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noninvasive ventilation (niv) 

Noninvasive ventilation (NIV) 
has been used for more than 
20 years to manage acute respiratory failure 
in intensive care settings and in the home for 
people with chronic respiratory failure. Its uses 
are gradually being extended as NIV devices 
become more adaptable and portable, giving 
patients with chronic conditions greater 
mobility.

in this edition of resMedica we take a global look at niv 
therapy today. we’ve spoken to clinicians from France, 
australia, england and the Us and have found that the use 
of niv is being explored and extended wherever possible. 

where niv can be used instead of tracheotomy, its 
advantages are well-documented—reducing complications 
such as nosocomial pneumonia, improving patients’ survival 
and quality of life.1 the new, lighter devices give mobility 
even to those who are reliant on 24-hour ventilation. this 
mobility itself may assist in improving breathing.  Dr amanda 
Piper, coordinator of the respiratory Failure service and 
Home ventilation Program, royal Prince alfred Hospital, 
sydney tells us of research into the effects of using niv 
during exercise for selected patients.

we have also interviewed louie Boitano, respiratory 
therapist at the University of washington Medical center 
in seattle. His clinic provides respiratory support for 
neuromuscular patients with progressive developing 
respiratory insufficiency, using niv in all cases except 
where there is severe bulbar or cognitive dysfunction.

we have looked in some detail at the situation in France, 
where comprehensive guidelines on its use have been 
developed. an interview with Dr lode from the Pediatric 
emergency Medical Unit, Hôpital robert Debré, Paris gives 
us an insight into using niv with children in acute situations. 
two case studies from France show how niv can be used 
in acute cardiac Pulmonary edema and in coPD.

we would like to offer our thanks and appreciation to all of 
the people who generously gave their time and expertise to 
participate in this edition of resMedica: louie Boitano, Dr 
amanda Piper, Dr noella lode, Dr anita simonds and nick 
wilcox. we would also like to give a very special thanks 
to susan sortor-leger and the team in the resMed France 
office for their huge contribution to this edition.

Breathe well.

sherrill Burden, Global editor

Defining the terms 
for NIV
Noninvasive ventilation (NIV) can be delivered using two 
types of Ventilators: Bilevel ventilators which use a patient 
circuit that incorporates an intentional leak to remove CO2 
and ventilators which use a patient circuit which includes 
an exhalation valve to separate inspiration from expiration 
preventing CO2 rebreathing. CPAP is also used for some 
respiratory failure patients mainly to improve oxygenation. 

Ventilators
Bilevel ventilators support spontaneous breathing with different 
pressures for inspiration and expiration: iPaP and ePaP (or PeeP). 
ePaP is lower than iPaP. ventilators are typically classified as 
volume or pressure targeted/cycled. “Pressure-cycled machines 
deliver a predetermined pressure and the volume delivered will 
depend upon the impedance to inflation. volume-cycled machines 
deliver a fixed tidal or minute volume and will generate a pressure 
sufficient to achieve this.”2

Pressure Support (PS)
the delta pressure plateau setting used when providing pressure 
support ventilation. when using a bilevel ventilator this is 
established by setting the iPaP and ePaP: iPaP-ePaP= Ps.

Trigger variable 

the variable that determines the start of 
inspiration.  Pressure, volume, flow or time 
may be measured by the ventilator and 
used as a variable to initiate inspiration.

Cycle variable 
inspiration ends when a specific cycle 
variable (pressure, volume, flow or time) is 
reached.  this variable must be measured 
by the ventilator and used as a feedback 
signal to end inspiratory flow delivery, 
which then allows exhalation to begin.

Intrinsic PEEP
“Under mechanical volume-controlled 
ventilation, the intensive care patient can 
develop intrinsic positive end-expiratory 
pressure (iPeeP); that is, the passive 
expiration is terminated by the following 
inspiration before the alveolar pressure 
comes to its physical equilibrium value.”3

1. Girou e, Brun-Buisson c, taillé s, lemaire F, Brochard l. 
secular trends in nosocomial infections and mortality with 
noninvasive ventilation in patients with exacerbation of 
coPD and pulmonary edema. JAMA 2003;290:2985-2991. 

2. schönhofer B, sortor-leger, s. equipment needs 
for noninvasive mechanical ventilation. Eur Respir J 
2002;20:1029-1036. 
3. eberhard l, Guttmann J, wolff G, Bertschmann w, 
Minzer a, Kohl HJ, Zeravik J, adolph M, eckart J. intrinsic 
PeeP monitored in the ventilated arDs patient with a 
mathematical method. J Appl Physiol 1992:73: 479-485.

ARF: acute respiratory 
failure

CRF: chronic respiratory 
failure

COPD: chronic 
obstructive pulmonary 
disease

IPAP: inspiratory 
positive airway pressure

EPAP: expiratory 
positive airway pressure

PEEP: positive end-
expiratory pressure

CPAP: continuous 
positive airway pressure

PSV: pressure support 
ventilation

A/C: assist/control 
(volume-cycled 
machines)

S/T: spontaneous/
timed (pressure-cycled 
machines)

From the 
Editor
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Louie Boitano MSc, RRT is a respiratory 
therapist in the Departments of 
Respiratory Care, and Pulmonary 
and Critical Care Medicine at the 
University of Washington Medical 
Center in Seattle, Washington. His 
MSc is in biology with an emphasis in 
physiology. His areas of specialization 
are neuromuscular respiratory 

pathophysiology and the application of noninvasive 
respiratory aids for neuromuscular diseases affecting 
respiratory function. He is co-principal with Dr Joshua 
Benditt in the Northwest Assisted Breathing Center, 
a center of excellence for research and training in the 
noninvasive respiratory support of neuromuscular 
respiratory insufficiency within the University 
of Washington School of Medicine. His clinical 
responsibilities include outpatient diagnostic testing 
and respiratory case management of neuromuscular 
patients with developing respiratory insufficiency, as 
well as clinical research in neuromuscular respiratory 
insufficiency and respiratory muscle aids. He is a 
member of a number of neuromuscular respiratory 
advocacy working groups: Medical advisory board for 
the International Ventilator Users Network; Muscular 
Dystrophy Association Pulmonary Subcommittee and 
American College of Chest Physicians Neuromuscular 
Respiratory Subcommittee.

Could you please briefly describe your work at the 
University of Washington?

i am a respiratory therapist who works in the Pulmonary clinic 
in the University of washington Medical center in seattle 
washington. My responsibilities include diagnostic testing, the 
initiation and management of respiratory therapies including 
ventilation, airway management, secretion clearance, aerosol 
therapies and oxygen therapy. i work with Dr Joshua Benditt 
who has a neuromuscular respiratory clinic supporting adult 
patients with neuromuscular induced respiratory limitation. 
i also work in clinical research in neuromuscular respiratory 
care and cystic fibrosis. 

You were recently one of the key speakers at the ‘Towards 
a Brighter Future’ conference in Sydney, Australia, 
organised by the Duchenne Foundation. What were the 
highlights of the conference for you? 

the ‘towards a Brighter Future’ conference was a combined 
clinician, patient/family education program. the program 
provided clinicians and family of muscular dystrophy and spinal 
muscular atrophy patients with up-to-date information on the 
progress of research in the genetics and pathophysiology as 
well as directions of research in the development of therapies. 
there were also presentations and workshops for both 
patients and families addressing the clinical and home care 
of neuromuscular patients. often families of neuromuscular 
patients do not have access to information on advances in the 
clinical care of neuromuscular patients. Programs such as this 
one, supported and organized by the Duchenne Foundation, 
provide families with the information they need to be both an 
advocate and provide the best care for their family member 
with neuromuscular disease. 

