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INTRODUCTION: The purpose of this study was to investigate the 5-year outcomes of noninvasive
ventilation (NIV) application in different neuromuscular disease (NMD) groups. METHODS: We
categorized 180 subjects who had initiated NIV between March 2001 and August 2009 into 4 groups
and followed them for > 5 y. The NIV maintenance rate and average duration, applying time, and
forced vital capacity (FVC) were investigated at the time NIV was initiated and 5 y after NIV
initiation in each group. RESULTS: In subjects with amyotrophic lateral sclerosis (ALS), Duchenne
muscular dystrophy (DMD), and spinal muscular atrophy (SMA)–congenital myopathy, the 5-year
subjects who continued to use NIV over time were 22.5%, 89.4%, and 91.3%, respectively, and the
average NIV maintenance durations were 21.53 � 19.26 months, 55.22 � 11.47 months, and
57.48 � 8.34 months, respectively (P < .001). Median daily applying time changed from 8.0 h to 24.0 h
(P < .001), from 8.0 h to 12.0 h (P < .001), and from 8.0 h to 9.0 h (P � .11) in subjects with ALS, DMD,
and SMA–congenital myopathy, respectively. FVC decreased significantly after 5 y except in the group
with combined SMA–congenital myopathy. CONCLUSIONS: NIV was tolerated long-term without
significant increases in daily application time for most subjects with NMD. However, in individuals with
ALS, development of severe bulbar symptoms can risk maintaining NIV. Key words: noninvasive ven-
tilation; neuromuscular disease; duchenne muscular dystrophy; amyotrophic lateral sclerosis; spinal muscular
atrophy; congenital myopathy. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Timely application of mechanical ventilation, particu-
larly the use of noninvasive ventilation (NIV) for respira-

tory failure in patients with progressive neuromuscular
diseases (NMDs), has greatly contributed to the increased
lifespan and quality of life of these patients.1-5 Moreover,
with the use of more diverse interfaces, access to mechan-
ical ventilation and the scope of its application have broad-
ened accordingly.6-8

NIV has reportedly contributed to survival without in-
tubation in 79.2% of NMD patients who demonstrated
exacerbation of respiratory symptoms.9 In addition, it has
been reported that the use of NIV has delayed the neces-
sity for tracheostomy for months to years.10 Even for pa-
tients whose invasive ventilation weaning was difficult, a
shift to continuous NIV after extubation has been sug-
gested as a way to both remove an invasive interface and
increase the survival rate.11 Similarly, NIV has helped
offset the disadvantages of invasive methods and improve
patients’ quality of life.

However, because NMDs demonstrate various patterns
of respiratory muscle weakness, the application methods
and effects of NIV also vary according to the characteris-
tics of different diseases.3,12,13 While a high percentage of
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patients with amyotrophic lateral sclerosis (ALS) eventu-
ally undergo intubation and tracheostomy due to bulbar
muscle dysfunction, patients with Duchenne muscular dys-
trophy (DMD) rarely require invasive ventilation.

Most previous long-term studies have reported NIV out-
comes, such as survival rates and ventilator usage status, by
setting up an end point with a specific beginning point as a
basis.1-4 However, few studies have compared the condition
before and after NIV in the same subjects over a long period.5

The primary aim of the study was to evaluate the num-
ber of subjects maintaining NIV for � 5 y and the average
duration of maintenance in subjects with NMDs. Second,
we evaluated the variance in duration of daily NIV appli-
cation at initiation and after 5 y, and we compared these
differences for subjects with different NMDs. We ana-
lyzed survival rates and tracheostomy-free survival 5 y
after NIV initiation, and we evaluated the variance of forced
vital capacity (FVC) at NIV initiation and after 5 y ac-
cording to different types of NMD.

