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Abstract
Home Mechanical Ventilation (HMV) started in Greece during the 1990’s, however systematic registration of patients has not been 

attempted previously. Preliminary results derived from the implementation of a HMV registration system, applied within the Hellenic 

HMV Network, are presented

Methods:
The HMV registration system is a flexible, on-line platform that supports recording of multi-visit patient data from multiple centers. 

Collected data is stored in a single data repository and can then be reviewed and exported in user defined datasets for statistical 

analysis. The system is based on the web server Apache, an embedded scripting language (PHP) and the open source database 

MySQL.

Results: The Hellenic HMV Network was launched in October 2016 with the primary aim of registering current practice. Currently, 

125 patients from 11 centers are registered with the following breakdown to underlying disease: 22.5% obstructive, 

32.4% restrictive, 9.8% mixed (combined) lung disease, 29.4% SAS. Twenty-one % of patients are still smoking, 

94.8% have clinical symptoms, 92.3% hypercapnia, 92.2% hypoxemia and 92.2% experience nocturnal 

hypoventilation. NIV was prescribed in 76.9% and IV via tracheostomy in 5.1%. The prescribed equipment was

BPAP S (42.7%), BPAP S/T (11.1%), CPAP (25.6%) and Home Ventilators (2.6%).

Conclusion: These preliminary results indicate that NIV is the preferred type of HMV. Considering the 

prevailing economic crisis, there is a need to expand and continue the registration recordings with the 

view to better understand and eventually overcome the existing problems towards implementing effective 

medical interventions and sustainable health policies.







Unfortunately, there are no comprehensive databases or national registry of home 

ventilator patients therefore the number of home ventilator patients is unknown. 

There are real challenges to providing mechanical ventilation in the home, which 

include caregiver training, adequacy of respiratory care, and reimbursement

Respir Care 2012

Ideally, the preferred location for long-term mechanical ventilation is in the home, 

because costs are reduced (hospital costs= $21,570, homecare costs= $7,050, 

dollar saving per patient, per month $14,520), quality of life is enhanced, and 

integration into the community is maximized

A central registry would allow for the development and monitoring of national 

home mechanical ventilator patient outcomes

NNIV support in the home are increasing as technology and infrastructure support 

improves;however, reimbursement constraints make it challenging to provide home 

ventilator patients with the optimal equipment and services required





CHRONIC HYPOVENTILATION DISORDERS



Medical conditions for HMV



Ventilation 
centre



Single limb ‘‘vented’’ circuits

VT calculated by an algorithm

Using Ventilator with a ‘‘vented’ ’respiratory circuit , 

PEEP or EPAP level, the amount of intentional leak 

flowing out  through the ‘‘vent’ ’ system,  

non-intentional leaks , and any supplemental 

oxygen into the mask may all affect the amount of 

rebreathing 



Pressure-controlled ventilators are described 

by the black and red components



Trigger

• The trigger variable defines how a mechanical breath is initiated. It can be 
initiated by: 

1) Pressure (assisted breath pressure trigger  initiated by the patient)

2 ) Flow (assisted breath flow-trigger initiated by the patient)

3) Volume (assisted breath volume-trigger initiated by the patient)

4) Combining Pressure+ Flow +Volume

5) Waveform algorithms (assisted breaths algorithms trigger initiated by the patient)

6) Time (timed mandatory breaths initiated by the ventilator)

‘‘Assisted ’’breath the pressure applied to the respiratory system is generated by patient’s 

respiratory muscles and by the ventilator. This makes it different from a ‘‘spontaneous’’ 

breath (eg CPAP =pressure is negative during the inspiratory phase and positive during the 

expiratory phase )

‘‘Mandatory’’ breath defines a breath that is always initiated by the ventilator after 

a given time determined by the respiratory rate set by the operator and cycled by 

the ventilator

Trigger sensitivities (inspiratory and expiratory trigger) differ significantly amongst 

individual ventilation machines and may influence ventilation quality; this particularly 

pertains to synchronisation between the patient and the ventilator 



Patient-ventilator asynchrony (PVA)

• Significant proportion of patients are unable to adhere to their HMV prescription 

• PVA describes the poor interaction between patient and ventilator

• Ramsay et al using parasternal electromyography during HMV set-up, found PVA is 
frequent and, in contrast to other studies  not associated with an adverse impact on 
nocturnal gas exchange

• Controlled ventilation (Pressure and Volume Controlled) unload respiratory muscles most 
intensively, as the ventilator takes over the complete work of breathing BUT synchronicity 
of the patients’ breathing rhythm with the ventilator may impact efficacy and tolerance.



