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Duchenne Muscular Dystrophy
Life Prolongation by Noninvasive Ventilatory Support

ABSTRACT
Villanova M, Brancalion B, Mehta AD: Duchenne muscular dystrophy: lfie
prolongation by noninvasive venidaiory suppori. Am J Phys Med Rehabil
2014;93:595-599,
Objective:  American, Japanese, and Canadian centers have demonstrated
that noninvasive intermittent positive prassure ventlatory support (NVS) can ba
used continuously and in the long-term by people with Duchenne muscular dys-
trophy &5 a defintive alternative to trachecstomy mechanical ventiation, The aim of
| this study was to report this for the first time in Europe
Design: In this study, more than 300 patients with Duchenne muscular dys-
| trophy were followed, EndHidal carbon dicodde, oxyhemoglobin saturation, and wial
capacity wers measured at sach visit. Of the 300 patients, 78 used NVS for & hrs
or mare per day and 20 of thess became continuously dependent on NVS,
Results: A total of 20 patients hive continuously depended an NV for sur-
wival, for a total of 336 patient-years, up to 16 yrs in one case. Noctumal NVS was
begun for symptomatic hypoventilation when the vital capacity had decrensed 1o a
mean of 831 = 173 ml, and continuous dependence on NVS was necessary when
the vital capacity had decreased below 287 + 113 ml.
PUSRET TR

piratary can prolong survival
and without h ¥

without resorting to

Key Words: Duchenne Musculsr Dystrophy, Noninvasive Ventiltion, Haly, Paradigm
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thout ventilatory support and mechanical
exsufflation (MIE), most patients with
Duchenne muscular dystrophy (DMD) die between
16 and 19 yrs of age."” Ninety percent of the time,
v infections
welop into pneurnonias and acute respiratory
- often, conventionally managed
lop ARF pitalized and
; and when ventilator weaning fails, un-
stomy for a lifetime of home nursing
tutionalization.! However, Alexander
for DMD
ninvasive mechanical ventilatory
noninvasive intermittent positive
pressure ventilatory support (NVE )
and Martinez reported 101 continu

sscribed profongation of li

users with DMD in 20115 They neted that many of

nts became CNVS dependent for 20-2
spitalized or developing ARF
2004, Ishikawa et al.* reported, in Japan, tha
DMD nts survived 10 yrs longer using CN
age of 3%.6 vrs than the 24 previc

the

sly

ed patients who used tracheostomy mecha-
nical ventilation to age 28.9 vrs, Despite the work of
I\u se American and Japanese centers and a «uhw
nl 12 such patients by McKim et al.®
e in Europe has r~|\mrpdt

manag

ful extubation of
nts. The purpose of this
e prolongation of 1
and MIE, without any hos-

¥ respiratory failure, in Taly.

METHODS

More than 30

consecutively referred patients
with DMD have been studied since 1995. All the
patients had their diagnosis confirmed by both
muscle hiopsy and genetic analysis,” except one for
‘whom the diagnosis was made by DNA analysis and
muscle biopsy of a maternal cousin with iy
apparent DML, All were wheelchair dependent be-
) patients received gh
corticeid therapy. Patients older than 11 yrs were
mptoms of hypercapnia, including
ing hastachies; it

somnolence, deg

ep NVS at presentation,
ry function studies were
reviewed to determine vital capacity (VC) at onset of
sheep NVS. At every visit, they underwent end-tidal

Arn. & Phys. Med. Rehabi

carbon dioxide (evC0y) and pulse oxyhemoglobin
saturation monitoring (S nd spirometry for
V¥C. All patients whose ¥Cs had passed lifetime
fues [and were therefore de-
dair stacking three times a

restric] dlunglurvutlcw were not alr d)'usil!L!
sheep NVS were prescribed it. Patients with gues-
llumhlL symptoms underwent sleep (e1CH
spport persuading thos
abnormal results to try nocturnal NVS, Sleep enCiy

pe
vith or without multi-
per hour were demonstrated to the
uld be like
However, when
patients felt that the burden of using NV5 ed
the benefits that they derived from it, they were
advised to return in 6 mas for reevaluation and

to feel

perhaps another NVS trial. Pobysomnography was

not used because it is grammed o assess for
ral and obstructive apneas and hypopneas
rather than for bypoventilation

Portable ventilators, maost

CEl

series (Philips-Respiro

Ft)-.r( 151

FIGURE 1  Patient with Duchenne muscular dystronky
wsing muouthpioce NV
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B00-150¢ ml delivered volumes and at physiologic
backup rates to maximize inspiratory muscle rest
during slesp and allow patients to vary their tidal
volumes. Patients were switched to pressure cycling
if severe aerophagia occurred.

