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Disclosures

 No Disclosures



Obstructive Lung Diseases

 COPD

◦ Chronic Bronchitis

◦ Emphysema

 Asthma

 Other

◦ Bronchiectasis

◦ Bronchiolitis

◦ Cystic Fibrosis

◦ Alpha 1 anti-trypsin deficiency

Chronic 

Bronchitis Emphysema

Asthma



Inter-relationship: Inflammation and 

Bronchial Hyperreactivity

CHEST 2002; 121: 121S-126S

ATS

GOLD

http://www.chestjournal.org/content/vol121/issue90050/images/large/cb05t1828001.jpeg


COPD

 THIRD leading cause of death worldwide

 It is the only leading cause of death 

whose prevalence is increasing!



http://www.who.int/mediacentre/factsheets



COPD Risk Factors

 Cigarette smoking

 Occupational 
exposures
◦ Silica, formaldehyde, 

toluene, nickel, cadmium, 
cotton, dust, etc

 Air pollution

 Biomass fuel

 Hyperresponsive
airway

 Asthma

 Genetic factors



Pathogenesis of COPD

ATS Pulmonary Board Review 2015



Inflammatory Mediators: COPD

ATS Pulmonary Board Review 2015



INFLAMMATION

Parenchyma destruction
Loss of alveolar attachments

Decreased elastic recoil

Small Airway Disease
Airway inflammation 

Airway remodeling

AIRFLOW LIMITATION



ATS Pulmonary Board Review 2015



COPD Phenotypes

 Non-exacerbator

 Exacerbator with 

emphysema

 Exacerbator with 

chronic bronchitis

 Frequent exacerbator

 Alpha 1 Antitrypsin 

deficiency

 ACOS

 BCOS 
www.eclipse-copd.com, 

Lange P. Int J COPD 2016. 11: 3-12 

Hurst JR. NEJM 2010. 363: 1128-38 





Morphologic Types of Emphysema

Alpha 1 AT

Upper lobe Lower lobe



Postma DS, Rabe KF. NEJM 2015. 373:1241-49



COPD Diagnosis

 Clinical presentation

 Risk Factors

 Pulmonary function 
testing

 Imaging

 Resting/ambulatory 
pulse ox

 ABG

 Alpha 1 antitrypsin 
deficiency screen



COPD Definition: GOLD

 Chronic Obstructive Pulmonary Disease (COPD) 
is a PREVENTABLE and TREATABLE disease with 
some significant extrapulmonary effects that may 
contribute to the severity in individual patients

 Airflow limitation that is NOT fully reversible

 Airflow limitation is usually persistent and 
progressive

 Associated with an abnormal inflammatory 
response to noxious particles and gases

www.goldcopd.org



COPD Definition: GOLD

 A clinical diagnosis of COPD should be 

considered in any patient who has 

dyspnea, chronic cough or sputum 

production, and a history of exposure to 

risk factors for the disease.

 Spirometric evaluation is necessary for 

the clinical diagnosis.

www.goldcopd.org



COPD Definition: GOLD

 A post bronchodilator FEV1/FVC <70%

 In combination with an FEV1 <80% 

predicted

 In an individual with cough, sputum 

production or dyspnea, and exposure to 

risk factors confirms the diagnosis

www.goldcopd.org





Severity of COPD: GOLD

www.goldcopd.org



Definition of Reversibility



Assessment

 CAT (COPD Assessment Test)

◦ Numeric scale relating 8 functional parameters

 Cough, sputum, walking, sleeping, energy, etc

◦ Lower score=fewer symptoms

◦ Higher score=more symptoms

 mMRC Questionnaire (Modified Medical 

Research Council)

◦ Degree of breathlessness using 0-4 scale

◦ Higher values indicating decreasing exercise 

tolerance



CAT 



mMRC Questionnaire

ACP MKSAP 17



GOLD: Severity of COPD

ACP MKSAP 17



Diagnostic Techniques

 History/Physical (symptoms – more sensitive)

 Pulmonary Function Testing

 Imaging: CXR, Chest CT, V/Q scan

 Pulse oximetry at rest and with activity

 ABG

 Alpha 1 Antitrypsin Deficiency Screen

◦ COPD in caucasian under age 45 y or with 

strong family history of COPD



Reasons for delay in Diagnosis

 Patient does not seek medical attention until late 
in disease process (ie emphysema)

 Physicians focus on treatment of symptoms 
rather than disease prevention

 We may be looking at the wrong thing (waiting 
too long until PFT, x-rays, spirometry, etc are 
abnormal).



