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GET THE BREATHING BASICS RIGHT 

 Identify probability of problems: clinical 

course, symptoms, investigations 

 Nutrition, vaccination, physiotherapy 

 Sensible use of antibiotics 

 Proactive plan 



Overview : identification of risk 



PROGRESSION OF NMD 
  Congenital Myopathy (CM) Congenital Muscular Dystrophy (CMD) Congenital Myasthenic Syndrome (CMS) 

Disease Course Typically static course, with 

improvement in function and 

progression later on in life 

Early static course with progressive 

decline 
Slowly improving strength, fluctuating 

weakness (on daily, weekly basis)returning 

to a baseline 

Neonatal Respiratory 
Distress 

Yes 

(Myotubular myopathy, Nemaline 

myopathy) 

Less likely, except  (Walker Warburg 

Syndrome) 
Yes 

Key Exam findings Ptosis, Bulbar Dysfunction No Ptosis or bulbar Dysfunction Ptosis, Bulbar Dysfunction (FLUCTUATING) 

Cognitive 
Impairment 

NO Yes , only  

alpha-dystroglycanopathy subtype 
NO 

Elevated Serum CK NO YES NO 

Muscle biopsy Myopathic  Dystrophic   

Subtypes  (More 

Common Genes 
Involved) 

Centronuclear (MTM, DNM2, TTN, 

RYR1, BIN1), Core (RYR1, TTN), 
Nemaline (Rod) (ACTA1, NEB, ) CFTD 

(TPM3, TPM2, RYR1, SEPN1, ACTA1) 

Collagen VI-CMD, LAMA2 CMD 

(MDC1A), alpha Dystroglycanopathy-
CMD (FKRP, FUKUTIN, LARGE, POMT2, 

POMT1, POMGNT1 GMPPB, ISPD), SEPN1-

CMD, LMNA-CMD 

Pre- Synaptic (COLQ1, ), Post-Synaptic, 

Fast Channel, Slow Channel 

Idiosyncrasies -Though thought to be static, can 

have increasing respiratory 

impairment in later years and those 

on trach/vent from birth require 

setting re-evaluation annually  

-LMNA, SEPN1- may have profound axial 

weakness 

-Collagen VI and SEPN1 –may develop 

respiratory failure while ambulant 

-Treatment with mestinon may improve 

strength and respiratory function 

-Intercurrent illness may lead to a sudden 

profound respiratory crisis, including 

respiratory arrest 

ENMC report 2014 after Rutkowski et al 



Decline in FVC in collagen VI 

myopathy (CMD)patients 

Foley A Reghan et al 

Brain 2013 



Unclassified  RAPSN CHAT CHERNE 

Patients were referred at ages from 2 -10  years 

o 

O2/CO2 sleep study 

          Mean TcCO2 8 ± 1 kPa 

          Mean SaO2 96 ± 1% 

          Nadir SaO2 76 ± 7% 

 

All use NIV at night and majority use NIV in the 

day for rests 

 COLQ 
CMS 

Gene 

mutatio

ns 

Robb, Muntoni, Simonds Neurousc Disord 2010 

 

Genotype–phenotype links  - role in guiding care : Congen myasthenia 



    Clinical assessment 

 REM related sleep   

disordered breathing 

   FVC < 60% pred 

NREM and REM sleep 
disordered breathing                   
FVC < 40% pred 

     Daytime ventilatory failure 

             FVC < 20% pred 

  Chest infections 

Clinical algorithm: 

Ineffective cough 

  Cough peak flow    

<270l/min 

Inspiratory, expiratory, bulbar  muscle weakness 

Intervention 

Physical examination, 
pulmonary function, cough  
peak flow, resp muscle 
strength 

Chest radiology, 
sleep study. 
Swallow function 

Intervention: cough 
assistance 

Non-invasive 
ventilation, 
combination with 
cough assist, 
PEG/PEJ, T-IPPV 

 Swallowing dysfunction 

    

From SMA Consensus Conference 

Wang C et al J Child Neurol 2008 



Indications for long term respiratpry 

support 



Paediatric NIV : diagnostic 

categories – Royal Brompton 



Children initiated on NIV support by age 

 

Age (years) Number 

less than 1 61 

1 to 3 80 

4 to 5 32 

6 to 9 51 

10 to 17 241 



Timing of introduction of NIV: noct hypovent 

Mean nocturnal SaO2 
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p=0.031                                                                               p=0.049

Significant reduction in time TcCO2 > 6.5 kPa and mean Sao2 in NIV group. 70% 

required ventilation in 1 year, 90% by 2 years. (Ward et al Thorax 2005;60:1019-24) 



BENEFITS: IMPACT OF NIV ON ABG 

Mellies et al ERJ 2003;22: 631-36  



Changes patterns of NIV implementation 
 AIM: To review clinical practice for the initiation of home non-invasive ventilation (NIV) in 

children with neuromuscular disease (NMD) over 15 yrs 1995-2011 

 Forty-four patients were studied (mean age 12.7yrs, SD 4.8).  

 NIV use increased over the study period (1.4 NIV initiations/yr in ‘baseline’ group vs. 

