
566 Arch Bronconeumol 2003;39(12):566-79

Introduction

Mechanical ventilation encompasses all procedures
that use a mechanical device to assist or replace a
patient’s respiratory function. If the ventilatory support
does not require inserting an endotracheal tube (by oro-
or nasotracheal intubation or tracheostomy), it is called
noninvasive ventilation (NIV).1,2 The early development
of this therapeutic modality focused on patients with
neuromuscular diseases, sequelae of tuberculosis,
thoracic cage deformities, and hypoventilation-obesity
syndrome.3 Negative pressure techniques were the most
utilized during epidemics of poliomyelitis in the 1950s
but were used less often after the development of
mechanical ventilation through an endotracheal tube.4 At
the beginning of the 1980s, when the efficacy of
continuous positive airway pressure (CPAP) applied
through a nasal mask was described for patients with
obstructive sleep apnea syndrome,5 the number of
patients receiving NIV was not great. However, the
demonstrated ability of NIV to give effective,
comfortable, and well-tolerated mechanical ventilation
through a nasal mask6 encouraged exponential growth in
the number of patients using that modality for long
periods at home in Spain. Likewise, the application of
positive pressure NIV devices in most respiratory
medicine wards in Spain also increased.7-20 Negative
pressure techniques were cast aside almost entirely and
their use today is exceptional.21 The 1990s can be
considered the decade of NIV and home ventilation
thanks to the important invention of the nasal mask.

NIV in Chronic Respiratory Insufficiency

No doubt remains about the efficacy of NIV in patients
with chronic respiratory insufficiency (CRI) arising from
thoracic restriction. Research has shown that NIV
improves quality of life, prolongs survival, and improves
gas exchange, and sleep quality in restrictive CRI

patients.3,9,12 Debate continues, however, on the
usefulness of long-term ventilation of patients whose CRI
is due to chronic obstructive pulmonary disease
(COPD).22-24 Initial experiences reported after
noncontrolled trials were generally positive and
promising. Evidence available now, however, does not
allow us to establish clear criteria for prescribing NIV in
COPD-associated CRI. Wijkstra et al25 recently published
a systematic review of controlled trials that analyzed the
results of standard NIV treatment in stable COPD
patients with hypercapnic respiratory insufficiency. No
evidence for improvement in gas exchange, lung
function, exercise tolerance, or muscle force was found
after 3 months of nocturnal NIV. Given how small the
samples were in the trials identified, however, and the
short periods of NIV, the authors concluded that further
study would be needed to clarify the role for NIV in such
patients. Preliminary results from 2 European multicenter
studies have found no differences between patients
treated with NIV and those treated with oxygen
therapy.26,27 Given these results, in spite of the lack of
precise indications, the British Thoracic Society (BTS)28

recommended that home NIV be considered for COPD
patients requiring more than 7 days of treatment during
an exacerbation, for patients with severe hypercapnia
even after adequate oxygenation, or for those who have
been hospitalized 3 or more times in 1 year with
hypercapnic respiratory failure. The 1999 Consensus
Conference,24 on the other hand, suggested that nocturnal
ventilation be prescribed when PaCO2 is greater than 55
mm Hg in the presence of hypoventilation symptoms. If
PaCO2 falls to between 50 and 55 mm Hg, the consensus
was to recommend starting NIV if the patient had
nocturnal desaturation defined as a pulse oximeter
reading of less than 88% for longer than 5 consecutive
minutes in spite of receiving oxygen at 2 L/min. Finally,
along the lines of the BTS recommendations,28 nighttime
ventilatory support was considered appropriate for COPD
patients with PaCO2 between 50 and 55 mm Hg who had
been hospitalized with hypercapnic respiratory
insufficiency at least twice in 1 year. From a clinical
perspective, the absence of clearly defined indications
means that the use of NIV in stable COPD patients with
hypercapnia tends to differ considerably from one group
prescribing these techniques to another.8
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NIV in Acute Respiratory Insufficiency

As has happened for patients with CRI, the application
of NIV has gradually become accepted for patients with
acute respiratory insufficiency (ARI) of varied etiologies,
the exacerbation of COPD being the condition with the
greatest amount of evidence supporting its efficacy.29-33

After meta-analysis of randomized controlled trials in
patients with COPD exacerbation and PaCO2 greater
than 45 mm Hg or a pH less than 7.35, Fernández-Guerra
et al34 reported that NIV reduced mortality and the need
for orotracheal intubation (OTI) both in intensive care
units (ICUs) and on respiratory medicine wards. The
findings after meta-analysis by Lightowler et al35 were
similar, leading those authors to propose NIV as the first
line of action in cases of exacerbated COPD with ARI
and PaCO2 greater than 45 mm Hg. The early application
of NIV, before severe acidosis is established, would
reduce mortality and render OTI unnecessary. Those
findings led Elliot36 to suggest that NIV be considered
the new gold standard for treating acute COPD
exacerbation and in fact that proposal is reflected in the
workshop summary of the Global Initiative for Chronic
Obstructive Lung Disease,37 in which the efficacy of NIV
in such patients is recognized as being supported by the
highest level of scientific evidence. 

Recent studies have hypothesized the usefulness of
NIV in ARI from a variety of causes, with or without
hypercapnia. A range of other obstructive diseases has
been considered: asthma and cystic fibrosis38-41; diseases
of the pulmonary parenchyma such as community-
acquired pneumonia or adult respiratory distress
syndrome42,43; acute pulmonary edema44; respiratory
complications related to human immunodeficiency virus
infection, other forms of immunodeficiency, or
immunosuppression in transplant recipients45-47; or
hypercapnia due to obesity.20 Likewise NIV is useful in
the elderly,48 cancer patients,49,50 burn patients,51 and
generally all those who are not eligible for OTI.52 NIV
has also been found useful in patients being ventilated
through an endotracheal tube17,53 and more and more
publications are dealing with the utility of NIV during
surgery and in patients who develop respiratory failure in
the early postoperative period.54-56

We have been seeing, then, the wider application of
NIV techniques in respiratory medicine wards, home
care, ICUs, intermediate respiratory care units, operating
theaters, bronchoscopy units, emergency rooms and, very
recently, out-of-hospital emergency care settings and
ambulance units.57-62 Excellent, highly recommendable
reviews of NIV in both CRI and ARI patients are
available in the literature.1,23,24,28,31,63-65

NIV Interfaces and Respirators

The most important technical requirements for NIV
will now be described, with particular emphasis on the
latest developments in masks and respirators.