Systemic Features of COPD

 Cachexia: loss of fat free mass

 Skeletal muscle wasting: apoptosis, disuse 

atrophy

 Osteoporosis

 Depression

 Normochromic normocytic anemia

 Increased risk of cardiovascular disease



Exercise limitation 

 Normal individuals never reach a respiratory 
limitation at peak exercise

 However COPD patients have a reduced 
maximum ventilation and this can limit there 
exercise capacity

 These patients can have airflow limitation to 
exercise

 They can also desaturate with exercise



COPD Treatment: Goals

 Slow disease progression 

 Reduce the frequency and severity of disease 

exacerbations

 Improve quality of life



www.goldcopd.org 2017



www.goldcopd.org 2017

Lee H et al. Am Fam Phys. 2013. 88(10):655-663



GOLD Guidelines: 

Changing Paradigm



Chalmers JD. CHEST 2018. 153(4):778-782



Clancy and Heath. Univ Penn. 

www.thoracic.org 



Consideration for ICS Withdrawal

Chalmers JD. CHEST 2018. 153(4):778-782



Martinez FJ et al. AJRCCM 2016. 194(5)

CONCLUSION: 

Roflumilast failed to statistically significantly reduce moderate and/or severe exacerbations

in the overall population.  Roflumilast improved lung function and reduced exacerbations in

participants  with frequent exacerbations and/or hospitalization history.  

The safety profile of roflumilast was consistent with that of previous studies.

SE: depression, anxiety, suicidal thoughts, weight loss; 

drug-drug interactions: erythromycin, ketoconazole, cimetidine

Do not use with theophylline; can use with azithromycin

Limited role in severe copd.  No role in mild-moderate disease

DO NOT USE IN ACUTE SETTING



Azithromycin

 Azithromycin 250 mg taken daily for 1 year when 
added to usual treatment, decreased the 
frequency of exacerbations and improved quality 
of life

 Risk of cardiovascular death (underlying CAD)

 Check baseline QTc

 Hearing impairment

 Antibiotic resistance

 Review of 350K prescriptions to patients without 
severe cardiac disease v no antibiotic use

◦ Absolute increase in cardiac death in 29 (1 in 20,000)

Albert, RK. et al. NEJM 2011. 365(8): 689-698. 

Ray WA. NEJM 2012. 366: 1881-1890



Medication side effects: 

SABA/SAMA

ACP MKSAP 17



Medication side effects: 

LABA/LAMA

ACP MKSAP 2017



Medication side effects: 

Methylxanthines/Oral B2 agonists

ACP MKSAP 17



Medication side effects: Roflumilast

ACP MKSAP 17



Medication side effects: 

Inhaled/Oral glucocorticoids

ACP MKSAP 17



Nonpharmacologic Treatment

 SMOKING 
CESSATION

 Patient education

 Medication compliance

 Pulmonary rehabilitation

 Vaccination

 Nutritional support

 Oxygen therapy

 Consider lung volume 
reduction surgery

 Consider endobronchial 
valve placement

 Consider lung transplant

 End of life/palliative care

Fletcher C. and Peto R. BMJ. 1977. 1:1645



LVRS/Valves

 LVRS
◦ Surgically remove damaged lung

 Reduce dead space, 

 Improve respiratory dynamics

◦ No overall survival advantage, 
except for upper lobe disease 
and poor exercise capacity

 Endobronchial valves
◦ Permit exhalation/drainage of 

secretions but no air entry with 
inspiration

◦ Zephyr valve FDA approved 
2018

◦ Increased FEV1/6min walk

◦ Pneumonia, AECOPD, 
hemoptysis

Sciurba FC NEJM 2010. 363:1233



Lung Transplant in COPD

 Improves exercise 
tolerance/QOL

 Consider referral
◦ Age <70, smoke free 

(min 6 mo)

