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Abstract: Chronic obstructive pulmonary disease (COPD) is a preventable and treatable disease. It is among the fastest
growing chronic diseases diagnosed in the world today. COPD is the third most common cause of death in the United States. It is
characterized by the development of an inflammatory response of the lungs to noxious substances such as tobacco or air pollution.
If the exposure becomes recurrent or persistent, the lungs develop chronic inflammatory response leading to lung parenchymal
damage, air trapping and progressive airflow limitation. The Diagnosis of COPD is usually made in the context of symptoms and
spirometry evidence of airway obstruction with post bronchodilator spirometry FEV1/FVC < 0.70. Most patients with COPD
first seek medical attention when they develop dyspnea. Once the diagnosis of COPD is confirmed, the treatment is geared
mainly towards preventing exacerbations and eliminating risk factors and exposures. Several treatment combinations can be used
in patients with stable COPD to prevent exacerbations and to improve their quality of life. Patients with COPD exacerbations
have to be appropriately diagnosed and promptly treated to prevent complications. Patient’s symptoms, the degree of airflow
limitation, risk of exacerbations and the presence of comorbidities have to be assessed. Both pharmacological and
non-pharmacological interventions have been used in the management of COPD. Appropriate pharmacologic therapy can reduce
COPD symptoms, reduce the frequency and severity of exacerbations, and improve health status and exercise tolerance. None of
the existing medications for COPD have been shown conclusively to modify the long-term decline in lung function.
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and above. COPD is one of the leading causes of
hospitalizations and has very high health care cost.* Gerson
et al.% found an overall incidence of 5.9 cases per 1000
person per year of COPD. The lifetime risk of COPD was
26.6% in this study. This risk was higher in men, smokers,
people older than forty, and in people living in rural areas.

1. Introduction and Epidemiology

Chronic obstructive pulmonary disease (COPD) is defined
as a common preventable and treatable disease, characterized
by airflow limitation that is usually progressive and associated
with an enhanced chronic inflammatory response in the

airways and the lung to noxious particles or gases.
Exacerbations and comorbidities contribute to the overall
severity in individual patients."

COPD is ranked as the third most common cause of death
in the United States.” It is a very common and treatable
condition that affects 5-22% of the adult population aged 40

This means far more people will be diagnosed with COPD
than with heart failure, acute myocardial infarction and some
common cancers.® COPD is reported as the sixth most
common cost of death today, but it is predicted to be the third
most common cause of death in 2020 due to increasing
smoking rates and decreasing in other common causes of
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death like ischemic heart disease and infections. The
estimates of morbidity, mortality and general burden of
COPD are underestimated due to the lack of adequate
evidence. Most of the estimates on COPD have not been
obtained by consistent methods and there is some evidence
that these estimates may be underestimates.”” Of note,
FEV1/FVC ratio drops with age in healthy people, this may
result in over-diagnosis of early COPD in adults of age 50
years and above.’ This early stage of COPD does not greatly
contribute to the social economic burden of COPD.’

2. Pathophysiology

When the lungs are exposed to noxious substances such as
tobacco, they develop inflammatory response. If the exposure
becomes a recurrent process, the lungs develop chronic
inflammatory response, which causes lung parenchymal
damage (emphysematous changes) and fibrosis leading to air
trapping and progressive airflow limitation.'

These inflammatory changes with tissue damage and
fibrosis are mainly seen in the airways, lung parenchyma, and
pulmonary vasculature,'* and usually get worse with increased
exposures. The inflammatory changes noted in patients with
COPD are amplified and persist even in the absence of
exposures. Specific patterns of inflammation characterized by
an increase in CD8+ and Tcl lymphocytes have been noted in
smokers that develop COPD.'" These cells, together with
neutrophils and macrophages, release inflammatory mediators
and enzymes that interact with structural cells in the airways,
lung parenchyma and pulmonary vasculature.'

Oxidative stress and an excess of proteinases in the lung
further modify the inflammatory response in the lung.
Autoantigens and persistent microorganisms have also been
noted to play an important role in the inflammatory process."
Patients with COPD have more oxidative stress in their lungs
which further worsen COPD exacerbations. Secondly, there is
an imbalance between proteases that break down connective
tissue components and ant proteases that protect against
connective tissue breakage in patients with COPD.
Protease-mediated destruction of elastin, which is a major
connective tissue component in lung parenchyma is a common
finding in patients with emphysema.

Inflammation and narrowing of peripheral airways lead to
decreased FEV1. Parenchymal destruction due to emphysema
also contributes to airflow limitation. FEV1 and FEV1/FVC
ratio directly correlate to the extent of inflammation, fibrosis,
and luminal exudates in small airways."> This peripheral
airway obstruction progressively traps air during expiration,
resulting in hyperinflation. Hyperinflation reduces inspiratory
capacity, particularly during exercise leading to increased
dyspnea and limitation of exercise capacity.'

Hypoxic vasoconstriction of small pulmonary arteries
causes intimal hyperplasia and smooth muscle hypertrophy
leading to pulmonary hypertension. Progressive pulmonary
hypertension promotes right ventricular hypertrophy and
eventually, right-side heart failure.

3. Diagnosis

COPD is a chronic disease which is usually diagnosed
clinically, but in the appropriate clinical context, spirometry is
needed for definitive diagnosis. A clinical diagnosis of COPD
should be considered in all patients who present with dyspnea,
chronic cough or sputum production, and a history of exposure
to risk factors for the disease.' The risk factors include: family
history, environmental history and smoking history. The
smoking history should include the age at which smoking was
initiated, average amount smoked per day since initiation and
current smoking status or stop date. Smoke from any forms of
tobacco, smoke from home cooking and heating fuels,
occupational dusts and chemicals are all important risk factors
for the development of COPD.

The diagnosis of COPD is confirmed by a post
bronchodilator spirometry FEV1/FVC < 0.70.'*!" The clinical
signs and symptoms that lead to the clinical diagnosis of
COPD include: chronic cough with variability in the
production of sputum from day to day and progressively
worsening dyspnea.'®!"” These are also the main symptoms
that have to be looked into in order to determine the need for
antibiotics. Sputum production may start several years prior to
airway limitations confirming the presence of COPD."” Some
patients have been found to have airway obstructions without
the classic symptoms of cough or sputum production.

The first symptom which develops in patients who have
been exposed to COPD is a cough. Usually the cough is
intermittent, and then progresses to a daily and even to an
all-day symptom. The chronic cough in COPD may be
unproductive.'®

Sputum production is harder to evaluate. Large amounts of
sputum may warrant evaluation for bronchiectasis. Worsening
sputum production and purulence may be a sign of bacterial
infection leading to COPD exacerbation.'’

