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Probability of Respiratory Failurey p y

Inevitable:       Duchenne muscular dystrophy
Type I Spinal muscular atrophy (SMA)Type I Spinal muscular atrophy (SMA)
Motor Neuron Disease (MND-ALS)

Frequent:         Limb girdle MD 2C,2D,2F,2I
Nemaline myopathyNemaline myopathy
Int SMA
Acid maltase deficiency
X linked myotubular myopathyX linked myotubular myopathy
Multicore myopathy
Congenital myasthenia
Congenital myotonic dystrophyCongenital myotonic dystrophy

Occasional:      Emery Dreifuss MD, Becker MD, Bethlem
myopathy, Minicore, central core myopathy

Uncommon:     Facioscapulohumeral MD  Mitochondrial Uncommon:     Facioscapulohumeral MD, Mitochondrial 
myopathy, Limb girdle MD 1, 2A,B,G,H



Survival in Duchenne muscular dystrophy: improvements
in life expectancy since 1967 and the impact of home

t l til tinocturnal ventilation
M. EAGLE, S.V. , BAUDOUIN, C. CHANDLER, D.R. GIDDINGS, R. BULLOCK, K. BUSHBY

Neuromusc Dis 2002;12:926-929



Trends in survival from muscular dystrophy in England and  
Wales and impact on respiratory services.Wales and impact on respiratory services.

L.D. CALVERT, T.M. MC KEEVER, W.J.M. KINNEAR, J.R. BRITTON

Cause of death in muscular dystrophy in England and Wales 1993–1999

Resp Med 2005;100:1058-63



Analysis of lung volume restriction in patients with
respiratory muscle weaknessrespiratory muscle weakness
A. DE TROYER, S. BORENSTEIN, AND R. CORDIER

Normal 
subject

Neuromuscular 
ti tpatient

Thorax 1980;35:603-610



PHYSIOPATHOLOGY OF
HYPOVENTILATION

↓ Respiratory muscles 
capacity↓ Ventilatory drive p y↓ Ventilatory drive

↑ Respiratory load

Alveolar hypoventilation
PaO2 and PaCO2



SLEEP RESPIRATORY
DISRUPTION FAILURE



EXPIRATORY
MUSCLE WEAKNESS

INSPIRATORY
MUSCLE WEAKNESS MUSCLE WEAKNESSMUSCLE WEAKNESS

INEFFECTIVE COUGH

CHEST INFECTIONS

↑ WOB

INSPIRATORY
MUSCLE FATIGUE V/Q MISMATCHINGMUSCLE FATIGUE V/Q MISMATCHING

ARF



Design: Retrospective medical record reviewDesign: Retrospective medical record review.

Patients: A total of 49 boys with DMD, between the age 
of 12 and 15, observed over a 7-yr period. Eighteen had 
been treated with prednisone, 12 with deflazacort, and 
19 had no drug treatment19 had no drug treatment.

Measurements: Lower and upper limb motor functions, 
pulmonary function, prevalence of surgery for scoliosis.

Am JPhys Med Rehabil 2005;84:843–850



The control group capacity was decreasing slowly and significantly 
less both in prednisone and deflazacort treated

Am JPhys Med Rehabil 2005;84:843–850



Prednisone was started at a dosage of 0.75 mg/kg per day and deflazacort at 0.9 
mg/kg per day. As patients grew, the dosage was not increased for weightgain but 
li i ll dj t d f ti l t f ticlinically adjusted for optimal motor function.



Peak cough flow and maximum expiratory pressure were significantly higher in the steroid 
treated patients.



TopicsTopics

• Outcome of long-term VDP• Outcome of long-term VDP• Outcome of long-term VDP

• Timing of introduction of MV

• Outcome of long-term VDP

• Timing of introduction of MV

• Quality of life• Quality of life



OUTCOME OF LONG-TERM VDPOUTCOME OF LONG-TERM VDPOUTCOME OF LONG-TERM VDPOUTCOME OF LONG-TERM VDP



Thorax 1998;53:949–952 949



Survival: Probability of continuing domiciliary NIVy g y

Thorax 1995 



Long-term nasal intermittent positive pressure ventilation
in advanced Duchenne's muscular dystrophy

A. VIANELLO, M. BEVILACQUA, V. SALVADOR, C. CARDAIOLI, E. VINCENTI

HMV IN ADVANCED DUCHENNE’SHMV IN ADVANCED DUCHENNE’SHMV IN ADVANCED DUCHENNE’S HMV IN ADVANCED DUCHENNE’S 
MUSCULAR DYSTROPHYMUSCULAR DYSTROPHY

•• 5 pts treated with NPPV5 pts treated with NPPV

5 til t d t l t5 til t d t l t•• 5 unventilated control pts5 unventilated control pts

24 month follow24 month follow--upup

All pts treated with NPPV were still alive; four of five pts All pts treated with NPPV were still alive; four of five pts 
h d t i l ti t t t h d di dh d t i l ti t t t h d di dwho underwent simple conservative treatment had died who underwent simple conservative treatment had died 

(mean survival: 9.7 (mean survival: 9.7 ±± 5.8 months)5.8 months)

Chest 1994;105:445-448



Management trends in DMDManagement trends in DMD

Jeppesen J Neuromusc Dis 2003;13:804-12



Annane D, Chevrolet JC, Chevret S, Raphael JC

Nocturnal mechanical ventilation for chronic hypoventilation 
in patients with neuromuscular and chest wall disorders.