Methods

Participants

The subjects included NMD patients who were admitted
to Gangnam Severance Hospital of Yonsei University Col-
lege of Medicine, located in Seoul, South Korea, between
March 2001 and August 2009. After admission, those who
fulfilled the inclusion criteria received NIV. Patients whose
cognitive function was too low to follow instructions and
patients who did not agree to use NIV were excluded. We
followed the subjects until August 2014 so that we could
monitor them for at least 5 y after NIV initiation
(�6 months). The subjects were categorized into 4 groups
by disease types: ALS, DMD, combined spinal muscular
atrophy (SMA) and congenital myopathy (ie, these 2 dis-
eases are relatively similar in nature14), and other NMDs.
The other NMD group was excluded from the intergroup
comparison because of the heterogeneity of disease types.

The subjects were then categorized by how they were ad-
mitted. Category A included those who were screened and
found to have hypercapnia upon an out-patient regular visit
without any related symptoms; Category B were those who
came with acute symptoms of respiratory failure during reg-
ular out-patient visits; Category C were those admitted with
acute symptoms of respiratory failure yet were lost to regular
follow-up for an extended time and those who visited the
clinic for the first time; and Category D included those who
failed to wean off invasive mechanical ventilation after tra-
cheostomy or intubation and were transferred from another
hospital or other departments. The symptoms defined as be-
ing caused by respiratory failure included dyspnea at rest,
morning headaches, daytime drowsiness, generalized fatigue,
orthopnea, and frequent nightmares15 (Fig. 1).

Study Design

We first analyzed spot end-tidal CO2 pressure (PETCO2
)

and SpO2
and screened for subjects whose diurnal PETCO2

was � 40 mm Hg and SpO2
was � 95% at the out-patient

clinic to screen the subjects for nocturnal monitoring. For
those who were intubated or had a tracheostomy, we re-
viewed arterial blood gas analysis or PETCO2

and SpO2
while

off mechanical ventilation. Subjects with PETCO2

� 40 mm Hg and SpO2
� 95%, or those who had symp-

toms of hypoventilation, were admitted for overnight con-
tinuous monitoring. After admission, we monitored the
subjects in a noninvasive and continuous manner at night,
using transcutaneous oximetry (PtcCO2

)/capnometry (SenTec
AG; Therwil, Switzerland) or end-tidal capnometry/per-
cutaneous pulse oximetry (DASH series; GE Healthcare,
Milwaukee, Wisconsin). For subjects with DMD, SMA–
congenital myopathy, and other NMDs, we considered NIV
when the overnight maximum PtcCO2

/PETCO2
was

� 49 mm Hg or the mean SpO2
was � 95%, or when the

subject had accompanying symptoms of hypoxia or hy-
percapnia.16-18 For subjects with ALS, we used NIV for
those with any symptoms of nocturnal hypoventilation,
nocturnal monitoring showing maximal PtcCO2

/PETCO2

� 49 mm Hg or nocturnal SpO2
� 90% during � 5% of

overnight monitoring.19-22 We considered 2 or more mon-
itoring results when the values were ambiguous, and serial

QUICK LOOK

Current knowledge

The efficacy of noninvasive ventilation (NIV) has been
proven over several years. NIV has prolonged survival,
decreased prolonged hospitalizations, and improved
quality of life in patients with neuromuscular diseases
(NMDs), including those with Duchenne muscular dys-
trophy (DMD), amyotrophic lateral sclerosis (ALS),
spinal muscular atrophy (SMA), and congenital myop-
athy. There are, however, no reports showing the long-
term maintenance of NIV and comparing the long-term
results among different types of neuromuscular diseases.

What this paper contributes to our knowledge

The 5-y maintenance rate of NIV was high in subjects
with NMD, although it showed slight differences among
subgroups of ALS, DMD, combined SMA–congenital
myopathy. NIV was tolerated long-term, without sig-
nificant increases in daily NIV duration for most sub-
jects with NMD. However, in individuals with ALS,
development of severe bulbar symptoms can risk main-
taining NIV.
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values prompted the initiation of NIV. However, we did
not proceed with NIV if the subject refused.

