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Abstract

NIV is a form of ventilation which provides ventilator support through the patient's upper airways using a mask or
other appropriate device. NIV is an effective treatment for patients with severe COPD. The beneficial effects of NIV
have been particularly apparent in patients with acute hypercapnic respiratory failure (AHRF). BiPAP (Figure 1) and
CPAP are the most common types of ventilators used in NIV, along with nasal masks and full-face masks.

Keywords: Non-invasive positive-pressure ventilation; Chronic
obstructive pulmonary disease; Hypercapnic respiratory failure;
Invasive mechanical ventilation

Non-invasive positive-pressure ventilation (NIV)

NIV is a form of ventilation which provides ventilator support
through the patient’s upper airways using a mask or other appropriate
device. NIV is an effective treatment for patients with severe COPD.
The beneficial effects of NIV have been particularly apparent in
patients with acute hypercapnic respiratory failure (AHRF). BiPAP
(Figure 1) and CPAP are the most common types of ventilators used in
NIV, along with nasal masks and full-face masks.

Figure 1: A 54-year-old patient with acute exacerbation of COPD
on non-invasive ventilation (NIV), using BiPAP.

Indications for NIV:

o Prior to considering invasive ventilation via endotracheal
intubation, NIV may be tried in patients with severe COPD who
present with an acute exacerbation. It may also be the maximal
treatment offered to patients who may not be appropriate
candidates for future invasive ventilation.

o NIV may be indicated in patients with acute exacerbation of
COPD who have persistent respiratory acidosis (pH<7.35, H*>45
nmol/l) despite full medical treatment and controlled oxygen
therapy.

e NIV has also been shown to be useful in patients with
decompensated obstructive sleep apnoea.

e NIV is useful in acute and acute-on-chronic hypercapnic
respiratory failure in patients with chest wall deformity or
neuromuscular disease.

e NIV can be used in patients with extensive pneumonia who
become hypoxic and/or hypercapnic despite good medical
management.

e NIV is useful for weaning patients from invasive ventilation,
especially when conventional weaning methods are unsuccessful.

e NIV is sometimes useful in patients with respiratory acidosis
(pH<7.35, H*>45 nmol/l) secondary to an acute exacerbation of
bronchiectasis. However, excessive secretions may be a limiting
factor in these patients.

e NIV has also been successfully used in patients with acute
respiratory distress syndrome (ARDS) and postoperative and post
transplantation respiratory failure, reducing intubation rates, ICU
stay and the overall mortality rate.

A number of prospective, controlled trials have been conducted in
patients with severe COPD. Many studies conducted in intensive care
units [1-4] have shown that NIV is a good form of ventilator
management and that the tracheal intubation rate is markedly reduced
in these patients. In fact, in one study [5] most of the complications,
including pneumonia, were attributed to intubation and invasive
ventilation. Patients on NIV should be regularly assessed using a
combination of clinical assessment, pulse oximetry and arterial blood
gas measurements.

Clinical features that should be observed at regular intervals include
patients comfort, mental state, heart rate, respiratory rate, chest wall
movements, coordination of respiratory efforts with ventilation and
the use of accessory muscles of respiration. Absence of chest wall
movements indicates that alveolar ventilation is not improving. This
could be due to incorrect ventilator settings, inadequate tidal volume
or inflation pressure or leaks around the facial mask. In patients on
successful treatment with NIV, there is usually a significant
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improvement in the level of breathlessness within 1-2 hours [5,6] along
with an improvement in the mental state [7].

It has been observed that oxygen levels improve within 1-2 hours in
patients on NIV who are responding to treatment [5,8]. Hence, regular
monitoring of the SaO, is recommended along with arterial blood gas
measurements. The saturation should be kept between 85%-90% and
supplemental oxygen may be used if necessary. Regular arterial blood
gas analysis of the pH, PaCO, and PaO, are also vitally important in
the successful monitoring of patients on NIV.

