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Abstract
Purpose of Review The first description of non-invasive ventilation use began in the 1920s. Since then, its role in patient care has
evolved through increased clinical knowledge and scientific advancements. The utilization of non-invasive ventilation has
broadened from initial application in acute in-hospital ICU settings to now include the outpatient settings. This review discusses
the history of non-invasive ventilation and its role in acute in-hospital chronic obstructive pulmonary disease (COPD) exacer-
bations, cardiogenic pulmonary edema, and weaning from mechanical ventilation in the elderly. The elderly population repre-
sents a significant portion of patients hospitalized for the aforementioned conditions. These groups often have more limitations
related to the use of invasive mechanical ventilation (IMV); therefore, it is essential to understand the impact of non-invasive
ventilation on hospital outcomes.
Recent Findings There is strong clinical evidence supporting the use of non-invasive ventilation in patients with respiratory
failure secondary to acute COPD exacerbations and cardiogenic pulmonary edema. When compared to standard medical man-
agement of these conditions, there is a consistent and significant reduction in the rate of endotracheal intubation and in-hospital
mortality.
Summary The basis of non-invasive ventilation applicability has been determined by significant reduction in mortality and
intubation rates. Although survival benefits have been observed, there still remain limitations to the clinical applicability of
non-invasive ventilation in certain patient populations and conditions that require further investigation.
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Introduction

The birth of non-invasive mechanical ventilation occurred in
the late 1920s following the poliomyelitis epidemic that was
notable for respiratory muscle paralysis and subsequent death
in many children. Mechanical ventilation was in the form of
the iron lung, a non-invasive negative-pressure respirator de-
veloped by Philip Drinker and Charles McKhann that was
fashioned from a tank, a pair of vacuum cleaner blowers, a
garage mechanics’ creeper, and a mounted rubber collar [1].
Shortly thereafter, Motley et al. investigated the use of

intermittent positive-pressure ventilation (IPPV) in the form
of expiratory positive airway pressure (EPAP) and continuous
positive airway pressure (CPAP) via a rubber mask in the
treatment of acute pulmonary edema, pneumonia, Guillain-
Barre syndrome, near-drowning, drug overdose, and acute
asthma [2, 3]. They also identified the limitations and delete-
rious effects of non-invasive ventilation in the presence of
hemodynamic compromise, pneumonia, and aspiration risk
[4, 5].

Despite the introduction of polio vaccination in the early
1950s, poliomyelitis continued to be a major health care dis-
ease. Despite the success of treatment with the iron lung ma-
chine, there was a shortage of devices to meet the patient
demand. Fortunately, endotracheal intubation and mechanical
ventilation came into practice as a new means of supporting
pulmonary function. By the 1970s, there was widespread use
of IMV in newly established intensive care units (ICU). Non-
invasive ventilation, in the form of intermittent positive-
pressure breathing, continued to be used extensively as breath-
ing treatments in the management of certain pulmonary con-
ditions [4, 6, 7].
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With increased improvements in availability, scientific ad-
vancements, and understanding of mechanical ventilation
came a subsequent increased recognition of the pathophysio-
logic consequences of invasive mechanical ventilation [4],
including barotrauma and ventilator-induced lung injury.
Pulmonary barotrauma or rupture of an over-distended alveo-
lar unit occurs as a result of a sustained increase in
transpulmonary pressure and is manifested as the presence
of potentially life threatening extra-alveolar air [8, 9].
Ventilator-induced lung injury, as induced by alveolar
overdistension, atelectrauma, and inflammation, is character-
ized by a clinical picture similar to acute respiratory distress
syndrome (ARDS) [10].

In 1980, Sullivan et al. described the successful use of
continuous positive airway pressure (CPAP) via nasal mask
in the management obstructive sleep apnea [11].
Subsequently, its use was applied to chronic respiratory failure
from neuromuscular disease and symptomatic worsening noc-
turnal hypoventilation [12]. During the 1990s, the Consensus
Conference recognized non-invasive ventilation as a valuable
and essential strategy in the management of patients with
acute respiratory failure [5, 13–15].

Over the last 30 years, with the supporting evidence from
multiple randomized controlled trials and meta-analyses, non-
invasive ventilation (NIV) has become the standard of care in
the management of acute respiratory failure due to COPD,
cardiogenic pulmonary edema, and prevention of weaning
failure in high-risk patients [16]. These areas will be the focus
of this review.

Non-invasive Ventilation in the Treatment
of COPD Exacerbations

Acute exacerbations of COPD are one of the leading causes of
hospitalizations in the USA. These episodes have significant
economic and clinical consequences, with a mean cost of
$9545 per episode and in-hospital mortality of 4.3% [17,
18]. Patients that survive the acute illness are at increased risk
for future exacerbations and often experience significant de-
terioration in their quality of life [18]. Therefore, there is a
need to optimize the in-hospital management of acute exacer-
bations of COPD. The American Thoracic Society /European
Respiratory Society have defined guidelines for hospital ad-
mission, including but not limited to inadequate response to
outpatient management, presence of high-risk comorbidities,
worsening dyspnea, hypoxia, hypercapnia, and changes in
mental status [19].