Cochrane Database of Systematic Reviews. Issue 1, 2001

Current evidence about the therapeutic
benefit of mechanical ventilation is weak butbenefit of mechanical ventilation is weak, but
consistent, suggesting alleviation of the
symptoms of chronic hypoventilation in they p yp
short term, and in two small studies survival
was prolonged. MechanicalMechanical ventilationventilation shouldshould
bb ff dff d th tith ti titi tt ti tti tbebe offeredoffered asas aa therapeutictherapeutic optionoption toto patientspatients
withwith chronicchronic hypoventilationhypoventilation duedue toto neuroneuro--
muscularmuscular diseasesdiseasesmuscularmuscular diseasesdiseases..



Decision-making in Duchenne MD
Gibson B, Chest 2001

Mail questionnaire: Canadian 
h i iphysicians

Response rate 45/60p
25% do not discuss mech vent with all 
patientspatients
Most frequently cited reason for 
advising against vent = poor quality of advising against vent = poor quality of 
life (52.6%)



Timing of decision-making : UK survey g g y
in DMD 
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TIMING OF INTRODUCTION OF MVTIMING OF INTRODUCTION OF MVTIMING OF INTRODUCTION OF MVTIMING OF INTRODUCTION OF MV



C C f Cli i l I di tiConsensus Conference:   Clinical Indications 
for NIV in CRF

Restrictive disorders
Diagnostic certainty
Symptoms eg. fatigue, dyspnoea, headaches

1 of the follo ing1 of the following:
PaCO2 > 6.0 kPa
Nocturnal SaO2 <88% for > 5 minutesNocturnal SaO2 <88% for > 5 minutes
MIP < 60cmH2O or FVC < 50% pred  in progressive 
disorders

Chest 1999;116:521-524



The efficacy of noninvasive mechanical ventilation on nocturnal 
hypoxaemia in Duchenne's muscular dystrophy

F. FANFULLA, A. BERARDINELLI, G. GUALTIERI, M.C. ZOIA, A. OTTOLINI, A. VIANELLO, G. LANZI, I. 
CERVERI

MACD 1998; 53:9-13



Randomised controlled trial of NIV in nocturnal 
hypoventilation in congenital neuromusculo-hypoventilation in congenital neuromusculo
skeletal disease: trial design

n = 48
Total number of patients screened

Nocturnal hypoventilation
TcCO2 > 6 5 kPa

Daytime normocapnia Daytime hypercapnia

TcCO2 > 6.5 kPa

Group 1 Group 2

n = 26

Group 3

n = 19

Group 1
Randomised to control

No NIV
n = 12

Group 2
Randomised to NIV

n=14

Group 3
Elective NIV

n=19
n = 12 n=14

Ward et al Thorax 2005



Summary of group 1 patients failing follow up only

Results
Summary of group 1 patients failing follow-up only

Patient ID Months from entry onto study (0 – 24) Reason for failure of follow-up only

1 ↑ daytime PaCO2

2 ↑ daytime PaCO2

↑ ↓3 ↑ TcCO2 + ↓ PFTs

13 ↑ daytime PaCO2

14 NO NIV NIV ↑ daytime PaCO2

Intervention with NIV to control nocturnal hypoventilation 
may reduce the frequency of acute hypercapnic crises14 NO NIV NIV ↑ daytime PaCO2

15 Symptomatic relief

16 Failure to thrive + acute pneumonia

may reduce the frequency of acute hypercapnic crises 
provoking general ward and ICU admissions.