When patients experienced dyspnea when dis-
continuing nasal NVS in the moming and contin-
Lied nasal ventilation inta daytime hours, they were
switched to mouthpiece VS if they had enough
strength to grab a 15-mm angled mouthpiece with
their lips {Fig. 1. If not, then nasal prongs were
used instead. During intercurrent upper respiratory
tract infections, CKVS and MIE were used with
cximetry feedback to maintain or return ambient
air Spo; to 95% or greater. They were instructed
to seek medical attention if they could not maintain
an Spog of 95% or greater during waking hours,
They were also told that if intubated, they might
be extubated back to CNVS and MIE without un-
dergoing tracheotomy.™™'"!" Life was considered

the 79 total NVS users, 20 became CNVS dependent,
with only seconds to minutes of ventilator-free
breathing ability and without being hospitalized for
ARF. Table 1 provides demographics and pulmanary
function for the 19 still extant, all of whom have
#1C0; less than 40 and normal Spo; at last evaluation.
In addition to the 19, one DMD CNVS-dependent
patient for 7 yrs died suddenly at age 35 yrs with
severe cardionmpopathy; another 23-hriday NVS user
died suddenly at age 36 yrs, as well as a nocturnal-only
NVS user at age 23 yrs and one who was unaided at
age 20 yrs. In all 4 cases, death was presumed to be of
cardiac etinlogy. Ome additional ventilator user, pa-
tient & in Table 1, had been hospitalized once for
cardiac failure. Of the 79 ventilator wsers, only 1
underwent tracheotomy (Table 1, 13), when he de-
veloped an upper respiratory tract infection that de-
veloped into pneumonia, in a distant region of Haly
and eould not be transferved to a center to extubate
himeN\'SandMIE“ Other than the patient who

to be extended by CNVS when its
resulted in i dyspnea and
desaturation.'”

RESULTS

Of the more than 300 referred patients, 60 were
alveady using sleep NV5 upon presentation, Symp-
toms were used as the criterion to introduce NVS for
the other 19 patients, all of whaom had £1C05 of 42 or
greater and normal Spog at the time of its intro-
duction and 7 of whom went on to require CNVS. OF

h at a distant center, none of
the patients ever develogesd ARF or were hospitalized
fow ARF either before or after starting NVS. The oldest
DMD CNVS user is 51 yrs okd (Table 1, 14). He initially
used an iron lung for nocturnal assistance at age
25 yrs but was switched to nocturnal nasal NVS and at
age 41 yrs hecame CNVS dependent.

DISCUSSION

This study’s outcomes are consistent with those
of Tshikawa et 3% who reported surival to age

TABLE 1 Characteristics of M with DMD on hanical ventilaton
Age, years NVS Begun, vears VO al NVS Onset, ml Onset of CNVS, years WIIWIMLN\&M LVEF, %
31 16-17 m 24 320 43
34 10 25 270 -}
35 15 QM 30 350 4550
3 15 1100 x) 200 20
3 17 a5l 30 440 3B
2 15 980 25 400 65
35 16 0 30 220 3z
2 12 T8O a2 ] Ab—44
34 20 650 30 280 32
38 20 a4 25 E AB-50
35 16-17 980 el 100 63
25 18 930 24 320 52
ar 18 870 Bl 140 ADA5
51 25-26 300350 43 120 65
26 18 420 24 580 45
E 14 850 22-5 280 52
33 17 Bl 25-26 e A5-50
s 14 B0 25 250 45
40 5 T20 34 300 50
amanged.
LVEF indicates et ventricular ejection fraction,
W ajpmr com DMD Life Prolongation by NVS

convenience, security, and unanimously overall and
nene were retrached.'"

Without mechanical ventilation, the mean age
at death has been described as 186 + 29 wrs for
56 people with DMD, with 95% of deaths caused by
respiratory failure.” Using tracheostomy mechani-
cal ventilation, more than 30% of patients die of
cardiac disease, with mast of the remainder dving of
respiratory complications associated with trache-
ostomy. Stewart et al,'* reported that there is no
corvelation between age and extent of cardionyop-
athy in random DMD patients, which is why pa-
tients can die of heart failure long before requiring
ventilator assistance and others with relatively
preserved left ventvicular ejection fractions can
survive into their 405, In the Ishikawa et al.” study,
using CNVS and MIE, of 6 total patients, 24 of the
25 who died did 50 of cardiac disease, including
8 who died before requiring respiratory assistance.
Thus, with noninvasive management, the limiting
factor bo survival is cardiac, and noninvasive man-
agement is warranted for all patients with DMD.
Thus, the authors conclude that the paradigm shift
to noninvasive management has begun in ltaly.
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280 yrs for DMD continsous tracheostomy me-
chanical ventilation (CTMV] users but tn age 30,6 yes
by noninvasive management. The 19 patients in this
study are currently 34.7 = 4.1 yrs old. This figure is
342 = 42 yrs if the ages of the three deceased NVS
users are added. Remarkably, none of the patients
have had any hospitalizations for respiratory Gailure.
Thus, when optimally managed, these patients can
become CNVS for life without hospitalization or
tracheostomies. This was also the case with the 38
patients reported by Ishikawa et al.* but their pa-
tients all resided in a facility and were under their care
from admission. On the other hand, in Bach and
Martinez” only 30% of DMD CNVS users became
CMVS dependent without hospitalization because
msany of their patients came from long distances and
were nob initially under their care,

