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Abstract

We describe survival in Duchenne dystrophy by invasive and noninvasive ventilation vs. untreated.
Patients were untreated prior to 1984 (Group 1), underwent tracheotomy from 1984 until 1991 (Group 2), and were managed by non-

invasive mechanical ventilation and cardioprotective medications subsequently (Group 3). Symptoms, vital capacity, and blood gases
were monitored for all and spirometry, cough peak flows, carbon dioxide tension, and oximetry for Group 3. Sleep nasal ventilation
was initiated for symptomatic hypoventilation. An oximeter and mechanical cough assistance were prescribed for maximum assisted
cough peak flow <300 L/m. Patients used continuous noninvasive ventilation and mechanically assisted coughing as needed to maintain
pulse oxyhemoglobin saturation P95%. Survival was compared by Kaplan–Meier analysis.

The 56 of Group 1 died at 18.6 ± 2.9, the 21 Group 2 at 28.1 ± 8.3 years of age with three still alive, and the 88 using noninvasive
ventilation had 50% survival to 39.6 years, p < 0.001, respectively.

We conclude that noninvasive mechanical ventilation and assisted coughing provided by specifically trained physicians and therapists,
and cardioprotective medication can result in more favorable outcomes and better survival by comparison with invasive treatment.
� 2010 Elsevier B.V. All rights reserved.
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1. Introduction

The vital capacity (VC) peaks between ages 9 and 16 for
patients with Duchenne muscular dystrophy (DMD) and
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then decreases by 5–10% per year until ventilatory support
is required for survival [1]. It has been estimated that up
to 90% [2–4] of patients with DMD who do not use venti-
latory support die from pulmonary complications associ-
ated with respiratory muscle weakness between 16.2 and
19 years of age and uncommonly after age 25 [3,5]. It has
also been reported that 90% of episodes of pneumonia
and ARF requiring intubation occurred during otherwise
benign upper respiratory infections (RTIs) mainly because
of inability to cough effectively [6]. When unable to ventila-
tor wean, these intubated patients conventionally undergo
tracheotomy for ventilatory support. Most deaths not due
to respiratory complications are due to cardiomyopathy
[7].
rophy: Survival by cardio-respiratory interventions, Neuromuscul Disord

http://dx.doi.org/10.1016/j.nmd.2010.09.006
mailto:yuka@msa.biglobe.ne.jp
http://dx.doi.org/10.1016/j.nmd.2010.09.006
http://dx.doi.org/10.1016/j.nmd.2010.09.006


2 Y. Ishikawa et al. / Neuromuscular Disorders xxx (2010) xxx–xxx

ARTICLE IN PRESS
Life has been described as being statistically prolonged
by the use of part-time NIV [8], and by the use of cardio-
protective medications [9], but life is indisputably pro-
longed by continuous full-time NIV for patients with
little or no VC of ventilator-free breathing ability (VFBA)
[10,11] whether delivered by invasive or noninvasive inter-
face [12]. No previous publication has compared the natu-
ral course of the disease with invasive and noninvasive
respiratory management. This work also compares the
causes of death with these various approaches.

2. Methods

Essentially all DMD patients in Hokkaido, Japan are
referred to one inpatient and ambulatory care medical
institution in Yakumo, Japan. This included a total of
227 patients from 1964 to 2010. They were diagnosed by
DNA analysis and/or muscle biopsy since 1988. Before
1987 diagnosis was made by electromyography, muscle
biopsy, creatinine kinase levels, and clinical evolution
including loss of ambulation before 12 years of age and
continuous ventilator dependence by 25 years of age. Many
patients’ muscle tissues were stained for dystrophin once
this became available.

The DMD patients too young to require ventilatory
assistance were excluded from this study except for those
who died before beginning NIV. This chart review was
approved by our Institutional Ethics Committee.

The DMD patients were separated into three groups
and evaluated at least annually. The first group from
1964 to 1984 did not receive cardio-respiratory interven-
tions other than supplemental oxygen. Group 2 patients
from August 1984 through November 1991 received sup-
plemental oxygen and underwent tracheotomy for carbon
dioxide narcosis or following intubation for ARF but did
not routinely receive cardiac medications until 1992.