Ventilation Interfaces

• Nasal masks offer greater patient comfort  fewer pressure ulcers, but  there is oral 

leakage during sleep , application of a chin band can be useful in individual cases

• Oronasal mask ameliorate oral leakage

• The use of oronasal masks in patients with obstructive sleep apnoea may lead to a 
deterioration in nocturnal sleep patterns 

• When an oronasal mask or chin band cannot be tolerated, the use of humidification can 
lead to an improvement 

• The use of oronasal masks compared to nasal masks has increased in parallel with 
inspiratory pressure application (studies in COPD)

• Customised masks can become necessary if high ventilation pressures and long 
ventilation times are applied, if the ready-made mask fits poorly, or if the patient has 
sensitive skin

• Mouth Piece Mask for Mouth Piece Ventialation in NMD (mouthpieces  enable 
Intermittent Positive Pressure Ventilation (IPPV)

Comparison of the 

different types 

of masks







The EPAP is set to maintain upper airway patency and

the IPAP/ EPAP difference provides PS to sustain/augment the 

patient’s VT
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The average life expectancy 

without mechanical 

ventilation is 2–5 years from 

disease onset> 10% of 

patients die as early as within 

the first year from 

consequences of respiratory 

muscle weak-ness, if this is 

not treated







Side effects of non-invasive long-term ventilation



The respiratory system. The disorders of the respiratory systems, their 

implication on blood gases, and treatment



DIURNAL CHRONIC HYPOVENTILATION

SLEEP HYPONTILATION

COPD, NMD, OHS, RESTRICTIVE 
DISORDERS with border diurnal 

normal blood values

SLEEP HYPOVENTILATION 
(REM)

An attended titration PSG or a review PSG in those initiated on NIV empirically is 

recommended to optimize therapy

OSA is common in patients with chronic hypoventilation disorders



Recommendations for Limits of IPAP, EPAP, and PS Settings: 

1. The recommended starting min IPAP=8cm H2O and recommended starting min EPAP=4cm H2O

2. The recommended maximum IPAP should be 30 cm H2O for patients ≥ 12 years and 20 cm H2O for 

patients < 12 years

3. The recommended minPS= 4cm H2O and maxPS=20 cm H2O

4.  The min and max incremental changes in PS should be 1 and 2 cm H2O, respectively.

Recommendations for Adjustment of IPAP, EPAP, and PS: 

1.The pressure support (PS) should be increased every 5 minutes if the tidal volume is < 6 to 8 mL/kg

2. The PS should be increased if the arterial PCO2>10 mm Hg above the PCO2 goal at the current 

settings for >10 min. An acceptable goal for PCO2 is a value less than or equal to the awake PCO2.

5.  The PS may be increased if the SpO2<90%> 5 min and tidal volume is < 6 to 8 mL/kg 



Recommendations for Use and Adjustment of the Backup Rate/Respiratory Rate:

1. A backup rate (i.e., ST mode) should be used in all patients with central hypoventilation, 

those with a significant number of central apneas or an inappropriately low respiratory 

rate, and those who unreliably trigger IPAP/EPAP cycles due to muscle weakness

3. The starting backup rate should be equal to or slightly less than the spontaneous 

sleeping respiratory rate (minimum of 10 bpm)

4. The backup rate should be increased in 1 to 2 bpm increments every 10 minutes if the 

desired goal of the backup rate has not been attained

5.  The IPAP time (inspiratory time) should be set based on the respiratory rate to provide an 

inspiratory time (IPAP time) between 30% and 40% of the cycle time (60/respiratory rate 

in breaths per minute).







≥2 
hospitalizations 
within the last 
12 months due 
to hypercapnic 

respiratory 
failure



COPD  Phenotype:  Who   and  When?



