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Review Article

Lights and shadows of non-invasive
mechanical ventilation for chronic
obstructive pulmonary disease (COPD)
exacerbations

Jose Luis Lopez-Campos'?, Luis Jara-Palomares’, Xavier Muioz?3,
Victor Bustamante*, Esther Barreiro?5

Abstract:

Despite the overwhelming evidence justifying the use of non-invasive ventilation (NIV) for providing ventilatory
support in chronic obstructive pulmonary disease (COPD) exacerbations, recent studies demonstrated that its
application in real-life settings remains suboptimal. European clinical audits have shown that 1) NIV is not invariably
available, 2) its availability depends on countries and hospital sizes, and 3) numerous centers declare their inability
to provide NIV to all of the eligible patients presenting throughout the year. Even with an established indication, the
use of NIV in acute respiratory failure due to COPD exacerbations faces important challenges. First, the location
and personnel using NIV should be carefully selected. Second, the use of NIV is not straightforward despite the
availability of technologically advanced ventilators. Third, NIV therapy of critically ill patients requires a thorough
knowledge of both respiratory physiology and existing ventilatory devices. Accordingly, an optimal team-training
experience, the careful selection of patients, and special attention to the selection of devices are critical for
optimizing NIV outcomes. Additionally, when applied, NIV should be closely monitored, and endotracheal intubation
should be promptly available in the case of failure. Another topic that merits careful consideration is the use of NIV
in the elderly. This patient population is particularly fragile, with several physiological and social characteristics
requiring specific attention in relation to NIV. Several other novel indications should also be critically examined,
including the use of NIV during fiberoptic bronchoscopy or transesophageal echocardiography, as well as in
interventional cardiology and pulmonology. The present narrative review aims to provide updated information on
the use of NIV in acute settings to improve the clinical outcomes of patients hospitalized for COPD exacerbations.

Key words:
COPD, exacerbations, non-invasive ventilation

hronic obstructive pulmonary disease

(COPD) represents a global health issue.
Recently updated data on disease prevalencel
and mortality®®! have shown that it is a major
public health problem worldwide, causing
substantial morbidity and mortality. Despite
recent advances in the understanding of COPD
and its management, there are still several
critical areas of COPD management in need
of improvement, including 1) the potential
issue of under-diagnosis (particularly in
female patients),”®! 2) the variability in the
perception of symptoms,”!?! 3) the presence of
different disease guidelines and approaches
(e.g., multidimensional evaluations!""*lversus
phenotype-based medicinel), 4) the impact of
risk factors other than tobacco,!">'®l and 5) the role
of concomitant comorbidities.['”?!

Onearea of special interestis the use of non-invasive
ventilation (NIV) during COPD exacerbations.
Despite the overwhelming evidence justifying
the use of non-invasive mechanical ventilatory
support in COPD exacerbations, recent studies
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demonstrated that its application in real-life
settings remains suboptimal.® Moreover, over
the last few decades the indications for NIV have
expanded in both acute and chronic care.? In
this context, a critical update on NIV for COPD
exacerbations is needed to examine the indications
and potential impact of ventilatory support in this
clinical setting.

In this narrative review, we sought to provide
updated information on the use of NIV in
the respiratory ward to improve the clinical
outcomes of patients hospitalized for COPD
exacerbations. In addition, the current limitations
and future research goals will be discussed.
We attempt to provide a balanced view of the
current use of NIV in COPD patients, identifying
the lights and shadows of this treatment in the
acute setting.