End-tidal (PetCO2) or transcutaneous CO2 (PtcCO2),
oximetry (daytime and nighttime), VC, maximum insuffla-
tion capacity (MIC), and unassisted and assisted CPF were
monitored since November 1991 (Group 3). Patients were
trained to “air stack” manual resuscitator or ventilator
delivered volumes of air to the deepest lung insufflations
that the glottis could hold in a daily regimen once the
VC was below 1000 ml and to air stack by glossopharyn-
geal breathing [13,24]. If the glottis was too weak or the
patient unable to cooperate for air stacking, the exhalation
valve of the manual resuscitator was manually blocked and
the lungs deeply insufflated passively in this manner or by
using the insufflation phase of in-exsufflators at pressures
of 40 cm H2O or greater. The lung recruitment was used
to prevent atelectasis, maintain pulmonary compliance,
augment cough flows, and raise voice volume [13,25].
Assisted CPF were obtained by air stacking to maximum
lung inflation and coughing into a peak flow meter while
a firm abdominal thrust is applied [26].

Since 1991 Group 3 patients have been managed by
NIV, mechanically assisted coughing (MAC) as needed,
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and cardioprotective medications once left ventricular ejec-
tion fraction (LVEF) was 645%. They received no routine
supplemental oxygen therapy. They were prescribed noc-
turnal NIV for symptomatic hypercapnia with the predom-
inant symptoms being fatigue, morning headaches, daytime
somnolence, decreased appetite, depression, and weight
loss. They used portable ventilators on control mode with
delivered volumes of 550–1000 ml with the goals of allevi-
ating symptoms, normalizing alveolar ventilation, facilitat-
ing inspiratory muscle rest, and permitting air stacking
[13]. When aerophagia occurred, two patients switched to
pressure control mode at 12–30 cm H2O. Respiratory rates
were 15–24 and inspiratory/expiratory ratio was 1/1–1/2.

With advancing weakness, dyspnea resulted when dis-
continuing NIV in the morning so its use was extended into
daytime hours and 15 mm angled mouth pieces used for
diurnal NIV. If the lips were too weak to grab the mouth
piece the patients used nasal prongs. When daytime hypo-
ventilation resulted in SpO2 decreasing below 95%, oxime-
try feedback was used to guide the extent of need for
daytime NIV to maintain SpO2 P 95% [14]. When this
occurred, patients quickly went from 12 to 14 h a day to
continuous NIV and eventually lost VFBA. That is, upon
cessation of ventilator use, they developed dyspnea, hyper-
capnia, and oxyhemoglobin desaturation within seconds to
minutes, necessitating continuous ventilator use. Since the
patients were informed that episodes of ARF could be
managed by extubation to NIV and MAC they were
advised to refuse tracheotomy if intubated with no VFBA
and be referred to our center for extubation [15,16].

Since 1995 MAC was instructed and a mechanical insuf-
flator–exsufflator provided once assisted CPF were less
than 270 L/m [10,14]. The MAC was used to maintain or
return SpO2 P 95% during RTIs and following extubation
or decanulation at pressures P40 cm H2O. During RTIs
patients were instructed to seek medical attention if SpO2

baseline could not be maintained P95% [10,14].
Cardioprotective medications, beta-blockers, angioten-

sin converting enzyme inhibitors, and at times, diuretics,
were provided since 1992 [17–19]. These medications were
prescribed according to standard protocols [9,20]. Neu-
roendocrines were monitored every 3–6 months since
1989 and echocardiograms monitored yearly along with
isocitrate dehydrogenase(ICDH) [21] and cystatin C levels
[22,23].

