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M-IPPV first reported at a conference on post-poliomyelitis

• John E Affeldt of Rancho Los
Amigos Hospital in Los Angeles
observed that an intermittent
positive-pressure ventilation
machine with a mouthpiece circuit
could be used to relieve dyspnea
in ventilator dependent polio
patients whose negative-pressure
ventilation was interrupted for
transfers, nursing care, or physical
therapy.

Affeldt JE. Roundtable conference on poliomyelitis
equipment. National Foundation for Infantile Paralysis-
March of Dimes. White Plains, New York; 1953.
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“…some of our physical therapists, in struggling with (iron lung) patients, 
noticed that they could simply take the positive pressure attachment, apply a 
small plastic mouthpiece..., and allow that to hang in the patient's 
mouth….We even had one patient who has no breathing ability who has 
fallen asleep and been adequately ventilated by this procedure, so that it 
appears to work very well, and I think does away with a lot of complications 
of difficulty of using (invasive) positive pressure.  You just hang it by the 
patients and they grip it with their lips, when they want it, and when they 
don't want it, they let go of it.  It is just too simple….."  
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What is Mouth Piece Ventilation (MPV)?

• MPV or “sip ventilation was first described by Affeldt at a conference on
Poliomyelitis in 1953

• Bach suggested mouth piece ventilation as an alternative to tracheostomy
Bach JR,. Chest 1993;103(1):174-182.

•
It involves the patient taking breaths from a small mouth piece attached to a
ventilator circuit. John R Bach,Miguel R Gonçalves 2006

• The patient is able to take supported breaths as required and in between
breaths the patient is able to vocalise cough and eat normally John R Bach,Miguel R

Gonçalves 2006 Ventilator-Assisted Living..Spring 2004.

• It can be combined with mask ventilation for those patients requiring 24
hour ventilation Bach JR, Alba 1994 Chest. 1994;106:1705-10
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Neuromuscular Disease

COMMENTARY

Forty-Eight Years with Duchenne
Muscular Dystrophy

ABSTRACT
Bach JR, DeCicco A: Forty-eight years with Duchenne muscular dystrophy. Am J
Phys Med Rehabil 2011;90:868Y870.
Key Words: Duchenne Muscular Dystrophy, Neuromuscular Disease, Noninvasive
Mechanical Ventilation, Insufflation-Exsufflation, CoughAssist, Survival

The Internet tells patients that, BThe average life expectancy for patients
afflicted with Duchenne Muscular Dystrophy (DMD) varies from late teens to
early to mid-20s. There have been reports of a few DMD patients surviving to the
age of 40 but this is extremely rare.[1 The Muscular Dystrophy Association Web
site tells us, BIn all likelihood, your son will be a young man by the time his DMD
becomes fatal. Eventually his respiratory system and his heart will be severely
weakened by the disease. Then you’ll begin to face the fact that he doesn’t have
much time leftI. Some young men in the later stages of DMD welcome the end
of their struggle, while others insist on every last medical intervention that might
give them a few more days or hours of lifeI. One or both of you may experience a
new wave of denial, believing that some divine miracle or new medical procedure
will prevent the inevitable.[2 On March 20, 2011, Jeff Gray (Fig. 1) died suddenly,
without discomfort or any warning, while talking with his brother, 1 mo shy
of his 48th birthday. Was it thanks to a Bdivine miracle[ or a simple interven-
tion that he has been using for the last 27 yrs to prevent respiratory failure?
Although this intervention has been available to people with Duchenne muscu-
lar dystrophy (DMD) since at least 1969, it continues to be offered only to those
coming to our center and to, perhaps, only two others in the United States.3

Jeff had a typical clinical course for DMD and an Xp21 7 exon deletion that
encodes for the missing dystrophin. In 1991, his left ventricular ejection fraction
was normal, but by 1998, it was down to 25%. Without ever developing cardio-
respiratory failure, Jeff gradually became continuously ventilator-dependent,
using a 15-mm angled mouthpiece for daytime noninvasive mechanical ventila-
tion (NIV) for 25 yrs (Fig. 1) and nasal or lip-seal ventilation for nocturnal
support for 27 yrs.4 His vital capacity had been less than 200 ml since age 33 yrs
and less than 100 ml since age 42 yrs (Fig. 2), but, despite a vital capacity of 0 ml
on March 14, 2011, glottis function permitted him to air stack to 1530 ml and
to perform glossopharyngeal breathing (GPB).5 The ability to perform glosso-
pharyngeal breathing permitted Jeff ventilator-free breathing ability until his
maximum glossopharyngeal breathing capacity decreased to less than 400 ml
after age 42 yrs (Fig. 2).5
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There have been no publications from United
States centers on this full-support noninvasive ap-
proach4,5 other than ours, a 1979 paper by Alexan-
der et al.,6 and one by Josh Benditt7 in 2006; there
was only one paper on the extubation of
Bunweanable[ DMD patients to full-support NIV
without resorting to tracheostomy.8 As a result, few
DMD patients in the United States avoid acute res-
piratory failure, intubation, tracheostomy, and
premature death. The question of why few physi-
cians are learning to use these methods has already
been considered.9 More puzzling is why patient-
supported organizations dedicated to DMD are

uninterested. Although there are about 230 Mus-
cular Dystrophy Association clinics in the United
States and other clinics associated with groups like
the Parent Project for DMD, none of these offer
mouthpiece NIV, mechanically assisted coughing,
and extubation of Bunweanable[ DMD patients to
avoid tracheostomy, thereby leaving these Byoung
men [to] welcome the end of their struggle,[2 that
is, to die prematurely or spend a lifetime with tubes
in their necks.

