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Overview of Mechanical Ventilation:

✓ Mechanical ventilation is a supportive intervention, 

not a cure for pulmonary diseases

✓ The ventilator maintains respiratory and metabolic function           

until recovery

• Goals:

  - Recruit vulnerable alveoli

  - Prevent cyclical collapse

  - Ensure adequate oxygenation

  - Minimize trauma due to overdistention (ventilator-induced  lung injury)



Acute 
Respiratory 

Failure (ARF)

Acute Respiratory 
Failure  occurs when 

the respiratory 
system fails to 

maintain adequate 
gas exchange, 

leading to 
hypoxemia, 

hypercapnia or both



RESPIRATORY SYSTEM

It is made up of two large components

Lung Gas exchange organ

Ventilatory

Pump

CNS

Peripheral nervous system 

Rib cage

Respiratory muscles



LUNG FAILURE

PUMP FAILURE LUNG FAILURE

Alveolar hypoventilation Defects in gas exchange

PaCO2

PaO2

PaCO2  = or  

PaO 2

Inability to generate 
an adequate tidal 

volume. The cause 
frequently is 

muscular

Intrapulmunary
shunt. Areas usually 

perfused but not 
ventilated = 
hypoxemia



Causes of hypoxia
1. Diffusion alterations (Pulmonary oedema,

interstitial pathologies, pulmonary fibrosis)

2. V/Q = 1 (Normal)

3. V/Q > 1 (Dead Space Effect: Pulmonary

Embolism, Excessive PEEP)

4. V/Q < 1 (Shunt effect: atelectasis, 
consolidation)

V/Q ventilation-perfusion ratio

Capillaries



Definition

Non-Invasive Ventilation (NIV) consists of the 

administration of ventilatory support without the need for

tracheal intubation
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Today we will discuss the significant utility of Non Invasive Positive
Pressure Ventilation in children with Acute Respiratory Failure (ARF)

Where did he go ??
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How does NIV work?

• Reduces work of breathing and prevents respiratory muscle fatigue

• Increases tidal volume and functional residual capacity (FRC)

• Reopens micro-atelectasis, improving compliance

• Enhances gas exchange

• Maintains airway patency



Why apply  NIV in children?

Early to prevent deterioration of respiratory 
failure

Alternative to intubation 

Post intubation to prevent re-intubation and 
promote healing 

Ventilator weaning (in adult patients) 



How can NIV  be administered?

Via nasal 
mask 

By 
helmet

Via Face 
Mask  

High 
flows?



How can NIV  be administered?

Via nasal 
mask 

By 
helmet

Via Face 
Mask  

High 
flows?



O2 Air

Transparent 
plastic 

hood, Latex 
free

Silicon/polivinil 
chloride

Soft collar

Helmet CPAP in brief….



Continuous 
Positive Airway 
Pressure (CPAP)

• A form of respiratory 
support that applies 
continuous positive 
pressure throughout the 
entire respiratory cycle in 
spontaneously breathing 
patients.



CPAP
Continuous Positive Airway Pressure Continuous Positive Pressure in

the Airway

Pressurization system

5

Under atmospheric pressure



CPAP
Continuous Positive Airway Pressure Continuous Positive Pressure in

the Airway

Attention!

Apply only in an alert patient with preserved 

respiratory drive and respiratory muscle strength

Pressurization system

5

Under atmospheric pressure





Increases Residual 

Functional Capacity 

(RFC) of the lung

It represents the volume of intrathoracic gas

at the end of an exhalation and is given by the

sum between the expiratory reserve volume and

the residual volume

Increases the surface 

area available for  

gaseous exchange

Increases pO2 and maintains an 

     acceptable pCO2

Effects of CPAP
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Minimum 
Equipment
Necessary

CPAP: EQUIPMENT
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Generator
CPAP Venturi
with multi-
parametric
monitor

✓ Saturation
✓ Heart Rate
✓ Alveolar CPAP value
✓ FiO2
✓ Temperature inside the helmet
✓ Minute volume dispensed
✓ Respiratory rate
✓ Instantaneous pressure

MONITOR

15 rm
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NEO: 3 – 5 Kg.

PED: 5 – 15 Kg. 

NPPV: Pediatric / Neonatal CPAP 
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Helmet CPAP in the childhood 
is used mainly ....

CPAP NPPV / BiPAP NEGATIVE VENTILATION

OSA,

Acute pulmonary edema,

Bronchiolitis

Chronic pneumopathies,

Cystic fibrosis, SMA,  

Kyphoscoliosis,

Neuromuscular disease, 

GBSs, Myasthenia gravis

Right heart surgery,
Fontan, Fallot

Acute respiratory distress, ALI, 

Pulmunary infections,

Status asthmaticus

Dyaphragmatic paralysis, 

post cardio surgical





Gas
exchange

To assess the actual magnitude of

gas exchange in the course of

oxygen therapy and therefore the 

severity of respiratory distress,

it is necessary to 

calculate the Pa02/FiO2 ratio (P/F)