Death was presumed to be of respiratory etiology when:
there were complaints consistent with a RTI, an increase in
airway secretions, decrease in oxyhemoglobin saturation
(SpO2) baseline, or loss of ventilating interface or ventila-
tor malfunction prior to death. Death was considered to
be of cardiac etiology when there were no respiratory
symptoms, when CO2 and SpO2 had been normal at the
last evaluation, and when there had been hospital admis-
sions for congestive heart failure or the previous LVEF
was estimated to be 620%. Deaths in patients who did
not fit these criteria were considered of unknown etiology
unless the etiology was determined by autopsy.
rophy: Survival by cardio-respiratory interventions, Neuromuscul Disord

http://dx.doi.org/10.1016/j.nmd.2010.09.006


Y. Ishikawa et al. / Neuromuscular Disorders xxx (2010) xxx–xxx 3

ARTICLE IN PRESS
2.1. Data analysis

Data are expressed as means ± standard deviation (SD).
Survival probability was demonstrated by the Kaplan–
Meier method and calculated by the log-rank test. A prob-
ability value of <0.05 was considered statistically
significant.
3. Results

Of 227 total DMD patients, 187 were included in this
study. The mean age when they became wheelchair depen-
dent was 9.9 ± 1.5 (range 8–12) years of age. There were 56
patients in Group 1, 35 in Group 2, and 96 in Group 3.

In Fig. 1 a Kaplan–Meier analysis compares survival of
the three groups. The 56 Group 1 patients died at
18.6 ± 2.9 (range 14.3–25.1) years of age, 54 from respira-
tory failure and two from cardiac failure. The 50% survival
age was 18.1 years.

Of the 35 Group 2 patients, 11 died from cardiac causes
before beginning NIV without receiving cardioprotective
medications at 17.5 ± 3.0 (range 13.9–23.9) years of age.
The other 24 lived to 29.1 ± 8.5 (range 15.9–42.0) years
of age with three still alive at 36.7 ± 2.4 (range 36.7–38.9)
years of age. Their 50% survival age was 28.9 years.
Twenty-one died at 28.1 ± 8.3 (range 15.9–42.0) years of
age, 12 from cardiac failure/dysrhythmias despite nine of
the 12 receiving cardioprotective medications, eight from
respiratory causes including six from tracheal hemor-
rhages, one from ARF associated with bronchial mucus
plugging, and one from ventilator battery failure, and
one died for unknown reasons.

Of the 96 Group 3 patients, despite receiving cardiopro-
tective medications 8 died from cardiac causes before
beginning NIV at 22.8 ± 3.6 (range 18–25.9) years of age.
The 88 NIV users lived to 27.4 ± 6.6 (range 14.9–42.9)
years of age with 71 still alive. Fifty-eight of the 88 received
cardioprotective medications as described [17–19], includ-
ing 20 of 32 part-time NIV and 38 of 56 full-time NIV
users. In addition, seven of the Group 3 patients received
prednisone at 0.75 mg/kg 10 days per month for
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Fig. 1. Survival curve (Kaplan–Meier), showing comparison in percentage sur
ventilation with cardioprotection.
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6–18 months while still able to walk. Of the 88 NIV users,
eight developed ARF and were intubated but were extubat-
ed according to recently described methods [15,16]; and
two tracheostomy patients with no VFBA were decanulat-
ed. All 10 were transferred from other institutions to
avoid/eliminate tracheostomy. Seventeen of 88 died (seven
part-time and 10 full-time NIV users), 16 from cardiac fail-
ure/arrhythmias and one from pneumonia/pneumothorax
at 27.1 ± 5.8 (range 18.0–39.6) years of age. Seven of 32
part-time NIV users died at 22.8 ± 3.6 (18.0–25.9) years
of age and 25 are still alive at 21.5 ± 4.5 (range 14.9–
31.6) years of age. Ten of 56 full-time NIV users died at
30.2 ± 5.1 (range 21.8–39.6) years of age and 46 were still
alive at 30.7 ± 5.4 (range 20.9–42.9) years of age.