Appreciating what it means to avoid respira-
tory failure and invasive tubes, Jeff developed a Web
site in 1998 to spread this knowledge.10 This was
the first Web site with a video showing mouthpiece
NIV for ventilatory support. He also developed a
DMD social network.11 Because of his personal ex-
perience with so many constipation regimens, Jeff
contributed to the gastrointestinal management
chapter of my last book.12 In February 2011, Jeff
completed a book entitled, BI_m Not Dead Yet[ to
deliver his message, for prepublication editing.
Living only 7 miles from my home, Jeff was the first
patient visited by more than 100 physicians and
therapists through the years, mostly from Europe
and Canada, wanting to learn how to help their
patients. He will be sorely missed by many.

Jeff was managed at home using a Medicaid
waiver for up to $8,000 per month mainly for
nursing services. Nursing home ventilator unit
placement would have cost $25,000 to $30,000 per
month. As an intelligent, self-directed individual,
however, had Jeff been permitted to use personal
attendant services rather than nursing, the cost
could have been as low as the $2,400/mo that it
is for one of our other DMD patients older than
40 yrs who is using continuous NIV support.13

Jeff ’s data are also in our in press publication
on 101 continuously NIV-dependent DMD patients,
of whom 39 were dependent for more than 10 yrs,

FIGURE 1 47.9-yr-old man with Duchenne muscular
dystrophy using a 15-mm angled mouth-
piece for daytime noninvasive ventilatory
support in a regimen of continuous non-
invasive support for 27 yrs.

FIGURE 2 The patient’s vital capacity, GPBmaxSBC, and MIC during a 20-yr period. GPBmaxSBC indicates
glossopharyngeal breathing maximum insufflation capacity; MIC, maximum insufflation capacity.

www.ajpmr.com Forty-Eight Years with Duchenne Muscular Dystrophy 869
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Choosing the correct interface 

Susan Sortor Leger, ERS school course 2004 

•  ADVANTAGES: 
•  can be used intermittently breath by breath, according to 

patient’s own needs.  
•  Better appearance (daytime use) 
•  Facilitates speech and cough 
•  Ideal for fulltime NIV 

•  DISADVANTAGES: 
•  air leaks 
•  dry mouth 
•  dental and tempomandibular  joint problems 
•  may elicit gag reflex 
•  stimulate salivation and eventually cause vomiting with risk of 

aspiration  

 

MOUTH-PIECE 

Schonhofer, Sortor Leger  ERJ 2002;  Bach, JR Chest 1987 
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Suitable patients.

• It is used most commonly in Neuromuscular, Duchenes Muscular Dystrophy
Motor Neurone and Spinal disease.

• It can be used to treat dyspnea, increase Tidal Volume (VT), control hypercarbia
and improve quality of life Boitano LJ, Benditt JO. Respiratory Care.2005 Nov;50(11):1457-61.

• It has been shown to be useful in the Intensive care unit (ICU) weaning from full
mechanical ventilation. However, it did involve more nursing time than mask
NIV. Schneider E, Anesthesia. 2006;61(1):20-3.

• Glerant et al (2007) has shown that MPV does have a place Chronic Obstructive
Pulmonary Disease (COPD) Glerant JC, Respiration. 2007;74:632-639.

•
In COPD patients with acute hypercapnic respiratory failure and can reduce the
rate of endotracheal intubation in comparison to standard medical treatment.

• It has a place second line measure to Mask Non Invasive Ventilation (NIV).
Schneider E, Anesthesia. 2006;61(1):20-3. Glerant JC, Respiration. 2007;74:632-639.

• The patient must be able to control their upper airway and have normal Bulbar
function. John R Bach,Miguel R Gonçalves 2006 Ventilator-Assisted Living..Spring 2004
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MOUTHPIECE INTERMITTENT VOLUME VENTILATION 
DURING WALKING IN PATIENTS WITH SEVERE 

RESTRICTIVE VENTILATORY SYNDROME. 
  