The main symptom which causes patients to seek medical
attention is dyspnea. Progressively worsening dyspnea is one
of the main symptoms of COPD and is usually described as a
sense of increased effort to breathe, heaviness, air hunger, or
gasping.20

Other non-specific symptoms commonly found in patients
with COPD include wheezing and chest tightness. Fatigue,
weight loss and anorexia are common in patients with severe
and very severe COPD.”!

A thorough medical history has to be obtained for each
patient presenting with a possible diagnosis of COPD. The
history should include exposure to noxious substances like
tobacco, occupational and environmental factors. The past
medical history should include any history of asthma, allergies,
nasal polyps, sinusitis, and respiratory infections. A family
history of COPD and other chronic medical disease patterns
need to be clearly documented. The characteristics of patient’s
respiratory symptoms, including what times of the year patient
usually have symptoms, how long they last and how long ago
the patient first experience the symptoms. A history of
exacerbations and how many times in a year the patient has
been hospitalized is important. All comorbidities should be
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evaluated and the impact of COPD on patient’s social life,
economic activities, feeling of depression or anxiety and any
effects on sexual activities need to be appropriately addressed.

Spirometry is the most reproducible and objective
measurement of airflow limitation available. Spirometry
measurements are evaluated by comparison of the results with
appropriate reference values based on age, height, sex, and
race. The presence of a post bronchodilator FEV1/FVC < 0.70
confirms the presence of airflow limitation.*?

4. Prognostic Factors

* Male gender

¢ HIV infection

¢ Elevated C-reactive protein

* Airways responsiveness

¢ Cigarette smoking

¢ Low body-mass index (BMI <21)

* Increased airway bacterial load

* Decreased exercise capacity

* Peak oxygen consumption (VO2),

cardiopulmonary exercise testing

* Chest computed tomography showing presence of

emphysema

These prognostic factors have been noted to accelerate
decline of the lung function as evidenced by a decline in the
FEV1, functional status, exercise tolerance morbidity or
mortality of a patient with COPD.> %

The risk of death in people with COPD is usually calculated
using the BODE index. The BODE index is calculated based
on four factors: weight (BMI), airway obstruction (FEV1),
dyspnea (Medical Research Council dyspnea score), and
exercise capacity (six-minute walk distance).” >’

measured by

5. Staging

The GOLD (Global Initiative for Chronic Obstructive Lung
Disease) classification of COPD severity is based on the post

bronchodilator spirometry.™

Table 1. Gold classification of COPD based on post bronchodilator
spirometry.

Severity of airflow limitation in COPD (based on post bronchodilator
FEV1) with FEV,//FVC < 0.7

GOLD 1: MILD FEV, > 80 percent predicted

GOLD 2: MODERATE 50 percent < FEV, < 80 percent predicted
GOLD 3: SEVERE 30 percent < FEV, < 50 percent predicted

GOLD 4: VERY SEVERE FEV, < 30 percent predicted

FEV1: Forced expiratory volume in one second; FVC:
Forced vital capacity

This classification does not take into consideration the
experience of the patient with COPD.

The revised GOLD classifications use different tools to
evaluate the severity of symptoms, risk of exacerbations, and
the presence of comorbidities. These are all major factors that
contribute to the disease course, prognosis and most
importantly to the experience of the patient with COPD.>**

GOLD guidelines have proposed several tools to evaluate
the severity of symptoms. These tools include:

A: Modified Medical Research Council (mMRC) dyspnea
scale which gives a grade from 0 to 4 depending on the
description of breathlessness of the patient.

B: COPD Assessment Tool (CAT). This tool has questions
on the level of dyspnea and the feeling caused by shortness of
breath, the presence of cough and the characteristics of the
cough and exercise tolerance.>*!

C: St. George's Respiratory Questionnaire (SGRQ). This is
the most widely used tool. This questionnaire has 76 items
which focus on three: symptoms, activity, and impact on daily
life. It scores each of the components and a total score is given.

In order to assess exacerbations and guide therapy, the
GOLD system has combined the symptoms, history of
exacerbations and FEV1 to place patients in 4 groups.1

Table 2. Gold classification of COPD in 4 groups based on symptoms, history and FEVI.

G RISK OF SEVERITY OF FLOW NUMBER OF EXACERBATIONS mMRC CAT SCORE
EXACERBATION/SYMPTOMS BASED ON FEV1 PER YEAR grade

A Low risk/less symptoms GOLD 1 or 2 0-1 0-1 <10

B Low risk/ more symptoms GOLD 1 or 2 0-1 <2 10 or more

C High risk/ less symptoms GOLD 3 or 4 2 or more 0-1 <10

D High risk/more symptoms GOLD 3 or 4 2 or more <2 10 or more

6. Management

Once a diagnosis of COPD is made, there is no intervention,
except for a lung transplant, that will prevent the progression
of the disease or decrease mortality.' The different aspects that
have to be evaluated and managed are shown in figure 1 below.
Patients have to be assessed and staged. A baseline spirometry
has to be obtained, so that the progression of the disease can be

monitored objectively. Risk factors have to be identified and
reduced or eliminated. Even though the patients are staged to
determine the severity of their COPD, the treatment has to be
individualized. Stable COPD has several treatment options
available based on the stages and so patients within the same
stage may be on different treatment regimens." > 3% COPD
exacerbations impair the patient’s quality of life and decrease
their health status. The prevention of exacerbations is one of
the main goals in the management of COPD. However,



16 Joyce Akwe and Nadene Fair: Chronic Obstructive Pulmonary Disease: An Overview of Epidemiology,
Pathophysiology, Diagnosis, Staging and Management

patients will have exacerbations, and the early recognition and
prompt treatment of COPD exacerbation, is very beneficial to
the overall outcome of the patient.’

ASSESS ABND
MONITOR
DISEASE

COPD RISK FACTOR

STABLE COPD REDUCTION

MANAGMENT

COPD
EXACERBATION

Figure 1. The Components of COPD management.

Table 3. Summary of the Components in the management of COPD.

6.1. Goals of Care

The overall goal of COPD management is to improve the
patient’s functional status and thus, their health related quality
of life in a cost effective manner."” >" * Treatment should be
individualized and aimed at preventing or rapidly treating
exacerbations, reducing the long term functional decline
associated with COPD and reducing hospitalization and
mortality.

Table 2 summarizes these goals and diagram 2
demonstrated the factors that should be considered in the
overall treatment of patients with COPD. These goals should
be achieved with treatments that will cause the minimum side
effects for that patient. Comorbidities tend to complicate the
treatment of COPD and are a major aspect also in the
management of COPD.

Table 4. Management Goals of care.