NIV for COPD in the Acute Setting

The history of NIV extends back more than
100 years, but it was not until 1987 that what is
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considered “modern” NIV was developed.” The term NIV
defines any ventilatory support that does not require tracheal
intubation of the patient. NIV was popularized during polio
epidemics in the fifties through application of an extrathoracic
negative pressure ventilator (i.e., the “iron lung”). At that
time, this type of ventilation was successful and it was the
only such system in existence, other than positive pressure
through a permanent tracheostomy, which was used in a few
cases. However, negative pressure ventilation was complex
and not without side effects, thus requiring a highly specialized
management team. Hence, its use was not generalized, and
it was only used in specialized centers. NIV advanced in the
late eighties with the advent of positive pressure non-invasive
ventilation via a nasal mask to treat respiratory failure in
patients with advanced neuromuscular disease, respiratory
restrictive conditions, or sleep apnea. Since then, its use has
increased. Notably, NIV is currently considered the initial
treatment of choice for acute respiratory failure.*%"]

The use of NIV in the acute setting for COPD first occurred in the
1990s, when the results of major clinical trials became available.
Despite the initial negative results,” subsequent trials clearly
demonstrated the clinical usefulness of NIV for treating acute
hypercapnic respiratory failure due to COPD. The primary
milestone was most likely the study by Plant et al.*! This
study included 236 patients, half of whom received standard
therapy plus additional NIV. The authors concluded that the
early use of NIV for mildly and moderately acidotic COPD
patients in the general ward results in a rapid improvement
of physiological variables, reducing both the need for invasive
mechanical ventilation and in-hospital mortality. Although
the study participants were not spirometrically confirmed,
the authors included patients who were admitted with a
diagnosis of acute exacerbations of COPD and their results were
consistent with those obtained in other trials.***l Moreover, the
authors demonstrated that NIV was cost-effective.’®? Several
subsequent investigations and meta-analyses confirmed that
NIV decreases both the need for intubation and mortality in
COPD patients presenting with acute respiratory failure.*! Of
note, this effect was consistently observed in both intensive care
units (ICUs) and respiratory wards.®® However, the impact on
mortality varied from 10%*! in the context of a clinical trial to
33% in a real-life setting.*! Furthermore, other physiological
advantages have been reported for patients undergoing NIV,
including the resolution of obstructive atelectasis.” Currently,
even with an established indication, the use of NIV in acute
respiratory failure caused by COPD exacerbations faces
important challenges. In this regard, several issues remain to
be addressed, including implementation of NIV, locations at
which NIV should be utilized, the predictors of success, the
use of NIV in elderly subjects, and novel indications for NIV
in acute settings.

Implementation of NIV

Despite evidence regarding its efficacy, the use and
implementation of non-invasive mechanical ventilation in
COPD remain suboptimal. A clinical audit performed in the
United Kingdom reported that COPD admissions treated
with NIV in routine clinical practice involved severely ill
patients. However, this audit raised concerns that challenged
the respiratory community to develop appropriate clinical
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improvements. Specifically, numerous ventilated patients
had mixed metabolic acidosis, some eligible subjects failed
to receive NIV, whereas others received it inappropriately.
Moreover, in several cases, NIV appeared to be used as a
last-ditch treatment in patients for whom its efficacy remains
uncertain.!

In the European COPD audit (focusing on the clinical
performance of hospitals that treated patients with exacerbated
COPD in 13 European countries), the investigators assessed
the degree of fulfillment of clinical guidelines based on blood
gas data. Among patients who were candidates to receive NIV
according to arterial blood gas parameters (i.e., moderate to
severe acidosis and hypercapnia), only 51.0% underwent NIV
accordingly. In turn, 28.6% of patients who were treated with
NIV did not meet the arterial blood gas criteria.! In the same
audit, the authors found that 89.6% of centers provided NIV
during admission.*! However, the variability was considerable
(ranging between 60 and 100%), depending on the country
and the size of the hospital. The percentages were 84.2% for
small hospitals, 87.5% for medium-size hospitals, and 97.1%
for large hospitals. Additionally, when the investigators asked
whether they had the capacity to noninvasively ventilate all of
the eligible patients, 32.5% of the participating centers declared
that they did not to have the resources to ventilate all of the
eligible subjects presenting throughout the year. This response
was independent of the size of the hospital, suggesting a similar
effect across all types of centers.” In this scenario, clinical
managers should ensure that the proper resources required
to ventilate all of the eligible patients throughout the year are
provided.