T PINTO PT Msc, MR GONÇALVES PT PhD, JC WINCK MD PhD  

Patologias	
   	
  	
  	
  	
  N	
  =	
  18	
  

Cifoescoliose	
   11	
  
DNM	
   6	
  

Paralesia	
  
Diafragmá8ca	
   1	
  

N=18	
  

FVC	
  (ml)	
   880,6	
  

FVC	
  (%)	
   33,4	
  

FEV1	
  (ml)	
   720	
  

FEV1	
  (%)	
   32,9	
  

IT	
   84,7	
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Padrões de Utilização

Jusrinano Aguiar Reis - Justiniano Aguiar dos Reis

Criado por DirectView v2.2
10-03-2014 12:49

Página 16 de 34

Definições e Alarmes

Últimas definições e alarmes do dispositivo  19-12-2013 13:58
Dispositivo TRILOGY 100

    Número de Série TV113071533

    Versão 13.0

Configuração do Hardware

    Tipo de Circuito Passivo

Definições Primárias

    Modo AC

        Volume Corrente 1300 ml

        Frequência Respiratória 12 BPM

        Tempo da Inspiração 1,2 segundos

        Padrão do Fluxo Ramp

        PEEP 0 cmH2O

        MPV ON

    Alarmes

        Pressão Insp. Baixa 1 cmH2O

        Pressão Insp. Elevada 80 cmH2O

        Apneia DESLIGADO

        SpO2 Baixa 85 %

        Alarme de Circuito desl. (MPV) OFF

Definições Secundárias

    Modo S/T

        AVAPS DESLIGADO

        IPAP 22 cmH2O

        EPAP 8 cmH2O

        Frequência Respiratória 14 BPM

        Tempo da Inspiração 1,2 segundos

        Tipo de Accionador Auto-Trak

        Sensibilidade do accionador fluxo l/min

        Ciclo do Fluxo %

        Tempo de Aumento 3

        Duração da Ramp DESLIGADO

    Alarmes

        Circuito Desligado DESLIGADO

        Apneia DESLIGADO

        Vte baixo DESLIGADO

        Vte elevado DESLIGADO

Jusrinano Aguiar Reis - Justiniano Aguiar dos Reis

Criado por DirectView v2.2
10-03-2014 12:49

Página 21 de 34

Padrões de Utilização

CHSJ - Hospital São João
Fábio Filipe Sousa Valente - FFSV

Criado por DirectView v2.2
18-02-2014 22:00

Página 13 de 19

CHSJ - Hospital São João
Dados do Doente Nome:
Idade:
Médico:
Nota1:

Data de Gravação:
Comentários:

DN:

Hora:

Altura:
Peso:
Nota2:

Duração:

Sexo:
IMC:
Identificação:

Analisado:

Valente, Fábio Filipe Sousa

Nome: Valente, Fábio Filipe Sousa Identificação:

0 0 pol
0 lb

Não especificado
0.0

17 December 2013
Oximetria Nocturna

23:00:36 12:05:00 12:05:00

Frequência de armazenamento de dados de 4 segundos por amostra.

Dados do Episódio SpO2 Pulso Nível %SpO2        Episódios Abaixo(%)         Hora(%)
Total dos Episódios
Tempo nos Episódios (min)
Méd. Duração do Episódio (seg)
Índice (1/hr)
% Artefacto
Índice Ajustado (1/hr)
Dados %SpO2 
SpO2 Basal(%)
Tempo (min) <  95%
Episódios <  95%
Período único máximo <  95%
SpO2 Mínima (%)
Méd. SpO2 Baixa (%)
Méd. SpO2 Baixa <  95%
Dados do Pulso
Méd. Frequência de Pulso(bpm)
Frequência de Pulso Baixa (bpm)

Parâmetros de análise

Resumo Gráfico

Episódio de Dessaturação: queda da SpO2 de pelo menos 4% durante um período mínimo de  10 segundos.
Episódio de Pulso: Alteração da frequência de pelo menos 6 bpm durante um período mínimo de 8 segundos.
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 44.0
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 94.9
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   30

  612 sec at 01:43:48
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 79 - 75       0
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 69 - 65       0
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 54 - 50       0
 49 - 45       0
 44 - 40       0
 39 - 35       0
 34 - 30       0

 100  100.0
  95   31.2
  90    0.1
  85    0.0
  80    0.0
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  60    0.0
  55    0.0
  50    0.0
  45    0.0
  40    0.0
  35    0.0

SpO2

Episódios

       (10 %  por divisão)

 80

 90

 70

 100

  60

Pulso Frequência

Episódios

(10 BPM por divisão)

 90

110

 70

 140

  40

Hora  0  1  2  3  4  5  6  7  8  9  10  11
SpO2 às
100

0

(%) Hora

100 90 80 70 60 50 40 30
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Duchenne muscular dystrophy: Survival
by cardio-respiratory interventions

Yuka Ishikawa ⇑, Toshihiko Miura, Yukitoshi Ishikawa, Tomoyuki Aoyagi, Hitoko Ogata,
Satoshi Hamada, Ryoji Minami

Yakumo Byoin National Sanatorium, Department of Paediatrics, 123 Miyazono-cho, Yamakoshi-gun Yakumo, Hokkaido 049-3198, Japan
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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.

Keywords: Cough; Mechanical ventilation; Respiratory paralysis; Respiratory therapy; Muscular dystrophy; Mechanical insufflation-exsufflation;
Noninvasive ventilation

1. Introduction

The vital capacity (VC) peaks between ages 9 and 16 for
patients with Duchenne muscular dystrophy (DMD) and

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].