The duration of treatment with NIV is variable. Unlike invasive
ventilation, it is not continuously required. The patient may be
switched off the ventilator for other treatment such as physiotherapy,
nebulization or feeds. Some studies have shown that NIV should be
given for 4-20 hours/day in the first 24 hours, while the total duration
of treatment with NIV has been observed to vary between 1-21 days

[8].

Studies suggest that patients on NIV should be ventilated for as
many hours as possible and as may be clinically indicated and tolerated
[9]. Weaning the patient from NIV depends on the patient’s clinical
condition and stability.

One study has suggested that the best mode of weaning is to reduce
duration of ventilation according to clinical criteria, by reducing day
ventilation at first, before nocturnal ventilation is reduced [10]. Some
studies have suggested clinical parameters as criteria for weaning from
NIV. The clinical criteria include a respiratory rate of <24 breaths/min,
heart rate <110 beats/min, compensated pH>7.35 (H*<45 nmol/l), and
Sp0,>90% on FiO,<4 1/min [5].

Indications of failure of NIV in severe COPD
Failure of NIV in a patient with severe COPD can be suspected if:

o There is a failure to relieve symptoms

o Deterioration in the patient’s conscious level

o Worsening of the patient’s overall general condition

o Deteriorating arterial blood gas levels

« Inability of the patient to coordinate with the ventilator

o Development of complications such as pneumothorax, nasal bridge
erosion, or stagnation of tracheal secretions

Indications for home NIV

Patient’s treated with NIV for acute respiratory failure can usually
be weaned within a few days. If NIV is needed for more than one week
after an acute episode, this is an indicator that long-term NIV may be
needed. All patients treated with NIV should undergo lung function
testing and arterial blood gas analysis on room air, before discharge
from hospital. RCP guidelines suggest that if the pre-discharge arterial
blood gas measurement shows a PaO, of <7.3 kPa in patients with
severe COPD, a repeat arterial blood analysis must be done after 3
weeks.

If hypoxemia persists, oxygen therapy is indicated and, at this stage,
nocturnal NIV should be considered if the patient is hypercapnic while
breathing room air or if the PaCO, rises significantly with
administration of oxygen therapy to correct the hypoxemia.

Long term domiciliary NIV should be considered in patients with
COPD who have had three or more episodes of acute hypercapnic
respiratory failure in the one previous year. Many different types of

ventilators have been used to provide NIV in acute hypercapnic
respiratory failure (AHRF). BiPAP’s used for non-invasive assisted
spontaneous breathing (pressure support) usually use two different
pressures: inspiratory positive airway pressure (IPAP) to assist
inspiration, and a lower expiratory positive airway pressure (EPAP).
EPAP eliminates exhaled air through the expiratory port and
encourages lung recruitment. The ventilator settings in a BiPAP
include the mode which is either spontaneous or timed.

The IPAP pressure is usually ranged from 12-15 cm H,0 which may
be increased up to 20 cm H,O, depending on patient response. The
EPAP is set ranged 4-5 cm H,0. The backup rate is 15 breaths/minute
and the backup LE ratio is 1:3. Bi-level positive airway pressure
support has now been accepted as the main mode of NIV therapy in
AHRE. However, future studies need to be conducted which compare
this mode of ventilation with pressure and volume-controlled
ventilators (Table 1).

Failure to wean patient from the NIV

COPD with:
* Recurrent acute hypercapnoeic respiratory failure (>3 episodes) requiring
treatment with NIV

* Intolerance of supplementary oxygen (because of severe CO, retention)
with symptomatic sleep disturbance

Acute hypercapnic respiratory failure secondary to:

«  Spinal cord lesion

¢ Chest wall deformity (e.g. scoliosis, thoracoplasty)
*  Morbid obesity (BMI>30)

*  Neuromuscular diseases

Table 1: Indications for long-term NIV.

Use of NIV while weaning patients from invasive ventilation

Studies [11] have been conducted wherein patients who failed a 2-
hour T-piece trial following invasive ventilation were randomly
distributed into 2 groups: one who was extubated and put on NIV and
the other who were continued on invasive ventilation. Though similar
weaning methods were employed in both groups of patients, there was
a clear advantage in the group on NIV.