NIV Interfaces 

The success of NIV depends in great measure on the
interface, the element of interaction between the patient
and the respirator. A perfect balance of mask efficacy and
patient comfort and tolerance must be achieved. Various
interfaces and systems have been proposed for NIV: the
nasal pillow, the nasal mask, the full face mask, the total
face mask, and most recently the helmet systems.64,66,67

The mask-related complications that develop most often
are rejection due to discomfort, claustrophobia, facial
erythema, leaks, skin rashes, conjunctivitis, and pressure
sores—the most feared.1,3,68 All technical improvements
in masks have as their objective to enhance tolerance and
reduce the development of complications. 

Nasal Mask

The development of the nasal mask was what led to a
resurgence in the use of NIV during the 1990s.5 A great
variety of nasal masks are currently available, with a
large range of sizes and shapes sold by suppliers. Access
to one mask or another, however, is affected by
geographic location, given the business policies that hold
sway in marketing to our health care system. A
traditional debate is whether it is better to use
commercially available masks or have them custom
made.4,69,70 Making a mask to fit a patient requires
manual skill, physical space dedicated to the task, and a
certain amount of training to hone skills. Specially
designed masks are useful when 24-hour ventilation is
needed and when alternative points of support for the
mask are necessary. Such masks have less dead space,
adapt well to the patient’s physiognomy, and stay in
place. Their main drawback is the time needed to make
them and the assignment of a staff member to be
responsible for their fabrication. The problem of whether
to use individually tailored masks, therefore, is one of
effectiveness rather than efficacy.71 Most respiratory
medicine departments that work with NIV use
commercial models. 

A good mask should have the following basic
features: provide a sealed  shell that is fairly rigid, offer
little resistance to flow, and have minimal dead space. It
should be comfortable, light, easy to put on, odorless,
latex-free, adaptable to different sizes, and esthetically
pleasing.1,71 And all of that should be available at as low
a price as possible. The mask should be stable when
worn, lightweight, easy to remove, and not cause skin
breakdown. Masks on the market use from 2 to 5 points
of support and most are fixed by Velcro, straps, or
headgear.72 Finally, to alleviate pressure at support points
on the patient’s face and prevent sores, masks are made
of various materials, such as gel or silicon, that minimize
skin contact. The use of spacer devices or hydrocolloid
dressings on support points to relieve skin pressure is
another strategy that usually gives good results. Small or
minimasks allow a patient to wear glasses without
interrupting mechanical ventilation.1
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The nasal mask is the main choice of patients who use
NIV over long periods at home. Switching patients with
decubitus ulcers among several different models with
different support points may be a feasible strategy for
maintaining effective ventilation. Rhinorrhea, truly
annoying for some patients, can be managed by
administering vasoconstrictors or topical corticosteroids.
The efficacy of nasal ventilation depends on the patient’s
keeping a closed mouth, so chin straps or support
harnesses can help keep mouth leaks under control,
although sometimes the problem can be solved by having
the patient sleep on his or her side, head on a pillow. 

An alternative to a mask is the nasal pillow, the name
given to a device consisting of two tubes that are inserted
inside the nares and through which the flow from the
respirator enters directly. Since the device does not rest
on the nose, it may be useful if pressure sores have
developed or if the patient is claustrophobic. Another
alternative is an oral device,73 which is used mainly in
neuromuscular patients with high ventilator dependence.
Switching from a nasal mask to an oral device allows
NIV to be maintained 24 hours a day for long periods,
rendering tracheostomy unnecessary or postponing the
procedure.74 The mouthpiece tube can be attached to a
wheelchair, facilitating compatibility between
mechanical ventilation and social life. 

Face Mask

Facial masks were developed in an effort to increase
tolerance of NIV, particularly in patients with acute
respiratory failure.75,76 A variety of factors converge to
limit the utility of nasal masks in uncooperative patients,
such as those with ARI, tachypnea, and anxiety. One is
leakage, a problem of such major importance that it alone
can compromise the efficacy of NIV. A stubborn mouth
leak decreases alveolar ventilation, reduces the positive
pressure that affects respiratory muscles, and renders
NIV less effective in reducing work of breathing. The
need to administer the high flows that are usual in
patients with ARI can also increase nasal resistance and
likewise diminish the efficacy of ventilation delivered
through a nasal mask. The face mask, covering both the
nose and mouth, allows the patient to receive gases
through both natural routes, eliminating the problem of
mouth leaks and the increase of nasal resistance.75

A comparative study of 3 models of masks showed
that although nasal masks were better tolerated, they
were less effective in reducing PaCO2 due to leaks.77

That finding gives a certain degree of support to the
widespread notion that face masks are the interface of
choice for patients with ARI. Face masks interfere with
feeding, communication, and expectoration, and they can
give rise to claustrophobia in a large number of patients.
Modern face masks have an anti-asphyxia, anti-
rebreathing valve that allows patients to continue
breathing spontaneously in case the respirator
malfunctions. They are also equipped with fast-release

clips to give immediate access to the airway if
necessary—for example for an emergency OTI. A study
attempting to improve tolerance to face masks by Lloys
et al78 showed that filling the seal interface with water
rather than air reduced the incidence of pressure sores.
Patients who cannot be effectively ventilated through a
nasal mask may be considered for long-term home
ventilation through face masks, although such cases will
be exceptional.1,12,28

Total Face Mask and the Helmet System

Criner et al79 developed the total face mask with the
intention of making NIV more comfortable. The total
face mask is sealed around the entire perimeter of the
patient’s face, thereby avoiding the placement of direct
pressure on anatomical structures. The authors found that
leaks were eliminated, such that ventilation and patient
well-being improved. 

