60 cm H2O (equal or worse
than)
U Nasal SNIP less than or equal to –40 cm H2O (equal or
worse than)
ABG ¼ arterial blood gas; ALS ¼ amyotrophic lateral sclerosis; BPAP ¼
bilevel positive airway pressure; EtCO2 ¼ end-tidal CO2; HST ¼ home sleep
test; MIP ¼ maximal inspiratory pressure; NIV ¼ noninvasive ventilation;
PSG ¼ polysomnogram; SNIP ¼ sniff nasal inspiratory pressure; TcCO2 ¼
transcutaneous CO2; TRD ¼ thoracic restrictive disorder; VBG ¼ venous
blood gas; VC ¼ vital capacity.
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TABLE 5 ]

Finding Needed to Advance to HMV Following
Nocturnal Use of BPAP (Any)

1. VC drops to 30%
2. NIV is needed for >10 h per day
3. Severe breathlessness (eg, with eating or speaking)
4. Worsening daytime hypercapnia with need for
mouthpiece ventilation
5. Daytime dyspnea relieved by NIV
BPAP ¼ bilevel positive airway pressure; HMV ¼ home mechanical
ventilation; NIV ¼ noninvasive ventilation; VC ¼ vital capacity.
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TABLE 6

] Findings Needed to Start With HMV as the

nonprogressive including (but not limited to) phrenic
nerve injury, spinal cord injury, cerebral palsy, multiple
sclerosis, spina biﬁda, and congenital central
hypoventilation syndrome as categorized in Table 4.

Initial NIV Device in TRDs (Both)
1. Vital capacity # 30%
2. BPAP device transition to HMV ﬁndings as above present on initial presentation
BPAP ¼ bilevel positive airway pressure; HMV ¼ home mechanical
ventilation; NIV ¼ noninvasive ventilation; TRDs ¼ thoracic restrictive
disorders.

improved quality of life compared with initiation at a
more conventional FVC < 50%.34 Furthermore,
successful correction of nocturnal desaturation with
NIV in patients with ALS improved survival.35

Proposed Solution Barrier #3: Clear NCD Indications
for HMV Support in TRDs: We propose that an
updated CMS policy for NIV in TRDs incorporates
indications such as those noted in Tables 5 and 6 for
coverage of HMV used either in transition from BPAP
to HMV or as the initial NIV device.
Summary of Recommendations

We propose that an updated CMS NCD policy for NIV
in TRDs incorporate a clear pathway for coverage of
HMV, as noted in Figure 1.

Optimal NIV Medicare Access Promotion
(ONMAP): New Policies for TRDs

Final Issues for Consideration

Proposed Solutions to Barrier #1: Delays in
Implementing NIV Treatment

1. Frequent and Substantial Servicing

Our proposal for the revision of CMS NCD and related
policies for NIV initiation is shown in Table 3. It
incorporates a strong emphasis on patient symptoms
combined with more appropriate “cutoffs” for functional
measurements. In addition, we propose the use of alternative
physiological measurements that may be easier to access.
Proposed Solutions to Barrier # 2: Lack of Coverage
for Many Nonprogressive NMDs: A revised CMS
policy should allow coverage of TRDs that are

Patients with TRDs face chronic respiratory failure that
is both debilitating and potentially deadly. Malfunction
of a BPAP device in this patient population can lead to
very signiﬁcant and dangerous clinical situations.
Although we strongly support the use of certain BPAP
devices in TRDs, the fact that BPAP payment is a capped
rental and does not include FSS results in potentially
dangerous situations for patients with TRDs. We
recommend the FSS provision of the statute apply to

Does the respiratory evaluation include any ONE of these items:
1. Spirometry (upright or supine) – VC < 80% predicted with symptoms or < 50% regardless of symptoms
Symptom assessment – dyspnea, orthopnea, headache, sleepiness, nonrefreshing sleep
2. Force testing (upright or supine) – MIP < 60 cm H2O
3. CO2 testing – ABG, PEtcCO2, PETCO2 > 45, or VBG > 50
4. O2 testing - Overnight oximetry, in-laboratory or home sleep test with saturation < 88% for 5 min
NO

YES

Continue to re-test
as clinically indicated

YES with extreme loss in function

Start BPAP for +
findings
Is BPAP meeting
the patient’s needs?

Go straight to an
HMV for VC < 30% or
if the BPAP fails

Continue
HMV
YES

Monitor for efficacy
and achieving target
goals

NO

Advance from a
BPAP to an HMV

Monitor for efficacy
and achieving target
goals

Consider 2 HMVs
when use if > 18 h/d

Figure 1 – Suggested initiation and monitoring of noninvasive ventilation therapy in thoracic restrictive disorder. ABG ¼ arterial blood gas; BPAP ¼
bilevel positive airway pressure; HMV ¼ home mechanical ventilator; maximal inspiratory pressure; O2 ¼ oxygen; PETCO2 ¼ end-tidal CO2;VBG ¼
venous blood gas; VC ¼ vital capacity.
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TABLE 7

] Evaluation of NIV in TRDs

 BPAP device
B

No usage criteria for coverage termination

 HMV
B

One HMV:
-

B

> 10 h per day OR

Two HMV devices
-

> 18 h per day of NIV use

-

Need for mobility on motorized wheelchair platform

BPAP ¼ bilevel positive airway pressure; HMV ¼ home mechanical
ventilation; NIV ¼ noninvasive ventilation; TRDs ¼ thoracic restrictive
disorders.
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