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Abstract: Chronic obstructive pulmonary disease (COPD) is a leading respiratory disease in the world and third leading cause of death 
in United States. COPD is not recognized as an isolated respiratory disease anymore; in fact it is one of the dreaded diseases with signifi-
cant systemic involvement and complications. Treatment of COPD requires team work and efforts among physicians, nurses, respiratory 
therapists and physical therapists. Treatment of patients with frequent exacerbations is a heavy burden on healthcare network. In the last 
few years, some improvements in the management of COPD have been made, owing to new drugs and management strategies, along 
with non-pharmacologic treatment of COPD with pulmonary rehabilitation and surgical interventions. Smoking cessation is still the best 
strategy to prevent COPD and prevent further progression of disease. In this review, we discuss pharmacotherapy of COPD including 
management of acute exacerbations, pharmacotherapy for smoking cessation and role of vaccination in COPD patients.
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Introduction
Chronic obstructive pulmonary disease (COPD) is 
characterized by airway inflammation and parenchy-
mal destruction causing progressively irreversible 
airflow obstruction. COPD continues to be a major 
health problem worldwide with significant morbidity 
and mortality and has been projected to be the third 
leading cause of mortality and the fifth leading cause 
of disability by 2020.1,2 According to a recent multi-
city study, prevalence of COPD varied from 11.4% 
to 26.1%.3 COPD imposes an enormous economic 
burden on society.4 As life expectancy rises across 
the world, and the burden of the disease increases, 
recognition of COPD and its optimal management has 
become essential. In the following text we will discuss 
pharmacological management of COPD including 
oxygen therapy. Non pharmacological management 
options like pulmonary rehabilitation, lung volume 
reduction surgery and lung transplantation will not be 
reviewed here.

Classification of Agents  
for Treatment of COPD
Classification of agents used in treatment of COPD 
based on their mechanisms is reviewed in Figure 1.

Properties of Pharmacological Agents
Pharmacological properties and clinical effects of 
commonly used agents in management of COPD are 
summarized in Table 1.

pharmacological Management  
of Stable cOpD
Pharmacological treatment in stable COPD improves 
quality of life and decreases the frequency of acute 
exacerbations. Asymptomatic patients with mild 
disease may not require any pharmacotherapy. As 
needed short acting bronchodilator therapy is recom-
mended for mild symptomatic disease. As the disease 
becomes more severe, long acting bronchodilators 
become a mainstay of therapy. Inhaled corticoster-
oids are also useful in patients with severe disease 
with frequent acute exacerbations. Long-term oxygen 
therapy has shown to improve survival and quality of 
life in patients with severe disease with hypoxia.

Short acting inhaled bronchodilators
This group consists of short acting anticholinergics 
and short acting β2 agonists (SABA). Anticholinergics 
cause bronchodilation by decreasing parasympath-
omimetic tone of bronchial wall smooth muscles and 
β2 agonists cause bronchodilation by sympathomi-
metic action. Both anti-cholinergics and β2 agonists 
improve expiratory flow rate and dyspnea in patients 
with COPD.5,6 Albuterol, a β2 agonist and ipratropium, 
an anticholinergic are commonly used medications in 
this group. Bronchodilation effects are dose-related; 
though higher doses, especially with β2 agonists, are 
associated with increasing frequency of side effects.5 
Anti-cholinergic therapy appears to be more effica-
cious in causing persistent bronchodilation than the 
short acting β2 agonists.7 Combination therapy with 

COPD medications

Inhaled
bronchodilators

Anti inflammatory
medications

PDE inhibitors

Systemic
– Prdenisone
– Methyl
Prdenisone

Inhaled
– Fluticasone
– Budesonide
– Mometazone

Corticosteroids

Non selective

– Theophyline

Selective PDE4
inhibitor

– Roflumilast

Inhaled
anticholinergics

Inhaled beta
agonist

Short acting
beta agonist
(SABA)
- Albuterol
- Terbutaline

Short acting
beta agonist
(SABA)
– Albuterol
– Terbutaline

Short acting
anticholinergic
(SAAC)
– Ipratropium

Long acting
anticholinergic
(LAAC)
– Tiotropium

Long acting
beta agonist
(LABA)
– Salmeterol
– Formoterol
– Indacterol

Miscellaneous

1. Antibiotics
2. Smoking
cessation
medications
3. Immunization
4. Home O2
therapy

Figure 1. Classification of pharmacological agents used for treatment of COPD.
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both bronchodilators also causes significant airway 
dilation.8–10