GOALS OF CARE IN COPD MANAGEMENT

ASSESS AND MONITOR DISEASE:

An early diagnosis, a thorough history with attention to exposures to risk
factors is necessary. "2

Spirometry evidence of airway limitations with or without symptoms
(chronic cough, sputum, dyspnea) with FEV1/FVC < 70% and post
bronchodilator-FEV 1<80% predicted.

An arterial blood gas is required if FEV1<40% predicted or there are clinical
signs suggestive of right heart or respiratory failure.

REDUCTION OF RISK FACTORS: PREVENT ONSET AND
PROGRESSION OF COPD.

Decrease exposure to air pollutants, tobacco smoke, occupational dusts and
chemicals pollutants.'

Smoking cessation"** is the most effective and cost savings way to prevent
the onset and progression of COPD. Smoking cessation can be approached
in several ways ranging from counselling to pharmacologic interventions." '

MANAGE STABLE COPD: STEPWISE INCREASE IN THERAPY
Patient education

Smoking cessation

Pharmacotherapy: Decrease symptoms and complication

¢ Bronchodilators-scheduled/PRN

¢ Inhaled steroids-used in patients with symptomatic COPD with
spirometry response to steroids or FEV1 <50% predicted and repeat
exacerbations that need antibiotics and oral steroids.

¢ Chronic steroid therapy is not good in the long term.

Exercise Training improves exercise tolerance and decreases both dyspnea

and fatigue

Long term oxygen therapy, (>15L/d) in patients with chronic respiratory

failure decreases mortality.>

ELLIMINATE, TREAT OR REDUCE EXPOSURE TO THE

EXACERBATING FFACTORS: Identify the exacerbating factors like

infection or air pollution and treat, eliminate or reduce accordingly. A third

of COPD exacerbations have no identifiable cause.

e Prevent COPD from progressing and thus reducing long term lung
function decline

* Prevent and treat exacerbations
* Prevent and treat complications
¢ Relieve symptoms like disabling shortness of breath

* Improve exercise tolerance

* Improve health status-health related quality of life, reduce
hospitalizations

* Reduce Mortality

To achieve these overall goals of care in the management of
COPD, a multifaceted approach in treatment has to be taken.
The core of this approach is patient education and health care
follow up, with the aim of reducing hospital visits.!

6.2. Management of Stable COPD

The management of patients with stable COPD is generally
based on the tenets put forward by the Global Initiative for
Chronic Obstructive Lung Disease (GOLD).! GOLD
recommends management of stable COPD based on disease
severity. It divides COPD into 4 stages and treatment is based
on the stage of the disease and is individualized for the patient.
The goal of care is to decrease exacerbations, control
symptoms and improve the patients’ quality of life. GOLD
approaches the care with pharmacologic and non-
pharmacologic therapies.'

The following aspects have to be carefully assessed when
managing patients with stable COPD:

1. Symptoms (Modified Medical Research Council
Dyspnea Scale/COPD Assessment Test/ The COPD
Control Questionnaire)

2. The degree of airflow limitation-percent predicted FEV1
in patients with FEV1/FVC ratio < 0.7

3. Risk of exacerbations
. Presence of Comorbidities.

N
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MINIMIZE SIDE EFFECT OF
TREATMENT

PREVENTION

COST TO TREAT :
STABLE COPD
ACUTE EXACERBATIONS
OF COPD
END STAGE COPD-disability
SCREENING

RISK VS BENEFIT OF
TREATMENT OPTIONS

TREATMENT
OF COPD

Figure 2. Treatment of COPD: Factors to consider when deciding on the treatment options.

RELIEVE SYMPTOMS

IMPROVE EXERCISE

REDUCE SYMPTOMS TOLERANCE

IMPROVE HEALTH
STATUS

SMOKING

GOALS OF TREATMENT

OF STABLE COPD

IDENTIFY AND
DECREASE THE OCCUPATIONAL DUSTS
EXPOSURE TO RISK FUMES AND GASES.
FACTORS.

INDOOR AND OUTDOR
[FRESTEINT I IERE AIR POLLUTANTS

PROGRESSION

REDUCE RISK

REDUCE MORBIDITY
AND MORTALITY

PREVENT AND TREAT
EXACERBATIONS

Figure 3. The Goals of Care for Patient with Stable COPD.
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6.3. Assessment of Symptoms

6.3.1. Modified Medical Research Council (MMRC)
Dyspnea Scale
The patients are required to assess their level of
breathlessness and grade it into stages from 0 to 4

Table 5. MMRC Dyspnea scale.

STAGE 0 I only get breathless with strenuous exercise

STAGE 1 I get shprt of. breath when hurrying on level ground or walking
up a slight hill
On level ground, I walk slower than people of the same age

STAGE 2 because of breathlessness, or have to stop for breath when
walking at my own pace

STAGE 3 1 s'top for breath after walking about 100 yards or after a few
minutes on level ground.

STAGE 4 I am too breathless to leave the house or I am breathless when

dressing

6.3.2. The COPD Assessment Test

Table 6. The COPD Assessment Test.

e Inever cough, 0 12345 1Icough all the time.

e T have no phlegm (mucus) in my chest at all, 0 1 2 3 4 5 My chest is
completely full of phlegm

* My chest does not feel tight at all, 0 1 2 3 4 5 My chest feels very tight.

e When I walk up a hill or one flight of stairs, I am not breathless, 0 12 3 4
5 When I walk up a hill or one flight of stairs [ am very breathless.

e I am not limited doing any activities at home, 0 1 2 3 4 5 I am very
limited doing activities at home.

e lam confident leaving my home despite my lung condition, 0 12345
am not at all confident leaving my home because of my lung.

e Isleep soundly, 0 1 23 4 5 I don’t sleep soundly because of my lung
condition.

e Thave lots of energy, 0 1 2 3 4 5 I have no energy at all.

The MMRC dyspnea scale only measures dyspnea and so
other more comprehensive scales such as the CAT scales and
the COPD Control Questionnaire have been developed. These
are simplified self-administered assessment tools that measure
health status and not just shortness of breath. They are reliable,
comprehensive, reproducible and applicable worldwide.

The COPD Assessment Test is a simple patient
administered validated questionnaire, comprised of 8 items. It
has good discriminant properties and covers a wide range of
the effects that COPD has on the patient’s health. It has proven
to be able to demonstrate changes that may occur in the
disease and changes that occur in response to treatments. The
patient rates the symptoms from absence of the symptom,
score 0 to the most severe presentation of that symptom, and
score 5. The total score ranges from 0 to 40.

6.3.3. The COPD Control Questionnaire

The COPD Control Questionnaire is a 10 item
self-administered questionnaire that may also be used to
assess symptoms.