A transparent helmet system has recently been
proposed as having certain advantages over face
masks.80,81 Tolerance is good and patient interaction with
the surrounding environment is satisfactory. There is
little risk of pressure sores from the system for fixing the
helmet in place, and adaptation is perfect regardless of
the patient’s facial structure.82 Two helmet systems are
available for NIV: the CaStar helmet (Starmed, SPA,
Mirandola, Italy), designed to apply CPAP in patients
with hypoxemic ARI, and the Sea-Long Medical
Systems hood (San Antonio, TX, USA), developed to
administer hyperbaric oxygen therapy.83

The CaStar helmet is manufactured in a transparent,
biocompatible plastic material that is polyvinyl chloride-
free on the front, allowing the patient to look out, read,
and interact with the environment. A ring device keeps
the helmet fixed to a lower section, which is fixed by a
crossed harness. A soft membrane seals the helmet
against leaks and side ports attach to the respirator’s
inspiratory and expiratory circuits. A disposable
nasogastric tube can be inserted through the helmet to
allow intake of a liquid diet. A helmet developed
specifically to reduce rebreathing in NIV has a low
internal volume, an anti-asphyxia valve, and an internal
insufflation system.83

Complications like pressure sores, conjunctivitis, and
gastric distension are reduced when the helmet is used.
However, Cavaliere et al84 described transient injury to
the tympanic membrane during treatment because of loss
of the protective action of the tympani tensor muscles,
and they recommended using ear plugs when the helmet
is worn. Other rare complications that have been
described are related to pressure from the helmet on
cervical structures, notably upper limb edema, venous
thrombosis and axillary lesions because of decubitus
positioning. Esquinas et al83 have described hand and
forearm paresthesias and weakness in a patient receiving
NIV by helmet.

Studies have shown that helmet systems seem to be
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more effective than facial masks in reducing the rate of
OTI. They are better tolerated and do not represent a
greater burden for nursing staff.80,81,85,86 Greater patient
well-being means that treatment can be carried out for
longer periods and the lower incidence of leaks means
that higher pressures can be administered. The use of
helmets in ARI patients in an appropriate setting (an ICU
or intermediate respiratory care unit) allows NIV to be
provided to more patients and those with more severe
disease. The indications for NIV have thus been
gradually extended to acute cases and to complementary
use during other procedures such as bronchoscopy.87

Types of Respirators

A variety of respirators can be used for NIV, from
conventional units and sophisticated ICU models to
small portable ventilators whose performance is
satisfactory in spite of their simplicity. What makes
ventilation noninvasive is not the machine itself but
rather the interface. Traditionally, respirators are volume
limited or pressure limited.88,89 CPAP is not a ventilatory
modality in and of itself, even though its use is extended
to patients with certain types of respiratory insufficiency,
mainly those with acute pulmonary edema.90 

Volumetric ventilators. Volumetric ventilators are set
to deliver a specific volume during each ventilatory
cycle, regardless of the pressure reached by that volume
in the airways.1,12,23,24 Such respirators are heavier and
more expensive than pressure units, but they are usually
equipped with alarms and batteries that guarantee that
they will work in the absence of a power supply.91,92 The
standard circuit on this type of respirator incorporates an
expiratory valve to remove air exhaled by the patient. If
necessary, a device can be added to the valve to maintain
positive pressure during expiration. The models most
often used in Spain—the PLV-100 (Respironics,
Boulogne, France), Airox Home 1 (Bio MS, Pau Cedex,
France), EOLE 3 (Saime SA, Savigny, Le Temple,
France), PV 501 (Breas, Surrey, UK), and LP10 (Puritan
Bennett, Pleasanton, CA, USA)—are very similar and
whichever one is used depends more on administrative
issues related to suppliers’ commercial policies than to
efficacy.12 All have a control panel from which the
following parameters can be set93-95:

– Tidal volume. Tidal volume, the constant programed
in volumetric ventilation, is recommended to be set
around 10 to 15 mL/kg depending on patient tolerance,
arterial blood gas response, leaks, and patient condition.
The tidal volumes for NIV are greater than —generally
nearly double—the volumes needed for endotracheal
ventilation.1,12 Most patients receive tidal volumes around
900 to 1200 mL once they have properly adapted to NIV
with this type of respirator. 

– Respiratory rate. Given that we are trying to allow
respiratory muscles to rest, a breathing rate that is

slightly higher than the patient’s resting rate should be
programed in order to anticipate ventilatory drive.
Although patients can display anxiety and develop
tachypnea when NIV is initiated, adequate ventilation
can usually be achieved at a respiratory rate of 18 to 20
breaths/min after a short period of adjustment. Assist-
control ventilation, which is the most commonly applied
NIV modality, allows the patient to increase respiratory
rate upon demand over the preset rate as needed.
Nevertheless, ventilation is controlled nearly all the time
for most patients, particularly for those with
neuromuscular diseases.