0960-8966/$ - see front matter ! 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.nmd.2010.09.006

Abbreviations: CPF, cough peak flows; DMD, Duchenne muscular
dystrophy; LVEF, left ventricular ejection fraction; MAC, mechanically
assisted coughing; MIC, maximum insufflation capacity; NIV, noninva-
sive mechanical ventilation; PetCO2, end-tidal carbon dioxide tension;
PtcCO2, transcutaneous carbon dioxide(CO2) tension; RTI, respiratory
tract infection; SpO2, pulse oxyhemoglobin saturation; VC, vital capacity;
VFBA, ventilator-free breathing ability
⇑ Corresponding author.
E-mail address: yuka@msa.biglobe.ne.jp (Y. Ishikawa).

www.elsevier.com/locate/nmd

Available online at www.sciencedirect.com

Neuromuscular Disorders 21 (2011) 47–51

Author's personal copy

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

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
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Fig. 1. Survival curve (Kaplan–Meier), showing comparison in percentage survival from no cardiopulmonary treatment to tracheostomy or noninvasive
ventilation with cardioprotection.
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1. Introduction

The vital capacity (VC) peaks between ages 9 and 16 for
patients with Duchenne muscular dystrophy (DMD) and

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
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Clinical notes

Electrophrenic pacing and decannulation for
high-level spinal cord injury: A case series
Priya Bolikal1, John R. Bach1, Miguel Goncalves2

1Department of Physical Medicine and Rehabilitation, University of Medicine and Dentistry of New Jersey-New
Jersey Medical School, University Hospital, Newark, NJ, USA, 2Department of Pulmonology, University Hospital
of S. João, Faculty of Medicine, University of Porto, Portugal

Background: In 1997, guidelines were developed for the management of high-level ventilator-dependent
patients with spinal cord injury who had little or no ventilator-free breathing ability (VFBA). This article
describes the three categories of patients, the decannulation criteria, and the successful decannulation of
four patients with no VFBA and electrophrenic/diaphragm pacing, using these criteria.
Method: Case series.
Conclusion: Lack of VFBA in patients with high-level spinal cord injury does not mandate tracheostomy or
electrophrenic/diaphragm pacing.

Keywords: Glossopharyngeal breathing, Assisted cough, Mechanical insufflation–exsufflation, Spinal cord injuries, Tetraplegia, Respiratory therapy,
Noninvasive mechanical ventilation, Electrophrenic pacing, Diaphragm pacing

Introduction
In 1997, we suggested guidelines for the management of
ventilator-dependent patients with high-level spinal cord
injury who have little or no ventilator-free breathing
ability (VFBA).1 Three categories were described: (1)
Patients with lesions extending into the brainstem who
have severe bulbar-innervated muscle (bulbar) impair-
ment and inability to protect the airways require tra-
cheostomy tubes for airway protection. These patients
may benefit from electrophrenic/diaphragm pacing
(EPP) for respiratory support. (2) Patients with high-
level injuries who have sufficiently functional bulbar
musculature to protect the airways, but without sufficient
neck rotation to grab a mouthpiece for noninvasive ven-
tilatory support (NVS). These patients can use mechani-
cally assisted coughing (MAC) to clear the airways and
EPP/DP1 around-the-clock or, in the event of pacer-
associated sleep apneas, EPP/DP during daytime
hours, NVS during sleep, and be safely decannulated.
(3) Patients with or without VFBA who can grab a
mouthpiece fixed adjacent to the mouth. These patients
can be decannulated and use an intermittent abdominal
pressure ventilator2 or NVS via a 15-mm angled

mouthpiece during the day and nasal or oro-nasal inter-
face overnight. Although many category (3) patients
have been successfully decannulated,3–7 until now no
one has described decannulation of ventilator-dependent
patients with electrophrenic or diaphragm pacemakers.
The following cases satisfied our decannulation criteria,

which included being fully alert and cooperative, having
an oxyhemoglobin saturation baseline (SpO2) ≥95%,
and cough peak flows (CPF) exceeding 2.7 l/s (liters
per second) with a capped tracheostomy tube (Table 1).
In addition, all patients spoke clearly and received all
nutrition by mouth. Following decannulation, all four
patients had ostomy pressure dressings to permit use of
NSV without air leaking out of the ostomy.8 All four
stomas closed without complication and all maintained
normal EtCO2 and SpO2 while using NVS.

Case 1 2
A 35-year oldwomanwho at age 17 years sustained a com-
pleteASIAAC1-C2 cervical spine injury in amotor vehicle
collision. Following injury, she had no VFBA and a vital
capacity (VC) just under 200 ml but intact bulbar muscula-
ture. She was trained in mouthpiece and nasal NVS with
her fenestrated tracheostomy tube capped, then decannu-
lated to NIV during a rehabilitation stay 4 months after
her injury. She was initially continuously NVS dependent,
but achieved 20–30 minutes of VFBA by using accessory

Correspondence to: John R. Bach, Department of Physical Medicine and
Rehabilitation, University of Medicine and Dentistry of New Jersey-New
Jersey Medical School, University Hospital B-403, 150 Bergen Street,
Newark 07103, NJ, USA. Email: bachjr@umdnj.edu

© The Academy of Spinal Cord Injury Professionals, Inc. 2012
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mouthpiece during the day and nasal or oro-nasal inter-
face overnight. Although many category (3) patients
have been successfully decannulated,3–7 until now no
one has described decannulation of ventilator-dependent
patients with electrophrenic or diaphragm pacemakers.
The following cases satisfied our decannulation criteria,

which included being fully alert and cooperative, having
an oxyhemoglobin saturation baseline (SpO2) ≥95%,
and cough peak flows (CPF) exceeding 2.7 l/s (liters
per second) with a capped tracheostomy tube (Table 1).
In addition, all patients spoke clearly and received all
nutrition by mouth. Following decannulation, all four
patients had ostomy pressure dressings to permit use of
NSV without air leaking out of the ostomy.8 All four
stomas closed without complication and all maintained
normal EtCO2 and SpO2 while using NVS.