GOLD recommends that patients be placed in categories
A-D, based on their risk of exacerbation which is determined
by the severity of airflow limitation (GOLD 1-4) (see figure 4
below) and their symptoms (Dyspnea Scales-discussed above).
This categorization of patients may be used as a guide for
managing patients with stable COPD. Generally, patients
should be taught how and when to use their therapies. These
are broad categorizations and each patient should be managed
on an individual basis. Each patient’s treatment should be
adjusted based on their response the treatment, their
comorbidities and concomitant medications prescribed for
their comorbid conditions.

1 FEV1>80% PREDICTED. MILD

FEV1 50%-<80% PREDICTED.
MODERATE

FEV1>30%-<50% PREDICTED.
SEVERE

FEV1 <30% PREDICTED.
VERY SEVERE

™~
. - GOLD 1
-
V
U - GOLD 2
>
L
~ | GOLD 3
—i
>
Ll - GOLD 4
L

Figure 4. The severity of airflow limitation in COPD based on spirometry post bronchodilator response.’
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Category A:

These patients are at low risk of exacerbations with one or
less exacerbation in the previous year. They have mild or
infrequent symptoms and they fall into the GOLD 1 or 2
spirometric category.

These patients are best treated with: a short acting
bronchodilator as needed, which could be a beta agonist alone,
or an anticholinergic bronchodilator alone.

Second choice agents may be a combination of the short
acting bronchodilators with a long acting anticholinergic or a
long acting beta agonist. The alternative to these options is
theophylline."> *¢ 3!

Category B:

Patients in category B are more symptomatic and suffer
from moderate to severe symptoms, but are at low risk of
exacerbations. They also had one or less exacerbation in the
previous year, and fall into the GOLD 1 or 2 spirometric
categories.

These patients benefit from the use of short acting
bronchodilators as needed and pulmonary rehabilitation.
Long acting bronchodilators alone or in combination, are the
treatment of choice in these patients and there is no evidence
to support the use of one particular long acting agent over
another. The choice is individualized to the patient’s
tolerance and symptom relief. Alternatively, theophylline
may be used." >’

Category C:

Exacerbation risk is increased in these patients, they have
two or more exacerbations per year or they may have had one
hospitalization for exacerbation. They fall into the GOLD 3 or
4 spirometric stages. Paradoxically, these patients have mild or
infrequent symptoms. Again, short acting bronchodilators are
used in an acute exacerbation.

It is recommended that they are prescribed regular treatment
with a fixed combination of inhaled steroids and a long acting
beta agonist or a long acting anticholinergic agent alone.

A second choice would be to use a combination of two long
acting agents or inhaled steroids and a long acting
anticholinergic agent. Alternatively, if none of the above is
available to patients, then a short acting bronchodilator and
theophylline may be used." **°*!

Category D:

Patients are at high risk for exacerbations having more than
two per year or at least one hospitalization for exacerbation.
They are more symptomatic and they fall into the GOLD 3 or
4 spirometric classes.'

These patients should be prescribed a short acting
bronchodilator to use as needed.

First choice of therapy in these patients is a combination of
inhaled glucocorticoid and a long-acting beta agonist and /or
long acting anticholinergic.

Secondary options include the following: Inhaled steroids, a
long-acting beta agonist and a long acting anticholinergic OR
Inhaled steroids, a long acting beta agonist and a
phosphodiesterase-4  inhibitor OR a long acting
anticholinergic and a long acting beta agonist OR a long acting

anticholinergic and a phosphodiesterase 4 inhibitor.

Alternatively carbocysteine, a short acting beta agonist and/
or a short acting anticholinergic or theophylline as well as
surgical treatments may be considered." 4> %!

In all patients with COPD, still smoking, smoking cessation
should be encouraged.* Patients should be advised to avoid
what they identify as potential triggers and to reduce the risk
of exposure to indoor and outdoor air pollutants. Physical
activity is recommended for all stable COPD patients,
although there is little study based evidence to say how much
or what type of activity is beneficial. Pulmonary rehabilitation
appears to be beneficial in COPD patients, although more
studies are needed in this area. It usually improves the
sensation of breathlessness as well as exercise tolerance in
patients with COPD. Vaccinations especially flu and
pneumonia vaccines should be up to date, per local guidelines.

Patients with COPD who are not responding to therapy and
who continue to have symptoms or repeated exacerbations
despite optimizing therapy, should be evaluated for other
illnesses that could be contributing to their shortness of breath
for example congestive heart failure, pulmonary hypertension,
smoking, deconditioning etc. Additionally, the use of inhalers
should be reassessed and pulmonary rehabilitations should be
ordered. These patients should be assessed for exercise
induced desaturation and supplemental oxygen may be used if
indicated.

6.4. Management of COPD Exacerbations

About 50% of COPD exacerbations are mild and are not
reported. The goal of care is to reduce COPD exacerbations
that require hospital visits or hospitalizations. Patients who are
admitted have an inpatient mortality of about 3-4%.” A
patient with COPD exacerbation requiring ICU admission has
a 43-46% risk of death within a year after hospitalization. The
risk of death from an exacerbation increases with the
development of respiratory acidosis, presence of
comorbidities and the need for ventilatory support.

Table 7. Criteria for hospitalization and admission to the ICU. 63

CRITERIA FOR
HOSPITALIZATION

CRITERIA FOR ICU
ADMISSION

1. Failure of outpatient therapy
2. Altered Mental Status
3. Hypoxia/Hypercarbia

1. Marked lethargy

2. Respiratory muscle fatigue
3 Respiratory failure

4. Unable to take oral medication 4.Worsening hypoxemia

5. Marked increase in shortness of

breath 5.Marked confusion

6. Respiratory Acidosis pH<7.3
7. Impending respiratory failure

Pharmacologic interventions are aimed at prevention or
reduction of symptoms and exacerbations while improving the
patient’s health status and exercise tolerance. These
interventions do not change the natural progression of the
disease and lung function still declines over time. There are
several classes of medications available for treatment of
COPD. The choice of medication is based on the individual
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patient’s disease stage, severity of exacerbations, the patient’s
ability to manipulate devices (Metered Dose Inhalers-MDIs vs
Breath Activated or Spacer Devices vs Dry Powder
Inhalers-DPI) for delivery of medications, cost effectiveness
and the patients’ response to the medication." ' The success of

the pharmacologic therapy is based on decrease or resolution
of symptoms and not on changes in lung function as the
disease is expected to remain at baseline or progressively
worsen.