– Inspiratory-expiratory ratio. The ratio of inspiration
to expiration allows the amount of time spent inhaling
and exhaling to be defined. A ratio of 1:1 gives equal
time to each. At a respiratory rate of 20 breaths/min, a
1:1 ratio means that the patient has 1.5 seconds to inhale
and 1.5 seconds to exhale. Prolonging expiratory time,
using ratios of 1:2 or 1:3, is recommended for patients
with obstructive disease. Shortening inspiratory time
involves having the same volume of air reaching the
patient in less time, such that inspiratory tidal volume
must be greater and, therefore, higher mask pressures are
reached. It may be desirable for some patients to reach
higher peak pressures during inspiration, although in
general higher pressures are related to the development
of leaks and decreased tolerance to NIV, leading to the
development of flatulence when the upper esophageal
sphincter opens. Leger et al3 observed that 50% of the
276 patients they studied experienced abdominal
distension related to the passage of air to the stomach.
Two such patients, both with Duchenne’s muscular
dystrophy, even withdrew from NIV as a result.
Adjusting respirator parameters in an effort to reduce
peak pressure without compromising efficacy of
ventilation is one way to alleviate this problem.96

Reducing the volume released by the respirator can
alleviate patient discomfort, although at the risk of
lowering the insufflation pressure and losing some
degree of ventilatory efficacy. Similarly, peak pressure
can be regulated by using a steeper ramp on devices
equipped with that function or by varying the
inspiration–expiration ratio.3,24 As the technical
specifications of respirators differ, changing the model
used or the ventilatory modality may also be effective.97

– Sensitivity, or pressure trigger. Most volumetric
respirators incorporate a pressure trigger by which
changes in pressure inside the ventilatory circuit
originate the switch from inspiration to expiration or vice
versa. The theory behind NIV is that treatment aims to
provide as much rest as possible for the patient’s
respiratory muscles, such that the effort needed to
activate the respirator should be minimal. Therefore, the
NIV trigger setting should allow the respirator to activate
inspiration upon detecting the slightest effort on the
patient’s part, should effort arise, but should not allow
automatic cycling.98 The technical specifications of each

DÍAZ LOBATO S, ET AL. NONINVASIVE VENTILATION

Arch Bronconeumol 2003;39(12):566-79 569



DÍAZ LOBATO S, ET AL. NONINVASIVE VENTILATION

570 Arch Bronconeumol 2003;39(12):566-79

respirator indicate the value for setting this parameter. 

– Alarms. Equipping a respirator with alarms is highly
useful for patients receiving endotracheal ventilation, but
alarms may be of little value in NIV. A low pressure
alarm would warn of disconnection or circuit leakage,
allowing the caregiver in charge of a neuromuscular
disease patient to examine the system and correct the
problem. A high pressure alarm detains airflow once a
certain circuit pressure is reached, in order to prevent
middle-ear complications due to pressure changes.
However, many patients undergoing NIV cough or drool
at night, triggering the alarm, and when the problem goes
on all night, sleep becomes impossible. Moreover, real
excesses of pressure are solved by way of mouth leaks,
and the risk of barotrauma is therefore practically nil. For
those reasons, few alarms are usually set when NIV is
used.

Volumetric ventilators were at first the most popular
way to provide NIV, as they were the most widely
known, the ones that ICU staffs were the most familiar
with, and the ones that generated the most confidence for
use with tracheostomized patients. Later, pressure
ventilators, which are simpler and cheaper, became more
widely applied, and can now be said to be the most
widely used for NIV. Many studies have demonstrated
the effective equivalence of volumetric and pressure
respirators and the greater tolerance and subjective
response to the latter.10,99,100 Published guidelines
recommend choosing a respirator in function of the
experience of the medical team and the model they are
most familiar with. However, volumetric ventilators
present specific advantages in certain situations. Because
they are equipped with alarms and batteries, they are the
respirators of choice for home ventilation of
tracheostomized patients.17 Likewise, they are the first
choice for adequately ventilating neuromuscular disease
patients and those requiring high insufflation pressures
(patients who have chest restriction or who are obese).1

Volumetric respirators also offer the possibility of
carrying out maximal insufflation maneuvers, thereby
relieving the burden of expiratory muscles.101-104 Such
assistance is as important as the relief afforded to
inspiratory muscles. In neuromuscular disease patients,
the loss of the cough reflex, with consequent retention of
secretions and the development of respiratory infections,
even pneumonia, is the situation that most often leads to
NIV failure and the need to perform a tracheostomy.102,103

Maximal insufflation is, therefore, a treatment of vital
importance for such patients and the ability of volumetric
ventilators to provide it means that they have a clear
advantage over pressure ventilators. The prescription of
maximal insufflation has to be made on demand, in
response to a particular patient’s condition. 

Pressure ventilators. The portability, size, efficacy,
tolerance and low cost of pressure respirators have meant
that they are ideal for patients with CRI who need only
nocturnal ventilation. Moreover, as a result of features

that will be described below and of the possibility of
providing positive pressure support, pressure respirators
are preferred for patients with ARI.1 In pressure
ventilation the device is set for a particular inspiratory
positive airway pressure (IPAP), generally between 10
and 20 cm H2O, and an expiratory positive airway
pressure (EPAP) that is usually lower than 6 cm H2O.
When the patient begins to inhale, the respirator supplies
air until the programed IPAP is reached, without taking
into consideration the real volume administered, given
that the volume will depend on the patient’s ventilatory
pattern. It is the patient him or herself who determines
the respiratory rate and inhalation time; meanwhile the
respirator is able to detect such ventilatory activity by
way of a highly sensitive trigger. The best synchrony
between the patient and the respirator facilitates the
reduction of work load for the diaphragm and increases
the patient’s sense of well-being.105

The standard circuit for this type of respirator is quite
simple, as there is no expiratory valve. To prevent the
effects of rebreathing CO2, an anti-rebreathing valve is
incorporated. That valve and the provision of positive
expiratory pressure together mean that exhaled air with
CO2 is always leaving the mask. Pressure respirators
usually have a control panel that is simpler than those of
volumetric ventilators. The parameters that can usually
be set are as follows1,12,23,24,107:

– IPAP, or pressure support. The maximum inspiratory
pressures available on various ventilators vary from 20 to
40 cm H2O, although most patients receive IPAP between
10 and 20 cm H2O, a level that complements the pressure
generated spontaneously by the patient. Such IPAP levels
have proven effective based on clinical and gasometric
criteria and are well tolerated by patients. Pressures over
20 cm H2O can lead the patient to initiate active
expiration before the end of insufflation by the respirator,
a situation that favors the loss of patient–ventilator
synchrony and increased work of breathing for the
patient. Some authors start ventilation with low pressures
and proceed to increase them according to patient
tolerance, whereas others prefer to begin with higher
pressures and decrease them only if intolerance
develops.1

