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Non-invasive ventilation: Current status

G. C. KHILNANI, NARENDRA BHATTA

ABSTRACT
Mechanical ventilation is being increasingly used in many dis-
ciplines by specialists who manage critically ill patients. Non-
invasive ventilation (NIV) refers to the method of providing
assisted ventilation without endotracheal intubation. This tech-
nique requires a positive-pressure ventilator, connected by a
tubing to an interface device that directs intermittent positive
pressure through the upper airway and actively assists ventilation.
The use ofNIV is increasing for patients with acute and chronic
respiratory failure, because of its convenience, lower cost and
minimal complications. The greatest advantage of NIV is that
endotracheal intubation is not required. Although it is an
extremely useful technique, it cannot be used in all patients and
correct patient selection isimportant. It has been extensively used
in patients with chronic obstructive pulmonary disease with acute
or acute-on-chronic respiratory failure. It has also been found to
be useful in acute respiratory distress syndrome, acute cardio-
genic pulmonary oedema and acute severe asthma. All patients
with respiratory failure need to be considered for NIV if they
fulfil the requisite criteria. Patients who are unable to protect the
upper airway, those with severe life-threatening hypoxaemia, or
major associated organ dysfunction are unlikely to benefit from
this technique. Despite these limitations, NIV can be useful in
many conditions that lead to respiratory failure. NIV is a
relatively new technique and has not found a place in all intensive
care units. It is expected that this modality will be used more
frequently in the near future.
National Med J India 2002; 15:269-74

INTRODUCTION
Assisted ventilation is an integral part of critical care. The major-
ity of complications in patients receiving conventional assisted
ventilation are due to endotracheal intubation and excessive
positive pressure (barotrauma). Non-invasive ventilation (NIV)
refers to the technique of augmenting alveolar ventilation without
an endotracheal airway' and could be either negative- or positive-
pressure ventilation.

NIV dates back to antiquity but recent advances in its admin-
istration have led to many clinical trials. Over the past decade,
non-invasive positive-pressure ventilation (NIPPV) has gained
wide acceptance. The use of NIPPV therapy in selected patients
with acute respiratory failure is associated with a reduced need for
endotracheal intubation and conventional ventilation. The avail-
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able evidence suggests that the benefits of this therapy are not
limited to hypercapnic acute respiratory failure but extends to
hypoxaemic acute respiratory failure as well. An increased aware-
ness of the devices and techniques used for NIV promises to
expand the therapeutic options for patients with severe respiratory
insufficiency. This review summarizes the techniques and mecha-
nism of action of NIV and its efficacy and limitations in acute and
chronic respiratory failure.

TYPES
Negative-pressure ventilation
Negative-pressure ventilators work by external application of
subatmospheric pressure to the chest wall resulting in its expan-
sion during inspiration, with expiration occurring as the pressure
around the chest wall is allowed to return to atmospheric level.'
These negative-pressure ventilators, such as iron lung, were
widely used during polio epidemics. Negative-pressure ventila-
tion has been found to be useful in patients with diseases of the
chest wall and neuromuscular or hypoventilation disorders lead-
ing to respiratory failure.r? However, their use was limited by their
propensity for causing upper airway obstruction leading to oxygen
desaturation and poor acceptance by patients because of the
awkward size of the devices.V Positive-pressure ventilation ad-
ministered by a nasal mask overcomes some of these shortcom-
ings, and ameliorates nocturnal oxygen desaturation."

Positive-pressure ventilation
For several decades, endotracheal intubation has been the stan-
dard means of administering ventilatory assistance to patients
with various forms of respiratory failure. NIPPV refers to positive-
pressure ventilation provided without the use of an artificial
airway. The technique requires a positive-pressure mechanical
ventilator, connected by a tubing to a face mask that directs
intermittent positive airway pressure through the upper airway
and actively assists ventilation. NIPPV has been promoted as a
means of avoiding intubation in selected patients with various
forms of respiratory failure.l" The advantages of this approach
over endotracheal intubation are summarized in Table I.