Despite articles from five centers on three con-
tinents over the last 34 yrs and a recent consensus
statement that concluded that there should be a
paradigm shift from invasive to noninvasive respira-
tory management,™ extremely few DMD patients are
offeved CNVS in any country and no literature of
patient-family support organizations in the United
States or Europe recognizes the capacity for nonin-
vasive management to eliminate need to resort to tra-
chentomy for survval. Accomplishing this requires

least 4 af the 11 whao died did so from ARF, " and all
who subsequently developed ARF and were trans-
ferred from their boarding institution to acute
hospitals were intubated and underwent tracheot-
omies." They rightfully concluded that the princi-
pal reason that the patients developed ARF was that
MIE was not available te them. However, they also
used high nonphysiologic ventilator backup rates of
19 ¢ 3 per minute and low ventilator delivered vol-
umes, 688 + 19 ml, which would also have contrib-
ubed to their long-term noninvasive management
fadlures and relatively poor survival by limiting the
patiente’ ability to air stack in order to cough more
effectively.' In addition, the fact that all who had to
be intubated underwent tracheotomy demonstrates
what should now be considered suboptimal man-
agement because most, if ol all, could have been
extubted to CNVS." Furthermore, in their study,
the patients were instructed to begin nocturnal NVS
for hypercapnia, but not for symptomatic hypercap-
nia, 50 they began it with VCs over 1 liter, Even after
7 yrs of using mouthpiece NVS, their VCs were 354 +
129 ml; thus, many were not CNVS dependent and
vet developed ARF and underwent tracheotomies, In
a later report, again because of failure to extubate
unweanable patients with DMD, these authors stated,
“trachenstomy may be provided when mechanical

bath ongning outpatient
the initiation an‘h’Smilmrmmmmmmnl
NS o of ARF putients

of cough-assi are useless to treat
chronic cough insufficiency.™ Kohler et al'™ like-
wise i a study in 2005 on disability and

mmmmmmmmwnm-
lator weaning parameters, This requires specifically
traine therapiis and physicians in both pediatic

and adult specialties or at

quality-of-life in DMD and, as an aside, noted that
some patients were CNVS dependent but did not re-
port any daytime mouthpiece NVS nor MIE use and

manage all. Because hospital and phﬁlnm com-
pensation is greater for invasive interventions than
for noninvasive, preventative measures, this has only
been reported by three centers that have individual
physicians who provide both long-term and eritical
care.*™ Thus, it is generally incumbent on the pa-
bems g Ives to demand the noni path.
For this, rehabilitation healtheare professionals can
be truual becauxe DMD patients a]mosl |mamhly
i ional, and therapy
sewmeslorgbehmdnelemnaﬂnﬂ}‘ﬂmm
tionally results in tracheotomy, and physiatrists, as
opposed o neurologists and pulmonologists, typically
treat both pediatric and adult populations.

In 2005, Toussaint et al. reported 42 Belgian
DMD patients who used mouthpiece NVS to a mean
Kaplan-Meier analysis predicted survival of 31 yrs,
only slightly better than by invasive management
(20,1 8.5 yrs; range, 13.8-42.0 yrs)® and infeerior to
that reported in other centers.™™ In addition, at

noted no patients being extubated so
recourse to tracheotomy would ultimately become
necessary o avoid premature death.

Consistent with previous successful studies, it
was found that onset of nocturnal NVS for symp-
tomatic hypoventilation occurred when the VC wasa
mean of 831 £ 173 ml and CNVS dependence oc-
curred when the VC had decreased to below 297 +
113 ml. Bach and Martines” reportied means of 684 +
278 ml and 320 £ 240 ml, respectively, for these
figuires; and McKim et al.,” a mean of 900 = 400 m
and 570 ml, respectively. Bach and Martines’
Ishikawa et al.,* and McKim etal.” reported a total of
1157.2 patient-years of ventilator use among their
patients. The 19 patients in Table 1 have a total of
329 patient-years of ventilator use, [n a study of 69
CNVS dependent patients with neuromuscular re-
spiratory muscle failure wheo had been decannulated
after 1 mo or more of tracheostomy mechanical ven-
tikation and switched to CNVS, all preferred nonima-
sive for speech. swall
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