Long acting inhaled bronchodilators
Long acting β2 agonists (LABA) and the long acting 
anti-cholinergic (LAAC) inhaler can be used alone or 
in combination for moderate or severe COPD and are 
the mainstay of maintenance therapy according to the 
Global initiative for Chronic Obstructive Lung Dis-
eases guidelines (GOLD guidelines; available from: 
http://www.goldcopd.com). Long acting anticholin-
ergics (LAAC) are also known as LAMA; long acting 
muscarinic antagonists. For discussion here we will 
use abbreviation of LAAC. Commonly used medica-
tions in this group are twice daily LABA; Salmeterol 
and Formoterol and once daily LAAC; Tiotropium. 
A new long acting once a day LABA, Indacaterol, has 
been recently approved by FDA for use in patients with 
COPD. Both groups of medications appear to have 
beneficial effects on dynamic hyperinflation as well 
as dyspnea indices, and are superior to short acting 
bronchodilators in terms of improvements in quality 
of life and dyspnea.11–14 The relative benefits of which 
agent to use first have not been systematically studied; 
however, Tiotropium is widely used and has generally 
been shown to provide better bronchodilation and 
clinical outcomes than the twice-daily LABAs.15–18 
Tiotropium has been shown to decrease frequency of 
exacerbations, decrease hospitalizations and reduce 
length of stay in COPD patients.19,20 A recently con-
ducted large scale double-blind  placebo controlled 
trial (Understanding Potential Long-Term Impacts 
on Function with Tiotropium: UPLIFT) showed sig-
nificant improvement in quality of life, lung function 
and frequency of exacerbations with Tiotropium use 
in patients with moderate to severe COPD regardless 
of other respiratory medications used.21

Based on current evidence, initial treatment with 
an LAAC appears to be a rational approach, given 
its ability to reverse the heightened cholinergic tone 
that predominates in COPD patients.22 However, 
Tiotropium should be used with caution, especially 
in patients with cardiovascular disease. LABAs 
initiate an alternative pathway of bronchodilation. 
As with short acting agents, combination therapy 
with both Tiotropium and long acting β2 agonists 
appears to have greater benefit (with improvement 
in spirometric indices, quality of life and  symptoms) 
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than monotherapy alone.17,23 Therefore when 
 symptoms are not controlled with monotherapy, add-
ing an LABA to LAAC or vice a versa may be more 
effective than either agent alone, without significant 
increase in side effects.24,25

Indacaterol improved lung function, dyspnea, qual-
ity of life, and rescue medication use compared with 
placebo in two different studies. Common side effect 
in both studies was COPD worsening though that also 
happened in placebo group.26,27 FDA approved Inda-
caterol in US from July 2011 while it was approved 
for use in Europe since December 2009. Aclidinium 
is a twice daily LAAC. It is currently in an earlier 
stage of clinical development than Indacaterol. To 
date, clinical studies have demonstrated a broncho-
dilatory effect and an improvement in quality of life 
versus placebo in patients with moderate-to-severe 
COPD, and an acceptable tolerability profile.28

Inhaled corticosteroids (ICS)
Inhaled corticosteroids (ICS) are generally used in 
combination with long acting bronchodilators unlike 
the patients of asthma in which it is the mainstay of 
treatment. Combination therapy (ICS + LABA) is indi-
cated in patients with severe COPD (FEV1 , 50%) 
who have frequent exacerbations. Criteria for frequent 
exacerbations are not well defined though in several 
studies they were defined as those with yearly exacer-
bation rates of greater than the median for the study, 
usually around three symptom-defined  exacerbations 
per year or two per year if the exacerbation is defined 
by the requirement for  therapy.29  Treatment with ICS 
in this group of patients decreased the frequency of 
exacerbations and was associated with improved 
health status.30–32 Combined ICS and long acting β2 
agonist therapy appears to be more beneficial than 
ICS alone. Patients on combination therapy had 
fewer exacerbations, improved lung function, symp-
toms and health status when compared to treatment 
with the individual component alone.33–36 A recent 
post-hoc analysis of the TORCH trial (Towards a 
Revolution in COPD Health study) suggests that com-
bination therapy with ICS + LABA may decrease the 
rate of decline in lung function.37 There is no signifi-
cant change in mortality with treatment with ICS and 
ICS + LABA; however, use of ICS alone or in com-
bination with LABA is associated with an increased 
likelihood of pneumonia.38,39