Case 1 2
A 35-year oldwomanwho at age 17 years sustained a com-
pleteASIAAC1-C2 cervical spine injury in amotor vehicle
collision. Following injury, she had no VFBA and a vital
capacity (VC) just under 200 ml but intact bulbar muscula-
ture. She was trained in mouthpiece and nasal NVS with
her fenestrated tracheostomy tube capped, then decannu-
lated to NIV during a rehabilitation stay 4 months after
her injury. She was initially continuously NVS dependent,
but achieved 20–30 minutes of VFBA by using accessory
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‘…it is usually best to proceed with a tracheostomy if
noninvasive means of ventilation are not an option.’12

This occurs despite the cost and quality of life benefits
of using long-term NVS rather than invasive manage-
ment18 and that noninvasive management permits
patients to master GPB for security in the event of ven-
tilator/device failure.3,4 In addition, there is evidence of
a greater risk of airway complications for intubated
patients undergoing tracheostomy than for those intu-
bated for 3 or 4 weeks and then extubated successfully
to NVS.19 Likewise, other than for this center,3,4 there
are no publications that suggest that long-term venti-
lator users be offered decannulation. Books dedicated
to SCI do not even broach the subject.12,20

Reasons why decannulation of EPP/DP users has not
been reported can only be speculated. First, there is a
widespread notion that patients with no pacer/VFBA
are safer with tracheostomy tubes irrespective of
method of ventilatory support and despite evidence to
the contrary.3–6,21 Second, our indication for EPP/DP
is when VFBA is completely absent and the patient
cannot grab a mouthpiece for daytime NVS. However,
no clinicians placing EPP/DP have ever reported
using NVS or even considering bulbar muscle function,
i.e. CPF≥ 2.7 l/s, as a criterion for decannulation.
Consequently, EPP/DP is marketed not only to patients
with high-level SCI who have no VFBA (for whom they
can at times be ideal), but also to patients with VFBA
who could be managed noninvasively and less expens-
ively. Further, despite the enormous expense of EPP
and DP and potential complications, there are no effi-
cacy studies comparing it to NVS with or without
decannulation. Indeed, there are few publications on
EPP and DPT in general.22–25

These cases also demonstrate that VC can increase
post-decannulation and during the 8 years of so post-
SCI, as previously reported.3–7,26 Additionally, Case 1
demonstrated that undergoing tracheotomy with or
without EPP can result in loss of VC and VFBA
because of some combination of diaphragmdecondition-
ing, tube-induced airway secretions, hyperventilation
causing hypocapnia (bypassing upper airway sensation),
impaired ability to cough, and loss of glottic valving.27

Indeed, for Case 1 recovery of some VFBA occurred
within 1 month following both decannulations despite
being perfectly medically stable for 4 months prior to
the first one and at home and stable for 14 months
prior to the second. Thus, her re-development of
VFBA cannot be attributed to natural recovery. Cases
3 and 4 also demonstrated improved VC and respiratory
function following decannulation. No recovery of EPP/
DP-free breathing ability has been reported.

Conclusion
Thus, lack of all VFBA in SCI does not mandate tra-
cheostomy or EPP/DP. Only severe glottis dysfunction
that results in aspiration of saliva and oxyhemoglobin
saturation below 95%, as it can in amyotrophic lateral
sclerosis, may mandate the need for tracheostomy for
survival for SCI.28
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Tracheostomy in neuromuscular 
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In Europe 23% of HMV users 
have tracheostomy; in NMD 54% 
have tracheostomies 

…Think and stay 
NON-

INVASIVE…!!! 
John R. Bach, 1990 
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Mouthpiece-Ventilator Alternatives 
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2013 
 

The Trilogy “Kiss” Trigger 
 
The Trilogy Mouth Piece Ventilation Mode 
detects when a patient touches a mouthpiece to 
deliver on-demand positive pressure ventilation 
without counterproductive expiratory pressure, the 
foundation of noninvasive intermittent positive 
pressure ventilatory support.  
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Trilogy 
Mouth Piece Ventilation Mode 

•  PEEP <1 cm H2O 
•  Touch sensitive “kiss” trigger, delivers then cuts off, saves 

battery charge, no air flow to the face/eyes 
•  Ideal for air stacking to maintain lung health 
•  Back-up rate option 
•  11 lbs. 
•  Dual treatment modes 
•  Alarms: low pressure to 1, off; high pressure to 80 cm H2O; 

apnea – off, 5 to 60 sec; disconnect – 1 to 15 min or off. 
•  Compatibility with CoughAssist – interface, battery, software 

menus 
•  Support arm and specific circuit for MPV available, cheaper.  