Home  NIV  and  long-term  oxygen therapy  (n  =  102)

LTOT  alone  (n  =  93)

The  ventilator  settings required  were  lower  compared  

to  earlier  reports  for  ‘high  intensity’  NIV

Home NIV (IPAP  19  ± 3  cmH2O, EPAP  4  ± 1  

cmH2O,  backup  rate  15  ± 3) (n=101)

LTOT  alone  (n  =  100)

COPD  (FEV1 26%)  and  hypercapnia

(PaCO2 7.7  kPa  or  58  mmHg

Frequent  exacerbator  phenotype  with  a  

poor  exercise  tolerance

Struik et al Thorax 2014 RESCUE STUDY 

Infrequent  exacerbator  phenotype

Kohnlein et al   Lancet Respir Med 2014



NIV High Intensity Ventilation delivered  (IPAP=24cmH2O(22-26), EPAP=4cmH2O 

(4-5), backup rate=14bpm

Conclussion: Assessment  of COPD  patients  admitted  with  an  episode  of  decompensated  respiratory  

failure  requiring  acute  NIV at  2-4  weeks  following  resolution of  respiratory  acidosis. If  at  2-4  weeks, 

the  patient  has  persistent hypercapnia then  home  NIV  should  be  added  to  home  oxygen  therapy



Delivery  of  NIV  in  COPD:  How

(+)‘High  intensity’  NIV= High  inspiratory  positive  airways  pressure  and  
high  back  up  rate IPAP  22  ± 5  cmH2O, EPAP  5  ± 2  cmH2O, 16  ± 4  
bpm (Tolerability, Adherence, Expiratory Airflow Limitation)?

‘High  intensity’  NIV needs slower  acclimatisation (admission  of  greater  
than  5 days

(-)‘High  intensity’  NIV = negative  short  term  cardiovascular  consequences 
with  the long-term  cardiovascular  consequences  largely  unknown

High Inspiratory Pressure only without high back up rate has  demonstrated  
similar  benefit  as  ‘high  intensity   NIV 



Storre et al  International Journal of COPD 2018









Indication for Non-Invasive 
Ventilation Exist in Thoracic-Restrictive Disease 

Patients

• The most important criterion for NIV is chronic hypercapnia (PaCO2 of  ≥45 mm Hg)

• Normocapnia during the day with a rise in PtcCO2 of  ≥10 mm Hg during the night

• VC<50% of that predicted, or with typical symptoms of hypercapnia, have shown that the 
development of daytime respiratory failure can be favourably influenced by early 
implementation of NIV when hypoventiation is exclusively nocturnal 

• Patients without manifest hypercapnia, but with severe restrictive ventilatory dysfunction 

• (VC < 50% of the predicted value), should undergo short-term (within 3 months) clinical 
monitoring including polygraphy

*Significant nocturnal hypoventilation, first during the REM sleep phase, and also later during non-REM 

sleep phases, which can even worsen the patient’s prognosis



Rule: an intermittent desaturation < 85% in the 

polygraphy that takes longer than 5 min in the 

polygraphy corresponds to hypoventilation

Significant nocturnal hypoventilation, first during the REM sleep 

phase, and also later during non-REM sleep phases, which can even 

worsen the patient’s prognosis 

Elevated or rising serum bicarbonate level

• IPAP=20-25cm H2O, EPAP=4 cm H2O(apneas?)
• Time Ins=0.8-1s
• Time Exp=2s
• Increased Sensitivity Trigger with as short response 

time (rapid breath frequency)



Effects of ventilation on thoracic restrictive diseases

• Improvements in gas exchange, quality of life, sleep profile, physical resilience, 
pulmonary haemodynamics (decresed pulmonary hypertension), maximal oxygen 
uptake, lung function, and inspiratory muscle strength

• Reduction in the rate of hopitalisation

• Elderly patients (>  75 years) can also benefit from NIV

• Reduction both in dyspnoea and daytime sleepiness as assessed by the Epworth 
sleepiness scale 

• Respiratory muscle unloading, restoration of central chemosensitivity

• Improvement in pulmonary or thoracic compliance with a reduction in restrictive 
ventilatory dysfunction

• In comparison to patients receiving long-term oxygen therapy (LTOT), a clear survival 
advantage exists in patients undergoing NIV, especially in those with severe 
kyphoscoliosis or post-tuberculosis syndrome 



OBESITY HYPOVENTILATION SYNDROME (OHS)

• OHS brings about an 8-fold increase in yearly costs 

• OHS has 15% higher 5-year mortality and morbidity rate, even when NIV therapy is applied

• Untreated OHS leads to a 23% increase in mortality

DEFINITION OHS

-presence of obesity (BMI ≥30 kg/m2)

-chronic alveolar hypoventilation

-subsequent diurnal hypercapnia (PaCO2 ≥45 mm Hg) during normal tidal breathing after 
ruling out other causes of hypoventilation 

Right ventricular decompensation, pulmonary hypertension, polyglobulia 

Coexistence OHS and OSAS in up to 90% of cases

Diagnostic Test: POLYSOMNOGRAPHY



Elevated or rising serum bicarbonate level







Indications NIV in NMD

• PaCO2 ≥ 45 mmHg

• Nocturnal desaturation to ≤88% for≥ 5 consecutive minutes or nocturnal 
desaturation <90% for one cumulative minute