Subjects with a tracheostomy or endotracheal tube
needed more processes for NIV training. For subjects with
a tracheostomy, we checked the airways endoscopically
and changed their tubes to a fenestrated tracheostomy tube
to begin plugging the cannula while using NIV. We then
checked their swallowing function to evaluate the risk of
aspiration, and we trained them to cough by themselves.
After their respiratory conditions were fully normalized
using only NIV, subjects were decannulated. For intubated
subjects, we first trained them with NIV by nasal mask
without removing the endotracheal tube. When these sub-
jects tolerated NIV and respiratory parameters were stable
using this mode, endotracheal tubes were removed. Respi-
ratory status was monitored for the first few days. Subjects
who had dyspnea due to intractable airway secretions, de-
saturations, or hypercapnic events after extubation under-
went re-intubation.

We defined successful application of NIV as a subject
whose PtcCO2

/PETCO2
and pulse oximetry SpO2

returned to
normal (maximal PtcCO2

/PETCO2
� 45 mm Hg or overnight

mean PtcCO2
/PETCO2

� 40 mm Hg and nocturnal SpO2
� 90%

during � 5% of overnight)19 and hypoventilation symp-
toms were avoided using NIV overnight. We checked each
subject for a need for additional daytime ventilation by
continuously evaluating their respiratory status using trans-
cutaneous oximetry/capnometry after they removed the
NIV device. We measured the time until normalized SpO2

declined � 90% or PtcCO2
/PETCO2

increased � 45 mm Hg
and defined this as “ventilator-off time.” Subjects received
additional ventilation for 1–2 h after each period of ven-
tilator-off time during the day. Subjects with ventilator-off
times of � 1–30 min were asked to apply their NIV de-
vices continuously.

FVC was measured in both the sitting and supine posi-
tions using a spirometer (Micro Spirometer; CareFusion,
Rochester, Kent, United Kingdom). At least 3 measure-
ments were obtained for each subject, and the maximum
value was selected. If the FVC measurements were not
high enough to be documented or could not be measured,
FVC was taken to be zero in the calculation. We collected
data on age, sex, intubation status, and mortality from
admission and out-patient records and by telephone sur-

Fig. 1. Flow chart. NIV � noninvasive ventilation; continuous NIV � NIV � 23 h/d; ALS � amyotrophic lateral sclerosis; DMD � Duchenne
muscular dystrophy; SMA � spinal muscular atrophy; NMD � neuromuscular disease.
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veys. We also collected data regarding the NIV interface,
NIV duration during the day, and FVC at initiation and at
follow-up visits.

This study was approved by the Institutional Review
Board of our institution (3-2013-0228). This work was
financially supported by the SRC Rehabilitation Hospital
2014 Research Assistance Program of the Pulmonary Re-
habilitation Center of Gangnam Severance Hospital.

Statistical Analysis

For statistical analysis, SPSS version 22.0 software
(SPSS, Chicago, Illinois) was used. The Kruskal-Wallis
test was used to analyze overall differences among the
subgroups in NIV duration at initiation and after 5 y, NIV
maintenance period, and FVC at initiation and after 5 y.
The Mann-Whitney U test was performed to analyze dif-
ferences of median NIV duration at initiation and after 5 y
between subgroups (ALS vs DMD, ALS vs SMA–con-
genital myopathy, and DMD vs SMA–congenital myop-
athy). The Wilcoxon rank-sum test was performed to com-
pare the median NIV duration and mean FVC at initiation
and after 5 y. Statistical significance was set as P � .05.

Results

General Characteristics of Subjects

Among the 250 patients who used NIV from March
2001 to August 2009, the survival status of 180 subjects

could be verified. The remaining 70 patients were lost
during follow-up and were excluded from the final anal-
ysis.