◦ Poor functional status

◦ BODE index >5

◦ FEV1<25%, DLCO <25%

◦ Resting hypoxemia, 
hypercapnia

◦ PHTN

 Median survival
◦ 4-7 years

 Single or double lung 
transplant

 Complications with 
transplant
◦ Rejection

◦ Infection

www.uptodate.com



Assess COPD Comorbidities

 Cardiovascular disease

 Osteoporosis

 Respiratory infections

 Anxiety and Depression

 Diabetes 

 LUNG CANCER

These comorbid conditions influence mortality 

and hospitalizations; and should be looked for routinely 

and treated appropriately



Asthma



Asthma

 Definition: 

◦ Chronic inflammatory disorder of the airways triggered by various 
sensitizing stimuli resulting in reversible airflow obstruction

 Key Components:

◦ Airway hyperresponsiveness

◦ Airflow limitation
 Bronchoconstriction, mucus plugs, inflammation, thickening of the basement 

membrane, increased smooth muscle mass

 Symptoms: episodic or persistent

◦ Dyspnea, wheezing, cough, chest tightness

◦ Diurnal variation (night and early morning)

 Genetic factors: no single derangement, sex and obesity

 Environmental factors: 

◦ Allergens (dust, pollen, dander, mold), viruses, occupational exposures, 
tobacco smoke, air pollution, biomass fuel



Asthma Classification

ALLERGIC NON-ALLERGIC

 Atopic (extrinsic)

 Most common form 

 Peak age 2nd decade

 Stronger family history

 IgE to specific antigens

◦ Dust, pollen, dander, mold

 Immunomodulators

 Non-atopic (intrinsic)

 Less common (10%)

 Later age of onset

 Greater inflammatory cell 

infiltrate

 Triggers not allergy related

◦ Exercise, cold/dry air, smoke, 

viruses, fumes, medications

 Bronchial thermoplasty



Back to the Basics

Innate immune system Adaptive immune system

 Nonspecific defense 

mechanism when an 

antigen is presented:

◦ Physical barriers

◦ Chemicals in the blood

◦ Immune system cells

 Antigen specific immune 

response

 More complex mechanism

 Antigen must first be 

processed and recognized

◦ Cells that attack

◦ Memory cells 

THESE DISTINCTIONS ARE NOT MUTUALLY EXCLUSIVE





Adaptive Immune System



MAJOR CONTRIBUTORS

-TH2 LYMPHOCYTE

IL5, IL4, IL13

Promote IgE and eosinophils

- EOSINOPHIL

- MAST CELL

- NEUTROPHIL

ATS Pulmonary Board Review 2015



ATS Pulmonary Board Review 2015



www.thelancet.com Dec 2017



Inflammatory Mediators: COPD

ATS Pulmonary Board Review 2015



ASTHMA DIAGNOSIS

 Pattern of symptoms + 
objective data + 
response to therapy

◦ Nocturnal symptoms

◦ Diurnal variation

 Spirometry 

◦ Airflow obstruction

 FEV1/FVC, FEV1, PEF, TLC, 
DLCO

◦ Reversibility 

 12% or 200 cc increase

 CXR/CT chest

 Laboratory data

◦ IgE, serum eosinophils

◦ Allergy testing

 Bronchial hyperreactivity

◦ Methacholine challenge 
testing

 20% decline in FEV1

 Sensitive, not specific

 feNO

◦ Levels are high (due to 
eosinophils)

◦ Assessment, management, 
long term monitoring





Contributing Factors

 GERD

 Sinus disease

 OSA/Obesity

 Chronic aspiration

 Vocal Cord Dysfunction

◦ Mid-chest tightness, dyspnea, 

dysphonia/stridor, partial response to asthma 

medication

◦ Adduction of VC on laryngoscopy



Asthma Syndromes
 Allergic Asthma

◦ Most common form of asthma in adults

◦ Atopy, positive FH

 Cough Variant

 Exercise Induced Bronchospasm

◦ Triggered by drying of airways

 Occupational Asthma

◦ Farmers, factory workers, hairdressers

 Aspirin Sensitive Asthma (Samter triad)