A larger percentage of patients on NIV were successfully weaned,
with reduced duration of need for assisted ventilation, ICU stay, and
mortality and ventilation-associated infections such as pneumonia.

Another randomized study [12] on 33 patients who failed the T-
piece trial showed that patients who received NIV could be extubated
earlier than those who were continued on invasive ventilation. A
patient with a tracheostomy tube in place can also be given non-
invasive ventilator therapy. For this, the tube must be capped off with
the cuff completely deflated. However, NIV is sometimes ineffective
despite the cuff being completely deflated because there may be an
insufficient gap between the tracheostomy tube and the tracheal wall.
In such patients, NIV is more successful with a smaller uncuffed
fenestrated tracheostomy tube in place.

Contraindications for the use of NIV:

e NIV is contraindicated in patients with recent upper
gastrointestinal surgery, bowel obstruction, large volumes of
respiratory  secretions, severe, life-threatening hypoxemia,
confusion, drowsiness and agitation.
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e NIV should not be used in patients who have undergone recent
facial or upper airway surgery, patients who have fixed obstruction
of the upper airways, patients suffering from serious burns or facial
trauma, and in severe vomiting.

o In patients with a pneumothorax, an intercostal drain should first
be inserted before commencing NIA.

Invasive mechanical ventilation

In severe COPD, the majority of patients with acute respiratory
failure should undergo a trial of non-invasive mechanical ventilation
(NIV) as intubation may be successfully avoided and mortality
reduced, since weaning off mechanical ventilation is difficult in these
patients [13-15].

In patients with severe COPD, the primary aim of invasive
mechanical ventilation is to correct the abnormalities in oxygen
saturation and ventilation; reduce the work of breathing and prevent
dynamic hyperinflation (DHI). Invasive mechanical ventilation is
typically reserved as a last option of life support for acute respiratory
failure in severe COPD. The patient may be intubated (Figure 2) or
may require tracheostomy, if long-term mechanical ventilation is
anticipated.

Figure 2: A 64-year-old patient with severe COPD and community
acquired pneumonia requiring invasive ventilation via an
endotracheal tube.

In one of our patients, long-term mechanical ventilation was needed
and hence he had to undergo a tracheostomy (Figure 3). Following 6
weeks treatment with invasive mechanical ventilation through a
tracheostomy tube, he was subsequently sent home on long-term
oxygen therapy via the tracheostomy tube (Figure 3).

This was because repeated attempts at removing the tracheostomy
tube were unsuccessful, and resulted in a significant fall in PaO, and
Sa0, levels, accompanied by nocturnal desaturation. Indications for
invasive mechanical ventilation in patients with severe COPD are
similar to those for all patients with acute respiratory failure.

However, in addition, the patient’s preferences for life support have
to be taken into account when intubation is planned, as the treatment
on invasive ventilation is long drawn-out and weaning is going to be
difficult. Clinical practice supports earlier intubation and ventilation
before respiratory fatigue sets in, as delay in intubating a patient with
respiratory fatigue and failure may lead to added complications like
cardiogenic shock and circulatory collapse.

Figure 3: An 81-year-old patient with severe infective exacerbation
of COPD and type II respiratory failure, on long-term invasive
ventilation through a tracheostomy tube.

Indications
These include:

o NPPYV failure with deterioration of ABG values and/or pH over 1-2
h

o Lack of improvement in ABG values and/or pH after 4 hours on
NIV

o Severe acidosis (pH<7.25) with CO, retention (PaCO,>8 kPa (60
mmHg)

o Life-threatening hypoxemia

. Pa0,<92%

o Severe respiratory distress

 Sustained tachypnea >35 breaths/min

o Use of accessory muscles of respiration

« Paradoxical motion of the rib cage, abdomen and subcostal angle

Altered mental status

These indications should prompt consideration
for immediate intubation and mechanical ventilation [16,17].
However, when mixed acid-base disorders are present, the predicted
pH for acute and chronic acidosis should be assessed to avoid
unnecessary intubation for chronic conditions. A bedside scoring
system, BAP-65, that uses signs of respiratory distress, along with other
risk factors, has also been found useful in predicting when mechanical
ventilation is needed, and may be used in patients with severe COPD
[18,19].