Ventilatory assistance in acute COPD exacerbation is not
considered to be a primary therapy but is instead utilized as an
adjunct in the prevention of respiratory acidosis until medical
therapy treats the underlying cause of the acute respiratory
failure [20]. Historically, numerous randomized controlled

trials have demonstrated benefit to the use of NIVafter failure
of medical treatment as it successfully reduced the need for
endotracheal intubation in comparison to conventional treat-
ments [14, 15, 21–25]. Overall, there is not a strong mortality
difference between the two groups [26].

Recent meta-analyses have studied the impact of the utili-
zation of NIVon patients hospitalized for COPD exacerbation
with acute or acute-on-chronic respiratory failure [27•, 28•].
The patients managed with NIV had a lower mortality rate,
were less likely to require intubation, had shorter hospital
length of stay, and had fewer complications from treatment
[27•, 28•, 29].

With the current mean age for patients admitted to the
hospital diagnosed with an acute COPD exacerbation being
approximately 70 years, it is important to study the impact of
age on the use of NIV in acute COPD exacerbation [30].
When compared to patients less than 75 years old, there have
been no differences in intubation or mortality rates [29].

It is also important to recognize that the elderly are more
likely to have limitations to respiratory care such as “do not
intubate” (DNI) orders. Despite these findings, the usefulness
of non-invasive ventilation in the context of DNI orders has
yet to be studied [31, 32]. This is likely due to the fact the
benefit of NIV in an acute COPD exacerbation has been
established in several studies and it is becoming is considered
to be the standard of care. Therefore, future studies may have
difficulty obtaining approval from the institutional review
board for ethical reasons [27•].

Despite the benefits of NIV for acute COPD exacerbations,
there remains a wide rate of failure with this treatment [33].
Non-invasive ventilation failure may have been attributed to
patient selection, differences in hospital care infrastructure,
operator delivery and technique, and patient dyssynchrony
[28•, 33–36]. The clinical impact of a specialized NIV team
on the failure rate with subsequent intubation and death risk
was recently studied. The authors demonstrated a lower risk of
death and intubation and shorter ICU and hospital stay in
patients treated with a dedicated NIV team compared to man-
agement by ICU doctors and nurses working independently
[37]. These findings are likely due to more efficient use of
NIV by respiratory therapists with expertise in the delivery
of this mode versus the time demands and experience of other
medical personnel [26, 37]. Future studies will be needed to
determine how to minimize the factors contributing to non-
invasive ventilation failure.

Non-invasive Ventilation in Cardiogenic
Pulmonary Edema

Acute cardiogenic pulmonary edema is another leading cause
of hospitalization for the elderly [38], with in-hospital and 1-
year mortality rates of 12% and 40%, respectively [39, 40].
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Similar to acute COPD exacerbations, NIV can be utilized in
acute cardiogenic pulmonary edema as respiratory support in
an effort to avert endotracheal intubation [39, 41].

Historically, there was no consensus as to the benefit of
NIV treatment for cardiogenic pulmonary edema. Systemic
reviews and meta-analysis demonstrated a reduction in the
rate of intubation and mortality in patients that received NIV
[42]. Shortly thereafter, the Three Interventions in
Cardiogenic Pulmonary Edema (3CPO) trial, the largest ran-
domized controlled trial on this disease, concluded there was
no significant difference in short term-mortality or need for
intubation between the NIVand standard therapy groups [41].
This non-inferiority study questioned the role of NIV in the
management of cardiogenic pulmonary edema [43]. Several
subsequent studies concluded that the use of NIV in treating
cardiogenic pulmonary edema decreased the rate of intubation
and in-hospital mortality [43–47].

A recent meta-analysis also demonstrated a reduction in
hospital mortality, intubation rate, and ICU length of stay,
quicker symptomatic improvement, and better tolerance of
NIV in cardiogenic pulmonary edema as compared to standard
medical therapy [48•]. The trials that investigated the role of
CPAP vs. bi-level positive airway pressure (BPAP) in cardio-
genic pulmonary edema treatment found that there was no
significant difference in hospital mortality or endotracheal in-
tubation between the two ventilatory modes. Of note, another
meta-analysis [47] demonstrated that BPAP was associated
with more rapid resolution of dyspnea and improvement in
oxygenation [49].

There have been few studies focused specifically on
the elderly population, but given that the mean age of
patients admitted for acute heart failure is greater than
70 years [50], many of the previous studies are thought
to be applicable to this population. Surprisingly, a study
designed to investigate the clinical efficacy of NIV in
cardiogenic pulmonary edema in patients greater than
75 years of age demonstrated early clinical improvement
with a reduction in the rate of intubation and 48 h mor-
tality without sustained benefit during their hospital stay
[51]. Due to this discrepancy, further studies may be
needed to further define the role of non-invasive ventila-
tion in cardiogenic pulmonary edema in the elderly
population.