◦ Asthma, asa sensitivity, sinusitis/nasal polyposis

 Reactive Airways Dysfunction Syndrome

◦ Exposure to high concentration of irritant; short lived

 Virus-Induced bronchospasm

 Allergic Bronchopulmonary Aspergillosis

◦ Colonization of aspergillus sp

◦ Mucus plugging, bronchiectasis, asthma, fleeting infiltrates



Asthma Treatment
 Shift in our approach

◦ No longer based on severity

◦ Based on treatment response/control

 Goals

◦ Improve quality of life with less daytime/nighttime symptoms

◦ Avoid exacerbations

◦ Minimize side effects/cost, minimize use of rescue mediations

 Toolbox 

◦ Inhaled corticosteroids, bronchodilators, and anticholinergics

◦ Oral agents: corticosteroids, LTRA

◦ Immunomodulatory biologic therapy

◦ Bronchial thermoplasty

◦ Allergy immunotherapy

 Environmental control

 Monitoring (symptoms/lung function/action plan)

 Ongoing education/partnership







Traditional Pharmacologic Asthma 

Treatment
 Direct bronchodilators 

(short/long)
◦ B2 agonists (increases cAMP)

 Albuterol, levalbuterol

 Salmeterol, vilanterol

◦ Anti-cholinergics (M3 receptor)
 Ipratropium bromide

 Tiotropium, glycopyyronium, 
umeclidium, aclidinium

◦ Methylxanthines
 Aminophylline, theophylline

◦ Adrenergic agonists
 Epinephrine 

 Anti-inflammatory 
medications
◦ Corticosteroids (inhaled, PO, IV, 

IM)
 Fluticasone, beclomethasone

 Prednisone

 Mast cell stabilizers (inhibits 
histamine and tryptase)
◦ Cromolyn sodium

◦ Nedocromil (not for acute 
attacks)

 Leukotriene antagonists
◦ 5 lipoxygenase synthesis 

inhibitor
 zileuton

◦ Leukotriene receptor antagonist
 montelukast



Traditional Pharmacologic Asthma 

Treatment
 Benefits of LABA

◦ Improve lung 
function/symptoms

◦ Decrease in exacerbations 
when used with ICS

 DO NOT USE LABA 
WITHOUT ICS

 ICS/LABA superior to 
higher dose ICS

 Step down therapy once 
control achieved

 Inform patients of 
concerns seen in asthma

 SMART Trial

◦ Double blind, randomized 
observational trial 28 wk in 
26K pts

◦ Salmeterol v placebo added 
to “usual care”

◦ Salmeterol was associated 
with greater asthma 
related deaths and life 
threatening exacerbations 
in AA population (no 
difference in Caucasian)

Greening. Lancet. 1994; Bateman AJRCCM. 2004; 

Pauwels, NEJM. 1997. Nelson. Chest. 2006. FDA 2017



LAMA for the Treatment of 

Uncontrolled Asthma
 2 replicate, randomized 

controlled study 912 
patients

 Inclusion criteria
◦ FEV1<80%, Mean FEV1 62%

◦ >1 severe exacerbation in 
prior year

◦ Mean age 53

 Add on tiotropium or 
placebo

 Result
◦ Tiotropium associated with 

 Longer time to first 
exacerbation

 More sustained 
bronchodilation

Kerstjens, HAM. NEJM. 2012(367):1198-1207



Add on to ICS or add on to ICS/LABA: 

Increased PEF and FEV1, decreased rate of 

exacerbations, improved asthma control

Not inferior to salmeterol

Many studies have demonstrated the efficacy of LAMA add on therapy 

irrespective of allergic or inflammatory components

Halpin. World Allergy Organization Journal 2016. 



Asthma Treatment: LAMA 

Changing Paradigm

 Tiotropium FDA 

approved (asthma)

◦ adults 2015

◦ children (>6y) 2017

 Can be used as add 

on therapy

◦ ICS/LABA + LAMA

◦ ICS/LAMA

 Ongoing research

◦ LAMA monotherapy??

GINA asthma guidelines 2017ginasthma.org





Immunomodulators

 Anti-IgE

◦ omalizumab

 Anti-IL5

◦ Mepolizumab

◦ Benralizumab

◦ Reslizumab

 Anti-IL4 and IL13

◦ Dupilumab 

 New on the horizon

◦ Anti-IL5, IL4, and IL13

 When do you use 

them?

◦ Moderate to severe 

allergic asthma

◦ Refractory to traditional 

therapy

 What do they do?

◦ Decrease exacerbations

◦ Decrease steroid use

◦ Improve lung function

◦ Improve QOL

Correns J. NEJM. 2011. 365(12):1088.  

Wenzel S. NEJM 2013. 368: 2455-2466.  