– EPAP. An EPAP is usually set to prevent rebreathing
in obese patients with very low residual functional
capacity to maintain alveoli open and, particularly, in
patients with COPD in order to counterbalance intrinsic
positive end-expiratory pressure. An EPAP of up to 6 cm
H2O, the maximum that can be used, has been shown to
have no deleterious hemodynamic effects. Nevertheless,
several authors have warned that the risk of death from
acute myocardial infarction increases when EPAP is
applied in a subgroup of patients with acute pulmonary
edema.108 Mehta et al109 had to interrupt a trial upon
observation of a much higher incidence of heart attacks
in the group of patients treated with positive pressure
than in the group treated with CPAP (71% vs 31%,



respectively). More recently, Pang et al110 published a
meta-analysis of trials carried out in patients with acute
pulmonary edema treated with NIV, finding no evidence
of negative effects of NIV in such patients. Therefore,
while new studies are awaited, those authors recommend
that CPAP applied between 10 and 12.5 cm H2O be
considered the treatment of choice, reserving pressure
support ventilation for those with significant hypercapnia
or clear clinical deterioration in spite of CPAP.110

– Trigger. As mentioned, these respirators usually have
a sensitive trigger valve able to detect variations in
flow.98,111 The inspiratory effort made by the patient
activates the programed IPAP and the reduction of
inspiratory flow indicates a switch to expiration. A
trigger responsive to flow presents certain advantages
over a trigger responsive to pressure on volumetric
ventilators, as the flow trigger is more sensitive and may
be better tolerated. Less effort is needed to open the
supply valve, which leads to a clear decrease in time and
effort needed to trigger the respirator. Optimum
ventilation from a respirator requires that the device
respond rapidly to the inspiratory and expiratory flow
and that it provide a high inspiratory flow that satisfies
the patient. It is sometimes useful to be able to choose
the cut point in inspiratory flow reduction, and also to be
able to opt for automatic expiratory cycling after a preset
inspiratory time.107 As not all respirators incorporate this
feature, it must be looked for. A thorough understanding
of a given ventilator model is more useful than being
able to manage various devices imperfectly. 

– Ramp or rise time. As respiratory rate and
inspiratory time are determined by the patient, there is no
setting for an inspiratory–expiratory ratio as is provided
by volumetric ventilators. Some models, such as the
BiPAP® by Respironics incorporate the possibility of
regulating inspiratory time, but only if the nonstandard
timed mode is specially chosen.1 The possibility of
modifying peak pressure during inspiration is only
available on pressure ventilators with a rise time or ramp
feature that allows the fixing of different times for
reaching the peak pressure setting. 

Some severely ill or highly dyspneic patients may
need higher flows than those administered by respirators
operating in standard mode. In such cases, in which a
patient is in great need of air and is fighting against his or
her own respiratory impedance as well as that of the
respirator, it can be very effective to increase inspiratory
flows to up to 100 L/min. When increasing inspiratory
flow with the aim of decreasing inspiratory time and
extending expiratory time, it is important to remember
that shortening inhalation can lead to a significant
increase in respiratory rate.107

Pressure ventilators are lighter, more economical
devices than their volumetric counterparts, and their use
has therefore spread in recent years.1,7 The most
commonly used respirators in Spain are the previously
mentioned BiPAP®, the VPAP III (ResMed Spain, SL,

Madrid) and Eole Helia (Saime, SA) models, although
the marketplace never ceases to produce ever more fully-
equipped devices with improvements in alarms, batteries,
oxygen mixers, or displayed readings, such as the
possibility of seeing the tidal volume being supplied. If a
respirator is not equipped with these features, it should
not be used for ventilation through an endotracheal tube
in critically ill patients. However, these respirators have
become the first choice in treating most patients with
ARI arising from any condition, thanks to their ability to
compensate for small leaks, their sensitive triggering of
an inspiratory cycle, rapid supply of the preset pressure
and flow, the option of setting an  expiratory cycle time
to prevent problems caused by leaks in low-flow cycles,
and their ability to allow tachypnea to be managed by
guaranteeing a certain number of breathing cycles if the
patient fails to trigger inspiration.13,28,31 Pressure
ventilation decreases work of breathing, increases a
patient’s sense of well-being, and relieves breathlessness
significantly. Changes in the patient’s level of
consciousness and improvements in both pH and PaCO2
upon starting NIV are the main factors that predict
success.112,113 It must be remembered that NIV does not
replace OTI, and it is therefore necessary to attend to
signs and symptoms that indicate deterioration in order to
consider initiating invasive ventilation. Such symptoms
would be the presence of hemodynamic instability,
cardiac arrest, excessive secretions, significantly altered
levels of consciousness, or the presence of facial burns,
surgical wounds, or injuries that prevent the mask from
being held properly in place.1

The most common causes of pressure respirator failure
are related to defective response to the patient’s
ventilatory demands (which are generally more complex
in severely ill patients), whether due to problems arising
from the ventilator’s ability to supply what is required
(generation of flow volumes, cycling, and patient
synchrony) or due to face mask leaks. Significant
leakage may mean that the respirator will prove unable to
detect the end of a patient’s inspiratory cycle and delay
the start of expiration.114

The recently introduced BiPAP Vision® model
(Respironics) has become more widely used in critical
care areas, as it combines the possibility of providing bi-
level NIV and proportional assist ventilation (PAV). The
BiPAP Vision® is equipped with alarms, an air–oxygen
mixer, and an integrated panel that displays the pressure,
volume and flow waveforms. The screen displays 3 areas
of information (Figure). The first shows the mode in
which the respirator is functioning, and the second
displays pressure, volume, and flow waveforms
simultaneously, including the units of measure and time,
and information can be viewed as bar charts or
waveforms. The third area on the screen shows the
numerical values of parameters related to both the patient
and the system.115