In what circumstances do you use NIV? That is, what 
are the main types of patients (indications) in which 
you would begin ventilation with NIV? In what type of 
environment (clinic, home, hospital)?

as respiratory clinicians in an adult outpatient setting, our goal 
is to provide timely respiratory support for neuromuscular 
patients with progressive developing respiratory 
insufficiency. the timeliness in providing support is based 
upon comprehensive serial neuromuscular respiratory 
assessments including pulmonary function testing and a 
directed assessment of history and symptoms of developing 
respiratory insufficiency. our orientation of support is in the use 
of noninvasive respiratory aids. we make every effort to use 
niv except in cases of severe bulbar or cognitive dysfunction 
where niv is either not tolerated or not effective. 

in the Us, niv for patients with neuromuscular or chest wall 
disease that affects respiratory function is provided by payer 

Providing the best survival and quality  
of life: An interview with Louie Boitano

“We make every effort to use 
NIV except in cases of severe 
bulbar or cognitive dysfunction 
where NIV is either not 
tolerated or not effective.”

support1 when either their measured vital capacity is less 
than 50% of predicted, their maximum inspiratory pressure is 
less than negative 60cm H2o or their blood carbon dioxide is 
greater than 48 mm Hg. Patients who produce test results that 
do not qualify them for niv but are found to have symptoms of 
sleep-disordered breathing are referred for polysomnography 
testing with pressure titration as needed. neuromuscular 
induced respiratory insufficiency is usually initially manifested 
as nocturnal hypoventilation. noninvasive bilevel pressure 
support ventilation has been clinically shown to provide viable 
support for a variety of neuromuscular patient populations 
with developing nocturnal hypoventilation and for long-term 
chronic progressive respiratory insufficiency where bulbar 
function is preserved. 

For neuromuscular patients with chronic progressive 
insufficiency when nocturnal bilevel pressure ventilation 
alone is no longer sufficient we will start portable daytime 
mouthpiece ventilation. in our practice mouthpiece ventilation 
is best supported by using volume-cycled ventilation in 
assist/control mode. Primary indications for starting daytime 
mouthpiece ventilation are developing daytime hypercarbia 
or developing shortness of breath. Mouthpiece ventilation 
provides a noninvasive means of supporting ‘as needed’ 
daytime portable ventilation which complements nocturnal 
mask ventilation. the neuromuscular patient with adequate 
bulbar function can trigger a ventilator breath by making a sip 
effort on the mouthpiece. Mouthpiece ventilation can also 
support both hyperinflation and cough augmentation when the 
patient is able to do breath-stacking maneuvers by receiving 
multiple breath volumes from the ventilator, by making 
repeated sip efforts. this means of ventilation provides the 
patient with an independent means of ventilation and cough 
augmentation to clear secretions without the continuous 
attendant care required for tracheostomy ventilation.

Do you also use intubation? In what circumstances?

intubation is indicated when niv is no longer effective as 
in the case of acute respiratory failure or for interventional 
procedures requiring general anesthesia. in these cases most 

neuromuscular patients can be extubated to niv either after 
treating the cause of acute respiratory failure once the patient 
is stable or under a pre-determined peri-operative care plan 
and with the support of mechanical cough augmentation 
therapy. we have also decannulated neuromuscular patients 
to niv who have previously undergone tracheotomy for acute 
respiratory failure, who have been stabilized, and where there 
are no contraindications to decannulation.

Could you briefly describe how your service is organized 
for implementing NIV? Do you have written protocols? 
Who implements NIV?

we use what has been termed as wide span bilevel pressure 
support (pressure support > 10 cm H2o) for neuromuscular 
induced hypoventilation. initial bilevel pressures of 10–12 cm 
H2o with a spontaneous/timed Mode backup rate of 10–12 
bpm are used in conjunction with a patient self-directed four 
step desensitization protocol aimed at helping the patient 
to adapt to niv support. Patients are seen in the clinic for 
instruction in the use of bilevel pressure ventilation, a review 
of the four step desensitization protocol, and for an initial 
trial of therapy where initial bilevel pressures, rise time and 
trigger/cycle sensitivities are determined. the patients are 
also given the opportunity to trial different vented masks. a 
specific prescription of bilevel pressure ventilation settings 
and mask type is then sent to a durable medical equipment 
provider who will provide the equipment to the patient. when 
the patient is able to use niv through the night, iPaP is then 
titrated to an initial target pressure support of 10 cm H2o.

What type of monitoring do you routinely use for patients 
on NIV? 

we use nocturnal oximetry studies as a means of evaluating 
nocturnal mask ventilation support. our patients are asked 
to bring their bilevel pressure ventilators to the clinic during 
their visits. we download their ventilator memory or memory 
cards to evaluate the effectiveness of their bilevel pressure 
settings and mask ventilation. Patients who are considered 
to be on optimal bilevel pressures but express symptoms of 
sleep-disordered breathing are referred for polysomnography 
with pressure titration. the patients are specifically identified 
as having neuromuscular induced respiratory insufficiency so 
that a protocol of transcutaneous co2 monitoring is also used 
to determine optimal bilevel pressure support.

Could you describe the progress of patients on NIV? 

Because we are an adult neuromuscular respiratory clinic, 
we see neuromuscular patients transitioning with congenital 
and hereditary neuromuscular disease and patients with adult 
onset neuromuscular diseases—including amyotrophic lateral 
sclerosis (als) and post-polio syndrome—as well as spinal 
cord injury and diaphragmatic paralysis patients. transitioning 
pediatric patients generally have slower progressive forms 
of neuromuscular disease that require semiannual clinical 
evaluation with initiation of respiratory support as needed. 
often type ii spinal muscular atrophy patients and some 
muscular dystrophy patients will require mechanical cough 
augmentation therapy before they will need to start niv. 

“This means of ventilation 
provides the patient with an 
independent means of ventilation 
and cough augmentation to clear 
secretions without the continuous 
attendant care required for 
tracheostomy ventilation.”
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spinal cord injury patients often have more stable respiratory 
insufficiency and can be started on appropriate noninvasive 
respiratory therapies that may not require continuous follow-up 
respiratory management. als patients generally have a more 
rapid course of developing respiratory insufficiency requiring 
clinic visits every three or four months, or more frequently, 
to adequately monitor their progressive insufficiency and 
to provide timely support. in our experience, als patients 
with bulbar onset disease are the most difficult to support 
by noninvasive means because of upper airway instability 
and sialorrhea whereas distal onset disease patients can be 
supported very well, depending on their rate of progressive 
respiratory insufficiency.

When patients are referred to you or another specialist 
are they on ventilation already? 

Patients transitioning from pediatric neuromuscular clinics are 
often on noninvasive bilevel pressure and may also be using 
mechanical cough augmentation. the american thoracic 
society consensus guidelines on the respiratory care of 
Duchenne muscular dystrophy and, more recently, the center 
of Disease control guidelines as well as european guidelines 
for spinal muscular atrophy have provided templates of care 
that have helped clinicians to start earlier, more comprehensive 
respiratory monitoring and to provide timely respiratory 
support for pediatric neuromuscular patients. 

Do patients have any choice in their ventilator? Do 
patients have to pay for their ventilator? 

Patients generally do not have a choice in the type of ventilator 
they will receive. the clinician generally determines the type 
of ventilator (bilevel pressure, volume-cycled). Patients do 
have a choice in the type of vented mask they wish to have 
and generally in the need for heated humidification. in the 
Us, ventilators are supported by the patient’s respective 
payer. Patients who have the means will sometimes purchase 
a second ventilator which is not usually supported by the 
payer. 