Potential Side Effects

• Side effects of M-IPPV may include
– excessive salivation,
– abdominal distension,
– mild orthodontic deformities in long-term users

• The former two, although initially a source of discomfort,
generally improve and almost never constitute reason to
discontinue M-IPPV

Bach, J.R. et al. (1987). Mouth intermittent positive pressure ventilation in the management of post-polio respiratory
insufficiency. Chest, 91(6), 859-864.

• Side effects of M-IPPV may include
– excessive salivation,
– abdominal distension,
– mild orthodontic deformities in long-term users

• The former two, although initially a source of discomfort,
generally improve and almost never constitute reason to
discontinue M-IPPV

Bach, J.R. et al. (1987). Mouth intermittent positive pressure ventilation in the management of post-polio respiratory
insufficiency. Chest, 91(6), 859-864.
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NIV 24 hours/day 
for totally ventilatory 
dependent patients 

(VC=0) 

 

Is it possible.???? 
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Together we currently have in our centers >1000 continuous NIV users, some 
for >50 yrs, and most using a simple mouthpiece during daytime hours, but 
they are correct that there are “no controlled studies that demonstrate that NIV 
prolongs life”.  Do they suggest that we withdrawn the mouthpiece from ½ of 
the patients and let them asphyxiate to death to satisfy their criteria for a 
controlled study?  

Indeed, instead of the latter, the challenge should be to remove trach tubes for 
continuous DMD ventilator users “if the patient desires it, if there have been 
complications of tracheostomy, or if tube removal can facilitate social functioning 
like de‑institutionalization.  

Eur Respir Journal 2007  
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Neuromuscular Disease

REVIEW & ANALYSIS

Changing Trends in the Management
of End-Stage Neuromuscular
Respiratory Muscle Failure
Recommendations of an International Consensus

ABSTRACT
Bach JR, Gonçalves MR, Hon A, Ishikawa Y, De Vito EL, Prado F, Dominguez ME:
Changing trends in the management of end-stage neuromuscular respiratory muscle
failure. Am J Phys Med Rehabil 2013;92:267Y277.

Objective: Respiratory management of patients with end-stage respiratory muscle
failure of neuromuscular disease has evolved from no treatment and inevitable respi-
ratory failure to the use of up to continuous noninvasive intermittent positive pressure
ventilatory support (CNVS) to avert respiratory failure and to permit the extubation of
Bunweanable[ patients without tracheostomy. An international panel experienced in
CNVS was charged by the 69th Congress of the Mexican Society of Pulmonologists
and Thoracic Surgeons to analyze changing respiratory management trends and to
make recommendations.

Design: Neuromuscular disease respiratory consensuses and reviews were iden-
tified from PubMed. Individual respiratory interventions were identified; their impor-
tance was established by assessing the quality of evidence-based literature for each one
and their patterns of use over time. The panel then determined the evidence-based
strength for the efficacy of each intervention and made recommendations for achieving
prolonged survival by CNVS.

Results: Fifty publications since 1993 were identified. Continuous positive airway
pressure, oxygen therapy, bilevel positive airway pressure used at both low and high
spans, Bair stacking,[ manually assisted coughing, low pressure (G35 cm H2O) and
high pressure (Q40 cm H2O) mechanically assisted coughing, noninvasive positive
pressure ventilation part time (G23 hrs per day) and full time (923 hrs per day; CNVS),
extubation and decannulation of ventilator-dependent patients to CNVS, and oximetry
feedback for noninvasive positive pressure ventilation and mechanically assisted
coughing were identified. All noted interventions are being used with increasing fre-
quency and were unanimously recommended to achieve prolonged survival by CNVS,
with the exception of supplemental oxygen and continuous positive airway pressure,
which are being used less and were not recommended for this population.

Conclusions: CNVS and extubation of unweanable patients to CNVS are in-
creasingly being used to prolong life while avoiding invasive interfaces.
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only nocturnal low-span PAP. Controlled studies
demonstrated a statistically significant prolonga-
tion of survival for several months using nocturnal
bilevel PAP, but none reported extending the use of
bilevel PAP to CNVS.

Recommendation
Because bilevel PAP cannot be used for air

stacking, expiratory PAP is counterproductive for
assisting weak respiratory muscles, and, because
portable ventilators eventually become necessary
for CNVS, the panel recommended that all patients
with the ability to air stack use nocturnal NIV rather
than bilevel PAP (grade of recommendation: 1C).

Continuous Noninvasive Intermittent
Positive Pressure Ventilatory Support

This can be provided during sleep via nasal or
oronasal interface and during daytime hours via
mouthpiece except for those whose lips are too weak
to grab it, in which case, nasal prongs are used.6,92

CNVS has been reported to have been used suc-
cessfully as an alternative to TMV for 760 patients
from 21 centers93 and for patients for up to 58 yrs
(Fig. 1).