The New PAV Modality
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PAV was proposed to improve patient–respirator
interaction, based on experience with conventional
modes of ventilation whose benefits and limitations are
currently well-established.116,117 PAV is a method of
synchronized partial assistance in which the respirator
generates pressure in function of the patient’s immediate
breathing effort, amplifying the patient’s inspiratory
effort without preset values for either volume or pressure.
The proportion of respiratory assistance to provide can
be selected by adjusting flow and volume signals.
Although from a theoretical point of view, PAV is a
highly interesting modality, little information is currently
available on its application in patients with exacerbated
COPD and its application outside experimental contexts
is unusual.118-122 Vitacca et al123 found that tidal volume,
minute volume, and gas exchange improved in PAV-
treated patients with exacerbated COPD and that their
work of breathing decreased. Gay et al124 observed that
patient tolerance of PAV is better than their acceptance of
traditional pressure support. At present, therefore, PAV
must still be considered experimental. 

Technical Aspects of NIV

NIV is a complex treatment modality that differs from
other measures such as surgery or drug therapy. Our
approach to NIV will depend on whether we have a
patient with ARI or CRI. If NIV is prescribed for patients
with ARI or with exacerbated CRI, the objectives will be
mainly to alleviate dyspnea, reduce work of breathing,
and correct arterial blood gases. Indirectly, NIV
application will reduce the need for OTI.1 The patient’s
comfort is a secondary consideration in such cases.
However, when we are trying to facilitate a stable
patient’s adaptation to NIV, his or her comfort and
tolerance of the technique is what should concern us in
the initial stages. Once the patient has adapted to the

respirator, the time comes to optimize ventilation. The
long-term objectives of NIV are mainly to prolong
survival, improve quality of life and the functional status
of the patient.1 Such achievements will not be feasible
unless adaptation to the respirator and good tolerance
have already been established, and that is why it becomes
our principal aim.1 In few medical disciplines can we see
such a direct relationship between adherence to treatment
and success as we see in the CRI patient undergoing NIV.

NIV in Patients With ARI or Exacerbated CRI

The setting in which a patient with NIV is started can
vary greatly. Good adaptation has been achieved in
hospital emergency rooms, respiratory medicine wards,
intermediate care units, and ICUs.61 NIV is currently
being used more and more in settings outside the
hospital, meaning that ventilatory assistance can be given
while patients with respiratory insufficiency are being
transported from a remote location to a referral
hospital.160-163 Faced with geographic complications in
delivering care and the fact that some hospitals have
limited resources, the use of NIV in ambulances is of
clear utility when transferring patients with respiratory
insufficiency. Spain has not yet gained experience with
this service, although the numbers of patients so-
managed in the United States of America, France,
Germany, United Kingdom, Ireland, and Sweden have
been increasing exponentially.61 The provision of the
service here will undoubtedly open up new employment
opportunities for health caregivers who are experienced
with NIV.

Only a few years ago, the question of whether to apply
NIV on a conventional ward or in an ICU arose
whenever a patient reached a hospital, but the dilemma is
now being resolved by the establishment of intermediate
respiratory care units.125-130 A recent task force formed

Figure. Control panel of the
BiPAP Vision® pressure respirator
(Respironics, Boulogne, France).



under the auspices of the European Respiratory Society
established the characteristics such units should have.131

The admission criteria give priority to patients with
single organ failure or respiratory system failure, ARI
patients needing monitoring though not necessarily
mechanical ventilation, and tracheostomized patients in
need of mechanical ventilation. The main technique
applied in such units will be NIV, although the means to
provide invasive ventilation must be available for use
when needed. Monitoring capability that must be
available includes electrocardiography, oximetry,
noninvasive blood pressure, and respiratory rate. A
minimum of 1 nurse for every 4 patients, 1 senior staff
physician, and 1 respiratory physical therapist should be
available around the clock. The task force also defined 3
types of unit according to level of nursing care, type of
monitoring, and availability of artificial ventilation:
ICUs, intermediate care units, and monitoring units
(Table).131

Given the lack of such care units in Spain (another
challenge for pulmonologists, policy makers, and health
care administrators), each hospital has adapted to the
circumstances according to local characteristics, with
varying ways of implementing NIV, often acting
heroically and taking risks.132 NIV is in vogue and we all
want to use it, and really, placing a mask, some straps,
and pressing the on/off switch of a respirator is not so
very complicated. However, we often forget a very
important fact about NIV, that it requires dedication.28

The problems that arise are not related to staff training
but rather to insufficient resources —mainly human
resources and time. Trying to apply NIV without the
availability of 24-hour physician care or specialized
nursing care supposes more risk than benefit. The
greatest expression of this can be seen in the ventilation
of acute cases. Various authors have suggested that NIV
requires more health care staff time in the first hours of
use than conventional treatment does.133 Servera and

Sancho107 found that a nurse spends 65 to 90 minutes
with a patient when NIV is started and that the time spent
during the first day can be as long as 3 hours. Using such
a time-consuming modality can lead to a situation in
which the care of other patients on a traditional
respiratory medicine ward is neglected, generating
unacceptable negative discrimination. Severa and Sancho
make reference to a single nurse. However, in most
hospitals in Spain, this work is carried out by staff
physicians themselves at great personal cost that
generally goes unrecognized.134

