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Medical Conditions That May Be Appropriate for 
Home Mechanical Ventilation

• Central Nervous System Disorders 

– Arnold-Chiari malformation

– Central nervous system trauma 

– Cerebrovascular disorders

– Congenital and acquired central control of breathing disorders

– Myelomeningocele

– Spinal cord traumatic injuries

• Neuromuscular Disorders 

– Amyotrophic lateral sclerosis

– Guillain-Barré syndrome

– Muscular dystrophies

– Myasthenia gravis

– Phrenic nerve paralysis

– Polio and postpolio sequelae

– Spinal muscle atrophy

– Myotonic dystrophy



Medical Conditions That May Be Appropriate for 
Home Mechanical Ventilation (CONT)

• Skeletal Disorders 
– Kyphoscoliosis
– Thoracic wall deformities
– Thoracoplasty
– Obesity-Hypoventilation Syndrome

• Cardiovascular Disorders 
Congenital and acquired heart disease

• Upper Airway Disorders 
– Pierre-Robin syndrome
– Tracheomalacia
– Vocal cord paralysis

• Lower Airway Disorders 
– Bronchopulmonary dysplasia
– COPD 
– Cystic fibrosis
– Complications of infectious pneumonias 
– Pulmonary fibrotic disease



Indications of HMV

• Does the patient have a disease known to 
cause ventilatory failure?

• Does the patient have symptoms suggesting
hypoventilation?

• Does the patient have objective parameters
suggesting hypoventilation/respiratory muscle
weakness?
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Symptoms of Hypoventilation
Jackson CE et al, J Neurol Sci 2001: 75-8



Symptoms of Nocturnal Hypoventilation

• Poor Sleep

• Awakenings 

• Nightmares 

• Morning or continuous 
headaches 

• Daytime Sleepiness

 

• Dyspnea 

• Tachypnea

• Fatigue while talking or 
eating

• Worsening of early 
symptoms

 

Early Late



Screening for SDB in NMD
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Methods for Assessing Respiratory 
involvement/hypoventilation

• Lung volumes (VC, TLC)

• Pimax/Pemax/SNIP

• ABG: PaCO2/ PaO2/pH/BE 

• Cough strength, MIC 

• Noninvasive blood gases(PETCO2/PTCCO2/Oximetry)

• Sleep studies 

(Oximetry/PETCO2/PTCCO2/Polysomnography)

• Non-volitional tests of muscle strength



ALS
Myastenia Gravis



Postural change of FVC

Sitting Supine

A decrease in VC of > 25% suggests 
significant diaphragmatic weakness



Lung volumes



Maximum Mouth Pressures

Pimax of -80cmH20 usually excludes clinically 
important inspiratory muscle weakness



Sniff nasal inspiratory pressure

More natural and easier to perform than MIP. 
Values gratear than -70cmH20 (M) and -60cmH20 

(F) exclude significant inspiratory muscle weakness

Morgan RK, Am J Respir Crit Care Med 2005: 269-74



Sniff nasal inspiratory pressure

SNIP< 40cmH20 was associated with dessaturation 
analysis and predicted median survival-6M

Morgan RK, Am J Respir Crit Care Med 2005: 269-74



As VC falls the absolute value of SNIP declines 
more than PiMax



Arterial Blood Gases

Hyperventilation (Pain) may falsely lower PaCO2

Cinel D, Am Rev Respir Dis 1991:217



Capnography



Capnography is a realiable screening tool for measuring PaCO2 and waking supine 

ETCO2 is a useful screening tool for nocturnal Hypoventilation

Kim S-M, PlosOne 2011; 6:e17893



Transcutaneous CO2



Continuous monitoring of TcPCO2 for up to 8 h is well 
tolerated in patients during NIV, and is not associated 

with a significant drift of the TcPCO2 



6a04bc8bf4

Modern PtcCO2-monitoring is reliable, accurate and robust. 

It should become the preferred technique for assessing 

alveolar ventilation during nocturnal NPPV.

Respir Med. 2011 Jan;105(1):143-50

http://www.sentec.ch/index.php?eID=tx_cms_showpic&file=uploads/pics/sdm_rechts_neues_display_04.jpg&width=800m&height=600m&md5=c70e431b56817d2b5927693bed8f5587&contentHash=10e59920ae26da062291c73b7f7415e6


Cytoplasmatic bodies Myopathy
FVC 1,25(57%) FEV1 1,04 (57%) IT 83% PiMax 41,00 (58%) PeMax 76cmH20 (56%)

PaO2 76,10 PaCO2 54,50 ph 7,43

AHI-18,8

Mean SpO2 74%

Minimum SpO2 49%

Goncalves MR et al, ERJ 2007:183s



PSG with TcCO2

Winck JC, Simonds, AK. Ambrosino & Goldstein Ed,   Ventilatory Support for Chronic 
Respiratory Failure, 2008



Poligraphy including ventilator built-in 
sofware





CWD: WHO SHOULD RECEIVE HMV?