History
The use of some daytime mouthpiece NIV was

recommended in 16 of 47 articles and, for up to
CNVS, in 10 articles, but none noted that tracheos-
tomy could be avoided by CNVS, especially when the
patients are intubated. Extubation of Bunweanable[
patients to CNVS has thus far only been reported in
four centers.7,10,11,26

Recommendation
Because of the limitations of bilevel PAP and

the eventual need for CNVS, the panel unanimously
recommended that assist-control volume-cycling
NIV be used for patients capable of air stacking and
that pressure-cycling NIV be used otherwise. The
grade of recommendation is 1A for using ventilators
for CNVS because of the extremely large and con-
sistent magnitude of the treatment effect,25 that is,
no randomized controlled trials are possible to
demonstrate prolonged survival because discontinu-
ance of CNVS can only result in death for patients
without the autonomous ability to breathe.94,95

However, the panel unanimously recommended the
use of nocturnal bilevel PAP or pressure-cycling NIV
for patients with bulbar ALS who hypoventilate dur-
ing sleep but cannot air stack (grade of recommen-
dation: 1A).75

Mechanically Assisted Coughing
MAC is defined as mechanical insufflation-

exsufflation (e.g., Cough Assist; Philips-Respironics
Inc, Murraysville, PA) with an exsufflation-timed
abdominal thrust. The mechanical in-exsufflator
delivers positive pressure to full clinical chest ex-
pansion then negative pressure to maximal lung
emptying via an oronasal interface or an invasive
airway tube.96 Like withdrawal of CNVS for patients
with 0 ml of VC, withdrawal of MAC from patients
with productive airways but who are unable to
cough necessarily results in RF, most often from
pneumonia in the left lung fields because airway
suctioning misses the left mainstem bronchus more
than 90% of the time.97 The only randomized
controlled trial of MAC vs. invasive airway suction-
ing significantly favored the former.98 The use of
MAC has been reported to be critical to avoid RF,
hospitalization, and intubation for patients with
chest infections21,74,99,100 and to permit extubation/
decannulation of patients failing SBTs.23 The
patients who benefit the most from MAC are those
whose bulbar muscle function is insufficient to
permit optimal air stacking for assisted CPF (94.5Y5
liters/min) but is adequate to maintain airway
patency.76

History
Only 12 articles mentioned in-exsufflation use at

the insufflation and exsufflation pressures considered
effective by this panel (935 cm H2O).

101Y103 Nineteen
articles recommended low pressures, 3 noted no set-
tings, and 15 did not mention it. No articles cited the
use of MAC via invasive airway tubes.

Recommendation
The panel unanimously recommended that

MAC be used, whether noninvasively or via invasive
airway tube, for all NMD patients with CPF less than
5 liters/sec21 to treat airway congestion (grade of
recommendation: 1A).

Extubation and Decannulation
Despite CNVS and MAC, aspiration and intercur-

rent respiratory tract infections can result in pneumo-
nia and RF, and early tracheotomy has been proposed
to Bminimize respiratory complications.[104Y106

Conventionally, ventilator weaning is considered
necessary for extubation. Tracheostomy for end-
stage respiratory management and extubation fail-
ure was cited in 46 of the 50 articles, and none
described the extubation or the decannulation of
patients who could not pass SBTs. However, a
2010 publication reported successful extubation
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"   Power failure 
"   Ventilator malfunction 
"   Accidental 
disconnection 
"   Circuit obstruction 
"   Mask fit 
"   Tracheostomy: 

§  Blocked 
§  Falls out 
§  Cannot be replaced after 
changing 

"   Medical problems 

Thorax 2006;61:369-71 

Risk exist 

We can prevent risk 

Tecnical service 

Training (patient and caregiver) 

Patient shared records 
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August 14 2000  
 

Power cut kills man on home 
ventilator  

BY SAM TOWLSON  

 AN INVESTIGATION has been launched into the death of a 
disabled man whose life-saving equipment failed during a 
power cut.  

Feb 15, 2001 
A Fatal Complication of Noninvasive Ventilation 
Lechtzin N., Weiner C. M., Clawson L. 
 
N Engl J Med 2001;344:533 
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Follow-up assessment 

Pulsioximetry 

n  Home visits 
n  Outpatient clinic  
n  Hospital admission 
n  Phone call 
n  General 

practitioner 
n  Community 

resources 
n  e-mail 

Pilot Study: Telemonitorig by real time «wireless» oximetry 
for ventilatory evaluation and prevention of respiratory 
failure in patients submitted to countinous mechanical 

ventilation  

JC Winck, MR Gonçalves, T Pinto et al. 2009 
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spO2/HR day-night profile in a tetraplegic 
Muscular Dystrophy on 24h NIV 

“…There is no 
place like home…!!!”  
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What patients request now … 

• “...Better portable systems 
to achieve and motivate 
activities with the 
ventilator outside of 
home...” 

Needs, perspectives and expectations of patients under 
HMV, 2008 Fondación Laporte, Barcelona  

Main Goal  
Improve Quality of life..!!! 