EQUIPMENT
The equipment needed for NIPPV is a ventilator and an appropri-
ate patient interface. The NIPPV machine is small and can easily
be transported (Fig. 1). Most ofthe advanced types of ventilators
used in the intensive care unit (ICU) can also be used for NIPPV.
The patient interface (mask) has amajor impact on the comfort and
compliance during NIV (Fig. 2) and can be either a nasal or
oronasal (full face) mask. Most masks designed to provide NIPPV
use straps to secure it. An appendage headgear or harness is
needed to maintain the position of the mask. Several types of
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TABLE1. Advantages of non-invasive positive-pressure ventilation
(NIPPV) over conventional ventilation

Features NIPPV Conventional

Complications of intubation
Airway trauma
Increase work of breathing
Nosocomial pneumonia
Barotrauma
Self extubation and tracheal trauma

Applications
Implementation and removal
Intermittent use

Patient comfort and compliance
Reflexes (swallowing, speech, cough)
Air humidification
Chest physiotherapy
Patient's participation in decision-making
Weaning
Patient cooperation
Disuse atrophy of respiratory muscles

Absent
Absent
Absent
Minimal
Absent

Possible
Present
Possible
Possible
Possible

Easy
Possible
Excellent
Preserved
Not needed
Easy
Possible
Easy
Mandatory
Absent

Difficult
Not possible
Average
Lost
Mandatory
Difficult
Not possible
Complex
Desirable
Possible

Control Panel

~'h

Oxygen tubing

Oxygen connector
To Patient Interface

FIG1. Sketch diagram of equipment for non-invasive ventilation

Oxygen tubing

FIG2. Sketch diagram of interface (nasal mask) used for non-
invasive ventilation
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patient interfaces have been manufactured and specifically de-
signed to provide NIPPV to patients with ventilatory failure. The
masks are available in different sizes and a well-fitting mask
should be used. Indeed, selection of an appropriate mask is of
paramount importance for the success of this form of ventilation.
An ill-fitting mask causes air leak leading to loss of pressure and
ineffective ventilation.

MODES OF NIPPV
Various modes of NIV are available. NIPPV can be given by
volume-controlled ventilation, pressure-controlled ventilation,
bilevel positive airway pressure (BiPAP) or continuous positive
airway pressure (CPAP).lOThe commonly used modes ofNIPPV
are summarized in Table II.

Pressure-cycled ventilation
In pressure-cycled ventilation, a preset pressure is applied with
inspiration and expiration. This could be either CPAP or BiPAP
(variable pressure is given during inspiration and expiration).
While using CPAP, a set pressure is delivered throughout the
respiratory cycle. Its advantage is that it controls the intrinsic
positive end-expiratory pressure (PEEP) also called auto-PEEP,
opens collapsed oedematous alveoli and keeps the upper airway
patent. It also recruits underventilated alveoli by increasing the
lung volume at the end of expiration, leading to improved gas
exchange in hypoxaemic respiratory failure."

For BiPAP, an electrically powered compressor-blown, micro-
processor-driven ventilator uses a single gas-flow delivery sys-
tem. It provides continuous high-flow positive airway pressure
(PAP) that cycles between a high and low positive pressure. 10 The
spontaneous mode of BiPAP is similar in concept to pressure
support ventilation. It reliably senses the patient's breathing effort
and supplements additional pressure leading to a higher tidal
volume. A BiPAP setting of 12 cm of water for inspiratory
pressure and 5 em of waterfor expiratory pressure is equivalent to
a standard ventilatory setting of7 em of water for pressure support
and 5 cm of water for PEEP. 10

Volume-cycled ventilation
This mode of ventilation gives a preset volume of air with each
breath, irrespective of the level of peak airway pressure. Patients
often do not tolerate this therapy well because it is uncomfortable
and has higher chances of an air leak. 12

MECHANISM OF ACTION OF NIPPV
Intermittent positive pressure is transmitted through theupper airway
to the alveoli, increasing transpulmonary pressure, inflating the lungs