The ALS group had 40 subjects, the DMD group had 85
subjects, the SMA–congenital myopathy group had 23
subjects, and the other NMD group had 32 subjects (Guil-
lain Barre syndrome [n � 1], Becker muscular dystrophy
[n � 1], fascioscapulohumeral dystrophy [n � 6], limb gir-
dle muscular dystrophy [n � 4], mitochondria myopathy
[n � 2], myotonic muscular dystrophy [n � 7], Pompe dis-
ease [n � 1], undetermined myopathy [n � 8], inclusion
body myositis [n � 1], and Nonaka-type myopathy
[n � 1]). Of the 180 subjects, 149 were male and 31 were
female. The mean age of the subjects was 34.4 � 16.4 y
(Table 1).

Course to NIV Application

Of the 180 subjects, 34 were admitted asymptomatically
through screening in the out-patient clinic (Category A),
29 were admitted after developing symptoms during reg-
ular follow-up (Category B), 82 had never been under
regular observation but were admitted after developing
acute symptoms (Category C), and 35 were admitted with
a tracheostomy tube or endotracheal tube (Category D).
Although the highest proportion of subjects was admitted
by Category C (45.6%), the total admission from regular
visits was 63 subjects, which accounted for as much as
35.0% (Categories A and B). Category D (ie, 35 subjects
referred from another hospital with a tracheostomy tube or

Table 1. Baseline Demographics and Overall Outcomes of Subjects

ALS
(n � 40)

DMD
(n � 85)

SMA–Congenital Myopathy
(n � 23)

Other*
(n � 32)

Total
(N � 180)

Male/Female, n 34/6 85/0 17/6 13/19 149/31
Subtypes, n Bulbar, 3 SMA type I, 4

Limb, 18 SMA type II, 8
SMA type III, 1

Congenital myopathy, 10
Mean age � SD, y 57.28 � 11.56 26.62 � 5.30 21.70 � 7.93 35.7 � 17.1 34.4 � 16.4
NIV maintenance after 5 y, n (%) 9 (22.5) 76 (89.4) 21 (91.3) 28 (87.9) 134 (74.4)
Duration of NIV maintenance (months) 21.53 � 19.26 55.22 � 11.47 57.48 � 8.34 54.31 � 11.62 47.86 � 19.35
Survival after 5 y, n (%) 15 (37.5) 76 (89.4) 21 (91.3) 30 (93.8) 142 (78.9)
Tracheostomy during 5-y period, n (%) 16 (40.0) 2† (2.4) 1† (4.3) 2‡ (6.3) 21 (11.7)
Tracheostomy-free survival after 5 y, n (%)§ 9 (22.5) 76 (89.4) 21 (91.3) 28 (87.9) 134 (74.4)

*Includes Guillain Barre syndrome (n � 1), Becker muscular dystrophy (n � 1), fascioscapulohumeral dystrophy (n � 6), limb girdle muscular dystrophy (n � 4), mitochondria myopathy (n � 2),
myotonic muscular dystrophy (n � 7), Pompe disease (n � 1), undetermined myopathy (n � 8), inclusion body myositis (n � 1), and Nonaka-type myopathy (n � 1).
† Died during the 5-y period.
‡ One died during the 5-y period.
§ The number of subjects who survived without tracheostomy after 5 y is same as number of subjects with NIV maintenance after 5 y.
ALS � amyotrophic lateral sclerosis
DMD � Duchenne muscular dystrophy
SMA � spinal muscular atrophy
NIV � noninvasive ventilation
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endotracheal tube) consisted of 5 subjects from the ALS
group (5 extubated, and none decannulated), 12 from the
DMD group (8 extubated, and 4 decannulated), 9 from the
SMA–congenital myopathy group (3 extubated, and 6 de-
cannulated), and 9 from the other NMD group (5 extu-
bated, and 4 decannulated; Fig. 1).