Do specialists give patients any ‘take home’ information 
and if so what? 

the availability of ‘take home’ information for neuromuscular 
patients is dependent upon the specific clinic program. we 
have specific patient education information for the therapies 
that we provide including cPaP and bilevel pressure 
ventilation, manual hyperinflation and cough augmentation, 
home oximetry monitoring for respiratory infection and for 
mouthpiece ventilation. we believe strongly in the education 
of our neuromuscular patients and their families in regard 
to their respective disease progression and the therapies 
available to them. educating the patient and their family 

allows them to make the best personal decisions regarding 
their understanding and choice of therapy support.

Anything else you would like to mention about your use 
of NIV? 

although the primary target of therapy for bilevel pressure 
ventilation is sleep-disordered breathing, i would submit 
that the neuromuscular patient population with respiratory 
insufficiency has received the greatest benefit from this 
therapy both in terms of quality of life and survival. we feel 
strongly that noninvasive respiratory support techniques can 
provide the neuromuscular patient with the best survival 
and quality of life as compared to tracheostomy ventilation. 
although we strongly favor niv, tracheostomy ventilation 
is appropriate when niv does not provide an adequate and 
secure means of support or the patient cannot protect their 
airway adequately to prevent complications of respiratory 
infection. 

1. ‘Payer support’ can be either private insurance, Medicare or Medicaid. Medicare 
is the Us government supported insurance for people over 65 and for some with 
disabilities.

“Although the primary target 
of therapy for bilevel pressure 
ventilation is sleep-disordered 
breathing I would submit that 
the neuromuscular patient 
population with respiratory 
insufficiency has received 
the greatest benefit from this 
therapy both in terms of quality 
of life and survival.”

Using NIV in acute respiratory failure  
– French guidelines and training
Patients with certain types of acute respiratory failure benefit 
from treatment with noninvasive ventilation (NIV) rather than 
intubation. NIV can often begin sooner, reduce infection rates 
and have fewer side effects. Guidelines from French medical 
societies identify training as an essential requirement for 
operating NIV devices and establish protocols for NIV use. 
Since early 2008 ResMed France has been conducting practical 
workshops for ER physicians and paramedics in the use of NIV.

randomized controlled trials have shown that niv is an effective 
response to acute respiratory failure in patients with chronic 
obstructive pulmonary disease (coPD)1,2,3,4,5,6,7 and pulmonary 
edema.8,9 Unlike invasive ventilation, niv can be initiated outside 
the intensive care unit (icU) and can be made available to patients 
who might not be admitted to the icU. it should begin early but 
does not need to be provided continuously in order to be effective. 

Advantages of using NIV over intubation
resMed’s campaign to increase the use of niv ventilation in the 
emergency room (er) has been in place for almost two years. 
it resulted from increased interest to use niv early in the clinical 
pathway, especially for coPD and pulmonary edema patients, in 
an effort to avoid intubation.  once coPD patients in particular 
are intubated, they often require many days of intensive care 
and have increased complications and poorer outcomes. studies 
have shown that intubation can be avoided in most cases (if niv 
commences early enough) and thus decrease complications, 
length of hospital stay and improve outcomes, including decreased 
rates of mortality.1,2,3 since many of these patients are intubated in 
the er, there has been increasing interest to train the staff to begin 
niv whenever possible in the er or even during transportation to 
er. this is especially true if the er stay tends to be long, as this 
increases the likelihood of intubation.

similarly, using niv in cases of acute cardiogenic pulmonary edema 
is associated with reduced need for intubation and a decrease in 
mortality.9

reducing rates of intubation has been shown to lead to lower rates 
of complications such as nosocomial pneumonia.10

Use of ventilators
in France ventilators are used in ambulances (when there is a 
physician present) during transport (helicopter, planes) and within 
the er. the most common use is for invasive ventilation during 
trauma, cardiac arrest, other emergencies and for pediatrics. 
However, niv is now being used more frequently for coPD and 
acute pulmonary edema. resMed’s elisée range of ventilators 
offers both invasive and noninvasive ventilation, allowing emergency 
teams to make the choice of niv where it is suitable. elisée devices 
are sold to emergency rooms and used in ambulances throughout 
France, owing to the devices’ wide range of potential use, and that 
the team can become familiar with one ventilator for all use-case 

scenarios. a 2007 study comparing the elisée 250 with the Dräger 
oxylog 3000 found that the elisée 250 was easier to use, leading 
to fewer errors and therefore increased reliability.11

Guidelines for using NIV
three major French medical societies—(srlF société de  
réanimation langue Française, sFar: société Française 
d’anesthésie et réanimation, sPlF: société de Pneumologie 
langue Française)—dealing with emergency, anaesthesia and 
the respiratory system held the NIV in Acute Respiratory Failure 
consensus conference in 2006 and developed a set of guidelines for 
using niv in cases of acute respiratory failure (arF).7  the guidelines 
cover: when niv should and should not be used; the clinical criteria 
for initiating niv, and the modes to use; what is required for niv 
treatment; the criteria for success, and the risks.

according to the guidelines, niv should be provided when there is:
 • coPD in acute decompensation
 • acute cardiogenic Pulmonary edema.

they also recommend that niv should probably be offered:

 •  in cases of acute hypoxemic respiratory failure in the immuno-
suppressed

 • post-operatively in thoracic and abdominal surgery
 • in an invasive ventilation weaning strategy for coPD
 • to prevent arF after extubation
 •  where there is decompensation of chronic respiratory failure 

in patients with restrictive disorders and cystic fibrosis.

the guidelines also list contraindications for using niv:

 •  in unsuitable environments, where there is insufficient 
experience and skill in the clinical team.

 • non-compliant patient, agitated, refuses the technique.
 •  imminent intubation (except when used for pre-oxygenation).
 •  coma (except hypercapnic coma in crF).
 • severe respiratory fatigue.
 • shock, life-threatening ventricular arrhythmias.
 • severe sepsis. 
 • immediately after a cardio-respiratory arrest.
 • non-drained pneumothorax.
 •  obstruction of the upper airway (except osa, laryngo-

tracheomalacie).
 • severe unstoppable vomiting.
 • Haemorrhage in the upper digestive tract.
 • severe cranio-facial trauma.
 • acute traumatic tetraplegia during the initial phase.

Training
lack of training is known to be one of the main reasons why 
clinicians fail to use niv12 and the French guidelines list ‘lack of 
training’ as a contraindication. since 2008 resMed France has been 
running practical workshops to introduce clinicians to niv using 
elisée ventilators. in 2009, over 400 clinicians (292 physicians, 149 
paramedical personnel) attended the training program in order to 
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Mr B is 60 years old, slightly overweight and has severe coPD. 
He has a BMi of 30 and is 175 cm tall. He lives at home with his 
wife of 40 years and is closely monitored by his pulmonologist. His 
current treatment includes:

 • oxygen therapy at 2l/min, 16/24h
 •  long action bronchodilators and corticosteroids by inhalation. 