COPD MEDICATIONS

BRONCHODILATORS

BETA 2 AGONISTS

ANTICHOLINERGICS METHYLXANTHINES

CORTICOSTEROIDS

ANTI-INFLAMMATORY
MEDICATIONS

OTHER PHARMACOLOGIC
INTERVENTIONS

VACCINES
ALPHA-1-ANTITRYPSIN
ANTIBIOTICS
MUCOLYTIC AGENTS

PHOSPODIESTERASE-S-
INHIBITORS

ANTIOXIDANT AGENTS
IMMUNOREGULATORS
ANTITUSSIVES
VASODILATORS
NARCOTICS
OTHERS

Figure 5. Medications for COPD.

6.4.1. Bronchodilators: Beta 2
Agonists/Anticholinergics/Methylxanthines
Bronchodilators are the foundation drugs for the
management of patients with COPD." *% **°* They work by
changing the tone of the airway muscles, thus increasing the
diameter of the airway. The hyper inflated lungs are then able
to empty better. Drugs in this category include beta agonists,
anticholinergics and theophylline. Bronchodilators studies
have shown that these agents cause symptomatic relief, but

bronchodilators, patients experience improved exercise
capacity and long term improvement in their symptoms.
Bronchodilators can be given on a schedule to prevent or
reduce exacerbations or as needed to treat acute symptoms.
Bronchodilators may be administered by inhalation, orally or
parenterally depending on the drug administration routes
available. In COPD inhalation is the method of choice as it
enhances the direct effect of the bronchodilator on the airway
whilst limiting the systemic effect. Inhalation may be by
several methods as noted in figure 6.

do not offer any spirometric improvement. With
BRONCHODILATOR
ADMINISITRATION
[ T
ORALLY INHALATION* INTRAVENOUSLY SUBCUTANEOUSLY

MDI-metered dose
inhaler

DPI-dry powder
inhaler

SMI-soft mist

. NEBULIZER#
inhaler

Figure 6. Bronchodilator Administration.
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*Inhalation is the method of choice. To ensure the
effectiveness of the drug given by this route, the correct
inhaler technique should be ensured and patient education
should be geared towards optimizing when and how to use
their inhalers. The type of inhaler prescribed should be
individualized based on the patient’s ability to use the inhaler,
the presence of comorbidities, the cost of the inhaler and what
inhaler is available to be prescribed.

There is no strong evidence to show that nebulizer
administration of bronchodilators confers any benefit over
other methods of inhalation. Patients do, however report
symptomatic relief with nebulizers in the acute setting not
achieved with other inhalation methods. The hand held
inhalers are cheaper, simpler and easier to carry than
nebulizers, which even at their most streamline are bulky.

The beta agonists and anticholinergics may be long or short
acting. The long acting bronchodilators are the drug of choice
for producing long term symptomatic relief compared to short
acting agents. Bronchodilators may be used singly or in
combination. There are several formulations of this agent from
which to choose.

(i) Beta 2 Agonists

These agents stimulate the beta 2 adrenergic receptors,
releasing cyclic AMP resulting in relaxation of airway smooth
muscle and thus bronchodilation. Patients feel subjectively
better and their FEV1 increases. They may be short acting,
wearing off in about four to six hours or long acting agents that
last for more than 12 hours. The short acting agents are
prescribed as rescue agents and regularly scheduled use is
discouraged as there is an increase in adverse side effects
without much improvement in lung function exercise capacity
or symptoms.’

Table 8. Long acting beta 2 agonists.

Long acting beta 2 agonists:
positive profile

Long acting beta 2 agonists:
negative profile

* Reduce the risk of
exacerbations

¢ Reduce hospitalizations .
although not consistently

e Improve respiratory health

e Have no effect on mortality rate.

Do not stop the rate of decline of
lung function

status-improve FEV1 and lung ¢ Dry mouth
volumes
¢ Improve dyspnea ¢ Urinary retention
e Improve quality of life * Hypersensitivity reactions
¢ Symptoms of narrow angle
glaucoma
e Dizziness
e Headache
e Tremor

¢ Throat irritation

(ii) Anticholinergics

Broncho-motor tone is mostly regulated by the
parasympathetic nervous system. Actions in the nervous
system are facilitated through nicotinic (N) and muscarinic (M)
receptors via the neurotransmitter acetycholine (Ach). Release
of Ach, to act on these receptors, results in
bronchoconstriction. These drugs block the acetylcholine
effect on muscarinic receptors. There are several muscarinic
receptors M1-M5. Short acting anticholinergics mostly block
M2 and M3 receptors and long acting anticholinergics act on
M3 and M1 receptors.” **

The quaternary compounds of this group of agents are
used for the treatment of COPD as they are poorly absorbed
after oral administration and causes fewer side effects as
compared to tertiary compounds such as atropine. There is no
appreciable CNS effect. Additionally, as they are poorly
absorbed from the lungs, they do not inhibit mucociliary
clearance so there is no increased accumulation of lower
airway secretions. Poor absorption from the gastrointestinal
tract as well as the lung results in little or no change in BP,
intraocular pressure and bladder function. The short acting
anticholinergics such as ipratropium bromide are preferred
over beta-2 agonists and methylxanthines. They are more
effective and as compared to beta agonist the cardiac
stimulatory  effect is minimal. Treatment with
anticholinergics results in improvement in exercise tolerance,
relief of dyspnea and improvement in quality of life.
Treatment does not however change the natural course of the
disease as it does not have anti-inflammatory properties and
so there is no need to use in asymptomatic patients. The
duration of action of these short acting agents is about 6-9
hours.

Ipratropium bromide can be used alone or in combination
therapy. It can be delivered by MDI as well as nebulized
solution. It has been shown by several studies to be superior to
beta-adrenergic agonists because of is minimal side effects
compared to its beneficial effects. In combination with beta
agonists, the benefits are optimized as there is more
bronchodilation achieved compared to the administration of
single agents alone. They can be given together, in immediate
sequence or separated by an interval as there are no studies to
show as yet any benefits of one method over the other.
Another short acting anticholinergic is oxitropium bromide
and is available as an inhaler and a solution for nebulizer.*

Table 9. Benefits of combination short acting bronchodilators.”* *

Side effects of short acting beta 2 adrenergic agonists
include palpitations, tremor, hypersensitivity reaction and
tachycardia. Additionally, pulmonary vasodilation can worsen
ventilation-perfusion matching resulting in a slight fall in
arterial PaO2.

Benefits of using Ipratropium and beta agonists together

Both classes of medication, by different mechanisms, result in
bronchodilation.

By giving both drugs together, there is a rapid onset of action of the beta
agonists and a long term effect due to the activity of the anticholinergic
agents.

Beta agonists act on the distal small airways and anticholinergics act mostly
on the proximal large airways, thus the entire lungs are atfected.

Long acting anticholinergic agents include tiotropium,
aclidinium, umeclidineum and glycopyrronium." ** The most
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commonly used anticholinergic agent to date, is tiotropium.
Tiotropium is well tolerated and is associated with:

¢ A reduction in hyperinflation.