Maintenance of NIV and Daily Duration Variance

The subjects were followed for 5 y (�6 months) from
the initiation of NIV. Subjects who died were followed
until the time of death. The mean follow-up period was
4.4 � 1.6 y. On follow-up observation, 134 of the 180
subjects were continuously using NIV (74%). In each group,
the 5-year subjects who continued to use NIV over time were
23%, 89%, and 91% and the average NIV maintenance du-
ration was 21.5 � 19.3 months, 55.2 � 11.5 months, and
57.5 � 8.3 months for ALS, DMD, and SMA–congenital
myopathy, respectively (P � .001).

Median daily NIV duration changed from 8.0 h to 24.0 h
(P � .001), 8.0 h to 12.0 h (P � .001), and 8.0 h to 9.0 h
(P � .11) in ALS, DMD, and SMA–congenital myopathy,
respectively. While NIV duration did not change signifi-
cantly in the SMA–congenital myopathy group, it changed
significantly after 5 y in the ALS group and the DMD
group. Comparing subgroups (eg, ALS vs DMD, ALS vs
SMA–congenital myopathy, and DMD vs SMA–congeni-
tal myopathy), daily duration at NIV initiation showed no
significant differences (P � .14, P � .75, and P � .20,
respectively). However, daily NIV duration after 5 y showed
significant differences between all comparisons (P � .001,
P � .001, and P � .002, respectively) (Table 2).

Survival After NIV Use

Among the 180 subjects, 142 survived (79%) through
the 5-y observation period: 15 from the ALS group (15/40,

38%), 76 from the DMD group (76/85, 89%), 21 from the
SMA–congenital myopathy group (21/23, 91%), and 30
from the other NMD group (30/32, 94%). Tracheostomy-
free survival, which is same as NIV maintenance rate after
5 y, was 22.5%, 89.4%, 91.3%, and 87.9% in the ALS
group, DMD group, SMA–congenital myopathy group,
and other NMD group, respectively (Table 1).

Most of the NMD subjects received tracheostomy dur-
ing episodes of acute deterioration except for 8 subjects
with ALS. A total of 21 subjects (12%) underwent trache-
ostomy (16 in the ALS group, 2 in the DMD group, 1 in
the SMA-congenital myopathy group, and 2 in the other
NMD group). Eight of the subjects with ALS underwent
tracheostomy due to acute deterioration, and the other 8
underwent tracheostomy tube due to progressive bulbar
dysfunction.

FVC Evaluation

We compared FVC measurements at NIV initiation and
after 5 y. Mean FVC while in the sitting position dropped
significantly from 1,108.1 to 25.7 mL (P � .001) in the
ALS group and from 644.9 to 323.2 mL (P � .001) in the
DMD group, whereas it increased from 586.2 to 692.5 mL
(P � .20) the in SMA-congenital myopathy group. FVC in
the supine position showed a similar pattern of change.
While median FVC in the supine position decreased sig-
nificantly from 1,112.9 to 29.5 mL (P � .001) in the ALS
group and from 630.1 to 310.7 mL (P � .001) in the DMD
group, it increased from 542.3 to 614.6 mL (P � .29) in
the SMA-congenital myopathy group (Table 3). Kruskal-
Wallis analysis showed significant differences among the
subgroups for FVC in the sitting position at NIV initiation
(P � .001) and after 5 y (P � .001), as well as in the
supine position at NIV initiation (P � .003) and after 5 y
(P � .001).