Several studies in patients with severe COPD who are on NIV have
shown that deteriorating or unaltered gas exchange is a strong
indicator for mechanical ventilation [20,21]. Hence, a timely escalation
in the level of care from non-invasive to invasive ventilation can be
achieved; if evaluation of the patient’s clinical condition is conducted at
two-hourly intervals.

The commonly used ventilator modes are volume-limited modes of
ventilation, while pressure support or pressure-limited modes are less
suitable for patients with airflow limitation. Although the optimal
mode is unknown, typically the following volume-limited modes are
used: assist control ventilation (ACV), synchronized intermittent
mandatory ventilation (IMV) or SIMV with pressure support
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ventilation (SIMV/PSV). Switching modes is not uncommon
particularly when complications of mechanical ventilation occur.
Among all modes, the work of breathing is lowest in patients receiving
Assist Control Ventilation (ACV) [22,23]. However, the work of
breathing on this mode can still be excessively high if the patient is not
adequately sedated, is not synchronizing with the ventilator, or has
excessively high inspiratory flow rates [24,25]. Compared to ACV,
synchronized intermittent mandatory ventilation (SIMV) has been
shown to be associated with greater work of breathing [25,26]. Notably,
when patients have stabilized and liberation from mechanical
ventilation is being planned, using IMV may be considered.

In pressure-support ventilation (PSV), the volume of spontaneous
breaths is augmented with a pre-set amount of pressure and all breaths
are patient triggered. However, the incremental benefit diminishes at
higher levels of pressure support (>60 percent of patient effort) [22,23].
Consistent with this observation, patients with COPD can become
more dyssynchronous with the ventilator when higher levels of PSV
are used [27]. PSV is infrequently used to ventilate patients with
COPD. This is, in part, because a predetermined minute volume
cannot be set, and reduced work of breathing is not guaranteed with
this mode, both of which are desirable in COPD [22,23]. In addition,
minute ventilation may be insufficient during PSV in patients with
COPD because airway resistance is high. High airway resistance results
in decreased airflow during inspiration causing inspiration to be
terminated early before the optimal tidal volume has been delivered
[28]. PSV also does little to decrease auto-PEEP (the product of
dynamic hyperinflation), which, when left untreated, can increase
work of breathing and lead to barotrauma and death [29].

Pressure-limited modes of ventilation are modes in which
ventilator-assisted breaths are triggered by the patient and a set
pressure is delivered. This mode is infrequently used in patients with
COPD and is usually reserved as a rescue mode when peak inspiratory
pressures or plateau pressures are uncontrollably high in patients with
ARDS. Increased level of intrinsic positive end-expiratory pressure
(PEEPi or “auto-PEEP”) leads to dynamic hyperinflation (DHI). DHI
elevates auto-PEEP levels thereby causing patient-ventilator
dyssynchrony and increased work of breathing, which may lead
to barotrauma, cardiovascular collapse, and death. In a prospective
study of 13 patients with COPD who were being mechanically
ventilated, all the patients had measurable auto-PEEP (mean 9.4 cm
H,0), and seven had an auto-PEEP greater than 10 cm H,O [30]. It
was therefore concluded that auto-PEEP is responsible for up to one-
third of the total work of breathing in patients with COPD, who are
mechanically ventilated [31]. Auto-PEEP can be assessed in a number
of ways. One practical and reliable method in patients with COPD is
the demonstration on ventilator graphics of a progressive rise in peak
airway pressures during mandatory tidal volume ventilation [32,33].
While auto-PEEP can be quantitatively assessed by measuring airway
opening pressure during an end-expiratory pause (Paw), this method
is only accurate when the patient is paralyzed or exhibiting negligible
abdominal and chest wall muscle engagement during exhalation,
which is uncommon in COPD. Significant complications of DHI such
as barotrauma can prolong the course of mechanical ventilation and
result in cardiovascular collapse or death. Thus prevention of DHI is
especially important in this population.