His medical profile includes: 

 • stage iii coPD 
 •  ex-smoker: has a 20 pack/year smoking history1 and stopped 

smoking five years ago 
 • diabetes: non-insulin dependent 
 • no known allergies.

recently Mrs B found her husband very lethargic and hard to wake 
from his afternoon nap. she called the emergency number asking 
for the paramedics to come quickly. she explained that he had had 
a fever for two days, with increased coughing and expectoration of 
yellow mucus, and that she couldn’t wake him from his nap. 

the emergency team - a physician, nurse and driver arrived 
soon after. they quickly began to examine Mr B and found the 
following:

 • Hr: 130 with sinusoidal rhythm
 • BP: 130/80
 • respiratory rate (rr): 42 bpm
 • spo2: 80% with o2 at 2l/min 
 • cyanosis of the extremities and lips
 • temperature: 38.5°c
 • sweating+
 • Dyspnea stage iii with accessory muscle use
  - sterno-cleido-mastoide and scalenes+
 •  auscultation: crepitance noted in the lower right lung region
 • expectoration: yellow and abundant
 • Blood glucose: 6.2 mmol/l

Diagnosis: decompensation of coPD with possible pneumonia in 
the right lung base.

the physician explained to the patient and his wife that it would be 
necessary to go to the hospital but before leaving they felt it best 
to begin iv and niv on Mr B. 

the team uses resMed’s elisée 250 and the initial settings for 
beginning niv are:

 • Fio2: 40%
 • PeeP: 5 cm H2o
 • Ps: 6 cm H2o
 • trigger: 3
 • rise time: 1 
 • set apnea ventilation.

they began niv with these initial settings using a full face mask 
because Mr B was lethargic and mouth breathing. Due to his 
wheezing, inline aerosol therapy was also started immediately 
using bronchodilators. this is preferred over traditional mask 
aerosol as it is felt that the medication will have better penetration 
due to improved lung volumes with ventilation. if the appropriate t 
adapter is not available aerosol treatments can be alternated with 
ventilation. 

settings are optimised using clinical judgment and monitoring the 
patient, spo2 and the values and waveforms on the elisée 250.

after several minutes of ventilation the physician noted that Mr B’s 
vte was quite low (<6 ml/kg of ideal body weight). He therefore 
decided to increase the Ps to 8 cm H2o and observe the effect 
this had on the patient. vte improved slightly and rr decreased a 
little, but not enough, so after another few minutes Ps was again 
increased to 10 cm H2o.

once a good level of Ps was achieved, Mr B’s rr decreased 
considerably to 25 bpm. after a few minutes the physician 
observed that the patient continued to use his accessory muscles 
and occasionally was unable to trigger the ventilator. the physician 
decided to increase the PeeP to 6 then 7 cm H2o thinking the 
problem was due to intrinsic PeeP. He noted a few minutes later 
that Mr B stopped using his accessory muscles and had a calm 
respiratory pattern. at this point, Mr B was more awake and able 
to respond to questions. the physician explained that they were 
going to transfer him to the hospital where they could treat his 
lung infection. He also explained that during the transfer Mr B 
would need to keep the mask on his face as this would help him 
breathe better. 

During the transfer, the patient’s spo2 progressively improved. 
Upon arrival he was more comfortable, had less sweating and 
dyspnea with a rr of 25, vte of 550 ml, spo2: 89% using an Fio2 
of 35%.

it was decided to transfer Mr B to a step-down unit for further 
follow-up and care. ventilation was continued.

1. to figure out packs per year, the number of packs smoked per day is multiplied by 
the number of years smoked. For example, someone with a 20 pack/year history may 
have smoked two packs of cigarettes/day for 10 years, or one pack/day for 20 years.

Case study 1: 
using NIV in coPd exacerbation in France

learn when and how to use the ventilators. Most of the physicians 
attending the workshops work in er departments.

the workshops are very practical, where small groups of trainees 
can work with a device. the published guidelines and literature 
are reviewed, then the participants practice putting on masks, 
choosing settings, setting up the machine and ventilating with it.

Using NIV modes 

there are two main ventilation modes recommended for niv:
 • Ps+PeeP
 • cPaP. 
niv with the ventilation mode Ps+PeeP is recommended for:
 •  coPD decompensation with respiratory acidosis and a 

PH<7.35.  cPaP should not be used.
 •  arF in the immuno-suppressed: as first line treatment of 

arF (Pao2/Fio2 < 200 mmHg with pulmonary infiltrates).
 •  neuromuscular disorders: the clinical signs of arF or a 

hypercapnia of 45 mmHg are the formal indications for niv 
(include noninvasive techniques for secretion clearance).

 • cystic Fibrosis (children and adults).

niv with either the ventilation mode Ps+PeeP or cPaP is 
recommended for:

 •  cardiogenic Pulmonary edema: in association with 
optimal medical treatment that does not delay the specific 
treatment for an acute coronary syndrome.

  -  when there are signs and symptoms of acute respiratory 
distress without waiting for the results of the blood 
gases.

  -  when there is hypercapnia with a Paco2>45 mmHg.
  -  when there is no response to medical treatment.

PS+PEEP
ventilators with a Ps+PeeP mode should have: 
 •  settings for inspiratory trigger, rise time, maximum 

inspiratory time, cycle/expiratory trigger
 •  measured expired tidal volume and treatment pressures.

the Ps + PeeP mode is the most commonly used mode for 
arF. this mode allows the clinician to progressively increase 
the Ps level (beginning with around 6 to 8 cm H2o) until the 
optimal level is reached to improve ventilation and achieve 
patient comfort.

 •  an expired tidal volume of around 6 to 8 ml/Kg is 
recommended.

 •  the level of PeeP used most often is around 4 to 10 cm 
H2o depending on the indication for niv.

 •  a peak inspiratory pressure not more than 20 cm H2o is 

Starting NIV

within an emergency setting, the recommendation in 
France for starting niv is that:

 • the team is trained in niv use
 • there is a clear protocol around its use
 •  the patient is supported in a semi-sitting  

position at 45°
 • a transparent full face mask is used
 • there is the ability to intubate if needed

the interface chosen for the patient plays an important 
role in the tolerance and efficacy of niv. Multiple sizes 
and models should be made available. a full face mask 
is recommended as the first choice and is the interface 
mainly used during niv in arF.

Humidification may be necessary:

 • when there are leaks
 • when supplemental oxygen is used
 • when a patient is congested
 • in the presence of high nasal resistance.
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de réanimation de langue Française, and approved by the ats Board of Directors, 
December 2000. Am J Respir Crit Care Med.163:283-291. 5. national Heart, lung and 
Blood institute/world Health organization report. Global initiative for chronic obstructive 
lung Disease, 2001. niH Publication no. 2701: 91–92. 6. sPlF. [Guidelines for the clinical 
management of coPD, 2003 update: organisation and argumentation] Rev Mal Resp 
2003 ;20(3 Pt 2) :s7-9. 7. 3e conference de consensus commune de la sFar, la sPlF 
at la srlF, 2006. 8. Masip J, roque M, sánchez B, Fernández r, subirana M, expósito 
Ja. noninvasive ventilation in acute cardiogenic Pulmonary edema: systematic review 
and Meta-analysis. JAMA 2005;294: 3124-3030. 9. vital FMr, saconato H, ladeira Mt, 
sen a, Hawkes ca, soares B, Burns Kea, atallah Án. non-invasive positive pressure 
ventilation (cPaP or bilevel nPPv) for cardiogenic pulmonary edema. Cochrane Database 
of Systematic Reviews 2008, issue 3. art. no.: cD005351. Doi: 10.1002/14651858.
cD005351.pub2. 10. Girou e, Brun-Buisson c, taillé s, lemaire F, Brochard l. secular 
trends in nosocomial infections and mortality with noninvasive ventilation in patients with 
exacerbation of coPD and pulmonary edema. JAMA 2003;290:2985-2991. 11. templier 
F, Miroux P, Dolveck F, Descatha a, Goddet n-s, Jeleff c, Baer M, chauvin M, Brochard 
l, Fletcher D. evaluation of the ventilator-user interface of 2 new advanced compact 
transport ventilators. Resp Care 2007:52(12);1701-9. 12. thys F, spencer s, verschuren 
F, Delvau n, roeseler J, templier F. niv: use during the pre-hospital management of 
patients with acute respiratory failure. Eur Respir Mon, 2008:41;133-142.

recommended to avoid the risk of air in the stomach and 
high leaks.