P/F Gas exchange

> 400 Normally

400 – 300 Altered

300 – 200 Very altered

< 200 Severely impaired



S. Nava, Non-invasive mechanical ventilation, Springer

Preventing ARF

progression

Avoid the use of 

intubation

Alternative to 

intubation

pH<7.35>7.30 o PaO2/FiO2<300>250

pH<7.30>7.25 o PaO2/FiO2<250>200

pH<7.25 o PaO2/FiO2<200

Therefore, when start the NIV



- Prospective,   observational

- Single center 

-  15 consecutive children with ARF, P/F <300

-  long term CPAP by helmet

-   Primary End point: feasibility of CPAP

- Secondary End point: effects on gas exchange

2006 
Study on the use of  helmet CPAP in 
children, suffering by broncopneumonia, 
bronchiolitis, and post operative 
failure from liver transplantation



40 patients 
• with hematological malignancy
• an early phase of ARF
• without a secure diagnosis of infection 

to receive : helmet CPAP 
or 

standard supplemental oxygen

In the CPAP-treated Arm:
→ less need of ICU admission 
→ reduction in intubation rate

Muscle fatigue
Diffuse pulmunary infiltrates

Depressed organ function
Infections

Hemorrhage
Capillary leak syndrome

Radiationtoxicity
Drug related toxicity

Early applications of NIV in these 
patiens is crucial to avoid ETI



Intensive Care Med (2004) 30:147-50

▪ Early nCPAP with Helmet improves oxygenation in 

selected immunocompromised pts with Hypoxemic ARF 

▪ Tolerance of helmet nCPAP seems better than that of 

nCPAP delivered  by mask 



In this study published in 2020 we pointed  

out how we could took care of vast 

number of Covid-19 hypoxemic patients 

with mild to moderate  respiratory effort, 

requiring respiratory support, with helmet 

CPAP in alternative to mechanical 

ventilation.

The COVID-19 outbreak in Italy has 

implemented the use of CPAP with 

helmet both in ICU and in infectious 

diseases wards



The indications for
the use of NIV are: 

• The use of auxiliary muscles

• A respiratory rate higher than physiological

values for age

• pH between 7.25 – 7.35

• The PaO2/FiO2 ratio between 300 and 250

• An adequate level of consciousness that allows

the use of the interface with the ventilator



What do you have to know

✓ Identify patients for NIV

✓ Choose the most suitable method for that patient

✓ Properly manage NIV

✓ Detect and treat complications of NIV 

✓ Diagnose failures on time
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2 hrs

How do  we realize the child’s improvement?
      Mainly from clinical criteria: 
✓ less need for high concentration of FiO2 

✓ less need for high pressure  
✓ improvement of peripheral saturation 
✓ improvement of respiratory dynamics 



After 2 hours



Change ventilation modality or intubate if:

• Inability to maintain a PaO2/FiO2 ratio >100

• Seizures or deterioration of consciousness (GCS < 8)

• Hemodynamic instability

• Intolerance of helmet CPAP 

• Inability to manage the secretions 

• Failure to reduce dyspnea



ADVANTAGES OF NIV

Non-invasiveness
Easy to use

Allows intermittent applications 

Allows early ventilatory support

Patient comfort
Preserves speech, secretions, cough

Reduces the use of the nasogastric  tube

The patient can eat, can talk (helmet)

Avoids complications 

related to intubation

Early (local trauma, aspiration)

Late (damage to the hypopharynx, larynx and trachea)

Nosocomial infections

Reduces the need for

sedation

99% children use mask need sedation 

      35% children use helmet need sedation 





Disadvantages  of NIV

Systemic
Slower correction of Exchange gas anomalies

Gastric distention (2%)

Mask

Air Leakage

Eye irritation

Facial skin necrosis  

          (most common complication)

Non-direct access

to the airway

Sometimes difficulty removing secretions



Sedation and analgesia in patients paediatric patients
undergoing NIV

Sedation can reduce NIV failure and so decrease morbidity in selected patients

❑ Respiratory depression

❑ Upper airway obstruction



Contraindications
ABSOLUTE:

RELATIVE:Cardiorespiratory arrest

Life-threatening hypoxemia

Failure to protect the airway

Coma / loss of consciousness

Hemodynamic instability

Facial trauma / burns 

Undrained pneumothorax

Very abundant bronchial secretions

Recent surgery (facial, upper airway, gastrointestinal tract)

Severe acidosis pH < 7.1

✓ Severe comorbidity

✓ Confusion / agitation

✓ High risk of PNX



Systematic approach to NIV
A - B – C - D 

Indication to a 

artificial support?
YES NO

Contraindications to NIV

YES

Invasive 

ventilation

NO

trial NIV

Continue medication 

and re-evaluate

NO Improves?  (2 hours)

YES

Continue NIV and re-evaluate indications



The helmet is a promising presidium for 
NIV and all PICUs (and paediatric wards) 
should implement its use in children with 
acute respiratory failure.

THE 
FUTURE 
OF NIV 

?

✓Useful for transport 
✓Possible home use
✓Palliative care

ADVANTAGE 
OF HELMET 



The knowledge that we have positively influenced

someone's life in a way that only few can do,

is the greatest reward of our unique profession

Thank you

francescobellia2@gmail.com
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