• Diagnostic certainty

• Symptoms eg. fatigue, dyspnoea, headaches

1 of the following:

• PaCO2 > 45mmHg

• Nocturnal SaO2 <88% for > 5 minutes

• MIP < 60cmH2O or FVC < 50% pred  in progressive 

disorders

Chest 1999;116:521-524



OHS: WHO SHOULD RECEIVE HMV?

• IMC >30

• PaCO2> 45mmHg 

or BE >3mmol/L or HCO3 > 27mmol/L (in the absence of 

another cause for metabolic alkalosis)>>this is an early stage

of OHS

Hart N, Thorax 2018
Manuel, Chest 2015



COPD: WHO SHOULD RECEIVE HMV?

• Patients with symptoms (fatigue, dyspnea, morning headaches..) and:

• A PaCO2 > 53 mmHg in a stable clinical condition 

• PaCO2 > 53 mmHg after 2-3 wks of admissions for hypercapnic respiratory

failure

• High intensity ventilation (pressure and BURR) improve physiological outcomes. 

A reduction of PaCO2 of at least 20%  is important 

P Murphy et al, JAMA 2018
T Kohlein et al, Lancet Respir Med 2014
M Eliott, Lancet Respir Med 2014



NMD AND LONG-TERM NIV: MOST FREQUENT INDICATIONS

• Duchenne’s and Becker’s Muscular Dystrophy

• Steinert’s myotonic dystrophy

• Amyotrophic lateral sclerosis (ALS)

• Spinal muscular atrophies

• Limg girdle muscular dystrophy

• Post-polio syndrome

• Myasthenia gravis

Resultado de imagem para bilateral diaphragm paralysis

https://www.google.pt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjo9IiCp9fZAhWLtBQKHeh3CB8QjRx6BAgAEAU&url=http://www.nejm.org/doi/full/10.1056/NEJMra1007236&psig=AOvVaw1DOs9_kS2p-Vj3Gd_OO9hu&ust=1520412194714843


NMD AND HMV: WHEN?

• Patients with symptoms (fatigue, dyspnea, morning headaches..) and:

• PaCO2 > 45 mmHg

• MIP or SNIP < 60 cmH2O and/or CV < 50% of predicted (in DMD: value of 30% 

predicted often used)

• Nocturnal SpO2 < 88% for > 5min while under room air

• Nocturnal maxTcCO2 >49mmHg

A Goldberg et al; Chest 1999; 116: 521
Shneerson JM et al, Eur Respir J 2002

Resultado de imagem para bilateral diaphragm paralysis
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ORGANIZATION



ALS PATIENTS AT A MULTIDISCIPLINARY 

CLINIC HAVE BETTER PROGNOSIS

Traynor BJ, JNNP 2003 Chiò A, JNNP 2006



Protocol: immediately after 
diagnosis and every 3 months (and 
on demand because of new 
symptoms):spirometry; home 
nocturnal pulse
oximetry; ABG

Protocol



HMV in Sweden: Survival (1996-2005)
Network model

HMV in Denmark (Respiratory Center West): 
ALS Survival 1998-2012

Total: 409; mean age 62
NIV/IHMV= 69; mean age 52.5 (9.1)

ALS: 165; mean age: 64 (10.5)
4%  IHMV

Reference centre model



HMV: SITE OF INITIATION (POLAND)



SURVEY CASAVNI 2007

Veale D, Rev Malad Respir 2010



SITE OF NIV INITIATION AND MORTALITY IN 

OHS

Borel JC et al, PlosOne 2012



Year COPD Restrictive/
CWD

OHS ALS NMD

Lujan 2007 2 2 3 1 8

Chatwin* 2008 - 10 - 1 17

Domenéch-Clar 2008 - 16 6 ? 20

Pallero 2014 - 29 9 - 15

Hazenberg** 2014 - 9 - 24 44

Sheers*** 2014 - - - 29 -

•Only nocturnal hypoventilation; Excluded bulbar
•**Include 4 with Bulbar involvement
*** Include 7 with Bulbar phenotype

Implementation of NIV: In or Out of Hospital?