PeeP:
 • improves oxygenation
 •  reduces the inspiratory work associated with intrinsic PeeP
 • stabilizes the upper airways.

COPD factsheet
the european lung Foundation has recently published 
a fact sheet for people diagnosed with coPD and their 
families. it describes the condition, ways of dealing with it, 
and recommended medications, exercise and diet. the fact 
sheet can be downloaded at http://www.european-lung-
foundation.org/index.php?id=60 .
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Dr Amanda Piper, BAppSc (Phty), 
MEd, PhD, is the Coordinator of the 
Respiratory Failure Service and Home 
Ventilation Program, Department of 
Respiratory and Sleep Medicine, Royal 
Prince Alfred Hospital (RPAH) and 
Research Fellow, Woolcock Institute of 
Medical Research. Dr Piper has been 
involved in the clinical management 

of patients with respiratory failure and sleep-disordered 
breathing for more than 15 years, and is widely 
recognised for her theoretical and practical expertise in 
the use of noninvasive ventilation. She has published in 
a range of peer-reviewed international journals on topics 
ranging from nocturnal hypoventilation in neuromuscular 
disorders and cystic fibrosis through to the management 
of obesity hypoventilation syndrome and the use of 
noninvasive ventilation as an adjunct to early mobilisation 
and exercise training. For more than a decade, Dr Piper 
has been involved in the training of health professionals in 
all aspects of assessing and using noninvasive ventilation, 
designing and conducting courses in Australia, the United 
States, Asia and New Zealand. 
Could you please briefly describe your work?
i coordinate the niv program at rPaH, which is responsible 
for assessing and managing patients with acute and chronic 
hypercapnic respiratory failure. we treat patients both 
presenting to the hospital with respiratory failure and supervise 
the ongoing respiratory care of patients requiring home 
ventilation. 

What led you to work in this area?
i was working in intensive care and became very interested in 
the weaning and rehabilitation of patients requiring long-term 
ventilation. it was there that i came into contact with Professor 
colin sullivan and his work in sleep and ventilation. so when 
a position became vacant in his sleep laboratory i was invited 
to apply. i felt the position would be a good fit between my 
experience in ventilation and skills in physiotherapy and my 
desire to be able to offer something more to patients with 
chronic respiratory failure. noninvasive ventilation was an 
extremely new idea at the time and it was an exciting step 
to become involved in such a fledgling area with so much 
potential.

What types of patients (indications) do you mostly see?
we look after patients with both acute and chronic respiratory 
disorders. the acute conditions we most commonly see 
are coPD and obesity hypoventilation syndrome; chronic 
respiratory conditions include obesity-related respiratory failure, 
neuromuscular disorders and chest wall deformity.

In what circumstances do you use NIV in the home/in a 
hospital setting?
it depends on the diagnosis. where the patient presents to 
hospital with an acutely raised co2 and respiratory acidosis, we 
will be looking at niv to prevent intubation or as a ceiling therapy. 
For most of these individuals, niv is a temporary therapy to get 
them over the acute phase of their respiratory problem. For 
patients with chronic respiratory failure, therapy will be used at 
home on a long-term basis. the need for niv use is based on 
blood gases, symptoms and breathing abnormalities occurring 
during sleep. some people with chronic respiratory failure will 
present acutely, and once they are stabilised we undertake 
investigations to determine the cause of their respiratory 
problems and the nature of any underlying sleep-disordered 
breathing (sDB) and implement therapy accordingly.

Do you use CPAP as well?
our program deals with people needing home ventilation, 
usually bilevel therapy. there is another team in our unit 
which deals solely with cPaP therapy. However, there can be 
crossover where patients may need bilevel ventilatory support 
initially, but once daytime co2 and respiratory drive improve, 
a switch to cPaP therapy alone may be possible, and we 
supervise this.

Do you also use intubation?
no, we operate out of a ward setting and wherever possible 
we try to avoid intubation. one aspect of our work involves 
assisting patients to wean from invasive ventilation, using 
non-invasive ventilation techniques either in the short or long 
term. intubation or tracheostomy can often introduce additional 
problems in patients with chronic respiratory failure, especially 
in the presence of neuromuscular or chest wall dysfunction, so 

Matching the right machine to the right patient: 
An interview with Dr amanda piper

if these approaches can be avoided it is better for the patient. 

Could you describe the progress of a patient on NIV?  
this will depend upon the diagnosis. For patients with obesity 
hypoventilation or coPD, niv should relieve symptoms and 
improve awake blood gases even though therapy is used at 
night only. in contrast, in patients with a progressive underlying 
disorder, after a period of stability with nocturnal ventilation, 
increasing periods of daytime ventilatory support will often 
become necessary over time to maintain blood gases and 
reverse symptoms. For these individuals, planning how best 
to achieve this, with what machine and which interface/s is a 
crucial part of ongoing management.

In a 1992 paper you say that ‘few therapists have considered 
the role sleep may play in the deterioration of a patient’s 
clinical condition’.1 How have things changed in the last 
two decades?
More and more people are now recognising the connection 
between sleep and a patient’s clinical condition. sDB has a 
huge effect on daytime function and quality of life. recent work 
has really highlighted the importance of identifying abnormal 
gas exchange during sleep as early as possible to avoid the 
patient slipping into uncompensated respiratory failure from 
an apparent minor clinical event. in the past, clinicians often 
waited for the development of daytime respiratory failure as an 
indication to commence niv, but now the accepted approach is 
to identify ‘at risk’ individuals and discuss the use of niv once 
nocturnal hypoventilation is first identified.

You have also written about the effects of NIV on exercise 
training. What were the main findings from your research?
this is work from collette Menadue, a PhD student i am 
supervising. the technique is not appropriate for routine 
clinical use, but in selected patients we have found important 
improvements in exercise duration using niv during exercise 
and mobilisation. we have applied it in both our outpatient 
rehabilitation programs and for inpatient early mobilisation, to 
improve breathing, assist the patient to exercise more, and to 

build their confidence about getting up and moving around. 
we have also shown that patients who are bed-bound by 
breathlessness can often become more mobile by using the 
ventilator mounted on their walkers. we only use this technique 
with patients who are responsive to therapy—we compare 
results such as breathlessness and exercise duration during niv 
to what can be achieved during a spontaneous exercise bout, 
and if improvements are seen, niv during exercise training can 
be incorporated into their rehabilitation program.

What guidelines do you use/teach in using NIV?
we try to make our guidelines as evidence-based as possible. 
once an abnormality in sleep breathing is identified we work 
with the patient and carers to try to introduce therapy in a 
timely fashion. For therapy to be effective the patient has to 
be a willing participant. we do a lot of patient/carer training, 
introducing the patient to the idea of niv, identifying what our 
goals of therapy are and explaining what the patient can expect 
from therapy. recently, i have been involved in a working party to 
develop comprehensive guidelines regarding the assessment, 
implementation and long-term follow-up of patients requiring 
niv. the aim of these guidelines is to improve the baseline level 
of care that patients with chronic respiratory failure needing 
niv receive in new south wales.

in our unit, the introduction of niv is based on four major 
principles:

 -  Picking the appropriate patient at the appropriate time for 
therapy.

 -  training the patient in how niv can help them, and how to 
use the device effectively.

 -  ensuring good patient/machine synchronisation, so that 
therapy is as effective as possible.