TABLE11. Modesofnon-invasivepositive-pressureventilation(NlPPV)10

Volume mechanical ventilation
• Usually breaths 250-500 ml
• Pressures vary
Pressure mechanical ventilation
• Usually pressure support or pressure control of 8-20 em of water
• End-expiratory pressure of 0-6 ern of water
• Volumes vary
Bilevel positive airway pressure (BiPAP)
• Usually inspiratory pressure of 6-24 em of water
• Expiratory pressure of 3-8 ern of water
• Volumes vary
Continuous positive airway pressure (CPAP)
• Usually 5-12 em of water
• Constant pressure, volumes vary
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and assisting alveolar ventilation, as is the casewith positive-pressure
ventilation through an artificial airway. 13 It is believed that NIPPV
improves daytime ventilatory muscle function by reducing chronic
respiratory muscle fatigue," improving respiratory system compli-
ance through reversal ofmicroatelectasis of the lung" and preventing
nocturnal hypoventilation by resetting the respiratory centre's sensi-
tivity to carbon dioxide. 16

INDICA nONS FOR NIPPV
Almost all patients with acute respiratory failure should be con-
sidered for NIPPV. The group of patients who benefit the most
from NIPPV are those who have acute respiratory failure in the
absence of other organ dysfunction. The common indications for
using NIPPV are summarized in Table III. However, not all
patients are candidates for NIPPV. Patients on NIPPV should be
able to voluntarily synchronize their respiratory efforts with those
of the ventilator. NIPPV is effective only if the patient can
cooperate. The prerequisites of using NIPPV include a conscious,
haemodynamically stable patient with an intact cough reflex. The
absence of orofacial trauma, upper gastrointestinal bleeding and
cardiac arrhythmias are other prerequisites. However, patients
with chronic obstructive pulmonary disease (COPD) with some alter-
ation in consciousness, when put on NIPPV, improve and main-
tain consciousness within 15-30 minutes of effective ventilation
and should therefore be given the benefit of this modality.'?

METHODOLOGY
Initiation of NIPPV
There are no universally acceptedmethods for initiating NIPPV.
An initiation protocol is outlined in Table IV which is based on our
clinical experience and the methods described in the literature. 18.19

TABLE III. Indications for non-invasive positive-pressure
ventilation (NIPPV)

• Chronic obstructive lung disease with respiratory failure, including those
with hypercarbia and acidosis

• Hypoxaemic respiratory failure
• Cardiogenic pulmonary oedema
• Postoperative respiratory failure
• Cystic fibrosis and patients awaiting lung transplantation
• Severe community-acquired pneumonia
• Post-extubation and during weaning
• Obstructive sleep apnoea
• Slowly progressive respiratory failure in neuromuscular diseases
• Thoracic wall deformities (kyphoscoliosis)

TABLE IV. Steps to initiate non-invasive positive-pressure
ventilation (NIPPV)

• Check patient suitability
• Assemble and check the equipment and the circuit
• Select an appropriate and well fitting nasal or oronasal mask
• Explain the procedure in detail to the patient
• Position the patient at 45° and hold the mask over the patient's face
• Preset requisite pressures
• Start the equipment
• Ensure that the patient is able to synchronize the ventilator breath with

herlhis own breath
• Secure the mask with straps
• Monitor the patient's progress clinically and by oxygen saturation
• Estimate the arterial blood gases after 45 minutes of initiating NIPPV

and adjust the ventilator settings accordingly
• Check for failure or complications of NIPPV and reassure the patient at

every step
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NIPPV should be initiated in awell equipped ICU where monitor-
ing facilities and trained personnel are available. The decision to
put a patient on NIPPV should be taken by a critical care specialist
with knowledge and experience in using the equipment. NIPPV
should never be started in the general ward for patients with acute
respiratory failure. After a decision to use NIPPV is taken, an
appropriate patient interface needs to be chosen. Proper attention
should be given to the size of the mask and its fitting, since this
would determine the success of the procedure. The first few
minutes spent with the patient, explaining the procedure and
encouraging her/him to breathe through the mask, would be
rewarding. The first hour ofNIPPV is crucial. The initial ventila-
tory setting should match the patient's need and tolerance and
should be changed gradually according to the patient' s clinical
response and blood gas levels. Baseline clinical variables should
be recorded in all patients and include a detailed history and
physical examination, vital signs and arterial blood gas (ABG)
examination. After initial adaptation, the daily use of NIPPV for
acute respiratory failure ranges from 6 to 20 hours and is deter-
mined by the patient's tolerance and requirement. After the patient
is stabilized on NIPPV, an effort should be made to wean the
patient away from the ventilator by gradually reducing the dura-
tion. When facilities are available the patient may be shifted to
'step-down' units. The patient should be kept in the ICU or a step-
down unit till NIPPV is required.