* Decreased shortness of breath.

Table 10. Long acting anticholinergics.

* Less acute exacerbations of COPD.

Reduced hospitalizations as a result of exacerbations.
¢ Improves lung function.

* Improves quality of life.

L]

44, 45,47, 48

DRUGS MAIN RECEPTORS INHIBITED DURATION OF ACTION MODES OF ADMINISTRATION
Tiotropium M1, M3, uncouples from the M2 receptors rapidly. 24hrs Dry powder inhaler/Soft mist inhaler
Umeclidinium Mainly at M3 24hrs Dry powder inhaler
Aclidinium Selective at M3 12hrs Dry powder inhaler
Glycopyrronium M1 M3 more so than M2 24hrs Dry powder inhaler
The side effect profile of anticholinergic agents is safe,
6.4.2. Steroids

mainly due to their poor absorption from the mouth and
gastrointestinal tract. The main side effect in this class of
drugs is dry mouth. Tiotropium as a soft mist inhaler has been
shown in one study to cause an increased risk of mortality
compared to placebo. However, another study contradicted
this. Aclidinium has been associated most commonly with
cough, headache and nasopharyngitis as well as the other
anticholinergic side effects of constipation, urinary retention
and dry mouth. Glycopyrronium’s most common side effects
were dry mouth and urinary tract infection." **

(iii) Methylxanthines

Theophylline is the most commonly used drug in this
class." >? It is not clear exactly how Methylxanthines work,
as they are reported to have a wide range of
non-bronchodilator effects. The main idea is that they work
as nonselective phosphodiesterase inhibitors.

Use of theophylline has been shown to cause a moderate
bronchodilator effect. It is metabolized by cytochrome P450
mixed function oxidases. Low doses of theophylline causes a
reduction in exacerbations but does not improve
post-bronchodilator lung function. Clearance of the drug
decreases with age and other drugs and physiologic conditions
alter the metabolism of these drugs.

Theophylline has a narrow therapeutic ratio and its adverse
effects are dose-related. To achieve maximum effect, the dose
of theophylline needed would be toxic. Because they are
nonselective phosphodiesterase inhibitors, they have a wide
range of toxic effects.

Side effects of methylxanthines

¢ Cardiac arrhythmias

* Grand mal convulsions

* Headaches

* Insomnia

¢ Nausea

¢ Heartburn

* Interactions

Coumadin

* Overdose

with  frequently used medications:

(iv) Combination of bronchodilators

Bronchodilators with different duration of action and
mechanism of action may be combined. This may result in an
increase of bronchodilation while maintaining the same side
effect profile or less so.'

Inhaled and systemic steroids are widely used in the
treatment of COPD."** The rationale for doing so is the belief
that COPD is an inflammatory condition involving primarily
the lung but may be systemic also. There are however
controversies surrounding this belief and while the role of
steroids in asthma has be proven by several studies, there are
no clear studies that this is the case with COPD. Currently the
use of steroids in the management of stable COPD is restricted
to specific indications, while its use in COPD exacerbation has
been demonstrated to have marked beneficial effects on the
course of the illness.* 447 4849

Table 11. Inhaled and systemic corticosteroid profile.

INHALED

CORTICOSTEROIDS SYSTEMIC CORTICOSTEROIDS

The dose response relationship
is unknown

The long term safety is unknown

Regular treatment reduces
exacerbations

Regular treatment improves
quality of life, lung function and
symptoms.

Does not change mortality in
patients with COPD

Do not change the long term fall
in FEV1

Side effects: increased risk of
pneumonia, oral candida,
hoarseness, skin bruising

Limited for use in patients with acute
exacerbations.

Beneficial in patients hospitalized for
acute exacerbation of COPD

The beneficial dose and duration of
treatment are not clearly defined.

Oral and IV steroids have been found to
be equally effective in preventing
treatment failure

Hasten recovery in acute exacerbations.

There is no study currently to support
the use in patients with stable COPD
Side effects: infection, hypertension,
osteoporosis, weight gain, adrenal
suppression, cataracts, glucose
intolerance, GI discomfort

6.4.3. Other Pharmacologic Therapies
Other pharmacological therapies worth mentioning include:
* Phosphodiesterase 4 inhibitors

* Vaccines

* Mucolytics

¢ Antitussives

¢ Antibiotics

* Immunoregulators

6.4.4. Non-pharmacologic Interventions

Non-pharmacological interventions are a vital part in the
management of COPD. The main non-pharmacological
interventions include: smoking, vaccinations, elimination of
other risk factors, oxygen therapy and pulmonary
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rehabilitation. Nutritional support and palliative care have also
been needed in patients with COPD.

Lung volume reduction surgery is beneficial in selected
patient groups. Patients with upper lobe emphysema and low
exercise tolerance benefit the most from lung volume
reduction surgery.”’ Lung transplant has not shown any
statistically significant improvement in mortality as compared
to medical therapy because most of the patients who have had
transplant surgery are still alive and also some of the patients
have been lost to follow up. Patients do have to meet certain
criteria in order to be placed on a transplant list.

Palliative care is aimed at relieving suffering in all patients
with COPD using non pharmacological and pharmacological
management.

Oxygen therapy has been shown to improve both quality of
life and survival in COPD patients with hypoxemia.

7. Conclusion

COPD s still clearly a chronic medical condition that
warrants more international attention. COPD is both
preventable and treatable, but transplant apparently is the only
treatable option available at this time. Current
pharmacological managements are unable to cure COPD. The
main focus of COPD management teams is to increase
awareness of COPD among health professionals, health
authorities, and the general public. In addition, GOLD 2015
had the main objectives of improving diagnosis, management
and prevention, decreasing morbidity and mortality, and
finally to stimulate research.

Conflict of Interest

None declared.

References

[1] Global Strategy for the Diagnosis, Management and Prevention
of COPD, Global Initiative for Chronic Obstructive Lung
Disease (GOLD) 2015. Available from:
http://www.goldcopd.org/.

[2] Celli BR, Cote CG, Marin JM, et al. The body-mass index,
airflow obstruction, dyspnea, and exercise (88 capacity index in
chronic obstructive pulmonary disease. N Engl J] Med. 2004;
350: 1005.

[3] AS Buist, MA McBurnie, WM Vollmer, et al. International
variation in the prevalence of COPD (the BOLD Study): a
population-based prevalence study. Lancet. 2007; 370: 741—
750.

[4] AS Gershon, C Wang, AS Wilton, R Raut, T To. Trends in
chronic obstructive pulmonary disease prevalence, incidence,
and mortality in Ontario, Canada, 1996 to 2007: a
population-based study. Arch Intern Med. 2010; 170: pp. 560—
565.