LAAC plus LABA plus ICS “triple therapy” may 
have additional clinical benefits and achieve better 
control in patients with severe COPD, reducing dys-
pnea and rescue medication use,40 providing greater 
improvements in lung function,24,40,41 reducing day- 
and night-time symptoms,24 improving quality of 
life (QoL) measures,41 and reducing exacerbations.24 
Although triple therapy is often used in patients with 
severe and very severe COPD, cost constraints may 
limit its use in clinical practice.

Non steroid anti-inflammatory 
medications
Phosphodiasterase (PDEs) inhibitors and macrolide 
group of antibiotics are two groups of medications 
worth discussing as anti-inflammatory medications 
used for the treatment of COPD. Two types of PDE 
inhibitor currently used for treatment of COPD are 
methylxanthines (eg, Theophylline) and Roflumilast.

Methylxanthines
Methylxanthines, such as Theophylline, are reserved 
as third-line options due to their side effect burden and 
are only recommended for very severe disease accord-
ing to GOLD guidelines. (available at http://www.
goldcopd.com) A bronchodilator effect with Theo-
phylline is seen only at high doses. However, low dose 
sustained released Theophylline, even in the absence 
of significant bronchodilation, was shown to decrease 
the frequency of exacerbations and improve quality of 
life in COPD in one small trial.42  Metabolism and deg-
radation of this medication is impaired significantly 
with age especially in the presence of  co-morbid 
 conditions and other drugs. Physicians must use cau-
tion when prescribing this medication due to its poten-
tial for significant side effects, even at therapeutic 
levels, particularly in the elderly.43

Roflumilast
Eleven genetically distinct phosphodiesterase isoen-
zymes have been identified. Amongst the isoenzymes, 
PDE4 is highly selective for cyclic AMP and represents 
the major cyclic AMP (c-AMP) metabolizing enzyme 
in all immunocompetent cells. Inactivation of c-AMP 
by PDE4 results in a pro-inflammatory state. So inhi-
bition of PDE4 with agents like Roflumilast can help 
reducing inflammation. Roflumilast is once-daily, oral 
PDE4 inhibitor. In April 2010, Roflumilast received 
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 initial authorization in Europe as add-on therapy to bron-
chodilator treatment for severe COPD (FEV1 , 50% 
predicted) in patients with a history of  exacerbations. 
Roflumilast has been shown to improve lung function 
compared with placebo, although the improvements are 
moderate (pre-bronchodilator increase in FEV1 in the 
order of 48 mL)44 compared with inhaled bronchodilators 
such as Tiotropium or Salmeterol (pre- bronchodilator 
increase in FEV1 in excess of 100 mL).45,46 Roflumilast 
was also shown to reduce exacerbations and the require-
ment for anti-inflammatory/anti-infective medications, 
and to improve QoL measures.44,47 Other studies have 
shown significant improvements in pre and post bron-
chodilator FEV1 versus placebo when Roflumilast was 
added to Salmeterol or Tiotropium.48 Nausea, diarrhea 
and weight loss are common side effects of PDE4 inhib-
itors, which may limit the use of Roflumilast in some 
COPD patients. Nevertheless, Roflumilast is potentially 
a valid alternative to concomitant ICS, and is an inter-
esting new development as an add-on therapy to long-
acting bronchodilators.