Year Setting Duration Ventilator

Lujan 2007 Day Hospital vs
Ward

At least 3 h on consecutive 
days (mean 5.5±1.3 days) 

11 Pressure/ 
5 Volume

Chatwin 2008 Outpatient sessions
vs Hospital ward

3 visits a week
apart*settings were
adjusted over a 30-45 min 
period.

Pressure

Domenéch-Clar 2008 Home vs
conventional ward

6 days ?

Hazenberg 2014 Home vs
Respiratory ward ** 

Home: Mean of 3 NP visits Pressure

Pallero 2014 Day Hospital vs
Respiratory Ward

Daily ventilation sessions of 
at least 2 or 3 h

Volume 
cycled 50;
pressure 3

Sheers 2014 Day hospital vs
Ward

4-h to commence 
ventilation with 
acclimatization at home

Pressure

Implementation of NIV: In or Out of Hospital?









Year ABG Compliance PaCO2
change

Lujan 2007 In        53.5+-5.5
Out     54.5 +-5.33

3M in: 6.6+-1.3h
Out  6.8+-1h

similar

Chatwin* 2008 In         44.3 +-4.5  
Out      45.8+- 5.25

2M In 4.3 +-2.7 h
Out 3.9  2.6 h

similar

Domenéch-Clar 2008 In         53 (10.4) 
Home 49 (6.7)

No data Better in 
ambulatory

Pallero 2014 In         50.3+- 5.7
Out      50.4+- 6.8

6M  In 7.21 (2.52)h
Out  6.90 (2.56)h

similar

Hazenberg 2014 In         49.5+- 8.3
Home 49.5+- 6.8 

6M In 8.5 (0.67) h
Out 10.0 (0.83) h

similar

Sheers 2014 In        46 (43 – 48) 
Out     43 (41 – 54) 

No assessment similar

Implementation of NIV: in or out of hospital?



Year Setting Goal Follow-up

Lujan 2007 Day
Hospital vs
Ward

PaCO2<50mmHg: OHS/COPD and 
< 45: NMD/CWD; mean
nocturnal SpO2> 90%, and < 15% 
of time with SpO2 below 88%

3 M (ABG)

Chatwin 2008 Outpatient
sessions vs
Hospital 
ward

Settings increased ensuring good 
CW movement or maximum
IPAP tolerated

2M in-hospital nocturnal
TcCO2/spO2
3M (ABG), 12M clinic

Domenéch
-Clar

2008 Home vs
convention
al ward

Reduction in PaCO2 1,3,6 M clinic (ABG, 
nocturnal pulse oximetry)

Hazenberg 2014 Home vs
Respiratory 
ward ** 

Decrease of PaCO2 to at least 10 
mmHg for Hospital and 
normalisation of TcCO2/spO2 for 
home

Home: TcCO2/spO2 when
6h HMV and at 2M
Hospital: 2M admission to 
ICU for nocturnal ABG on 
HMV and TcCO2/spO2
6M clinic (ABG)

Pallero 2014 Day
Hospital vs
Respiratory 
Ward

Normalize
daytime PaCO2

15 day nurse home visit
1,3,6M  clinic (ABG)

Sheers 2014 Day
hospital vs
Ward

No data In-lab PSG at 4 wk to 
assess efficacy and 
optimize NIV settings***



ORGANIZATIONAL STRUCTURE

52

Adaptation
Titration

Evaluation

Monitoring 
and follow-up

Scheduled and on-demand 

Long-term assessments

Lung function/ABG ‘s- 

outpatient clinic
Sleep evaluation 
(Sentec)-at home

Inpatient (or more 

recently at home)
Technical equipment: 
ventilator/interfaces/

Monitors (supplied by 
HMV centre)

Referrals from 
Pulmonary Dept 

(Lung/CWD) and Rehab 
Dept (NMD)

HMV 
centre

Share care (for NMD)  Rehab, 

for  pharmacological therapy 
(Lung) 

Specialised nurses :  24/7 on call  



Conclusions
Early identification of potential HMV patients in the
ICU is recommended and appropriate referral needed
Actively Identify at risk groups: NMD, severe scoliosis 
or CWD, morbid obesity or end-stage respiratory 
disease causing hypercapnic respiratory failure)>>> use 
simple tools (Vital capacity, ABG, Oximetry, TcCO2, 
Pimax/SNIP)
Start elective HMV to avoid ICU admissions
Create network of HMV centres

CURSO DE VMNI
NIPPON 2026
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