The prevention and treatment of DHI in patients with COPD who
are mechanically ventilated is by reducing the respiratory rate and/
or tidal volume, raising the inspiratory flow rate and treating the
underlying airflow obstruction when present. In addition, the

application of extrinsic PEEP can reduce the work of breathing (WOB)
and improve patient-ventilator synchrony through a reduction in
ineffective triggering attempts by the patient [34]. Thus, the
simultaneous manipulation of settings to achieve this balance should
reduce ventilator dyssynchrony and work of breathing as well as
decrease auto-PEEP and its attendant complications [35].

When treating mechanically ventilated COPD patients with DHI,
the following should be considered:

o Reduce minute ventilation and prolong expiratory time: because
the main determinants of auto-PEEP are minute ventilation (Ve)
and expiratory time (Te), the key strategies to limiting auto-PEEP
focus on reducing total Ve, prolonging expiratory time, and
improving expiratory flow [36,37].

o Adjust inspiratory trigger sensitivity to reduce ineffective
triggering and lower the work of breathing: in patients with COPD
ineffective triggering and consequently high work of breathing
(WOB) and dyssynchrony are common. Mitigating patient-
ventilator dyssynchrony and WOB relies primarily upon
optimizing the trigger sensitivity for inspiration [38]. In patients
with COPD, ineffective triggering can be reduced by making sure
the patient’s intrinsic inspiratory time closely matches the duration
of the tidal breath delivered by the ventilator in order to avoid
active exhalation against the machine-driven breath. Inspiratory
work can be reduced by adjusting the trigger sensitivity (usually
flow triggered) to the lowest level needed to initiate a breath, yet
high enough to avoid over ventilation (also known as “auto-
cycling”) [39,40].

« Applying extrinsic PEEP: In patients mechanically ventilated with
COPD, the application of extrinsic PEEP has been shown to
decrease WOB and improve patient-ventilator synchrony although
it may not decrease DHI [41,42].

Although DHI can be prevented and treated, occasionally COPD
patients on auto-PEEP present with life-threatening cardiovascular
collapse from reduced venous return. When acute hypotension
develops in the setting of a rapid breathing rate or rising peak airway
pressures, severe auto-PEEP should be suspected. A potentially life-
saving maneuver would be the immediate disconnection of the
endotracheal tube from the ventilator. The prognosis for mechanically
ventilated patients with COPD is associated with high rates of
Intensive Care Unit (ICU) mortality (37% to 64%) [43,44].
Unfortunately, the ability of patients with COPD to be successfully
liberated from mechanical ventilation has been poorly studied [45].
Failure of noninvasive ventilation, the presence of multi organ failure
and virulent pathogens such as Pseudomonas and Aspergillus spp are
poor prognostic factors in this population. In earlier studies mortality
was determined by the severity of the underlying disease (example
multi organ failure, Acute Respiratory Distress Syndrome (ARDS), and
high Acute Physiologic and Chronic Health Evaluation [APACHE]
score). However, several studies have since reported that a diagnosis of
COPD alone is also a risk factor for death in mechanically ventilated
patients. In one retrospective study of 428 patients with acute
respiratory failure due to community acquired pneumonia, compared
to patients without COPD, patients with COPD had a higher rate of
requiring mechanical ventilation (odds ratio [OR] 2.78, 95% CI
1.6-4.7) and of dying (OR 1.58, 95% CI 1.0-1.4) [44] and intubated
patients with COPD who had failed noninvasive ventilation was
observed to have the highest mortality (50%). In another prospective
observational study of 235 patients who were mechanically ventilated
for respiratory failure, compared to patients without a diagnosis of
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COPD, a diagnosis of COPD was an independent predictor of
mortality (hazard ratio, 2.1; 95% CI 1.1-3.9) [46].