One potential factor that might influence the correct application
of NIV throughout the year might be related to the learning
curve. In a recent investigation, the authors performed a time
trend analysis of a retrospective observational study based on
the minimum basic hospital discharge data aimed at evaluating
the introduction of NIV in patients hospitalized for COPD at all
public hospitals in the region of Murcia (Spain) between 1997
and 2010.57 Although the observed improvements in terms
of global mortality or length of stay did not reach statistical
significance, the introduction of NIV in these hospitals reduced
the number of patients not receiving assisted ventilation.
Additionally, by using a join point regression analysis, the
authors demonstrated an upward trend in the use of NIV in
the participating hospitals.

Locations for NIV Use

Another issue that merits consideration is the optimal
location at which NIV should be delivered. Because patients
requiring NIV are critically ill, the progression of gas exchange
abnormalities and the clinical conditions in the first few hours
are paramount for determining the clinical outcomes after
the initial acute episode. Accordingly, the use of NIV is not
straightforward despite the availability of technologically
advanced ventilators. Importantly, NIV therapy of critically
ill patients requires a thorough knowledge of both respiratory
physiology (including respiratory mechanics and gas exchange
abnormalities) and existing ventilatory devices (e.g., interfaces
and valves). Moreover, a minimum monitoring level is
needed for its use. In a prospective observational cohort study
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performed in conventional wards, a small group of consecutive
patients requiring NIV due to acute hypercapnic respiratory
failure were investigated.® Besides traditional prognostic
variables, an inadequate use of NIV due to a lack of personnel
training was detected in all of the patients presenting with NIV
failure (relative risk = 3.5; 95% confidence interval = 1.08-11.2;
P =0.007). In this study, the most common caveats included:
1. Thelack of knowledge on how to operate the ventilator by
the staff,
2. Animproper mask fitting leading to excessive leaks, and
3. Theinability of the personnel to control oxygen therapy or
to address the ventilator alarms.

Subsequently, Sumner ef al.®! demonstrated that the improper
use of NIV in non-designated areas resulted in an increased
patient mortality. However, it has been also argued that
NIV can be safely administered in an adequately staffed and
monitored ward when used to prevent intubation in otherwise
stable patients."! Therefore, a trained team, careful patient
selection, and an optimal choice of the device can optimize
NIV outcomes. Accordingly, the debate on where to apply
NIV is mainly related to the available hospital resources
and the knowledge and experience of the staff rather than
to the actual location of NIV use. In this regard, it would be
desirable to establish a consensus document to help managers
decide where to locate NIV facilities and to provide them with
adequate resources. Accordingly, a substantial variability in
both the availability and resources has been reported.!! In
the study by Plant et al.,” the nursing staff received eight
hours of training on a monthly basis during the three months
preceding the study. However, no information was available
on the minimum number of hours used for training physicians
to ensure proper implementation of ventilation. Based on these
results,” we can assume that such a training may be sufficient.
However, given the acute situation and the complexity of
the management process (particularly in the first few hours),
consensus guidelines on minimum requirements or conditions
to ensure proper training are eagerly awaited.

Appropriate staff training is guaranteed in ICUs. However,
ICU cares are complex and expensive and are not invariably
needed for all of the patients with exacerbated COPD requiring
NIV. In this regard, several specific intermediate locations (i.e.,
between the ICU and the respiratory ward) have been recently
implemented for the application of NIV in respiratory patients.
Such so-called semi-critical, intermediate, or high-dependency
units have recently emerged in industrialized countries as an
alternative to ICUs, with the specific goal of providing non-
invasive respiratory support without the complex environment

and the costs of an ICU "4 The characteristics of the three levels
of respiratory units according to the Spanish National Society
of Pulmonology and Thoracic Surgery (SEPAR) is summarized
in [Table 1].¥ The efficacy and cost-effectiveness of such units
have been repeatedly demonstrated™#! as they provide an
ideal location for ventilatory support (equipped with adequate
resources and staff) and a more comfortable environment
for patients. Several models of intermediate care units have
been proposed.“! However, the implementation of such units
continues to remain suboptimal. The European COPD audit
reported that 49.3% of European hospitals were equipped
with such units.®! However, their availability varies widely
regardless of the hospital size. In Europe, the average number
of available beds is 7.1 (ranging from 5.9 in small hospitals to
8.2 in large hospitals).