 -  recognising that niv is only one aspect of the overall 
management of a patient with nocturnal hypoventilation. 
other factors need to be addressed and include the 
ability to cough and clear secretions effectively; improving 
mobility; weight management; attention to nutrition and 
swallowing.

Anything else you’d like to add?
in recent years, there has been a huge swing towards pressure-
targeted devices to manage chronic hypercapnic respiratory 
failure. this is certainly justified based on cost, comfort and 
convenience. However, it is important for clinicians not to 
overlook the advantages and benefits of volume-targeted 
ventilation in selected individuals. this is particularly important 
for patients with neuromuscular disorders, who are now 
living longer despite considerable and progressive respiratory 
muscle weakness. the type of ventilator and features needed 
to meet their respiratory needs will change with time, and this 
must be recognised by clinicians. setting up volume-targeted 
ventilation requires a slightly different skill set to pressure-
targeted devices and it is important that clinicians don’t lose 
these skills. an effective ventilation program needs to be able 
to identify and set up the right device to meet the respiratory 
needs of the individual patient.

1 Piper AJ. Sleep and respiration: Implications for pulmonary rehabilitation. Australian 
Journal of Physiotherapy 1992:38;181-187.

“The need for NIV use is based 
on blood gases, symptoms 
and breathing abnormalities 
occurring during sleep.”

“recent work has really 
highlighted the importance 
of identifying abnormal gas 
exchange during sleep as early 
as possible to avoid the patient 
slipping into uncompensated 
respiratory failure from an 
apparent minor clinical event.”
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Case study 2: using NIV in Acute cardiac 
Pulmonary edema

Australian consensus statement and model  
of care for home noninvasive ventilation (NIV)
A working group in New South Wales met for the 
first time in December 2007 to discuss the need to 
standardize services for adult patients requiring home 
ventilation within the broad aims of equity of access 
and outcome. The group has now produced final drafts 
of a consensus statement and a model of care.  

the consensus statement, ‘Domiciliary noninvasive 

ventilation in adult Patients’, was submitted in late 2009 

to the thoracic society of australia and new Zealand and 

the australian sleep association for national input and 

professional endorsement. Following this peer review 

process the document will be published and distributed. 

Proposed model of care for home noninvasive 
ventilation

the final draft of the ‘Proposal for an improved Model 

of care for Home niv services in nsw’ contains 69 

recommendations to nsw Health on how best to improve, 

standardize and streamline services for adult patients, with 

particular consideration given to improving service access to 

people in non-metropolitan nsw.

the document describes the proposed roles for a central 

agency that would be responsible for:

 1.  timely provision of all government-funded domiciliary 

ventilation equipment

 2.  a state-wide database and information system 

facilitating the collection, storage and analysis of both 

equipment-related and patient-related and clinical 

data.

operating with the central agency will be a hub and spoke 

network of clinical services. ‘specialised Hubs’ will have 

sufficient resources (equipment and staff) and expertise 

to start complex patients on niv; ‘level 2 agencies’ would 

commence less complex patients on niv and share in 

the continued management of complex patients; ‘level 3 

assessment and Monitoring modes’ would monitor patients 

who have difficulty accessing medical services due to their 

medical condition or geographical isolation.

the niv working Group operated under the auspices of the 

nsw agency for clinical innovation’s respiratory network. 

its broad aim was to advise nsw Health on how best to 

optimize services for patients to ensure equity of access 

to, and outcome from, best practice home niv services 

in nsw. the respiratory network’s secretariat conducted 

a broad and inclusive consultation process, including site 

visits and face-to-face meetings, with clinical teams involved 

in the provision of home niv services in nsw.

For more information contact nick wilcox, Manager, 

respiratory network, nsw agency for clinical innovation at 

nwilcox@nsccahs.health.nsw.gov.au

In 2008 we interviewed Dr Anita Simonds1 about 
adherence to ventilator therapy. She told us that for most 
patients, adherence is stable after the first month unless 
other health problems arise. Here’s what she said about 
managing nonadherent NIV patients.   

in our experience, the best way to tackle nonadherence is to 
identify underlying difficulties and then to systematically problem-
solve.

it always helps to revisit the original sleep studies or investigations 
that indicated the need for treatment. Patients value these being 
explained in detail. if the circumstances have changed (eg, 
significant weight loss in obesity hypoventilation patients), these 
studies will need to be repeated. other pathology should be 
considered, such as restless legs in a heart failure patient with 
central sleep apnea. 

we also check daytime and nocturnal blood gas control to see 
if ventilator settings require adjustment. additional data on flow 

limitation can be helpful to see whether upper airway obstruction is 
occurring and leading to respiratory arousals. Patients will indicate 
if the interface is the main issue and this is best dealt with by 
having a wide variety of interfaces available and skilled staff who 
can fit these accurately to the patient. we would then negotiate a 
forward plan and work closely with the patient to achieve targets. 

Based on the results of a trial from our unit, we ask adult patients 
to use niv for a very minimum of four hours during sleep but to aim 
for longer, up to the whole sleep period. some who are gradually 
acclimatising, catch up with an hour or two in the day or evening.

we occasionally use behavioural therapy in patients with extreme 
claustrophobia, but often a small nasal interface and maximal 
support from the team at treatment initiation works here.

1. Dr Simonds is a Reader in Respiratory and Sleep Medicine, National Heart and 
Lung Institute, Imperial College London, UK. The full interview with Dr Simonds can 
be found in ResMedica #11, 2008.

Adherence to NIV therapy

Mr c is a 65 year old retired French public employee. He does 
not do much physical exercise and is slightly overweight. 

His medical history includes:

 • hypertension: 160/90 on medication

 •  hypercholesterolemia being treated with anti-cholesterol 
medication

 •  heart failure treated with diuretics and Beta blockers

 •  smoking history: 10 pack/years1 but stopped smoking 5 
years ago.

recently, Mr c awoke in the middle of the night with severe 
difficulty breathing and heavy sweating. He decided to call the 
emergency number.

Upon arrival the medical team found Mr c very agitated and 
anxious with severe dyspnea and sweating even at rest. He 
was coughing as soon as he tried to speak. the team found:

 • Pulse: 125 sinus rhythm 

 • ecG: sinus rhythm with signs of left sided heart failure

 • BP: 190/110 mmHg

 • respiratory rate (rr): 40 bpm

 • spo2: 80% on room air with cyanosis in the extremities

 • auscultation: loud bilateral crepitance & rales. 

their diagnosis was acute cardiac Pulmonary edema. they 
started high flow oxygen by mask and a large caliber iv line was 
inserted to give the patient a bolus of nitrates diuretics. 

the patient’s respiratory distress did not subside and his spo2 
remained below 90%. since the emergency team has an elisée 
250 with them they decided to start niv. they chose a full face 
mask and began with the following settings: 

 • Fio2: 100%

 • PeeP: 5 cm H2o

 • Ps: 6 cm H2o

 • trigger: 3

 • rise time: 1 

 • set apnea ventilation.

the patient’s work of breathing decreased but remained 
high with some paradoxical breathing efforts. the PeeP was 
increased to 7 cm H2o. the saturation came up and the patient’s 
breathing began to calm down. the Fio2 was decreased to 
60% with a spo2 of 93%. the patient appeared much more 
comfortable and ready for transfer to the hospital.

                        

“operating with the central 
agency will be a hub and  
spoke network of clinical 
services.”
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Dr Lode is responsible for the Pediatric 
Emergency Medical Unit at the Hôpital 
Robert Debré in Paris, France. The 
hospital opened in 1988 and is now 
the largest pediatric hospital in France. 
It caters for infants and children, 
adolescents, women and mothers-to-
be. It has 475 beds and cares for more 
than 30,000 patients hospitalized, with 

200,000 consultations, each year. This includes nearly 
60,000 children and adolescents. Dr Lode is in charge 
of medical transport for newborns and children at risk of 
organ failure (respiratory, cardiovascular, neurological). 