Pavord ID. Lancet 2012. 380: 651-659



om

Omalizumab

Anti-IgE

Mepolizumab

Benralizumab

Reslizumab
dupilumab

ATS Pulmonary Board Review 2015



Anti-IgE: Omalizumab
 Indication

◦ Moderate/severe persistent allergic asthma

◦ High IgE, +/- high eosinophil

◦ Positive allergy skin testing

 Dosing

◦ Based on IgE level and weight/subcutaneous injection; frequent dosing

◦ Approved for adults and children >12y (2003), age >6y (2016)

◦ Don’t need to follow IgE levels

 Data

◦ Moderate/severe asthma: decreased exacerbations, decreased steroid dosing

◦ Severe asthma: conflicting results but improved QOL

 Caution

◦ Monitor patients after administration: Anaphylaxis rare

◦ Slight increase in risk of malignancy (<1%), cardio and cerebrovascular disease, 
parasitic infections

 Cost

◦ $12,000/y v $2500/y ICS/LABA

Busse, JACI. 2001; Holgate, Clin Exp 

All. 2004; Humbert, Allergy. 2005; 

www.fda.gov



ATS Pulmonary Board Review 2015



om

Omalizumab

Anti-IgE

Mepolizumab

Benralizumab

Reslizumab
dupilumab

ATS Pulmonary Board Review 2015



Anti-IL5: Mepolizumab, 

Benralizumab, Reslizumab
 Indication

◦ Severe allergic asthma with eosinophilia refractory to traditional 
therapy

 Dosing

◦ Monoclonal antibody binds and inactivates IL-5

◦ Mepolizumab: fixed dose 100 mg, subcut, q4wk

◦ Benralizumab: fixed dose 30 mg, subcut, q8wk

◦ Reslizumab: weight based 3 mg/kg, IV, q4wk

 Caution

◦ Risk of opportunistic infection: herpes zoster 

◦ Monitor patients after administration: Anaphylaxis rare

◦ Pregnancy category not assigned

 Cost

◦ $35,000 annually/$1000 per vial reslizumab

www.fda.gov; www.drugs.com



om

Omalizumab

Anti-IgE

Mepolizumab

Benralizumab

Reslizumab
dupilumab

ATS Pulmonary Board Review 2015



Anti-IL4 and IL13: Dupilumab

 Indication
◦ Moderate/severe allergic 

asthma, atopy, 
eosinophilia

 FDA approval
◦ Atopic dermatitis: March 

2017

◦ Asthma: Now approved 
2018!!

 Data
◦ QUEST and VENTURE 

trials

◦ LIBERTY ASTHMA 
PROGRAM

 Cost
◦ $38,000 annually

 Biggest advantage
◦ AT HOME 

ADMINISTRATION

www.clinicaltrials.gov; www.fda.gov. 

Castro M et al. NEJM 2018. 378: 2486-

96. Rabe KF. NEJM. 2018. 378: 2475-85.



Bronchial thermoplasty

 FDA approved 2010

 Nonpharmacologic therapy 
for adults with severe asthma 
refractory to available medical 
therapy

 Catheter delivered radio 
frequency energy which heat 
the lining of the lung to 65C

 Targets airway remodeling by 
reducing airway smooth 
muscle mass which is 
responsible for
◦ Bronchoconstriction

◦ Mucus hypersecretion

◦ Airway hyperresponsiveness

Chupp G. ERJ 2017 Aug; 

Castro AJRCCM 2010; 

Wechler ME. J Allergy Clin Immunol 2013 (132)



 Repeated procedures several 
weeks apart targeting 
different lobes

 Benefit data
◦ 40% reduction in asthma exac

◦ 80% reduction in ER visits

◦ 65% reduction days lost 
work/school

◦ 70% reduction in 
hospitalizations

 Risks
◦ Bronchospasm following 

procedure

◦ Hemoptysis, atelectasis, 
infection

◦ Avoid with pacemaker/AICD

◦ Avoid FEV1<65%

Chupp G. ERJ 2017 Aug; 

Castro AJRCCM 2010; 

Wechler ME. J Allergy Clin Immunol 2013 (132)



Also important to review…

 Alpha 1 Antitrypsin deficiency

 Cystic Fibrosis

 Bronchiectasis

◦ Right Middle Lobe Syndrome

◦ Ciliary Dyskinesia Syndrome

◦ Allergic Bronchopulmonary Aspergillosis