Non-invasive Ventilation in Weaning
from Mechanical Ventilation

Despite the increased application of NIV in cardiogenic
pulmonary edema and COPD, the utilization of invasive
mechanical ventilation has increased [52]. As previously
discussed, the complications of mechanical ventilation are
well-known to intensivists and are associated with

significant in-hospital morbidity as well as deterioration
in quality of life outcomes.

The benefits of NIV when transitioning from mechan-
ical ventilation for patients recognized to be “high risk for
extubation failure” have been reported in previous studies
[49]. Unfortunately, about 20–30% of patients are consid-
ered to be difficult to wean from IMV due to failure to
pass a spontaneous breathing trial or needing reintubation
within 48 h of being liberated from IMV [53, 54]. Ideally,
INV could be used in patients that do not pass their spon-
taneous breathing trial in order to avoid the complications
from prolonged intubation as well as complications asso-
ciated with reintubation [49, 55–60]. This potential use
has been investigated in several randomized controlled
trials and a recent systemic review found that patients
weaned with non-invasive ventilation demonstrated re-
duced mortality and ventilator-associated pneumonia and
shorter ICU and hospital stay without increasing the risk
of weaning failure or reintubation [61–76]. Of note, most
of these studies were exclusively or predominantly with
COPD patients only [55, 77]. Thus, future studies inves-
tigating the role of NIV as a bridge from extubation to
spontaneous respiration are needed to confirm the gener-
alizability of its use [77].

Conclusion

There is strong clinical evidence supporting the use of
NIV in patients with respiratory failure secondary to acute
COPD exacerbations and cardiogenic pulmonary edema.
When compared to standard medical management of these
conditions, there is a consistent and significant reduction
in the rate of endotracheal intubation and hospital mortal-
ity [78, 79].

During COPD exacerbations due to increased flow resis-
tance secondary to secretions and/or bronchospasm, there is
incomplete expiration. Inspiration before a complete expira-
tion leads to dynamic hyperinflation and subsequent reduced
diaphragm strength and respiratory muscle fatigue [80, 81].
These findings are likely to be exacerbated in the elderly pop-
ulation due to reduced respiratory reserve. With worsening
hypoxia and/or hypercapnia, work of breathing is increased
which prolongs expiratory flow which all result in respiratory
failure [82]. Ventilatory assistance should be considered in the
presence of persistent acidosis (pH < 7.35), hypercapnia
(PaCO2 > 40–60 mmHg) and tachypnea (RR > 24 breaths/
min) [83]. The utilization of NIV unloads the respiratory mus-
cles and augments alveolar ventilation and improvement in
oxygenation and ventilation [20].

In cardiogenic pulmonary edema, cardiac failure results
in increased pressure in the pulmonary arteries, triggering
extravasation of fluid into the interstitium and eventually
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the alveoli [48•]. This increase in extravascular fluid in
the lungs precipitates respiratory failure due to a reduction
in lung volume and respiratory system compliance as well
as an increase in airway resistance [84]. Non-invasive
ventilation in cardiogenic pulmonary edema should be
initiated when dyspnea, tachypnea, accessory muscles
use, and/or paradoxical abdominal breathing are associat-
ed with impaired gas exchange [45]. Non-invasive venti-
lation in cardiogenic pulmonary edema prevents alveolar
collapse and reduces the rate of intra-alveolar fluid accu-
mulation while improving pulmonary compliance [48•],
reducing the work of breathing, increasing cardiac output,
and improving oxygenation [20].

Survival benefits have been shown for NIV in patients
experiencing difficulty transitioning off of IMV after pass-
ing a spontaneous breathing trial or high risk for extubation
failure patients. There is a potential use for NIV in weaning
from mechanical ventilation after a failed spontaneous
breathing trial, but more studies are needed in order to
determine its generalizability to other causes of weaning
failure secondary to respiratory failure.

Over the past 30 years, there have been significant ad-
vances in respiratory care in the critically ill patient but
there still remain limitations for the applicability of NIV
in these and other conditions. Although survival benefit
has been demonstrated in specific clinical conditions, it
appears NIV is underutilized [85–87] and higher rates of
failure with the use of non-invasive ventilation in high vol-
ume hospitals [33]. Although major complications such as
pneumothorax and pneumonia are less frequent with the
use of NIV as compared to intubation, complications such
as air leak, mask discomfort, skin breakdown, eye irrita-
t ion, sinus congestion, oronasal desiccation, and
dyssynchrony can contribute to the adverse outcomes
[48•, 78, 88, 89]. These discrepancies are likely attributable
to patient selection, need for increased patient supervision,
experience of staff with non-invasive ventilation, and avail-
ability of this mode [13, 90]. The benefits of the implemen-
tation of specialized non-invasive ventilation teams have
previously been identified [37] and should prompt further
investigation. Ideally, clear guidelines associated with ed-
ucation and training programs would be implemented to
optimize the role for and application of non-invasive ven-
tilation in the management of acute respiratory failure [91].
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