The 88 NIV users began nocturnal use with a VC of
673 ± 320 ml at 18.9 ± 3.3 years of age and used it for
5.4 ± 3.3 years before 56 required full-time NIV once their
VCs were 328 ± 194 ml at 24.7 ± 4.6 years of age. They
thus far require continuous NIV for 5.8 ± 3.4 years.
Twenty-seven (33%) of these patients could also glossopha-
ryngeal breathe for air stacking and security in the event of
ventilator failure day or night [13,24].
4. Discussion

This study demonstrated significantly longer survival
using NIV/MAC along with cardioprotective medications
and ancillary noninvasive techniques like intermittent lung
expansion, glossopharyngeal breathine, and assisted
coughing, than tracheostomy ventilation (p = 0.0002 with
log-rank test), and significantly longer by tracheostomy
ventilation than with no treatment (p = 0.0001 with log-
rank test), 50% survival age of 39.6, vs. 28.9, vs. 18.1 years,
respectively (Table 1). Group 3 received more cardiopro-
tection (66 of 96, vs. 9 of 35, respectively), used glossopha-
ryngeal breathing for security and VFBA (33% vs. 0,
respectively) [13,24], received more glucocorticoid therapy
(7 vs. 2, respectively), received lung recruitment and
MAC (100% vs. 0, respectively), received no routine sup-
plemental oxygen, may have benefited from better nutri-
tion, scoliosis treatment, and antibiotic therapy, and did
40 45

NIV from 1991
Tracheotomy from 1984 
to 1991

No ventilation and 
dead after 1991

No ventilation and dead 
before 1984

No ventilation and dead 
from 1984 to 1991

vival from no cardiopulmonary treatment to tracheostomy or noninvasive
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not die from complications related to tracheostomy tubes.
No patients have undergone tracheotomy since 1991
despite requiring continuous ventilatory support and, at
times, intubation.

Three studies have reported DMD survival to 25.3–
30.4 years associated with part-time NIV, generally noctur-
nal-only low span bi-level positive airway pressure
[8,27,28]. In the Simonds study, nocturnal NIV was begun
at 19.4 years of age which is similar to our population
(18.9 ± 3.3 years of age) [28]. In none of the three studies
was tracheotomy systematically avoided for continuous
ventilator dependence, or was daytime support provided
by simple mouth pieces or MAC used.

More recent consensus statements have emphasized that
NIV can and should be used up to continuously long-term
instead of resort to tracheostomy [29–33]. Despite these
recommendations, there have been only three centers that
have thus far reported the use of long-term continuous
NIV for DMD ventilatory support [34,11,12]. In 1993 Bach
et al. [34] reported a mean survival age of 32.5 years with
continuous NIV; Toussaint et al. [11] reported 50% sur-
vival to age 31; and Kohler et al. [12] reported 50% survival
to 35 years for 43 patients beginning nocturnal NIV at
mean age 19.8. In the Bach and Toussaint reports daytime
NIV was provided via 15 mm mouth pieces and MAC was
used [11,34]. In none of these three papers was tracheotomy
completely avoided for continuous NIV users. Our current
work is the largest to date on NIV with no DMD patients
requiring tracheotomy despite 16 years of continuous non-
invasive ventilatory support. Mean survival for our
patients was also 4.6 years longer (39.6 years) than in any
previous study. This is likely because in the Kohler et al.
[12] study some patients underwent tracheotomy, no men-
tion was made of cardioprotection although the same
group reported using cardioprotective medications in
2005 [35]; and there was no mention of assisted coughing,
lung recruitment, or the use of mouth pieces for daytime
support. Assisted coughing and daytime NIV via mouth
piece can be especially important to reduce respiratory rate
to facilitate eating.

We previously reported that the use of cardioprotective
medications for asymptomatic left ventricular dysfunction
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(LVEF < 45%) resulted in 5–7 years of additional survival
compared with treating only episodes of heart failure due
to cardiomyopathy for 52 DMD patients [9]. The conse-
quences of DMD cardiomyopathy are exacerbated by
sleep-disordered breathing with hypoxemia and hypercap-
nia and cor pulmonale [37]. Reduced pharyngeal muscle
tone during periodic breathing and increased pharyngeal
edema associated with congestion can contribute to
obstructive apneas and hypopneas for patients with heart
failure [7]. Thus, NIV can have direct cardioprotective
effects.

Limitations of this study include the lack of autopsy
confirmation of the causes of all of the deaths, and the lack
of a controlled comparison in the same time period. How-
ever, since noninvasive management is effective, this may
be unethical. Since (invasive) tracheostomy outcomes have
not been shown to be superior, continuous NIV support
should be the approach of choice as suggested in consen-
suses [30,36,37]. A further limitation is the failure to per-
form a logistic regression analysis taking into account
other possible factors for improved survival such as possi-
bly better nutrition, scoliosis management, and antibiotic
therapy.