Monitoring
Initiation ofNIV requires close monitoring by a person trained in
the use of this technique. The value of a trained nurse and
respiratory therapist for monitoring a patient on NIPPV cannot be
overemphasized. As the first 60 minutes are crucial, a physician,
trained respiratory therapist or nurse should be at the bedside
during this period. A close watch on the level of consciousness,
respiratory rate, heart rate, use of accessory muscles and oxygen
saturation should be kept and the ABG monitored every 60
minutes. This can be repeated as and when necessary. If at the end
of 60 minutes there are signs of deterioration, endotracheal intu-
bation should be considered.

Contraindications for use and indications for discontinuing
NIPPV
Although NIPPV is an extremely useful method for assisting
ventilation, it cannot be used for all patients and may need to be
discontinued because of complications and intolerance. The
commonest cause of discontinuation is mask intolerance. Some
patients feel claustrophobic and insist that they cannot breathe
through the mask. Explanation and reassurance by the physician
during the initial part of NIPPV goes a long way in achieving a
high success rate. Leakage because of inappropriate fitting of the
mask is a practical problem which leads to suboptimum ventila-
tion. The positive pressure should be increased gradually and air
leaks should be looked for. The mask may increase in the dead
space leading to a rise in pC02 in a small proportion of patients.
The contraindications or indications for discontinuation ofNIPPV
are summarized in Table V.

Side-effects of NIPPV
Pressure-related trauma to the bridge of the nose is the most
common problem encountered during NIPPV.2°Facial skin necro-
sis and pressure sores are common in patients with COPD who are
on long term corticosteroids." Special creams to prevent skin
necrosis are available for local application. Nasal symptoms such
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TABLEV. Contraindications of and indications for discontinuation
of non-invasive positive-pressure ventilation (NIPPV)

• Impaired level of consciousness
• Haemodynamic instability
• Increasing respiratory rate
• Increasing respiratory acidosis
• Inability to maintain oxygen saturation
• Ventilator-patient asynchrony and non-tolerance on the part of the patient
• Electrocardiographic evidence of ischaemia or arrhythmias
• Failure of mental status to improve within 30 minutes after initiating

NIPPV in patients with COPD with CO2 narcosis or hypoxaemia

as dryness and rhinitis are also troublesome during the initial
phase. Abdominal bloating and gastric distension are unlikely if
the positive pressure is kept below 25 em of water. Eye irritation
and conjunctivitis are also frequent. These problems can be
prevented by proper selection of the mask.

CLINICAL USE
Chronic obstructive pulmonary disease
After several uncontrolled studies and some randomized con-
trolled trials, a consensus has been reached that NIPPV can play
an important role in the management of selected patients with
acute respiratory failure due to exacerbation of COPD22 (Table
VI).

NIPPVuse in acute exacerbation ojCOPD. NIPPV acts prima-
rily by reducing the work of breathing in patients with COPD
presenting with an acute exacerbation. 38 It has been shown to reduce
the morbidity, duration of hospital stay and mortality in such
patients.P-" Brochard et al.31 prospectively randomized 85 patients
with acute exacerbation of COPD to receive either NIPPV or
conventional treatment including endotracheal intubation, if re-
quired. The intubation rate was 74% among conventionally treated
patients compared to 26% among those treated with NIPPV. The
complication rate (16% v. 48%), mean hospital stay (23 v. 35 days)
and mortality rate (9% v.29%) were also reduced in patients treated
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with NIPPV as compared to conventional treatment. Kramer et al.
used BiPAP and demonstrated a reduced need for intubation in
patients with COPD.30 A recent meta-analysis also supports the
efficacy of NIPPV during acute exacerbation of COPD.40Jaber et
al." tested the use of helium oxygen (He02) in combination with
NIV in 10patients with acute exacerbation of COPD and concluded
that the use of He02 with NIPPV markedly reduces the patient's
effort and improves gas exchange. Although NIPPV is used in India
in many hospitals, there is a paucity of published literature. In an
uncontrolled study in patients (n=20) with acute respiratory failure,
the use ofNIPPV led to improvement in 17patients while 3 required
endotracheal intubation." We conducted a randomized controlled
trial in patients (n= 40) with COPD presenting with acute or acute-
on-chronic respiratory failure." There was significant reduction in
the rate of endotracheal intubation in patients receiving NIPPV. At
one hour there was greater improvement in pH (p=O.O17) and pC02
(p=O.04)in the group receiving NIPPV which was also observed at
6 hours. This corroborated with the clinical improvement. There
was no significant change in p02 and HC03- and there was no
difference in mortality in both the groups.