Table 2. NIV Duration Variance After 5 Y

ALS
(n � 40)

DMD
(n � 85)

SMA–Congenital
Myopathy
(n � 23)

Post Hoc Analysis (P)

ALS vs. DMD
ALS vs. SMA–

Congenital Myopathy
DMD vs. SMA–

Congenital Myopathy

NIV duration at
initiation, h/d

8.0 (8.0–19.5) 8.0 (8.0–9.0) 8.0 (8.0–8.0) .14 .75 .20

NIV duration
after 5 y, h/d

24.0 (24.0–24.0) 12.0 (9.5–22.0) 9.0 (8.0–11.0) � .001† � .001† .002†

P � .001* � .001* .11 NA NA NA

Values are median (interquartile range).
* NIV duration at initiation and after 5 y.
† intergroup comparison of NIV duration.
ALS � amyotrophic lateral sclerosis
DMD � Duchenne muscular dystrophy
SMA � spinal muscular atrophy
NIV � noninvasive ventilation
NA � not applicable
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Discussion

To date, a relatively large number of articles on the
changes in quality of life, survival rates, and respiratory
status after using NIV for different NMD types have been
published.3-5,12,23-25 However, this is the first study in which
a large number of subjects with different types of NMD
were individually followed for � 5 y and whose survival
and NIV use were compared. In this study, 134 of 180
subjects continued NIV for � 5 y, showing a high pro-
portion of subjects who tolerated NIV, although differ-
ences were found among various subgroups. The 5-y NIV
maintenance rates were 23%, 89%, and 91% and the av-
erage NIV maintenance durations were 21.5 � 19.3 months,
55.2 � 11.5 months, and 57.5 � 8.3 months for groups
with ALS, DMD, and SMA–congenital myopathy, respec-
tively.

A significant difference in NIV maintenance rates be-
tween subjects with ALS and other groups seems reason-
able, considering the different natural course of the dis-
ease. Subjects started on NIV who experienced additional
symptoms of respiratory failure (ie, poor secretion clear-
ance) or had progressive bulbar symptoms with ALS were
changed to invasive ventilation. Unlike the other neuro-
muscular diseases, patients with ALS eventually need in-
vasive mechanical ventilation due to severe progressive
bulbar dysfunction. In this study, 21 subjects received a
tracheostomy tube during the follow-up period, and all but
5 had ALS. In fact, Dreyer et al4 showed in a large-pop-
ulation cohort study that NIV followed by invasive venti-
lation has a significant effect on survival in subjects with
ALS.4

In previous studies, tolerance for NIV was usually cal-
culated by the ratio of subjects who adapted well to this
mode in the initial stage.24,26,27 Farrero et al24 reported that
the ratio of subjects with ALS using NIV was 50% among
those who did not have accompanying bulbar symptoms,
which was higher than those of previous studies. The au-
thors pointed out that such outcomes resulted from a mul-
tidisciplinary-team approach, the subjects’ trust of provid-

ers who had extensive experience of � 500 cases, and
subjects’ positive attitude about the use of NIV in the
in-patient setting. In our study, however, because we in-
cluded only subjects who agreed to use and were able to
adapt to NIV, we were not able to compare tolerance in
this manner. When we defined the tolerance by the ratio of
subjects maintaining NIV for 5 y, however, we concluded
that a high proportion of subjects tolerated NIV. Such an
outcome can probably be attributed, as in the previous
study, to our multidisciplinary-team approach, our expe-
rience with � 500 cases, and our constant management
through application and adjustment of NIV settings in the
in-patient setting.

Daily NIV duration increased significantly after 5 y in
the ALS group (8.0 h to 24.0 h, P � .001) and in the DMD
group (8.0 h to 12.0 h, P � .001), while there was only a
trend toward increased duration in the SMA-congenital
myopathy group (8.0 h to 9.0 h, P � .11). Of 40 subjects
with ALS, 32 were eventually dependent on mechanical
ventilation for � 23 h; among them, 16 subjects continued
with NIV.

In subjects with DMD, 18 were dependent on mechan-
ical ventilation for � 23h. However, tracheostomy was
rare in this group. Only 1 subject underwent tracheostomy,
while the other 17 were maintained on continuous NIV.
These results are similar to those from a study by Bach
et al,18 in which 26 of 101 subjects with DMD who used
nocturnal-only NIV became continuously dependent on
NIV. In subjects with advancing DMD, continuous NIV
was found to prolong life and obviate tracheostomy.