In two observational studies of patients with ventilator-associated
pneumonia, compared to patients without COPD, patients with COPD
had higher rates of ICU mortality (64 versus 28%), and a longer
duration of mechanical ventilation (24 versus 13 days) and ICU stay
(26 versus 15 days) [47,48]. Infection with emerging pathogens, such
as Pseudomonas and Aspergillus spp, may also be associated with high
mortality in patients mechanically ventilated for acute respiratory
failure and COPD [49]. The emergence of these organisms in COPD
may be in part due to the high rate of initial empiric antibiotic and
glucocorticoid therapy that is common in this patient population
[50,51]. In particular, when infection with Aspergillus spp is detected
and treated late in its course, the mortality is thought to range from 80
to 100% [52].

Post-hypercapnoeic metabolic alkalosis in patients on
invasive mechanical ventilation

A severe COPD with type II respiratory failure has chronically
elevated PaCO, levels. In order to keep the pH to near normal levels,
renal compensation occurs resulting in chronically elevated HCO;
levels in the blood. When such a patient is admitted to the ICU in a
drowsy or unconscious state and put on invasive mechanical
ventilation, the temptation to rapidly lower the PaCO, levels to near-
normal levels by giving a high ventilator rate must be resisted. This is
because when an attempt is made to rapidly bring down the carbon
dioxide levels by increasing the ventilator rate, the PaCO, reduces
rapidly leaving little time for metabolic compensation to set in. Hence,
the patient develops severe post-hypercapnoeic metabolic alkalosis
[53] which can increase myocardial muscle irritability, leading to
arrhythmias and decreased myocardial contractility. Therefore, in
COPD patients with type II respiratory failure, who are on invasive
mechanical ventilation, the PaCO, levels should be gradually reduced,
[53] giving ample time for metabolic compensation to set in, thus
preventing severe metabolic alkalosis from occurring.

Tracheobronchial mucus plugging in patients on invasive
mechanical ventilation

Thick, viscid mucus plugging the large airways is a common
problem encountered in COPD patients on mechanical ventilation.
This can lead to segmental or lobar atelectasis, hypoxemia hypercapnea
and acute respiratory distress. Usually, it is initially suspected by the
intensivist when the ventilatory pressure levels start rising to
unreasonably high levels and there is diminished air entry,
accompanied by respiratory distress and deterioration in blood gas
levels. Treatment usually consists of using mucolytic agents through
the endotracheal or tracheostomy tube at regular intervals,
accompanied by adequate hydration, good nursing care and regular
chest physiotherapy. Dornase alfa (DNase) inhalation solution or 2-3
drops of sodium bicarbonate solution administered through the
endotracheal or tracheostomy tube are both mucolytic agents which
helps to liquefy thick secretions and facilitate their removal. N-acetyl
cysteine aerosols may also be administered in an effort to promote
clearance of tenacious secretions. However, the efficacy of N-acetyl
cysteine has not yet been documented. Moreover, N-acetyl cysteine
may cause acute bronchoconstriction. Hence some clinicians
recommend its use to be limited to direct instillation at the time of
fiber optic bronchoscopy for clearance of extensive mucus impaction.
Overall, mucus impaction is a serious problem in COPD patients on

mechanical ventilation, which needs to be suspected early and treated
promptly.

Home Mechanical Ventilation by Tracheostomy (HMVT)

HMVT has been used in patients with severe and advanced COPD.
However, the long-term benefit of HMVT in severe COPD compared
with long-term oxygen therapy (LTOT) is difficult to evaluate because
of a paucity of prospective and controlled studies. A French
multicenter study group [54] researched the long-term survival and
prognostic factors of 259 patients with severe COPD, who had a
tracheostomy tube for at least a period of 1 year. 78% of the patients
die by the end of the study period. The survival rate for the study
population was 70% at 2 years, 44% at 5 years, and 20% at 10 years.
The factors which favorably impacted survival for more than 5 years
were age <65 years, use of an uncuffed tube, and PaO, levels >55 mm
Hg while breathing room air, during the 3 months following
tracheostomy (p<0.01). This study indicates the favorable outcome of
HMVT in severe COPD. However, further studies should be
conducted regarding the role of permanent tracheostomy in the long-
term prognosis of severe COPD patients.