...and LIFE 
EXPECTATIONS 
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PHOTO

The  sky  is the  limit.  . .!!!!
1

O  céu  é  o  limite. .  .!!!2

M.R. GonçalvesQ13

Serviço  de  Pneumologia,  Faculdade  de  Medicina  e  Centro  Hospitalar  S.  João,  EPE,  Porto,  Portugal4

Figure  1  Patient  with  post-polio  syndrome  (10%  of  vital  capacity)  using  continuous  noninvasive  volume  cycled  ventilation5

through  a  15  mm  angled  mouthpiece,  during  an  airplane  flight  from  Porto  to  Barcelona.  There  were  no  complications  during6

the  flight,  the  patient  felt  very  secure  and  enjoyed  very  much  the  opportunity  to  travel  by  plane.  A  good  example  of  quality7

of  life,  even  with  severe  ventilatory  dependence.8

9

Right  to  privacy  and  consent  in  writing10

The  copyright  holder  of  this  photograph  is  the  author,  M.R.  Gonçalves,  who  declares  to  have  received  written  consent  from11

the  patient  shown  on  the  photo  and  is  in  possession  of  this  signed  document  that  indicates  the  patient’s  agreement  to  the12

publication  of  the  same.13

! Please cite this article as: Gonçalves MR. O céu é o limite. . .!!! Rev Port Pneumol. 2011. doi:10.1016/j.rppneu.2011.06.013.
E-mail address: goncalvesmr@gmail.com

2173-5115/$ – see front matter © 2011 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L. All rights reserved.
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doi: 10.1136/thx.2009.121277
 2010 65: 370-371Thorax

 
J C Winck, M R Gonçalves and N Silva
 
with neuromuscular disease?
Oxygen or ventilation during flight for patients

 http://thorax.bmj.com/content/65/4/370.2.full.html
Updated information and services can be found at: 

These include:

References
 http://thorax.bmj.com/content/65/4/370.2.full.html#ref-list-1

This article cites 4 articles, 4 of which can be accessed free at:

service
Email alerting

box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in the

Notes

 http://thorax.bmj.com/cgi/reprintform
To order reprints of this article go to: 

 http://thorax.bmj.com/subscriptions
 go to: ThoraxTo subscribe to 

 group.bmj.com on April 13, 2010 - Published by thorax.bmj.comDownloaded from 
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1Serviço de Pneumologia, Faculdade de Medicina da
Universidade do Porto, Alameda Prof Hernâni Monteiro,
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Figure 1 Changes in oxygen saturation with an oximeter (Wristox 3100, Nonin Medical,
Plymouth, Minnesota, USA) of a womanwithmitochondrial myopathy on continuous non-invasive
ventilationduringaflight fromPorto toBarcelona. Baselineoxygensaturation (SaO2) was99%; after
take-off (first arrow) therewas a slight decrease to 97%. The first and second desaturation periods
were due to eating and the third (second arrow) coincided with the disconnection of the ventilator
(for battery change). At landing (third arrow) SaO2 returned to baseline values.

Lung alert

Longevity of alveolar macrophages allow sustained in
vivo expression of the human a1-antitrypsin gene and
amelioration of emphysema
This study describes the transduction of mouse pulmonary alveolar macrophages using an
intratracheally instilled lentiviral vector. The transferred genes were expressed in vivo for the
duration of the lifespan of the mouse. Labelling studies using bromodeoxyuridine (BrdU)
revealed continued expression of the transgenes by alveolar macrophages present in the mouse
lung at the time of infection, and not by those recruited after inoculation.
Using this method, a human a1-antitrypsin-expressing lentiviral vector (ET1ahAAT) was

instilled into live immunocompetent mice. The result was stable and sustained secretion of
human a1-antitrypsin protein primarily in the lung by alveolar macrophages augmenting
murine a1-antitrypsin levels. A model of emphysema was induced in these mice and in
a control group by intratracheal installation of porcine pancreatic elastase. The control group
consisted of immunocompetent mice previously infected with a lentiviral-mediated reporter
transgene (EF1aGDP). The effects of elastase on lung compliance, area-weighted mean
alveolar diameter (an index of airspace enlargement in emphysema) and its heterogeneity were
significantly less in the ET1ahAAT-expressing mice compared with the EF1aGDP group (all
p<0.05).
This study demonstrates longevity of pulmonary alveolar macrophages in mice, and

challenges previously held views that they are short lived. Lentiviral transduction to achieve
prolonged therapeutic secretion of human a1-antitrypsin in vivo may make them a potential
target cell population for application of gene therapy.

< Wilson AA, Murphy GJ, Hamakawa H, et al. Amelioration of emphysema in mice through lentiviral transduction of long-lived
pulmonary alveolar macrophages. J Clin Invest 2010;120:379e89.
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“Caregivers also need care !!” 

Am J Public Health 2002;92:409-13 

Impact of intensity of care ! 

Tsara V. Respiration 2006;73:61-7 

The unpaid Caregiver 

8,1%

87,9%

1,6% 2,4%

Caregiver Ventilator Drugs Others

Estimation cost of HMV in  USA 

Bach J. Chest 1992;101:26-30. 

Caregiver cost 
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“….All truth passes through three 
stages:    
 
- First it is ridiculed.   
- Second, it is violently opposed.   
-  Third, it is accepted as being self-

evident…” 
 

Arthur Schopenhauer 1788-1860 

“…There is only 
one way to 
teach….that is, 
to provide the 
example….” 

 
Gustav  Mahler 
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