NIV should be available 24 hours a day.28 Findings
from a study by Plant et al135 indicated that if NIV were
used in all COPD patients who presented a pH less than
7.35 after receiving conventional emergency care for a
short period, a referral hospital serving an area of 250
000 inhabitants would have to treat 70 patients
annually—and that estimate only takes into consideration
COPD patients. The BTS guidelines for applying NIV in
patients with acute need establishes that all hospitals that
receive this type of patient should be equipped with the
appropriate infrastructure, meaning a designated space
and assigned staff.28 A team leader should decide where
the patient should be treated, check that equipment is
ready for use, update protocols, supervise training of
team members, and take charge of record keeping and
quality control measures.107 To those duties must be
added the time needed for teaching and researching. NIV
clearly now calls for a specifically trained staff that is
wholly dedicated to the task.136

NIV in Patients With Stable CRI 

The adaptation period for CRI patients starting NIV
usually takes place during scheduled hospital admission,
although initiation has also been reported to occur in day
hospitals, sleep units, outpatient clinics, and even in the
patient’s own home.1,125,137 No studies have compared
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Intensive Care Units
Intermediate Respiratory

Respiratory Monitoring Units
Care Units

Main criteria
Nurse: bed ratio >1:3 1:3 or 1:4 <1:4
Equipment Complex respirators for life Respirators for noninvasive Respirators for noninvasive 

support ventilatilation and the possibility ventilation
of using complex respirators

Treatment Respiratory failure related Single-organ failure (lung) Single-organ failure (lung)
to lung disease or other 
organ failure

Physician care 24 h Immediately available 24 h On-call within the hospital
Mechanical ventilation Invasive and noninvasive, Noninvasive, and invasive Noninvasive if needed

as needed if needed

Secondary criteria
Bronchoscopy and arterial Available within the unit Available within the unit Not necessarily available with
blood gas measurement in the unit

TABLE
Levels of Care for Patients With Severe Respiratory Diseases



different initiation procedures, however. Perhaps more
important than the setting in which adaptation takes place
is the motivation and dedication of caregivers charged
with carrying it out. As we have already emphasized, the
success of treatment depends on the patient’s
cooperation. Therefore, it is essential for the medical
team to establish an atmosphere of trust and safety. All
the time invested during the first stages of adaptation to
NIV will provide the best guarantee of later success.
Time, calm, explaining what is being done and why,
helping the patient express his or her fears and worries,
and always being open to any suggestion and ready to
correct problems as they arise are the main means at our
disposal. Such strategies require bedside presence at least
in the first 2 hours after starting NIV. If we are
considering long-term ventilation, we have to prove
ourselves tolerant, flexible, and blessed with never-
ending patience at this stage in the process. The keys to
success in long-term NIV are precisely these 3 qualities:
tolerance, flexibility, and patience. 

The patient must be familiarized with the technique
during the day, so that he or she can try to tolerate the
respirator during sleep, although occasionally effective
ventilation is achieved during the first night. We should
be aware that the results of NIV are not immediately
evident.138 Blood gases may improve slowly over the
course of several weeks,1 and some time may pass before
the patient is able to sleep with the respirator all night. It
may even happen that the patient is never able to sleep
with the respirator, because of lack of tolerance of
nocturnal ventilation, and we will have to settle for
daytime ventilation only, for a longer or shorter period of
time. Arterial blood sampling will therefore be postponed
until we are certain we are working with a patient who is
adhering to treatment and in stable phase.1 Furthermore,
the PaCO2 that must be reached and maintained in these
patients is unknown. Some patients experience clear
improvement of symptoms and sleep quality in spite of
only achieving slight changes in arterial blood gases. We
should therefore not become fixed on achieving
improved PaCO2.

1

Factors That Affect Management

Various factors affect the long-term management of
NIV treatment, such that 4 prototypical patients can be
defined. The first type would be a patient with
nonprogressive disease who is well adapted to nocturnal
ventilation, shows good adherence to treatment and has
optimal results, without evident problems related to NIV.
Such a patient would the ideal, the one we would all like
to treat. 

A second type would be a patient with a progressive
neuromuscular disease. The most severe cases are those
of patients with amyotrophic lateral sclerosis.139-143

Decision making in such cases lags behind the course of
the disease. NIV needs to be considered against the
background of the impact of the disease on the patient
from both physical and emotional points of view, and the

impact on the family must also be taken into account, as
the principal caregiver plays a crucial role in the success
or failure of NIV. Ferraro et al144 established that the
approach to managing these patients should go beyond
the treatment of respiratory complications to encompass
education of the patient and family members, the
treatment of symptoms, nutritional management, and
end-stage palliative care. The best results are achieved
when NIV is introduced at the early phases of ventilatory
failure, even in patients with bulbar involvement, given
that NIV can be highly effective and well tolerated when
bulbar involvement is not yet severe.144 It is always
recommendable to perform a test run if a patient remains
unconvinced that NIV can provide relief or if there is any
doubt about the effectiveness of the treatment. Finally,
we should not forget that a patient may decide to suspend
treatment at any point in the course of his or her illness,
regardless of what airway access is being used, and that
we must respect that decision. This situation may
develop even in patients who are fully respirator
dependent.145,146 The possibility of prolonging life by
performing a tracheostomy must be considered with a
great deal of common sense and always with fully
informed participants and competent training of the
person who assumes the role of caregiver.

A third type of patient would be one with poor
adherence to treatment. The direct consequence of this is
diminished efficacy of NIV. Behind lack of adherence are
hidden many factors related to inadequate patient
education, social problems, depression, isolation, denial
of the severity of the underlying disease, or failure to
perceive a benefit from treatment.1 We can have an effect
on many of these factors by dedicating time to get to
know the patient better in his or her own context and
intervening in those matters we believe are causing poor
adherence to NIV. Insisting on the importance of the
prescribed treatment, giving the patient time before
trying again, accepting reduced application of the
treatment (daytime rather than nighttime use, not using
NIV on weekends, using it on alternating days), or even
withdrawing NIV altogether might all be valid strategies
to follow.