Nutrition

Mortality rates are greatly increased in below body-weight patients
with severe COPD than in overweight and obese COPD patients
[55,56]. Malnutrition in hospitalized patients with severe COPD is
commonly seen but is rarely recognized in a timely manner. Depleted
nutritional levels are commonly observed in patients with severe
COPD. It is mainly due to an imbalance between low-energy caloric
intake and high-energy requirements, [57] causing respiratory muscle
wasting and increased work of breathing [58]. Consequently, lack of
proper nutritional support is associated with a poor prognosis in
severe COPD [59,60].

Studies [61] have shown that chronically ventilated COPD patients
with type II respiratory failure who had a body mass index (BMI) less
than 20 had increased morbidity and mortality. Studies have shown
reduced survival rates in COPD patients with significant intercostal
and accessory muscle wasting while an increase in body weight and
muscle mass has been shown to result in better exercise tolerance,
improved survival rates and reduced mortality [62]. Hence, an
assessment of the nutritional status is vitally important in the
treatment of patients with severe COPD. Moreover, this is especially
critical while weaning chronically ventilated COPD patients off
mechanical ventilation. Enteral nutrition using oral nutritional
supplements (ONS) or by Ryle’s tube feeding (RTF) enables adequate
nutritional intake to be maintained when normal intake is inadequate.
In COPD patients, adequate enteral nutrition may therefore be
necessary to improve the nutritional status of the patient and improve
respiratory muscle function. Frequent ONS in small quantities is
preferred, in order to avoid postprandial breathlessness and improve
compliance [63].

Pulmonary Rehabilitation

As the severity of COPD worsens the patient becomes increasingly
breathless and consequently more bed-bound. This results in
depression, increasing social isolation [64] and muscular and
cardiovascular deterioration. The primary aim of pulmonary
rehabilitation is to retard the process of cardiovascular and muscular
deterioration. For this, a well-designed pulmonary rehabilitation
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program needs to be drawn up which would cater to the particular
needs of every individual patient. This includes aerobic physical
training, behavior modification, psychosocial counseling, exercise,
comprehensive education, physiotherapy and nutritional support, in
order to improve the quality of life and work tolerance in patients with
severe COPD [65]. These patients are normally advised to attend
pulmonary rehabilitation programs thrice a week, with each session
lasting 3 to 4 hours. However, major factors preventing patient
attendance at these programs include increasing severity of
breathlessness, inability to walk, severe depression, severe
cardiovascular function impairment, and major cognitive dysfunction
[66].

A number of studies have been done on the advantages of
pulmonary rehabilitation in patients with severe COPD. One such
study concluded that pulmonary rehabilitation programs improved the
quality of life and work tolerance [66]. Regular pulmonary
rehabilitation has also been shown to reduce the frequency of
respiratory-related hospital admissions [67], lessen the perception of
breathlessness in the patient, decrease the level of anxiety and
depression, improve respiratory muscle strength and consequently
improve survival in patients with severe COPD. However, it has also
been shown that if the program is not sustained, the improvement in
the patient’s condition begins to erode substantially in the following
years [67].

Surgical management in severe COPD

A major surgical option is lung-volume reduction surgery in
selected patients with severe COPD. This involves surgical resection of
severely emphysematous parts of the lung, thereby allowing the
remaining lung tissue to expand and function more normally, resulting
in improved ventilatory function, improved mechanical efficiency of
the inspiratory muscles, increased exercise capacity and better quality
of life [68,69]. However, in a randomized trial in patients with severe
COPD, lung-volume reduction surgery has not been associated with a
reduction in mortality, as compared with conservative medical
management [70]. Careful selection of patients is essential for optimal
post-operative results. Patients with predominant upper-lobe
emphysema appear to do best postoperatively. Following surgery, there
is an increase in FEV, reduction in the total lung capacity (TLC) and
functional residual capacity (FRC), improved work of breathing,
improved exercise capacity, and improved quality of life [71,72].
Though overall mortality has not been shown to improve
postoperatively, the mortality rate actually increased in patients with
preoperative severe obstructive impairment (i.e. FEV; < 20% of the
predicted normal value) and a reduction in the diffusion capacity for
carbon monoxide to <20% of the predicted normal value [73].