NIPPV in chronic stable COPD. The possibility that NIPPV
might aid patients with severe COPD has intrigued clinicians for
decades. Early investigators thought that the intermittent use of
NIPPV might give rest to the mechanically disadvantaged respi-
ratory muscles, relieving chronic fatigue and enhancing ventila-
tory and overall functions." Vitacca et al. demonstrated that in
COPD patients with chronic hypercapnia, NIPPV led to improve-
ment in ABG and unloading of respiratory muscles when pres-
sures were set according to the patient's comfort." The use of
nocturnal NIPPV in chronic stable COPD patients with CO2
retention leads to significant improvement in daytime blood gases
and sleep quality as compared to those receiving oxygen therapy
alone. 45,46NIPPV significantly reduces ICU admissions, improves
alveolar ventilation, exercise capacity" and quality of life." How-
ever, Shapiro et al." failed to show any additional benefits of
NIPPV over oxygen therapy and comprehensive rehabilitation

TABLEVI. Randomized controlled trials of non-invasive positive-pressure ventilation (NIPPV) in acute respiratory failure

Author (year) Mask type n Diagnosis leading to respiratory failure

COPD Restrictive Postoperative Congestive Pneumonia Others*
lung respiratory heart failure

disease failure

Meduri (1989)8 Face 10 6 2 2
Brochard (1990)7 Face 13 13
Meduri (1991)9 Face 18 15 1 2
Marino, (1991)23 Nasal 13 10 3
Pennock (1991)24 Nasal 26 22 2 2
Chevrolet (1991 )25 Nasal 6 3 3
Sauret (1991)26 Nasal 17 17
Benhamou (1992)27 Nasal 30 20 2 4 4
Bott (1993)28 Nasal 60 60
Wysocki (1995)29 Face 34 14 16 4
Kramer (1995)30 Nasal 31 23 2 4 2
Brochard (1995)31 Face 85 85
Kruchman (1997)32 Nasal 6 6
Girault (1999)33 Nasal 17 17
Canfaloneri (1999)34 Face 28 28
Antonelli (1999)35 Face 32 16 11
Martin (2000)36 Nasal 32 12 20
Jaber (2000)37 Face 10 10

• Pulmonary odema, post-extubation, neuromuscular disease, trauma, asthma and laryngeal disease
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programmes. The studies of Shapiro" and Strumpf" discourage
the long term use of NIPPV in patients with severe but stable
COPD without significant hypercapnia. Nocturnal NIPPV pro-
vides substantial physiological and clinical benefits to stable
patients with severe COPD and marked hypercapnia. Therefore,
a trial of NIPPV should be considered in these patients." At the
same time, further evidence is required before accepting NIPPV as
routine therapy for severe stable COPD.52

NIPPV in acute respiratory failure other than COPD
Numerous case reports and uncontrolled studies of patients have
described the successful use of NIPPV in treating acute respira-
tory failure due to a wide spectrum of diseases. Martin et al.36in
a prospective randomized trial compared NIPPV using BiPAP.
The patients were subgrouped according to the primary disease
causing acute respiratory failure. They found that NIPPV therapy
with BiPAP was associated with a significantly reduced need for
intubation and conventional mechariical ventilation. The avail-
able evidence suggests that the benefits ofNIPPV therapy are not
limited to hypercapnic acute respiratory failure, but extend to
hypoxaemic acute respiratory failure as well. Its use in patients
with hypoxaemic acute respiratory failure without COPD resulted
in fewer serious complications, lesser risk of pneumonia, sinusitis
and shorter length of stay in the ICU.35

Acute respiratory failure in severe community-acquired pneu-
monia. NIPPV has been found to be well tolerated in patients with
community-acquired pneumonia. It does not compromise the
removal of secretions and leads to a lower rate of intubation and
duration ofICU stay. 34It also prevents nosocomial pneumonia.
However, there are no randomized controlled trials to document a
benefit of this modality over conventional therapy.