Finally, a fourth type of patient would be the one for
whom NIV is ineffective in spite of good adaptation,
tolerance, and adherence to treatment. We should
consider whether NIV may be failing because of the
technical problems that are usually responsible for
undermining efficacy and patient comfort. According to
some reports, NIV is ineffective in 7% to 42% of
patients, mainly those with exacerbated COPD or
neuromuscular diseases.3,24 The main reasons are
problems related to the interface (leaks, eye irritation,
claustrophobia, skin sores, congestion, or nasal dryness)
and the development of side effects arising from NIV
itself.147-149 Among the problems that lead to withdrawal
from NIV, gastric distension is the most common and
must be dealt with, as explained above, by changing the
respirator.1,97,150 Glottic narrowing with high inspiratory
volumes and poor sleep quality with frequent awakening
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related to severe mouth leaks have also been described.151

As explained, poor adherence to treatment and the
progression of the underlying disease may be the reasons
for failure of NIV. If such is the case, options that might
solve the problem are to increase the number of hours per
day of ventilation or to ventilate through a tracheostomy.
When patients receiving NIV with pressure respirators
remain hypercapnic, the possibility of rebreathing should
be suspected and a slightly higher EPAP should be set
(up to 6 cm H2O) or a switch to a volumetric ventilator
can be considered. 

We must also remember that in certain situations a
patient may become unstable. Weight gain or loss,
pregnancy, trips to high altitude areas, exacerbation of
the underlying disease, and even dental extractions might
be cited as causes.1 Even though withdrawing nasal
ventilation has been reported to be prejudicial to
patients,152-154 many patients report that they abandon the
respirator on weekends, trips, or after cataract operations
and that these interruptions are well-tolerated and
without repercussions on gas exchange.

An important cause of NIV failure is the loss of an
effective cough mechanism.1 Expiratory muscle
involvement, which is common in advanced stages of
various neuromuscular diseases, can compromise
ventilation in patients with copious secretions. The same
is true during episodes of aspiration or when a
concomitant respiratory infection develops. Although no
controlled trials are available on the various cough assist
techniques available, they seem to have been useful in
such situations. Tzeng and Bach155 analyzed patients with
neuromuscular diseases who developed respiratory
decompensation. Their therapeutic protocol consisted of
applying NIV 24 hours a day along with manual cough
assist maneuvers and mechanical aids whenever arterial
hemoglobin saturation fell below 90%. The mechanical
device used to assist the cough was the In-Exsufflator®

(JH Emerson Company, Cambridge, MA, USA). Those
authors demonstrated that most patients who followed
the protocol could be managed at home, significantly
reducing the need for hospitalization. It has been shown
that a cough can be effective if a patient is able to
generate expiratory flows over 160 L/min spontaneously
or by way of mechanical assistance.102 Various devices
available on the market allow a patient to reach sufficient
volumes to generate an effective cough. The In-
Exsufflator®, developed during the polio epidemics,
generates a positive pressure of 30 to 40 cm H2O
followed by a negative pressure of the same magnitude,
simulating expiratory flows that are similar to those of a
normal cough. They are used in combination with
manual cough assist techniques. Periodic maximal
insufflations from a volumetric ventilator are an efficient
alternative for patients who are already using those
devices at home. The volume from the respirator is
increased in order to insufflate volumes approaching
80% of the patient’s theoretical vital capacity.155 This is
the modality most often used in Spain, as mentioned
earlier. Other devices used to assist coughing that employ

thoracic percussion techniques, vibrations, or oscillations
are based on anecdotal evidence and are not employed in
Spain. 

The Future of NIV

There is no doubt that NIV has a future, and we should
not forget that its future is in our hands. All has not yet
been said on the matter of indications for NIV. We can
expect that a greater number of patients in a variety of
clinical situations will benefit from NIV techniques and
that they will be considered for application at earlier
stages of disease. The use of NIV should be accompanied
by the planning of rigorously designed trials, giving more
work to those who work to this area.156 Patients, in turn,
are going to live longer, leading to the maintenance of
therapies like NIV until very advanced stages of disease,
thereby engendering ethical dilemmas in which the
common sense of health caregivers will have to come to
the forefront. The increasing importance of the
chronically ill patient will be felt by the health care
system. As mentioned by Rodenstein,157 the patient does
not now die from a disease but rather lives with it and its
consequences. The disease is not cured but is rather
managed, and this is going to pose the problem of how
far to go and up to what point we should treat. NIV,
which is complex but not aggressive, as its name implies,
is going to be a point of contention among various
caregivers, patients, and relatives if we do not establish
protocols for how to proceed with the consensus of all
parties involved. The patient will have much to say about
what he or she expects of the doctors responsible for care
in the decision making process and about the therapeutic
measures available.158

The spreading use of NIV inside hospitals (respiratory
medicine wards, intermediate care units, bronchoscopy
units, operating theaters and recovery wards, ICUs,
emergency services, day hospitals, and more) and outside
(out-of-hospital emergency units and ambulance
services) will broaden horizons beyond what we can
presently imagine, favoring the creation of new jobs for
NIV specialists. The immediate future will involve
helping pulmonologists, opinion leaders, and health care
managers to understand the need to support intermediate
respiratory care units and take up the challenge of their
planning and creation, without scrimping on the
necessary resources—mainly human resources. The
growth of NIV will be closely linked to the
encouragement of these special care units. 

The application of technology to the creation of new
interfaces and respirators will allow us to enhance
tolerance of the technique and minimize adverse effects,
leading to improved adherence to treatment and the
achievement of better results. The helmet or hood
systems and PAV are examples that illustrate such recent
advances. New generations of respirators will relegate
volumetric ventilators and pressure respirators to the
past, making room for other ventilation systems such as
turbine-driven units. 
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The possibilities for social fulfillment that NIV
provides our patients have meant that the image of the
chronic respiratory disease patient has been changing.
Breaking the vicious circle of immobility and lack of
self-respect and self-confidence that characterizes these
patients will also be part of our job in the future, as NIV
helps open a new world for many with respiratory
insufficiency.159,160
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