Predictors of Success

Although the use of NIV is currently considered the gold
standard for managing respiratory failure during COPD
exacerbations, not all patients respond equally well.
Consequently, significant efforts have been made to identify
the main predictors of successful NIV. Specifically, it would be
important to distinguish successful responders from patients
requiring endotracheal intubation. This research topic has been
recently reviewed in detail.*”! Treatment failure is defined
by the British Thoracic Society consensus guidelines as 1) a
deterioration in the patient’s clinical conditions, 2) lack of
improvement or deterioration in arterial blood gas parameters,
3) development of new symptoms or complications that require
endotracheal intubation or ICU admission, or 4) a decrease
in the level of consciousness.*! Failures can be divided into
early and late. A failure is defined as early when it occurs
within 1-48 h of NIV use (either with or without an initial
success), whereas late failures occur 48 h after initiation of
NIV, following an initial successful response. According to
several observational studies, *** the main factors associated
with NIV failure include a poor nutritional status, a reduced
level of consciousness, and an impaired general condition
(as reflected by a high APACHE score, low pH, and/or high
partial pressure of carbon dioxide). Such variables might in
turn be influenced by a patient’s tolerance to NIV, which is
directly related to the training and experience of the staff with
this technique." Notably, a significant predictor of success in
COPD patients treated for acute hypercapnic respiratory failure
is the patient’s response to the initial NIV treatment. Because
NIV is an effective treatment, patients should experience
improvement within a few hours after the initiation of the
ventilation. Consequently, international guidelines recommend

Table 1: Characteristics of the three levels of respiratory units

Characteristic ICU RICU Respiratory ward

Nurse-patient ratio  <1:3 1:3-1:4 >1:4

Ventilatory support  Invasive and non-invasive Mainly non-invasive with provision of Non-invasive
invasive

Ventilators Vital support ventilators

Non-invasive ventilators with availability of

Non-invasive ventilators

vital support ventilators

Organs affected Severe respiratory failure or multiorgan

failure

Direct medical care 24 hours

Respiratory failure without implication of
other organs

24 hours

Respiratory failure without
implication of other organs
During normal shifts and then on
demand by the physician on call

ICU = Intensive care unit, RICU = Respiratory intermediate care unit. Modified from reference 43
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a second complete evaluation of the patient after a few hours
of NIV use. When no improvements occur, the prognosis is
uncertain. In presence of NIV failure, a decision concerning
intubation should be promptly made taking into account the
severity of the underlying disease and the previous level of
disability.8%! In the [Table 2], a summary of the main causes
for non-invasive respiratory support failure and the actions to
overcome these limitation is provided.*!

NIV in the Elderly

In the elderly, the use of NIV has specific considerations.
This patient population is particularly fragile, with several
physiological and social characteristics that require specific
health care. In this population, NIV can be considered as a good
alternative for treating respiratory acidosis even for those with
a do-not-intubate order. A recent study performed in Spain
analyzed the outcomes of NIV in elderly patients (aged 75
years or older) who were admitted to a respiratory monitoring
unit during hospitalization and one year later.*¥! Specifically,
the results were compared with those obtained in a younger
patient group. The authors did not detect any significant
difference in terms of in-hospital mortality between the two
groups. However, elderly patients were more frequently re-
admitted within 6-12 months after hospital discharge than the
younger group. In Spain, the re-admission rate is 37% for all
causes and 28% for COPD-related admissions.”! Although the
reasons for this high COPD readmission rate (specifically for
elderly patients) are not entirely understood, several arguments
have been proposed. Most explanations have involved the
poorer functional states and the frailty of such patients
following hospitalization.’! Notably, some authors have
suggested adapting or tailoring current guidelines to the needs
of elderly patients presenting with frailty and/or cognitive

impairment.™ Overall, the available evidence demonstrates
that elderly patients with acute hypercapnic respiratory failure
can be successfully treated with NIV, even following a do-not-
intubate order, with satisfactory long-term survival rates.* We
believe that it would be interesting to gather further evidence
on the effectiveness of NIV in elderly patients, particularly after
their first hospital admission for respiratory failure.[*!