References

[1] Bach J, Alba A, Pilkington LA, Lee M. Long-term rehabilitation in
advanced stage of childhood onset, rapidly progressive muscular
dystrophy. Arch Phys Med Rehabil 1981;62(7):328–31.

[2] Inkley SR, Oldenburg FC, Vignos Jr PJ. Pulmonary function in
Duchenne muscular dystrophy related to stage of disease. Am J Med
1974;56(3):297–306.

[3] Rideau Y, Gatin G, Bach J, Gines G. Prolongation of life in
Duchenne muscular dystrophy. Acta Neurol 1983;5(2):
118–24.

[4] Vignos PJ. Respiratory function and pulmonary infection in
Duchenne muscular dystrophy. Isr J Med Sci 1977;13:207–14.

[5] Emery AEH. Duchenne muscular dystrophy: genetic aspects, carrier
detection and antenatal diagnosis. Br Med Bull 1980;36:117–22.

[6] Bach JR, Rajaraman R, Ballanger F, Tzeng AC, Ishikawa Y, Kulessa
R, et al.. Neuromuscular ventilatory insufficiency: the effect of home
mechanical ventilator use vs. oxygen therapy on pneumonia and
hospitalization rates. Am J Phys Med Rehabil 1998;77(1):8–19.

[7] Simonds AK. Recent advances in respiratory care for neuromuscular
disease. Chest 2006;130:1879–86.
rophy: Survival by cardio-respiratory interventions, Neuromuscul Disord

http://dx.doi.org/10.1016/j.nmd.2010.09.006


Y. Ishikawa et al. / Neuromuscular Disorders xxx (2010) xxx–xxx 5

ARTICLE IN PRESS
[8] Eagle M, Baudouin SV, Chandler C, Giddings DR, Bullock R,
Bushby K. Survival in Duchenne muscular dystrophy: improvement
in life expectancy since 1967 and the impact of home nocturnal
ventilation. Neuromuscul Disord 2002;12:926–9.

[9] Ogata H, Ishikawa Y, Ishikawa Y, Minami R. Beneficial effects of
beta-blockers and angiotensin-converting enzyme inhibitors in
Duchenne muscular dystrophy. J Cardiol 2009;53:72–8.

[10] Gomez-Merino E, Bach JR. Duchenne muscular dystrophy: prolon-
gation of life by noninvasive respiratory muscle aids. Am J Phys Med
Rehabil 2002;81(6):411–5.

[11] Toussaint M, Steens M, Wasteels G, Soudon P. Diurnal ventilation
via mouthpiece. Survival in end-stage Duchenne patients. Eur Respir
J 2006;28(3):549–55.

[12] Kohler M, Clarenbach CF, Bahler C, Brack T, Russi EW, Bloch KE.
Disability and survival in Duchenne muscular dystrophy. J Neurol
Neurosurg Psychiatry 2009;80:320–5.

[13] Kang SW, Bach JR. Maximum insufflation capacity: the relationships
with vital capacity and cough flows for patients with neuromuscular
disease. Am J Phys Med Rehabil 2000;79(3):222–7.

[14] Bach JR, Ishikawa Y, Kim H. Prevention of pulmonary morbidity for
patients with Duchenne muscular dystrophy. Chest
1997;112(4):1024–8.

[15] Bach JR, Gonc�alves MR, Hamdani I, Winck JC. Extubation of
unweanable patients with neuromuscular weakness: a new manage-
ment paradigm. Chest, in press.

[16] Bach JR, Saporito LR. Criteria for extubation and tracheostomy tube
removal for patients with ventilatory failure. A different approach to
weaning. Chest 1996;110:1566–71.

[17] Ishikawa Y, Ishikawa Y, Minami R. Beneficial and adverse effects of
angiotensin-converting enzyme inhibitor in patients with severe
congestive heart failure associated with Duchenne muscular dystro-
phy. IRYO 1993;47:720–4.