17 Symptomatic relief

25

26 ↑ daytime PaCO2

                                                     %  of group receiving NIV
Baseline   6 months       12 months  18 months     24 months

0% 50% 70% 70% 90%    0%                 50%                   70%                   70%                90%

i.e. 9/10 patients met criteria to receive NIV by end of study (70% within 1 year)



QUALITY OF LIFEQUALITY OF LIFEQUALITY OF LIFEQUALITY OF LIFE



Psychosocial, vocational, quality of life, and ethical issues

J.R. BACH

Pulmonary Rehabilitation 1996;395-411



Mechanical insufflation-exsufflation. Comparison of 
peak expiratory flows with manually assisted and 

i t d hi t h iunassisted coughing techniques

J.R. BACH
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Use of mechanical In-Exsufflator in Pediatric Patients 
with Neuromuscular Disease and Impaired Cough.
LJ MISKE, EM HICKEY, S KOLB DJ WEINER, HB PANITCH

N-NMD 
12

DMD 

MYO 12

12 17

SMA I IISMA I II
21

25 pts Non Invasive Ventilation

8 pts - No Ventilation

29 pts - Mechanical Ventilation via tracheostomy

25 pts - Non-Invasive Ventilation

Chest 2004;125:1406-12



Use of mechanical In-Exsufflator in Pediatric Patients 
with Neuromuscular Disease and Impaired Cough.
LJ MISKE, EM HICKEY, S KOLB DJ WEINER, HB PANITCH

Study Endpoints
EFFICACY

- Patient report of secretion clearance or resolution of illness

- Radiographic resolution of pneumonia or atelectasis

SAFETY

- Occurrence  of pulmonary, cardiac or GI complications

Chest 2004;125:1406-12



Use of mechanical In-Exsufflator in Pediatric Patients 
with Neuromuscular Disease and Impaired Cough.
LJ MISKE, EM HICKEY, S KOLB DJ WEINER, HB PANITCH

- The mean duration of use was 13 4 months
CONCLUSIONS

- The mean duration of use was 13,4 months

- 5 pts chose not to continue MI-E therapyIn 90% of the study population, the use of 
MI E f ll t l t d d ff ti i- 2 pts reported complications (abnormal cardiac rhythm)

- 4 pts resolved chronic atelectasis

MI-E was safe, well-tolerated and effective in 
preventing pulmonary complications
- 5 pts experienced a reduction in the frequency of pneumonia

Chest 2004;125:1406-12



Mechanical Insufflation-Exsufflation Improves Outcomes 
for Neuromuscular Disease Patients with Respiratory Tract 
Infections

A VIANELLO A CORRADO G ARCARO F GALLAN C ORI M MINUZZO M BEVILACQUA

• Period of study: from January 2001 to March 2003

A. VIANELLO, A. CORRADO, G. ARCARO, F. GALLAN, C. ORI, M. MINUZZO, M. BEVILACQUA

• Type of study: controlled
• Patient populations: 11 consecutive  p p

neuromuscular patients with URTI and mucous 
encumbrance

• All patients were treated with MI-E in addition to 
conventional CPT

• Cricothyroid "mini-tracheostomy" or endotracheal 
intubation was considered when MI-E plus CPT 

ld t l i ticould not expulse airway secretions 
Am J Phys Med Rehabil, 2005;84:83-88



Mechanical Insufflation-Exsufflation Improves Outcomes 
for Neuromuscular Disease Patients with Respiratory Tract 
Infections

A VIANELLO A CORRADO G ARCARO F GALLAN C ORI M MINUZZO M BEVILACQUA

Group A Group B p Value

A. VIANELLO, A. CORRADO, G. ARCARO, F. GALLAN, C. ORI, M. MINUZZO, M. BEVILACQUA

20 5 ±20

9.4 ± 6.9

19 8 ± 17

13.5±11.9 n.s.Time spent on MV (days)

n sHospital stay (days)

2

20.5 ±20

10

19.8 ± 17

< 0 05Treatment failure N

n.s.Hospital stay (days)

5

2

6

10

n.s.Pts who required BAA, N.

< 0.05Treatment failure, N.

q ,

Group A: Mechanical In Exsufflator + Chest Physical Treatment

Am J Phys Med Rehabil, 2005;84:83-88

Group A: Mechanical In-Exsufflator + Chest Physical Treatment
Group B: Chest Physical Treatment



Mechanical Insufflation-Exsufflation Improves 
Outcomes for Neuromuscular Disease Patients with 
Respiratory Tract Infections: A step in the right 
direction.

M GONCALVES J BACHM. GONCALVES, J. BACH

COMMENTSCOMMENTSCOMMENTS

Insufflation pressures were suboptimal

COMMENTS

Insufflation pressures were suboptimal

Care providers should provide MI-E along with abdominal 
thrusts up to every 15 mins to maintain normal saturation 
Care providers should provide MI-E along with abdominal 
thrusts up to every 15 mins to maintain normal saturation p y

If both the inspiratory and expiratory muscle aids are used 
effectively, only advanced bulbar ALS and some SMA type 1

p y

If both the inspiratory and expiratory muscle aids are used 
effectively, only advanced bulbar ALS and some SMA type 1effectively, only advanced bulbar ALS and some SMA type 1 
patients require tracheostomy.
effectively, only advanced bulbar ALS and some SMA type 1 
patients require tracheostomy.

Am J Phys Med Rehabil, 2005;84:89-91