Could you briefly describe your work with the Pediatric 
Emergency Medical Unit at Hôpital Robert Debré?

First i would like to explain the organization of the medical 
emergency system in France. the public calls a special telephone 
number, which is 15. anyone who calls this phone number will 
first find themselves in contact with a dispatcher. Depending 
on the situation described by the caller, the dispatcher will 
decide whether to send the call to one of two physicians: one 
(physician permanence) who will talk to the patient and give 
them some advice, or another physician (regulateur du SAMU) 
who will decide what type of emergency vehicle should be 
sent to the location—an ambulance or an emergency medical 
team such as the red cross, Fire Department or a special team 
in France, called the saMU, in which a physician is part of the 
team. the first level emergency vehicles contain the necessary 
equipment to provide oxygen therapy and semi-automatic 
cardiac defibrillation.  

there are five specialized Pediatric emergency Medical teams 
(sMUr) in the Paris area. when there is a secondary inter-
service transportation request (from one hospital service to 
another) the service transferring the child makes the request 
directly to the sMUr and they select the team that is the 
closest and fastest available for the transfer. 

the composition of the sMUr team is as follows:

 •  an icU pediatrician (we manage children from 0 to 15 
years old)

 •  a nurse or a pediatric nurse with a minimum of two years 
experience in neonatology or pediatrics

 •  a driver/technician with training in the pediatric service

 •  anyone who is in training is with us (pediatric intern, 
midwife, emergency room physician).

Physicians are on-call 24 hours, nurses and driver/technicians 
are on-call 12 hours. 

some statistics from our unit at Hôpital robert Debré in 2009: 

 •  1472 interventions (with transport by the Fire Department 
or by parents) 

 • 1315 transports using sMUr.

the most important task for the emergency team is to stabilize 
the child before transporting them. For this reason a large 
majority of care and treatment is done on-site. 

the exception to this rule is infants and children with severe 
trauma pathologies where emergency surgery is needed and 
the transfer is done immediately so that the infant can go as 
quickly as possible to surgery.

other than this situation, practically all the care is done before 
the child is transferred in the ambulance. this includes physical 
stabilization, monitoring, scope, perfusion, infusion, volume 
replacement, drugs. it is very rare that treatment will be 
added during transportation to the hospital: everything is done 
beforehand. 

once at the hospital, the child is transferred directly to the icU 
or recovery room to provide sufficient monitoring and care. 

When do you use ventilation for infants and children?

niv is used most often for bronchiolitis in infants; today we 
have very few intubations for bronchiolitis. For newborns 
we use cPaP (for example, in neonatal respiratory distress). 
otherwise, if oxygen therapy isn’t enough to maintain adequate 
gas exchange, the patient is intubated.

When do you use invasive vs noninvasive ventilation?

one rule is that a Fio2 > 40% on cPaP is an indication for 
immediate intubation. Most of the time we tend to use invasive 
ventilation. with invasive ventilation, it is much easier to resort 
to no (nitric oxide) when needed for the newborns and for 
refractory hypoxemia.

the figures below come from our 2009 department activity 
report.

Newborn (0 to 28 days)

 •  308 intubated and ventilated out of 586 transported 
(53%). all were ventilated using pressure ventilation with 
the Babylog 8000 (plus 4 infants ventilated using HFo).

 • 6 niv

 •  82 cPaP with the PeeP setting at (depending on the 

Looking after the children: 
An interview with Dr Noella Lode

pathology) 4, 6 or (maximum) 8 cm H2o. For example, 
pressure of 8 cm H2o for bronchiolitis.

 • cPaP + niv = 88 infants = 14% of those transported

Young infants (from 1 month to 2 years)

 •  75 intubated and ventilated with about one-third ventilated 
using the elisée 350. overall this represents 6% of the 
337 young infants transported.

 •  niv + cPaP: 25 young infants (of which 21 were for 
bronchiolitis)

 •  two-thirds with the Babylog and one-third with elisée 
350

Older infants: (from 2 years to 15 years)

 • 52 intubated and ventilated, all with the elisée 350

 • 2 niv (sickle-cell anemia)

When would you suggest clinicians move from NIV to 
intubation?

this is a difficult question to respond to. First of all, it depends 
on the clinician and their experience. there are very few 
consensus conferences available in pediatrics. as a result, we 
organize meetings between pediatric services and use their 
respective experience and expertise to decide what treatment 
options to use for infants and children (invasive ventilation, niv, 
cPaP, high concentration oxygen by mask) depending on the 
various pathologies. 

all of this will depend on the clinical evolution of the child in 
addition to their initial pathology.

at the moment niv in older children has few indications.

What type of monitoring do you routinely use when 
ventilating children?

routinely and systematically we use: ecG with pulse, 
respiratory rate, non-invasive blood pressure, temperature, 
spo2 and transcutaneous Pao2 and co2.

in infants  3 months we place the transcutaneous probe on 
the chest, otherwise we place it on the inside of the forearm. 

if the child is intubated, we use expired co2. For children with 
trauma injuries we systematically use expired co2 as it is very 
important to closely control their level of co2 (between 30 and 
40 mmHg).

In your experience are there additional considerations 
when using ventilation for pediatric purposes?

niv in pediatrics has evolved exponentially. cPaP has been 
used for more than 20 years.  

the evolution of medications such as surfactants and 
corticosteroids along with the increased use of cPaP has 
significantly helped in decreasing the intubation duration for 
children. 

the most impressive change concerns infant bronchiolitis and 
what is now practically a systematic use of niv in these children 
during the acute phase. 

the use of niv depends mainly on the team, its training, the 
clinician experience and logistical considerations such as patient 
environment. niv is very time-consuming (set-up, tolerance, 
patience) so physicians sometimes prefer to transfer patients 
using high concentrations of oxygen through the mask before 
starting niv once in the intensive care unit.

starting niv for a child in the pre-hospital environment requires 
at least 30 minutes more time before the transportation to the 
hospital can begin. For each clinician this requires individual 
case-by-case clinical judgment.

in my experience, the most impressive evolution is the use of 
niv in infants with brochiolitis. in pediatric icU, niv is more 
and more used in interstitial pneumonia in immuno-depressed 
patients, acute chest syndrome in sickle-cell disease and in 
some situations of status asthmaticus. 

Anything else you would like to mention about your use 
of NIV?  

the most challenging aspect of niv is the problem we have 
finding masks that work with the ventilators we use. we 
frequently have to adapt existing masks. as an example we 
sometimes have to use adult nasal masks as infant full face 
masks. we would really appreciate more work in this area.

Interview by Cedric Laillier. Translated by Susan Sortor Leger

“The most impressive change 
concerns infant bronchiolitis 
and what is now practically a 
systematic use of NIV in these 
children during the acute phase.”
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1.  Chatburn RL. Which Ventilators and Modes Can Be 
Used to Deliver Noninvasive Ventilation? Respir Care 
2009;54(1):85–99. 

a wide variety of ventilators and modes can be used to 
deliver noninvasive ventilation (niv). to navigate successfully 
through the many options, the clinician must first have a clear 
understanding of the goals of mechanical ventilation: namely, 
safety, comfort, and timely liberation. examining the specific 
objectives associated with these goals, we can distinguish 
priorities for niv. this paper reviews the methods of achieving 
those objectives by reviewing the characteristics of ventilation 
modes and how those characteristics are measured in 
performance-evaluation studies. this review provides the basis 
for a simple procedure for selecting the most appropriate niv 
technology for the patient and the environment of care.