The overall survival rate after 5 y in our study was 79%
in the total population. While the percentage of subjects
who survived after 5 y was approximately 90% in those
with DMD, SMA– congenital myopathy, and other
NMDs, it was only 38% in subjects with ALS. How-
ever, we could not compare our survival results with
long-term survival rates reported in other studies be-
cause we had a considerable number of subjects who
were lost to follow-up.

Table 3. Forced Vital Capacity Variance After 5 Y

Initial FVC
Sitting (mL)

FVC Sitting After
5 Y (mL)

P
Initial FVC
Supine (mL)

FVC Supine After
5 Y (mL)

P

ALS 1,108.1 � 15.2 25.7 � 83.4 � .001* 1,112.9 � 17.1 29.5 � 94.1 � .001*
DMD 644.9 � 14.8 323.2 � 383.0 � .001* 630.1 � 14.1 310.7 � 362.9 � .001*
SMA–congenital myopathy 586.2 � 443.7 692.5 � 381.8 .20 542.3 � 11.2 614.6 � 359.4 .29

Values are mean � SD.
* Initial FVC and FVC after 5 y.
ALS � amyotrophic lateral sclerosis
DMD � Duchenne muscular dystrophy
FVC � Forced Vital Capacity
SMA � spinal muscular atrophy
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Our study has several limitations. First, some subjects
were lost during follow-up in each group, which resulted
in a smaller sample size and increased the size differences
among the groups. The other NMD group had the largest
number of subjects lost during follow-up, followed by the
groups with ALS and DMD, for a total drop-out rate of
28%. Excluding the other NMD group, 17 of 57 subjects
in the ALS group were lost, 2 of 25 subjects in the SMA–
congenital myopathy group were lost, and 19 of 104 sub-
jects were lost in the DMD group. However, because we
are still providing NIV and the number of NMD cases
using NIV is increasing, we expect to have additional data
when we continue the follow-up observation for a longer
period.

We did not collect subjective parameters, such as health-
related quality of life. It is well known that the quality of
life of patients with NMDs has improved because of the
use of NIV. Data on how quality of life has actually changed
for the same patients before and after using NIV for 5 y
would have been very useful. Unfortunately, because we
could not consistently accumulate this information, these
results were excluded.

Finally, we did not include variables other than FVC to
evaluate respiratory status. Our institution also takes mea-
sures of maximal inspiratory pressure, maximal expiratory
pressure, sniff nasal inspiratory pressure, and cough peak
flow, in addition to FVC. FVC and cough peak flow are
also measured under maximal insufflation capacity and
assisted conditions. We chose FVC because this variable
had the smallest data loss for the 5-y period. Khirani et al28

reported that the optimal indicators for evaluating disease
progression in subjects with DMD were vital capacity and
sniff nasal inspiratory pressure, which reflect the natural
history of the respiratory muscle strength or decline and
pulmonary function.

For subjects with ALS, Martinez et al19 used 2 physio-
logic indicators—vital capacity and maximum inspiratory
pressure—for starting NIV, although the situation may
change for these patients as bulbar symptoms progress.
For subjects with SMA–congenital myopathy, unlike for
subjects in the other 2 groups, mean vital capacity in-
creased slightly after 5 y. However, we could not explain
this solely by NIV use, and we could not draw any con-
clusions from the small sample size. Further studies with
larger samples and more variables are needed.

Conclusions

With increasing medical information and government
support, more patients with NMDs are using NIV. This
mode has helped prolong survival and improve quality of
life compared to results using invasive ventilation. Al-
though there are various reports on the use of NIV, our
study is significant because it followed subjects with di-

verse NMDs individually for 5 y. NIV was tolerated for
long periods without increasing daily application time for
most subjects with NMDs. However, those with ALS who
develop severe bulbar dysfunction may be unable to con-
tinue NIV.
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