Single-lung transplantation is another option that offers severely
disabled patients with end-stage emphysema (FEV| less than 25% of
the predicted normal value after the administration of a
bronchodilator), who have such complications as pulmonary
hypertension, moderate to severe hypoxemia, and hypercapnia [74], to
resume normal daily activities. However, the median survival rate after
single-lung transplantation is far lesser (about 5 years) than after
transplantation of other organs [75]. Moreover, the surgery does not
appear to significantly improve survival in patients with severe COPD
as compared to routine medical treatment [76].

Vaccination

There is little evidence that vaccination is beneficial in patients with
COPD. Even so, annual influenza vaccination and pneumococcal
vaccination should be given to all patients in an effort to reduce both
morbidity and mortality [77,78]. In addition, use of influenza vaccine
does not appear to increase the incidence of adverse reactions in
patients with severe COPD [79]. Inactivated influenza vaccine is given
to all patients with severe COPD excepting those who are allergic to
any component of the vaccine. It is administered annually before the
commencement of the influenza season or at any time during the
season. Trials have shown a reduction in influenza-related respiratory
illnesses [80] and hospital admissions, as well as a reduction in
mortality during the influenza season [81]. A polysaccharide
pneumococcal vaccine is administered to all patients with severe
COPD except those who may be hypersensitive to any component of
the vaccine. In patients less than 65 years of age, the vaccine is
administered once or twice in a lifetime, while patients who are more
than 65 years of age must be revaccinated if they have been vaccinated
>5 years earlier and were less than 65 years of age at the time of the
primary vaccination. Data from a meta-analysis [82] have shown no
reduction in exacerbations in patients with severe COPD who were
administered the pneumococcal vaccine. However, one study [83]
showed a significant reduction in hospitalization for pneumonia and a
significant fall in mortality in patients with chronic lung disease, who
were administered the pneumococcal vaccine.

End-of-life Decision-making

Patients with COPD have a poor quality of life, impaired emotional
well-being, and a limited life expectancy. Active participation of COPD
patients in decision-making regarding their care and treatment
promotes patient autonomy as a fundamental ethical principle, even
though most medical treatment systems basically recognize that there
are limitations in the treatment of such patients and medical care
givers including physicians need not pursue unnecessary therapy [84].
Methods to facilitate proper decision-making if effectively developed
can be highly effective. These methods can increase patients knowledge
regarding their condition, improve the patient perception regarding
the amount of benefit that may be obtained from a particular
treatment, reduce conflict in the decision-making process and decrease
indecision among patients regarding their choices and available
options. Dales et al. [85] have developed an instrument to determine
patient preferences for intubation and invasive mechanical ventilation.
It consists of an audiotape and a brochure describing the process of
intubation and mechanical ventilation and the possible long-term
prognosis. In this study 20 advanced COPD patients (10 male, 10
female) effectively reached a decision regarding their long-term
management. Moreover, the patients and their physicians concurred
on their choices in 65% of cases. The study revealed that females were
more averse to undergoing invasive mechanical ventilation than males.
However, in this study there was no agreement on choices between
patients and their surrogate decision-makers.

Advance Directives

Advance directives can work reasonably well for COPD patients and
are encouraged, in order to increase patient autonomy and allow
control over care by deciding treatment options and appointing
surrogate decision-makers, in the event the patient is unable to decide
on the further course of treatment later on, example: while on
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mechanical ventilation. Not more than 30% Americans make advance
directives and in most other countries this rate is much lower [86].
Unlike in COPD, advance directives work better in conditions where
the disease course is well-charted, as in amyotrophic lateral sclerosis
(ALS). Hence, it can be problematic in patients with severe COPD who
are being treated in an ICU. Sometimes the directives are too
ambiguous to be meaningful or too treatment-centric to be practically
applicable. Moreover, though the directives are supposed to be based
on patient autonomy, in some cultures decisions are made by elders in
the family or are based on cultural beliefs. In spite of all these
drawbacks, advance directives can work well in patients with severe
COPD if there is clarity regarding its use and applicability.
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