2.  Branson RD, Johannigman JA. Innovations in Mechanical 
Ventilation. Respir Care 2009;54(7):933–947. 

new features of mechanical ventilators are frequently 
introduced, including new modes, monitoring techniques, 
and triggering techniques. But new rarely translates into any 
measureable improvement in outcome. we describe 4 new 
techniques and attempt to define what is a new invention 
versus what is innovative—a technique that significantly 
improves a measurable variable. we describe and review the 
literature on automated weaning, automated measurement 
of functional residual capacity, neural triggering, and novel 
displays of respiratory mechanics.

3.  Metnitz PG, Metnitz B, Moreno RP, Bauer P, Del Sorbo 
L, Hoermann C, de Carvalho SA, Ranieri VM; SAPS 3 
Investigators. Epidemiology of mechanical ventilation: 
analysis of the SAPS 3 database. Intensive Care Med 
2009;35(5):816–25. 

OBJECTIVE: to evaluate current practice of mechanical 
ventilation in the icU and the characteristics and outcomes 
of patients receiving it. DESIGN: Pre-planned sub-study of a 
multicenter, multinational cohort study (saPs 3). PATIENTS: 
13,322 patients admitted to 299 intensive care units 
(icUs) from 35 countries. INTERVENTIONS: none. Main 
MEASUREMENTS AND RESULTS: Patients were divided 
into three groups: no mechanical ventilation (Mv), noninvasive 
Mv (niv), and invasive Mv. More than half of the patients 
(53% [ci: 52.2–53.9%]) were mechanically ventilated at icU 
admission. Fio2, vt and PeeP used during invasive Mv were 

on average 50% (40–80%), 8 ml/kg actual body weight (6.9–
9.4 ml/kg) and 5 cmH2o (3–6 cmH2o), respectively. several 
invMv patients (17.3% (ci:16.4–18.3%)) were ventilated with 
zero PeeP (ZeeP). these patients exhibited a significantly 
increased risk-adjusted hospital mortality, compared with 
patients ventilated with higher PeeP (o/e ratio 1.12 [1.05–
1.18]). niv was used in 4.2% (ci: 3.8–4.5%) of all patients 
and was associated with an improved risk-adjusted outcome 
(or 0.79, [0.69–0.90]). CONCLUSION: ventilation mode and 
parameter settings for Mv varied significantly across icUs. 
our results provide evidence that some ventilatory modes 
and settings could still be used against current evidence and 
recommendations. this includes ventilation with tidal volumes 
>8ml/kg body weight in patients with a low Pao2/Fio2 ratio 
and ZeeP in invMv patients. invasive mechanical ventilation 
with ZeeP was associated with a worse outcome, even after 
controlling for severity of disease. since our study did not 
document indications for Mv, the association between Mv 
settings and outcome must be viewed with caution. 

4.  Scala R, Naldi M. Ventilators for Noninvasive Ventilation 
to Treat Acute Respiratory Failure. Respir Care 
2008;53(8):1054–1080. 

the application of noninvasive ventilation (niv) to treat acute 
respiratory failure has increased tremendously both inside 
and outside the intensive care unit. the choice of ventilator is 
crucial for success of niv in the acute setting, because poor 
tolerance and excessive air leaks are significantly correlated 
with niv failure. Patient-ventilator asynchrony and discomfort 
can occur if the physician or respiratory therapist fails to 
adequately set niv to respond to the patient’s ventilatory 
demand, so clinicians need to fully understood the ventilator’s 
technical peculiarities (eg, efficiency of trigger and cycle 
systems, speed of pressurization, air-leak compensation, co2 

rebreathing, reliability of fraction of inspired oxygen reading, 
monitoring accuracy). a wide range of ventilators of different 
complexity have been introduced into clinical practice to 
noninvasively support patients in acute respiratory failure, 
but the numerous commercially available ventilators (bi-
level, intermediate, and intensive care unit ventilators) have 
substantial differences that can influence patient comfort, 
patient-ventilator interaction, and, thus, the chance of niv 
clinical success. this report examines the most relevant 
aspects of the historical evolution, the equipment, and the 
acute-respiratory-failure clinical application of niv ventilators.

5.   Templier F, Miroux P, Dolveck F, Descatha A, Goddet 
N-S, Jeleff C, Baer M, Chauvin M, Brochard L, Fletcher 
D. Evaluation of the Ventilator-User Interface of 2 New 
Advanced Compact Transport Ventilators. Respir Care 
2007;52(12):1701–1709.

BACKGROUND: Mechanical ventilation during patient  
transport frequently utilizes compact portable pneumatic 
ventilators that have limited ventilator-settings options. 
new advanced transport ventilators should yield quality 
improvements, but their user-friendliness needs to be tested. 
OBJECTIVE: to evaluate the ventilator-user interface of 2 
new transport ventilators. METHODS: this was a 2-center 
descriptive study in which the ventilator-user interfaces of the 
oxylog 3000 and elisée 250 were compared by 20 French 
senior emergency physicians who were initially unfamiliar 
with these ventilators. each physician carried out 15 tasks 
with each ventilator and then assigned each ventilator a 
satisfaction score. RESULTS: with the elisée 250 the task 
success rate was significantly higher (85.6% vs 66.6% 
with the oxylog 3000, p < 0.0001), and the total number of 
errors was lower (46 vs 113). the main errors were related 
to inspiratory flow settings with the oxylog 3000 (31 errors), 
inspiratory-expiratory ratio settings with the elisée 250 (11 
errors), ventilation mode choice with the oxylog 3000 (17 
errors), trigger sensitivity setting with the elisée 250 (16 errors) 
and the oxylog 3000 (11 errors), and alarm range setting with 
the oxylog 3000 (10 errors). the mean satisfaction score 
was significantly better with the elisée 250 (81% 7, range 
64–92%) than with the oxylog 3000 (66% 10, range 49–87%) 
(p < 0.0001). CONCLUSIONS: the elisée 250 ventilator-user 
interface was easier to use than that of the oxylog 3000. 
the applicability of these results to other types of users will 
require further studies, but the types of errors found in our 
study might help future users.

6.  Schönhofer B, Sortor-Leger S. Equipment needs for 
noninvasive mechanical ventilation. Eur Respir J 2002; 
20: 1029–1036. 

noninvasive mechanical ventilation (niv) has a long tradition for 
the treatment of chronic respiratory failure and more recently 
has also been applied in acute respiratory failure. Based on this 
experience both critical care ventilators and portable ventilators 
are used to perform niv. the individual choice of ventilator 
type should depend on the patient’s condition and also on the 
expertise of attending staff, therapeutic requirements and the 
location of care. the majority of studies have used pressure-

targeted ventilation in the assist mode. Positive qualities of 
pressure support ventilation (Psv) are leak compensation, 
good patient/ventilator synchrony and the option of integrated 
positive end-expiratory pressure to counteract the effect of 
dynamic hyperinflation. in this article, some crucial issues 
concerning Psv (i.e. triggering into inspiration, pressurisation, 
cycling into expiration and carbon dioxide rebreathing) and 
some corrective measures are discussed. the parameters 
which should be monitored during noninvasive ventilation 
are presented. the interface between patient and ventilator 
is a crucial issue of non-invasive ventilation. advantages and 
disadvantages of face and nasal masks are discussed. Finally, 
causes and possible remedies of significant air leaks and 
some technical accessories for noninvasive ventilation are 
dealt with.

Noninvasive ventilation:  
Key research articles
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