4.9/yr in ‘recent’ group, p < 0.0001).  

 Patients in the ‘baseline’ group had more advanced respiratory insufficiency (awake 

pCO2 58.3 vs. 46.3mmHg, (p= 0.016)). More patients in the ‘baseline’ group started NIV 

at the stage of diurnal hypercapnic respiratory failure (10 of 14 (71%) vs. 8 of 30 (27%), p 

= 0.008), while nocturnal hypoventilation with daytime normocapnia was the most 

common indication in the ‘recent’ group (14 of 30 (47%) vs. 2 of 14 (14%), p= 0.049).  

 All children in the ‘baseline’ group had NIV initiated in the intensive care unit. In the 

‘recent’ group, 24 of 30 children (80%) were assessed as clinically stable and had NIV 

initiated on the respiratory ward without any major adverse events. The average length of 

hospital admission for NIV establishment was 6.9 days in the ‘baseline’ group and 3.5 

days in the ‘recent’ group (p = 0.004).  

 

   Hughes et al Internet J Pulmol 2014;16.1 



Survival Analysis of patients treated with NIV
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Changing outcomes: Duchenne MD  Analysis RBH 2009 



1995-2006 

1980-1994 

Oskoui M et al 
Neurol 2007; 
69:1931-36 

Death or 
ventilation 
> 24 
hrs/day 



Growth in paediatric NIV and transition to adult care: Royal Brompton Hospital 
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Paediatric patients started on 

home non-invasive ventilation 

(RBH) 496  
Patients identified 

from database 

449  
Patients 

340 
Patients alive 

134 
Female 

206  
Male 

109  
Patients died 

34 
Female 

75  
Male 

47  
Patients excluded due to 
incomplete data or follow 

up elsewhere 



Outcome: Bottom line 

 

 40% Paediatric NIV pts have transitioned to adult care 

 

 

 24% have died  

 

 

 9% were able to discontinue ventilatory support   
 

 



Other roles: Planned surgical 

procedures - Scoliosis 

BTS Guidelines 2012 



Baseline 6 months 12 months 18 months 

    Impact of intermittent NIV on chest wall growth 



Chatwin, Bush Simonds Arch Dis Child 2013 



Current Research: 

Improving mask comfort and design 

RBH: Research fellow Dr A-K 

Brill 



Improving mask fitting skills 



Implementation of NIV in clinical practice 

Maheshwari V et al Chest 2006;129:1226-33 

    Research fellow A Hare 



NIV Simulator   (RBH/ERS/ResMed) 



NIV Simulator 

Hare A & 

Simonds A 

 American 

Thoracic 

Society 2014 

Access at ERS website : e learning resources 

http://www.ers-education.org/e-

learning/simulators.aspx 



        NIV Simulator evaluation 

Pre Sim use Post Sim use 

Hare et al  ATS 

2014 



‘Intelligent’ ventilation  

Respiratory 
Rate (bpm) 

Tidal 
Volume (L) 

Flow   

(L/sec) 

Minute 
Ventilation 
(L/min) 

Mask 
Pressure 
(cmH20) 

Research fellow J Kelly 



‘Intelligent’ ventilation (iVAPS) in stable NIV users 

Jaye J, Kelly J, Simonds AK  Eur Resp J  2009 & 2012 



Adherence (naive users Month 1) 

          Mean Ventilator  Usage Time (hh:mm/day) 

  

     Intelligent vent          Standard PSV 

     5:38 (01:46)  hrs           4:38 (02:18) hrs  p=0.002* 

  

 

 

 
      

Kelly et al 

Respirology 

2014 



Guidelines and standard of care 

Thorax 2012;67:i1-i40 



          Quality Standards  2014 
Summary 

Quality Statements for the respiratory management of children  
with neuromuscular weakness 

Respiratory assessment of children with NMW to take place at each planned 
medical clinic visit. 
  

Children with NMW who have an unplanned hospital admission for a respiratory 
illness to be assessed by a specialist respiratory physiotherapist and where 
clinically appropriate, the child and their carers are shown how to carry out 
effective airway clearance, and provided with the necessary equipment for this 
purpose. 
  

Children with NMW who have an ineffective cough or a history of recurrent 
respiratory exacerbations to have an individualised written management plan to 
deal with respiratory exacerbations. 
  

Children with NMW to have access to inpatient services which include specialist 
respiratory physiotherapy and expertise in the use of non-invasive ventilation. 
  

Assessment for sleep-disordered breathing to take place no less than annually for 
all children with NMW who have symptoms of obstructive sleep apnoea or 
hypoventilation, children with clinically apparent diaphragmatic weakness and 
children with rigid spine syndromes. 
  

Each Quality Standard 

includes the following:  

 

• A quality statement 

which describes a key marker 

of high-quality, cost-effective 

care for this condition.  

 

• Quality measures which 

aim to improve the structure, 

process and outcomes of 

health care.  

www.brit-thoracic.org.uk/document-library/clinical-information/children-with-

nmw/quality-standards-for-the-respiratory-management-of-children-with-nmw/ 



Thank you   Any questions? 

     A.Simonds@rbht.nhs.uk 
 