Macrolides
Macrolides are another newer generation of medi-
cations currently under study for COPD treatment. 
They belong to a family of agents that affect the 
50 S ribosomes of both prokaryotic and eukaryotic 
 organisms. Macrolides have been well studied in the 
treatment of bronchiolitis obliterans and have been 
shown to reduce airway inflammation. A recent trial 
evaluated the use of macrolides in COPD showed a 
significant reduction in COPD exacerbations with 
12 month use of erythromycin 250 mg bid compared 
to placebo.49 Azithromycin taken for 1 year has also 
been shown to decrease the frequency of exacerba-
tions and to improve quality of life but was associ-
ated with increased hearing side effects.50 Physicians 
should be cautious in frequently using azithromycin 
as azithromycin use was found to be associated with a 
small increase in cardiovascular deaths, especially in 
high risk patients for cardiovascular disease.51

Drug delivery systems for inhaled 
medications and patient education
Most of the COPD medications are delivered via 
inhalation route. So it is very important to discuss dif-
ferent types of inhalation systems and proper inhaler 
technique. The inhaler devices used in management of 

COPD is described in Figure 2. Nebulizer converts liq-
uid to aerosol through use of compressed air or ultra-
sonic power and is difficult to use as portable handy 
devices compared to MDIs and DPIs. MDIs can be 
used with spacers and aero chambers for convenience 
and better co-ordination. Advantages and disadvan-
tages of these devices are narrated in Table 2.52–54

Oxygen therapy
Long term oxygen therapy also requires prescrip-
tion from physician; so we are covering this topic 
even though oxygen therapy can’t be considered 
a trule pharmacological treatment. Supplemental 
oxygen, along with smoking cessation, is so far the 
only proven medical therapy to improve survival in 
selected COPD patients. Continuous oxygen therapy 
(15 hours/day, including at night) is recommended 
for patients with significant resting hypoxemia.55,56 
The indications for supplemental oxygen in COPD 
are given in following Table 3.57

Algorithmic approach for treatment  
of stable COPD
Goals of pharmacological therapy include improve-
ment of symptoms and quality of life along with 
reduction of mortality and morbidity (including exac-
erbations, emergency room visits and hospitalizations) 
and preservation of lung function while minimizing 
side effects of therapy. Complete management algo-
rithm is abbreviated in Table 4.

pharmacological Management  
of Acute Exacerbation of COPD
Acute exacerbations are intermittent episodes 
of increased respiratory symptoms and worse 
pulmonary function that require a change in  regular 

Inhaler devices

Nebulizer
 Non nebulizer

 (portable)

Metered dose inhalers (MDI)

Pressurized MDIs (pMDIs)  Breath activated MDIs (BAIs)

Dry powered inhaler (DPI)

Figure 2. Types of Inhaler devices used in treatment of COPD.
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 medications, which can happen anytime during 
course of COPD.58,59 Exacerbations may be accom-
panied by fever and other constitutional symptoms. 
These episodes contribute significantly to the morbid-
ity associated with COPD, and in advanced disease, 
they are also the most frequent cause of death.38,60,61 
Traditionally, the aims of treatment of an exacerba-
tion are the recovery to baseline clinical status and the 
prevention of complications. Though these goals are 
undoubtedly important, several other important goals 
of treatment, both clinical and biological, should be 
considered. Among the clinical goals is rapid resolu-
tion of symptoms, prevention of early relapse, length-
ening the ‘exacerbation free interval’ or ‘time to next 
exacerbation’, improvement in quality of life measures 
and improvement in exercise tolerance. Non-clinical 
goals of treatment include bacteriologic eradication, 
resolution of airway inflammation, resolution of sys-
temic inflammation and prevention of FEV1 decline. 

The optimal setting of treatment is determined by 
the severity of the patient’s symptoms, baseline lung 
function and co-morbid medical  conditions. Patients 
who develop respiratory acidosis and require venti-
lator support have a significant associated mortality 
risk. Physicians should have a low threshold to hos-
pitalize patients who have severe baseline pulmo-
nary impairment and/or significant co-morbidities. 
 Pharmacological management includes use of bron-
chodilators, antibiotics and steroids, depending on 
the severity of exacerbation.