• Pimax <60 cmH2O or FVC < 50% predicted or FVC is < 70% and there is a 
reduction in FVC of > 10% in 3 months

• Peak Cough Flow >270L/MIN
Elevated or rising serum bicarbonate level



Goals of NIV in NMDs

1.   Bulbar affection

2.  Inability to protect airway

3.  Severely impaired mental status (GCS of ≤8)

4.  Inability to clear respiratory secretions with usual methods

5.  Hypotension or shock

6.  Massive upper gastrointestinal bleeding or actively vomiting

7.  Multi-organ  failure

8.  Inability to fit mask

1.  Improve and maintain pulmonary compliance by reducing alveolar atelectasis

2.  Optimize alveolar ventilation

Contraindications for NIV 

Patient’s wish and consent

Inability to fit an appropriate ventilation interface

NIV intolerance

NIV inefficiency

Severe bulbar symptoms with recurrent aspiration

Inefficiency of non-invasive secretion management

Failure to switch to NIV after intubation and invasive ventilation

Tracheotomy is indicated for the following situations



Sawtooth desaturation

Ο βαθμός του νυχτερινού αποκορεσμού συσχετίζεται με την μυική αδυναμία του 

διαφράγματος



Algorithm for treatment of chronic hypercapnic 

respiratory insufficiency in NMD

*BIPAP provides increased pressure support during 

inspiration  reducing inspiratory load on muscles, in 

addition to EPAP to prevent atelectasis

Pressure support, pressure control, and newer 

adaptive modes of ventilation







Benefits of NIV in NMD

• Improvement in blood gases

• − Resetting of the respiratory centre with an increase in 

• the hypercapnic-ventilatory response

• − Increase in pulmonary compliance 

• − Improved sleep quality

• Improvement in health-related quality of life

• − Regression of hypoventilation symptoms 

• − Improvement of depression 

• − Reduction in the rate of rehospitalisation 

• − Prolonged survival 

• − Improvement in neurocognition



Improvement of the survival by approximately 7 months in ALS with orthopnea or 

daytime hypercapnia 



The medium age of death in Duchenne’s muscle dystrophy has ameliorated from 18-20 years to nearly 

30 years under establishment of NIV 



Role of Non-Invasive Ventilation in 
Patients with Pulmonary Fibrosis

• The insecure data situation does not currently allow the formulation of a general 
recommendation for NIV in pulmonary fibrosis patients

• Poor prognosis in IPF, there are no long-term data in relation to NIV in this disease group

• NIV can be considered here for palliative care purposes

• NIV initiation can exist in cases of long-term interstitial lung diseases 

• (e.g., before a scheduled lung transplantation) and possibly in the context of rehabilitation 
(benefit needs to be examined on a case by case basis)





CONCLUSSIONS

• In clinical practice, non-invasive pressure support ventilation has become the most favorite 
therapeutical approach

• Assisted ventilation allows the patient to spontaneously trigger pressure or volume support, which 
may improve synchronicity and may damage muscle fibers in less extent 

• While patients with neuromuscular or thoraco-skeletal diseases can often be treated sufficiently 
with low tidal volumes, high pressure support may be needed in patients with COPD

• In both NMD, COPD  the treatment target is normalization of carbon dioxide so that the term “high 
pressure ventilation” is misleading

• High intensity  pressure in COPD  is associated with better compliance (mean difference of 3.6 h/d) 
and was superior in terms of controlling nocturnal hypoventilation 

• Volume-targeted algorithms may be favorable in NMD. These patients may suffer from impaired coughing 
causing mucoid bronchus obliteration so that pressure-targeted systems may not guarantee 
minimum minute ventilation

• There are no differences between automated volume assured pressure ventilation (AVAPS) and 
fixed-level pressure support in super obese patients (BMI 50±7 kg/m2) and COPD 

• The addition of NIV has proven to improve quality of sleep, nocturnal oxygen saturation, diurnal 
and nocturnal PaCO2, survival and quality of life in a broad spectrum of various chronic 
hypoventilation disorders



The success of NIV in a given patient population depends on selection of an appropriate 

patient, selection of an appropriate interface, selection of an appropriate ventilator and 

ventilator settings, the skills of the clinician, the motivation of the patient, and the support 

of the family

NIV the  art of  science