[5] MJ Hall, CJ DeFrances, SN Williams, A Golosinskiy, A
Schwartzman. National Hospital Discharge Survey: 2007
summary. Health Stat Report. 2010; 29: 1-20 24.

[10]

[11]

[12]

[13]

[17]

[18]

[19]

[20]

[21]

[22]

Gershon, Andrea S et al. Lifetime risk of developing chronic
obstructive pulmonary disease: a longitudinal population study.
The Lancet. 201; 378: 991-996.

Halbert, RJ, Isonaka, S, George, D, and Igbal, A. Interpreting
COPD prevalence estimates: what is the true burden of disease?
Chest. 2003; 123: 1684-1692.

Halbert, RJ, Natoli, JL, Gano, A, Badamgarav, E, Buist, AS,
and Mannino, DM. Global burden of COPD: systematic review
and meta-analysis. Eur Respir J. 2006; 28: 523-532.

Buist, A Sonia et al. International variation in the prevalence of
COPD (The BOLD Study): a population-based prevalence
study. Lancet. 2007; 370: 741-750.

Hogg JC. Pathophysiology of airflow limitation in chronic
obstructive pulmonary disease. Lancet. 2004; 364: 709-21.

Barnes PJ, Shapiro SD, Pauwels RA. Chronic obstructive
pulmonary disease: molecular and cellular mechanisms. Eur
Respir J. 2003; 22: 672-88.

Hogg JC, Chu F, Utokaparch S, et al. The nature of
small-airway obstruction in chronic obstructive pulmonary
disease. N Engl J Med. 2004; 350: 2645-53.

Cosio MG, Saetta M, Agusti A. Immunologic aspects of
chronic obstructive pulmonary disease. N Engl J] Med. 2009;
360: 2445-54.

O'Donnell DE, Laveneziana P. Dyspnea and activity limitation
in COPD: mechanical factors. COPD. 2007; 4: 225-36.

Zwar NA, Marks GB, Hermiz O, Middleton S, Comino EJ,
Hasan I, et al. Predictors of accuracy of diagnosis of chronic
obstructive pulmonary disease in general practice. Med J Aust.
2011; 195(4): 168-71.

Kessler R, Partridge MR, Miravitlles M, Cazzola, M,
Vogelmeier, C, Leynaud, D, Ostinelli, J. Symptom variability in
patients with severe COPD: a pan-European crosssectional
study. Eur Respir J. 2011; 37: 264-72.

Espinosa de los Monteros MJ, Pena C, Soto Hurtado EJ, Jareno
J, Miravitlles M. Variability of respiratory symptoms in severe
COPD. Arch Bronconeumol. 2012; 48: 3-7.

Burrows B, Niden AH, Barclay WR, Kasik JE. Chronic
obstructive lung disease II. Relationships of clinical and
physiological findings to the severity of aiways obstruction.
Am Rev Respir Dis. 1965; 91: 665-78.

Stockley RA, O'Brien C, Pye A, Hill SL. Relationship of
sputum color to nature and outpatient management of acute
exacerbations of COPD. Chest. 2000; 117: 1638-45.

Simon PM, Schwartzstein RM, Weiss JW, Fencl V,
Teghtsoonian M, Weinberger SE. Distinguishable types of
dyspnea in patients with shortness of breath. Am Rev Respir
Dis. 1990; 142: 1009-14.

Schols AM, Soecters PB, Dingemans AM, Mostert R, Frantzen
PJ, Wouters EF. Prevalence and characteristics of nutritional
depletion in patients with stable COPD eligible for pulmonary
rehabilitation. Am Rev Respir Dis. 1993; 147: 1151-6.

Pellegrino R, Viegi G, Brusasco V, et al. Interpretative
strategies for lung function tests. Eur Respir J. 2005; 26:
948-68.



24

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[38]

Joyce Akwe and Nadene Fair: Chronic Obstructive Pulmonary Disease: An Overview of Epidemiology,
Pathophysiology, Diagnosis, Staging and Management

Heffner JE, Mularski RA, Calverley PM. COPD performance
measures: missing opportunities for improving care. Chest.
2010; 137: 1181-9. doi: 10.1378/chest.09-2306.

Hospers JJ, Postma DS, Rijcken B, et al. Histamine airway
hyper-responsiveness and mortality from chronic obstructive
pulmonary disease: a cohort study. Lancet. 2000; 356: 1313-7.

Diaz PT, King MA, Pacht ER, et al. Increased susceptibility to
pulmonary emphysema among HIV-seropositive smokers. Ann
Intern Med. 2000; 132: 369-372.

Wilkinson TM, Patel IS, Wilks M, et al. Airway bacterial load
and FEVI decline in patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med. 2003; 167:
1090-5.

Berry MJ, Adair NE, Rejeski WJ. Use of peak oxygen
consumption in predicting physical function and quality of life
in COPD patients. Chest. 2006; 129: 1516-22.

Dahl M, Vestbo J, Lange P, et al. C-reactive protein as a

predictor of prognosis in chronic obstructive pulmonary disease.

Am J Respir Crit Care Med. 2007; 175: 250-255.

Drummond MB, Blackford AL, Benditt JO, et al. Continuous
oxygen use in nonhypoxemic emphysema patients identifies a
high-risk subset of patients: retrospective analysis of the
National Emphysema Treatment Trial. Chest. 2008; 134:
497-506.

De Torres JP, Cote CG, Lopez MV, et al. Sex differences in
mortality in patients with COPD. Eur Respir J. 2009; 33:
528-35. doi: 10.1183/09031936.00096108. Epub 2008 Dec 1.

Kohansal R, Martinez-Camblor P, Agusti A, et al. The natural
history of chronic airflow obstruction revisited: an analysis of
the Framingham offspring cohort. Am J Respir Crit Care Med.
2009; 180: 3-10.

Haruna A, Muro S, Nakano Y, et al. CT scan findings of
emphysema predict mortality in COPD. Chest. 2010; 138:
635-640.

Global Strategy for the Diagnosis, Management and Prevention
of COPD. Global Initiative for Chronic Obstructive Lung
Disease (GOLD). 2013; www.goldcopd.org. Accessed on
September 09, 2015.

Global strategy for the diagnosis, management, and prevention
of chronic obstructive pulmonary disease: Global Initiative for
Chronic Obstructive Lung Disease (GOLD). Revised 2015.
www.goldcopd.org. Accessed on September 04, 2014.

Lange P, Marott JL, Vestbo J, et al. Prediction of the clinical
course of chronic obstructive pulmonary disease, using the new
GOLD classification: a study of the general population. Am J
Respir Crit Care Med. 2012; 186(10): 975-81. doi:
10.1164/rccm.201207-12990C. Epub 2012 Sep 20.