Bronchodilators during acute 
exacerbation
Bronchodilator therapy as covered in maintenance 
therapy is continued during exacerbations. Short 
acting bronchodilators, however, are used more fre-
quently to provide symptomatic relief and improve 
airflow.62 Inhaled short-acting ß2-agonists and short 
acting anticholinergic have comparable effects and 
considered superior to parenterally administered 
bronchodilators.61 A bronchodilator agent from a 
different class should be added to a patient’s regi-
men who has persistent symptoms with a single 
bronchodilator.62 The evidence base for the addi-
tion of a methylxanthines to inhaled bronchodilators 
is controversial. It is clear, however, that the high 
incidence of adverse reactions makes it difficult to 
recommend its routine use for acute exacerbation 
of COPD.63,64

Table 2. Advantages and disadvantages of different drug delivery devices used for treatment of COPD.

Device Advantages Disadvantages
Metered dose  
inhalers (MDI)

Convenient and reproducible dosing 
Suitable for most patients 
Low cost

Efficient delivery is highly dependent  
on technique, might be difficult for some  
patients to co-ordinate

Dry powder  
inhaler (DpI)

reliable 
portable and self-contained 
Environment friendly 
Do not require hand-breath  
co-ordination needed for MDIs

Technical errors possible  
(eg, inhalation technique, loading, priming)
Unsuitable for patients with insufficient  
inspiratory effort/flow
Some DpIs are affected by ambient  
humidity as they are in powder form

Nebulizers Easy to use, require less  
co-ordination than MDIs and DpIs

Cumbersome 
Time consuming 
High maintenance 
variable performance 
requires power (battery/electricity)

Holding chambers, aero  
chambers spacers

reduce need for inhalation-actuation  
co-ordination with MDIs

Cumbersome 
Subject to incorrect assembly

Table 3. Indications of continuous oxygen use in patient 
with COPD.

1. Resting PaO2  55 mm Hg
2. Resting PaO2 56–59 mm Hg with either 
  a.  Evidence of right heart failure  

(eg, dependent edema, p pulmonale on ECG)
  or
  b. polycythemia (Hematocrit  56%)

Abbreviations: PaO2, arterial partial pressure of oxygen; ECG, 
electrocardiogram; p, pulmonale; p wave—3 mm in lead II, III or avF 
on ECG.
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Antibiotics during acute exacerbations
Antibiotics are recommended for an exacerbation if 
there is an increase in sputum purulence along with 
one or more cardinal symptom (increase in sputum 
volume, or increase in dyspnea) or if the exacerba-
tion is severe enough to warrant ventilatory sup-
port (invasive or non-invasive). Antibiotics have 
been shown to enhance recovery from exacerbation 
and reduce airway inflammatory markers. Observa-
tional studies have identified advanced age, severity 
of airflow obstruction, recurrent exacerbations and 
co-morbid cardiac disease as predictive factors for 
poor clinical outcomes following an exacerbation.65 
A stratified approach to antibiotic choice based on 
these risk factors can be implicated.66,67 Though not 
prospectively validated, such a stratification approach 
addresses judicious use of antibiotics, as well as con-
cerns of antibiotic resistance and optimizing clinical 
outcome. Our approach employing these principles is 
shown in this Figure 3.

Corticosteroids during acute 
exacerbations
Systemic corticosteroid therapy improves lung func-
tion and treatment success, and reduces the length of 
hospital stay.68–70 However, they are  associated with 

significant side effects.69 They should be used for 
acute COPD exacerbations in all hospitalized patients, 
and should be considered for outpatient treatment of 
exacerbations if baseline FEV1 is ,50% according 
to GOLD guidelines. The ideal dose and duration of 
steroid therapy are  controversial. Generally, predni-
solone of 30–40 mg per day or its equivalent is used 
for 7–10 days.71–73 Prolonged duration of treatment is 
not associated with greater efficacy and is associated 
with a higher risk of side effects.69 The role of inhaled 
corticosteroids in COPD exacerbation has not been 
studied in randomized trials.

Prevention of COPD
Prevention of COPD not only includes the prevention 
of COPD development but also includes prevention 
of progression of disease and prevention of compli-
cations in established cases. Smoking cessation and 
vaccination are the two important interventions dis-
cussed here.