Other Indications for NIV

NIV has been utilized to treat conditions other than COPD,
including acute hypercapnic respiratory failure, cardiogenic
pulmonary edema, acute lung injury, acute respiratory
distress syndrome, community-acquired pneumonia, and
weaning/post-extubation failure. These applications are
common clinical practice. A novel indication for non-invasive
mechanical ventilation is the use of NIV during invasive
procedures, such as bronchoscopy. Evidence supports the
use of NIV during fiberoptic bronchoscopy, particularly
in subjects at high risk of endotracheal intubation (e.g.,
immunocompromised patients).®’ NIV treats acute respiratory
failure by addressing gas exchange abnormalities and reducing
the signs of respiratory effort and dyspnea, as well as the
activity of the accessory respiratory muscles. Bronchoscopy
is a key technique in studying respiratory diseases, and it
is necessary for acute and critical patients, often only after
endotracheal intubation due to the possible complications of
the technique. The use of NIV during bronchoscopy should
be considered as an alternative to avoid the complications
related to intubation and mechanical ventilation in patients
in severe conditions, particularly in subjects with COPD
with a tendency to develop hypercapnia.l®! Other indications
include transesophageal echocardiography, interventional
cardiology, and pulmonology. In these circumstances, NIV

Table 2: Main causes for non-invasive respiratory support failure and the actions to overcome these limitations

Problem Action

Is the underlying disease treatment correct?

Check the prescribed medical treatment and proper administration.

Consider physiotherapy for retention of secretions.
Rule out possible complications e.g. Pneumothorax, pneumonia. etc.

Persistent PaCO, elevation

Discard excess of oxygen flow: adjust FiO, to maintain SaO, between 88 and 90%.

Discard excess leakage: Check the adjustment to the mask.
Check mounting of the circuit and ventilator and discard circuit leaks.

Assess possible rebreathing: Check placement and patency of the expiratory valve and
consider increasing EPAP.

Is there synchrony Patient-Ventilator?

Observe the patient (anxiety, comfort).
Adjust respiratory frequency or the |:E.
Adjust inspiratory trigger.

Adjust level of cycling.

Rate up EPAP

Is ventilation adequate?

Observe chest expansion.

Increase Pressure Support or volume.

Increase inspiratory time.

Increased respiratory rate (to increase cardiac output).
Consider changing ventilatory mode or ventilator.

Persisting hypoxaemia

Increase oxygen flow / FiO,
Increase EPAP.

FiO, = Fraction of Inspired Oxygen, SaO, = Saturation level of oxygen in hemoglobin, EPAP = Expiratory positive airway pressure, |:E = Inspitratory/expiratory

ratio. Modified from reference 43.
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can reduce the need for deep sedation or general anesthesia
and may prevent the respiratory depression that results from
deep sedation.®! NIV may also be useful after surgery,”
including cardiac surgery, and to a lesser extent, in patients
with pulmonary contusions.® However, NIV should not be
considered an alternative to endotracheal intubation for severe
communicable airborne infections that are likely to progress
to acute respiratory distress syndrome.® Finally, NIV is being
increasingly used as an alternative to endotracheal intubation
in end-stage symptomatic patients, particularly to relieve
dyspnea.!

Conclusions

The use of NIV in the acute setting has a positive impact in
patients with COPD exacerbations and hypercapnic respiratory
failure. Moreover, its use can be considered in elderly patients
with do-not-intubate orders and subjects who have exhausted
all other treatment options. Notably, NIV may be clinically
useful for improving outcomes in clinical situations other than
COPD exacerbations. Despite its efficacy, the implementation
of NIV remains suboptimal, and managers should ensure
the availability of trained staff and sufficient resources to
guarantee its availability throughout the year. NIV should be
applied with close monitoring, and endotracheal intubation
should be promptly available in cases of failure. An optimal
team-training experience, the careful selection of patients,
and special attention to the selection of devices are critical for
optimizing NIV outcomes in critically ill patients presenting
with COPD exacerbations.
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