Cardiogenic pulmonary oedema. Non-invasive CPAP has
been shown in randomized controlled trials to be effective for
cardiogenic pulmonary oedema. It improves oxygenation and
hypercapnia, decreases respiratory work and reduces the rate of
endotracheal intubation in patients with congestive heart fail-
ure.53.54Non-invasive CPAP may improve oxygenation by recruit-
ing atelectatic alveoli, reducing lung water and improving venti-
lation-perfusion matching. It can improve left ventricular func-
tion and cardiac output by reducing the preload and afterload."

Chronic ventilatory failure (slowly progressive
neuromuscular diseases and chest wall disorders)
NIPPV augments ventilation in patients with slowly progressive
neuromuscular and chest wall diseases. A reduction in the need for
hospitalization for respiratory illness, improvement in daytime
ABG, respiratory muscle strength and improvement in the activi-
ties of daily living was observed in patients with kyphoscoliosis
and those with sequelae of tuberculosis as well as Duchenne type
muscular dystrophy." Data from controlled trials are also avail-
able which support the use of NIPPV in rapidly progressive
neuromuscular diseases."

Post-extubation respiratory failure and difficult weaning
The common problem encountered in the ICU is difficulty in
weaning and repeated endotracheal intubation. NIPPV has been
tried and successfully applied in difficult-to-wean COPD patients
and patients with post-extubation hypercapnic respiratory fail-
ure." The use of NIPPV reduces weaning time, ICU stay and
decreases the incidence of nosocomial pneumonia compared to
conventional weaning methods. 59Only 2 of 20 patients required
re-intubation in a study conducted by Udwadia et al. when they
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used NIPPV as a weaning modality in difficult-to-extubate
patients." NIPPV permits removal of the endotracheal tube earlier
than conventional ventilatory methods and reduces the duration of
conventional mechanical ventilation without increasing the risk of
weaning failure. NIPPV should be considered as a new and useful
approach to weaning patients with acute-on-chronic respiratory
failure. More randomized controlled studies are required to docu-
ment the use of this modality for early extubation and in patients
who are difficult to wean.

Other clinical uses
NIPPV can be used to provide ventilatory assistance to patients
with chronic respiratory failure awaiting lung transplantation," in
patients with postoperative respiratory failure and those with
sleep-related breathing disorders. NIPPV can also be used in
AIDS patients with Pneumocystis carinii pneumonia. These are
patients who are either unsuitable for or refuse endotracheal
intubation due to terminal illness.

COST CONSIDERATIONS AND AVAILABILITY
Compared to the cost of conventional ventilators and daily ICU
care anywhere in the world, the equipment for NIPPV is not very
expensive. In India, the average cost of amachinewith the facility
of BiPAP ventilation is around Rs120 000. This is much less than
that of conventional ventilators used in ICUs. However, NIV can
only supplement and cannot replace conventional mechanical
ventilators, as some ofthe patients initiated onNIPPV may require
endotracheal intubation. Most advanced mechanical ventilators
also have the facility of giving NIPPV using an appropriate mask.

CONCLUSION
In recent years there has been growing interest in the use ofNIPPV
in patients with acute and chronic respiratory failure. It offers
several advantages over conventional ventilation. When applied
in the setting of acute respiratory failure it may obviate the need for
endotracheal intubation and thus preserve speech and swallow-
ing, and reduce the trauma associated with the insertion of an
endotracheal tube. NIV can significantly reduce infectious com-
plications, duration of ICU stay and mortality in patients with
acute respiratory failure due to various causes. It reverses noctur-
nal hypoventilation and improves daytime gas exchange in chronic
respiratory failure. It can also be of some benefit to patients with
postoperative hypoxaemia, acute lung injury and left heart failure.
Although it is a useful method of assisted ventilation, it is not
appropriate for all patients. Despite these limitations, NIPPV
represents an advance in the management of patients with respi-
ratory failure. A sound understanding of this promising technique
is essential for all physicians involved in the care of critically ill
patients.
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