Smoking cessation
Smoking is the main risk factor for development of COPD 
and smoking cessation is the main stay for primary and 
secondary prevention which not only decreases the inci-
dences of COPD but also decreases the rate of decline of 
lung function.74  Combination of  behavioral support and 

Table 4. Step care approach for treatment of stable COPD.

steps FeV1/FVc , 0.7
Mild  
FeV1  80%  
predicted

Moderate  
FeV1  
50%–80%

severe FeV1 
30%–50%

Very severe  
FeV1 , 30% or FeV1 , 50%  
+ chronic respiratory failure

A Active reduction of risk factor (s), influenza and pneumococcal vaccination
B Short acting bronchodilator as needed (SABA or SAAC)  

or  
SABA or SAAC scheduled

C Add regular long acting treatment; LABA or LAAC  
or Combinations like  
LAAC + SABA  
or  
LAAC + LABA with SABA as needed

D Add inhaled corticosteroids if repeated exacerbations
E Add long term home oxygen 

therapy  
if fulfils criteria*

notes: Patients symptoms and frequency of acute exacerbations may take priority in escalating therapy despite no significant changes in severity. *Long-term 
oxygen can be considered even in earlier stages if fulfills criteria. Although the evidence is not compelling, Theophylline can be added particularly for severe 
or very severe COPD with caution regarding adverse reactions. Adapted from Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the 
diagnosis, management, and prevention of chronic obstructive pulmonary diseases (available from: http://www.goldcopd.com).
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 pharmacological treatment gives the best result for 
smoking cessation; we will discuss the pharmacologi-
cal interventions only as per the scope of the article. 
 Pharmacological treatments for smoking cessation can 
be divided in to two main groups for easy understand-
ing: (1) Increase nicotine supply by nicotine replace-
ment therapy (NRT) and (2) Decrease nicotine action 
by counteracting  nicotine receptors.

Nicotine replacement therapy (NrT)
NRT works by alleviating nicotine withdrawal 
symptoms in smokers. There are several NRT prod-
ucts according to route of delivery; through skin 
(transdermal patch), through oral mucosa (lozenges, 
gums, inhalers) or through nasal mucosa (nasal 
spray).75 The transdermal patch has a long half-life, 

slow onset of action and leads to generally stable 
nicotine levels over the course of 24 hours.  Subjects 
generally have good compliance; however, the main 
drawback is its inability to counter acute cravings. 
Typically, treatment regimens include use of trans-
dermal patch at its highest dose of 21 mg/day for 
those who smoke more than 10 cigarettes per day 
and 14 mg/day dose for those who smoke less than 
10  cigarettes or whose weight is less than 45 Kg. 
Treatment is usually considered for 3–6 weeks at that 
dose and gradual taper over next 4–6 weeks. Supple-
mentation with other short acting NRT products can 
be used as needed to alleviate nicotine cravings.

In contrast, the other nicotine replacement prod-
ucts that are absorbed by the mucosal surfaces have 
a rapid onset of action, short half-lives and variable 

Acute Exacerbation of COPD

Mild

Only 1 of the 3 cardinal symptoms: 

Increased dyspnea

Increased sputum volume

Increased sputum purulence  

Moderate or severe 

At least  2 of the 3 cardinal symptoms: 

Increased dyspnea

Increased sputum volume

Increased sputum purulence  

Complicated COPD

1 or more risk factors

Age >65 yrs

FEV1 < 50% predicted

≥3 exacerbations/year

Cardiac disease   

Uncomplicated COPD

No risk factors

Age < 65 yrs

FEV1 > 50% predicted

≤3 exacerbations/year

No cardiac disease   

– Advanced macrolide (azithromycin,

   clarithromycin),

– Cephalosporin (cefuroxime,

   cefpodoxime, cefdinir) 