Jones PW, Tabberer M, Chen WH. Creating scenarios of the
impact of COPD and their relationship to COPD Assessment
Test (CAT™) scores. BMC Pulm Med. 2011; 11: 42. doi:
10.1186/1471-2466-11-42.

Fletcher CM, Elmes PC, Fairbairn MB, et al. The significance
of respiratory symptoms and the diagnosis of chronic bronchitis
in a working population. British Medical Journal. 1959; 2:
257-66.

Van der Molen T, Willemse BW, Schokker S, et al. Development,

[39]

[40]

[41]

[42]

[44]
[45]

[46]

[47]

[48]

[49]

[50]

[53]

[54]

[55]

[56]

validity and responsiveness of the Clinical COPD Questionnaire.
Health Qual Life Outcomes. 2003; 1: 13.

Kelly JL, Bamsey O, Smith C, et al. Health status assessment in
routine clinical practice: the chronic obstructive pulmonary
disease assessment test score in outpatients. Respiration. 2012;
84:193-9. doi: 10.1159/000336549. Epub 2012 Mar 22.

COPD Assessment Test (CAT). http://www.catestonline.org
Accessed on September 20, 2012.

Gupta N, Pinto LM, Morogan A, Bourbeau J. The COPD
assessment test: a systematic review. Eur Respir J. 2014; 44(4):
873-84. doi: 10.1183/09031936.00025214.

Anthonisen NR, Connett JE, Kiley JP, et al Effects of smoking
intervention and the use of an inhaled anticholinergic
bronchodilator on the rate of decline of FEV1. The Lung Health
Study. JAMA. 1994; 272: 1497-1505.

Gross NIJ. Ipratropium bromide. New England Journal of
Medicine. 1988; 319: 486-494.

Gross NJ. Tiotropium bromide. Chest. 2004; 126(6): 1946-53.

Carter NJ. Inhaled glycopyrronium bromide: a review of its use
in patietns with moderate to severe COPD. Drugs. 2013; 73:
741-53. doi: 10.1007/s40265-013-0058-7.

Anthonisen NR, Connet JE, Enright PL, et al Hospitalizations
and mortality in the Lung Health Study. Am J Respir Crit Care
Med. 2002, 166: 333-339.

Tashkin DP, Cooper CB. The role of long acting
bronchodilators in the management of stable COPD. Chest
2004; 125(1): 249-59.

Alvarado-Gonzalez A, Arce I. Tiotropium Bromide in Chronic
Obstructive Pulmonary Disease and Bronchial Asthma. Journal
of Clinical Medicine Research. 2015; 7(11): 831-839. doi:
10.14740/jocmr2305w.

Sin DD et al. Contemporary management of COPD: clinical
applications. JAMA. 2003; 290-2313.

Qaseem A. et al. Diagnosis and managememnt of stable COPD.
A clinical practice guideline update from the American College
of Physicians, American college of chest Physicians, American
thoracic society and European Respiratory Society. Ann Inten
Med. 2011; 156-179.

Gary TF. Recommendations for management of COPD. Chest.
2000; 117: 23S-28S.

Murciano D, Auclair MH, Pariente R. A randomized controlled
trial of theophylline in patient with severe COPD. NEJM. 1989;
320(23): 1521-5.

Tarpy SP, Celli BR. Long Term Oxygen Therapy. NEJM. 1995;
333:710-714.

R Rodriguez-Roisin. COPD exacerbations-5: Management.
Thorax. 2006 Jun; 61(6): 535-544.

Callahan CM. Oral corticosteroid therapy for patients with
stable COPD. A meta-analyss. Ann inten Med. 1991; 114:
216-223. doi: 10.7326/0003-4819-114-3-216.

Niewoehner D E, Erbland M L, Deupree R H. et al Effect of
systemic glucocorticoids on exacerbations of chronic obstructive
pulmonary disease. Department of Veterans Affairs Cooperative
Study Group. N Engl J Med. 1999; 340: 1941-1947.



[57]

[58]

[59]

[60]

[61]

[62]

International Journal of Clinical and Experimental Medical Sciences 2016; 2(2): 13-25 25

Sayiner A et al Systemic glucocorticoids in
exacerbations of COPD. Chest. 2001; 119: 726.

Severe

Maltais F, Ostinelli J, Bourbeau J. et al. Comparison of
nebulized budesonide and oral prednisolone with placebo in the
treatment of acute exacerbations of chronic obstructive
pulmonary disease: a randomized controlled trial. Am J Respir
Crit Care Med. 2002; 165: 698-703.

Alsaeedi A, Sin D D, McAlister F A. The effects of inhaled
corticosteroids in chronic obstructive pulmonary disease: a
systematic review of randomized placebo-controlled trials. Am
J Med. 2002; 113: 59-65.

Celli BR, Thomas NE, Anderson JA et al Effect of
pharmacotherapy on the rate of decline of lung function in
COPD: Results from the tORCH study. Am J Respiratory
Critical Care Med 2008. 178: 332-338.

Task Group on Mucoactive Drugs. Recommendations for
guidelines on clinical trials of mucoactive drugs in chronic
bronchitis and chronic obstructive pulmonary disease. Chest.
1994; 106: 1532-1537.

Niewoehner DE. Outpatient Management of Severe COPD
NEJM. 2010; Apr 15; 362(15): 1407-16.

[63]

[64]

[65]

[66]

[67]

[68]

[69]

James K. Stoller. Acute Exacerbations of Chronic Obstructive
Pulmonary Disease. N Engl J Med. 2002; 346: 988-994.

Niewoehner DE et al. Risk indexes for exacerbations and
hospitalizations due to COPD. Chest. 2007; 131(1): 20-8.

COPD Assessment Test (CAT). http://www.catestonline.org
(Accessed on September 20, 2012).

Gupta N, Pinto LM, Morogan A, Bourbeau J. The COPD
assessment test: a systematic review. Eur Respir J. 2014; 44(4):
873-84.

Lange P, Marott JL, Vestbo J, et al. Prediction of the clinical
course of chronic obstructive pulmonary disease, using the new
GOLD classification: a study of the general population. Am J
Respir Crit Care Med 2012; 186: 975-981.

Kohansal R, Martinez-Camblor P, Agusti A, et al. The natural
history of chronic airflow obstruction revisited: an analysis of
the Framingham offspring cohort. Am J Respir Crit Care Med.
2009; 180: 3-10.

National Emphysema Treatment trial research group: Patients
at high risk of death after Lung Volume reduction surgery. N
Engl J Med 2001; 345:1075-83.