[18] Ishikawa Y, Bach JR, Ishikawa Y, Minami R. A management trial
for Duchenne cardiomyopathy. Am J Phys Med Rehabil
1995;74:345–50.

[19] Ishikawa Y, Bach JR, Minami R. Cardioprotection for Duchenne’s
muscular dystrophy. Am Heart J 1999;137:895–902.

[20] Klitzer TS, Beekman RH, Galioto FM, Jones TK, Manning PB,
Morrow WR, et al.. In section on cardiology and cardiac surgery
2004–2005. Cardiovascular health supervision for individuals affected
by Duchenne or Becker muscular dystrophy. Pediatrics 2005;116:
1569–73.

[21] Minami R, Ishikawa Y, Ishikawa Y. Measurement of serum isocitrate
dehaydrogenase concentration to re-evaluate liver function in patients
with Duchenne muscular dystrophy. No To Hattatsu 2004;36:339–41.

[22] Minami R, Ishikawa Y, Ishikawa Y. Usefulness of serum cystatin C
concentration as renal function marker in patients with Duchenne
muscular dystrophy. No To Hattatsu 2003;35:431–3.

[23] Viollet L, Gailey S, Thornton J, Friedman NR, Flanigan KM,
Mahan JD, et al.. Utility of cystatin C to monitor renal function in
Duchenne muscular dystrophy. Muscle Nerve 2009;40:438–42.
Please cite this article in press as: Ishikawa Y et al., Duchenne muscular dyst
(2010), doi:10.1016/j.nmd.2010.09.006
[24] Bach JR, Bianchi C, Vidigal-Lopes M, Turi S, Felisari G. Lung
inflation by glossopharyngeal breathing and “air stacking” in
Duchenne muscular dystrophy. Am J Phys Med Rehabil
2007;86(4):295–300.

[25] Bach JR, Kang SW. Disorders of ventilation: weakness, stiffness, and
mobilization. Chest 2000;117(2):301–3.

[26] Ishikawa Y, Bach JR, Komaroff E, Miura T, Jackson-Parekh R.
Cough augmentation in Duchenne muscular dystrophy. Am J Phys
Med Rehabil 2008;87:726–30.

[27] Yasuma F, Sakai M, Matsuoka Y. Effects of noninvasive ventilation
on survival in patients with Duchene’s muscular dystrophy. Chest
1996;109:590.

[28] Simonds AK, Muntoni F, Heather S, Fielding S. Impact of nasal
ventilation on survival in hypercapnic Duchenne muscular dystrophy.
Thorax 1998;53:949–52.

[29] Finder JD, Birnkrant D, Carl J, Farber HJ, Gozal D, Iannaccone ST,
et al.. American Thoracic Society Board of Directors. Respiratory
care of the patient with Duchenne muscular dystrophy. ATS
Consensus Statement. Am J Respir Crit Care med 2004;170:
456–65.

[30] Birnkrant DJ, Bushby K, Amin RS, Bach JR, Benditt JO, Eagle M,
Finder JD, Kalra MS, Kissel JT, Koumbourlis AC, Kravitz RM. The
respiratory management of patients with Duchenne muscular dystro-
phy: a DMD care considerations working group specialty article.
Pediatr Pulm, in press.

[31] Panitch BirnkrantDJ, HB BendittJO, Boitano LJ, Carter ER, Cwik
VA, Finder JD, et al.. American College of Chest Physicians
consensus statement on the respiratory and related management of
patients with Duchenne muscular dystrophy undergoing anesthesia or
sedation. Chest 2007;132:1977–86.

[32] Bushby K, Finkel R, Birnkrant D, Case L, Clemens P, Cripe L, et al..
For the DMD care consideration working group.Diagnosis and
management of Duchenne muscular dystrophy, part 2: implementa-
tion of multidisciplinary care. The Lancet Neurology
2009;132:177–89.

[33] Wagner KR, Lechtzin N, Judge DP. Current treatment of adult
Duchenne muscular dystrophy. Biochim Biophys Acta
2007;1772(2):229–37.

[34] Bach JR. Management of neuro, uscular ventilatory failure by 24
hour noninvasive intermittent positive pressure ventilation. Eur
Respir Rev 1993;3:284–91.
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