– Doxycycline

– Trimethoprim/sulfamethoxazole  

– If recent (<3 months) antibiotic 

   exposure, use alternative class 

Worsening clinical status or inadequate response in 72 hours 

Re-evaluate

Consider sputum culture 

– No antibiotics 

– Increase bronchodilators

– Symptomatic therapy 

- Fluoroquinolone (moxifloxacin, 

gemifloxacin, levofloxacin),

- Amoxicillin/clavulanate

- If at risk for Pseudomonas,

consider ciprofloxacin and obtain 

sputum culture

- If recent (<3 months) antibiotic

exposure, use alternative class 

Figure 3. Algorithm for antibiotic treatment of acute exacerbations of COPD.
Modified from: Desai H and Sethi S. Chronic Obstructive Pulmonary Disease Exacerbations. Respiratory Infections, 1st edition. New York: Informa 
Healthcare.
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nicotine blood concentrations, necessitating repetitive 
use during the day. However, they do offer flexibil-
ity for the subject’s nicotine withdrawal symptoms. 
In general, NRT is safe and has minor side effects. 
 Common side effects are gastrointestinal complaints, 
palpitations, insomnia, and skin irritation with the 
patch, especially if applied to the same spot daily. 
Compared to earlier myth no increase in the incidence 
of myocardial infarctions or death, or depression/anx-
iety was observed in a recent meta-analysis.76 NRT 
should be used with caution in patients admitted to 
intensive care unit (ICU) as in one study NRT in a 
postoperative CABG surgery population resulted in 
a significant increase in mortality when adjusted for 
baseline characteristics.77

Nicotine effect antagonism
Two main agents used for this purpose are Bupropion 
and Varenicline, which counteract nicotine at the 
nicotinic acetylcholine receptors in the central ner-
vous system (CNS). Varenicline is a partial agonist, 
while Bupropion is an antagonist at these receptors. 
Bupropion also blocks the dopamine and norepineph-
rine reuptake pumps in the CNS, neurotransmitters 
that are intricately involved in the reward system 
associated with nicotine dependence. Multiple tri-
als have demonstrated the efficacy of these medica-
tions in smoking cessation; comparisons between the 
two drugs have shown superior sustained abstinence 
rates with Varenicline.78 Varenicline is generally used 
alone, whereas Bupropion can be used alone or in 
combination with NRT (combination therapy has been 
shown to have better success than Bupropion alone). 
The clinician needs to exercise caution when using 
these medications especially in patients with depres-
sion as there is an increased risk of suicidal ideations 
reported with both. As a result, the FDA placed a 
black box warning to this effect for both medications 
in 2009. Bupropion can lower the seizure threshold 
and is, contraindicated for use in patients with seizure 
disorders.79 In 2011, the FDA issued an advisory that 
varenicline may increase the risk of adverse cardio-
vascular events in patients with known CVD based on 
a small increase in cardiovascular events (statistically 
not significant) reported in a study of 714 patients 
with stable cardiovascular disease.80 The FDA also 
suggested that the known benefits of varenicline be 
weighed against potential harms in patients with 

CVD. In a recent single center study, Cytosine was 
found to be more effective than placebo for smok-
ing cessation.81 Cytosine is a partial agonist that binds 
with high affinity to the α4β2 subtype of the nicotinic 
acetylcholine receptor. One more medication in the 
same group is Clonidine though it’s mechanism of 
action is different than former and it is not approved 
by FDA for this purpose and can be considered as 
second line agent. Clonidine, an antihypertensive 
agent, reduces central sympathetic activity by stimu-
lating the α2-adrenergic receptors. It effectively sup-
presses the acute symptoms of nicotine withdrawal, 
such as tension, irritability, anxiety, cravings, and 
restlessness.82 A Cochrane review of six clinical trials 
found Clonidine, oral or transdermal, more effective 
than placebo, with two fold higher abstinence rates.83 
Interestingly, Clonidine seems to be more effective in 
female smokers, although women generally respond 
less favorably to smoking cessation treatments.84 The 
side effects of Clonidine, especially sedation, fatigue, 
orthostatic hypotension, dizziness, and dry mouth, 
limit its widespread use.84

vaccination
Vaccination is considered very important part of 
treatment of COPD as it prevents life threatening 
complications like pneumonia and possibly reduces 
exacerbations by preventing infections. Annual influ-
enza vaccine and pneumococcal vaccine according to 
schedule are strongly recommended for patients with 
COPD. Viruses and bacteria, especially S.  pneumoniae 
and influenza virus, are responsible for the major-
ity of acute exacerbations in COPD patients and are 
associated with significant morbidity and mortality.85 
Influenza vaccine, in particular, has been shown to 
significantly decrease the rate of hospitalization and 
death in COPD patients.86 Pneumococcal vaccine 
decreases the incidence of the possibly fatal invasive 
disease but has not been shown to reduce mortality in 
COPD patients.
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