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Definition 

•  A common chronic disorder of  the airways that is complex and characterized by 
variable and recurring symptoms, Reversible airway obstruction, either 
spontaneously or with treatment, bronchial hyper-responsiveness to a variety 
of  stimuli, and an underlying inflammation.  (Expert Panel 3 of  the National 
Asthma Education and Prevention Program) 

•  Many of  the features described above for asthma overlap with chronic obstructive pulmonary disease (COPD). 
Sometimes the distinction between asthma and COPD is not clear, such as when patients with COPD exhibit 
episodic symptoms and a large reversible component to their airflow obstruction. 

 



Question! 

•  A 28-year-old male with a several year history of  asthma presents to the emergency department with an 
asthma exacerbation after attending a bachelor's party at a smoky club. Smoke has been a typical trigger in 
this patient. He is treated with albuterol nebulizers. Two hours later he is breathing comfortably, and is 
discharged. He returns 6 hours later, wheezing and short of  breath. He denies re-exposure to any triggers. 
The most likely explanation for his relapse is: 

•  a) The albuterol nebulizer treatment has been fully cleared from his system. 

•  b) Tobacco smoke exposure damages bronchial epithelial cells, leading to prolonged asthma flares. 

•  c) Mast cell degranulation stimulated by tobacco smoke. 

•  d) Inflammatory cell recruitment from the initial trigger results in late phase inflammation. 



Asthma Pathophysiology 
 

Early-Phase Response  

•  Characterized primarily by bronchospasm, peaks 30-60 minutes post exposure, subsides 30-90 minutes 
later 

•  Increased mucous secretion, edema formation, and increased amounts of  tenacious sputum 

•  Patient experiences wheezing, cough, chest tightness, and dyspnea 

Late-Phase Response 

•  Characterized primarily by inflammation, peaks 5-6 hours, subsides 1-2 days later. 

•  Histamine and other mediators set up a self-sustaining cycle increasing airway reactivity causing 
hyperresponsiveness 

•  Increased airway resistance leads to air trapping in alveoli and hyperinflation of  the lungs 

•  Over time, cyclic chronic inflammation and healing can result in airway remodeling with subsequent 
fibrosis and increased mass of  both smooth muscle cells and mucus glands. This type of  airflow 
obstruction can be persistent and unresponsive to therapy.  



Diagnostic Steps in Suspected Asthma 

 
A history of  intermittent symptoms typical of  asthma plus the 
finding on physical examination of  characteristic musical wheezing 
strongly point to a diagnosis of  asthma.  (Episodic symptoms that 
can be explained by airflow obstruction and airway hyper-
responsiveness)  
 
Confirmation of  the diagnosis of  asthma is based on two key 
additional elements  
•  The demonstration of  variable expiratory airflow limitation, 

preferably by spirometry (that is at least partially reversible) 
•  Exclusion of  alternative diagnoses 



Medical History 



Physical Examination 

•  Widespread, high-pitched, musical wheezes most commonly on expiration, but 
can also occur during inspiration, usually involves sounds of  multiple different 
pitches, starting and stopping at various points in the respiratory cycle and varying 
in tone and duration over time 

•  Physical findings that suggest severe airflow obstruction ? 

•  Tachypnea 
•  Tachycardia 
•  Prolonged expiratory phase of  respiration (decreased I:E ratio), wheezing may 

disappear 
•  Seated position with use of  extended arms to support the upper chest 

("tripod position”).  
•  Use of  the accessory muscles of  breathing during inspiration  
•  pulsus paradoxus (>12 mmHg fall in SBP during inspiration) 

However, these signs are insensitive manifestations of  severe airflow obstruction; 
their absence does not exclude the possibility of  a severe asthmatic attack.  



Spirometry 

•  Two graphs are shown after the test: the flow-volume loop and 
volume-time curve. 

•  Determine whether baseline airflow limitation (obstruction) is 
present (reduced FEV1/FVC ratio) 

•  Characterize the severity of  airflow limitation (based on the 
FEV1 as a percentage of  the normal predicted value) 

•  Assess the reversibility of  the obstructive abnormality by repeating 
spirometry after administration of  a bronchodilator 

•  For patients with normal airflow (normal FEV1/FVC ratio), identify 
a restrictive pattern as an alternate explanation for dyspnea. 



•  You are evaluating an individual with 
dyspnea whom you suspect has obstructive 
lung disease. Of  the following FEV1/FVC 
ratios, which ratio is the one at or below 
which obstruction is diagnosed? 

•  a) 90% 

•  b) 80% 

•  c) 70% 

•  d) 60% 

Obstructive Lung 
Disease 

 



Restrictive Lung 
Disease 

 
•  When evaluating spirometry alone, which FVC 

(percent predicted) is the cutoff  below which a 
restrictive ventilatory defect is possible? 

•  a) 60% 

•  b) 70% 

•  c) 80% 

•  d) 90% 

•  To diagnose restrictive lung disease, we need to obtain the 
total lung capacity (TLC) using static lung volumes.  

•  When the FVC<80% and the TLC<90% predicted, a 
restrictive ventilatory defect is present. 



Differential Diagnosis A Stepwise Approach to Interpreting Spirometry 



Question! 

•  A 65-year-old woman presents to your office with a chief  complaint of  dyspnea with 
exertion.  The symptoms began about six months ago when she noticed she could no longer go 
up two flights of  stairs without having to rest.  It is associated with a dry cough that has 
continued to worsen.  She has tried an albuterol inhaler without improvement. Pulmonary 
function testing is as follows: 

•  Which of  the following statements is most accurate in regards to this patient's shortness of  
breath? 

•  a) The PFTs are normal. The patient’s symptoms are related to physical deconditioning. 

•  b) obstructive ventilatory defect. emphysema is the likely cause. 

•  c) mixed obstructive and restrictive ventilatory defect. Extrathoracic variable obstruction is the 
likely cause. 

•  d) restrictive ventilatory defect. restriction is intrinsic to the lung parenchyma. 



Lung volumes  

•  TLC is reduced <90%, restrictive lung disease is present 

•  TLC is increased >120% ,  COPD with air trapping (FRC 
or RV >120 percent of  predicted) or  Hyperinflation 
(TLC >120 percent predicted).  

•  The combination of  an FEV1/FVC and TLC both less than the fifth percentile 
lower limit of  normal is considered a mixed defect.  

•  The combination of  a normal FEV1/FVC and a normal TLC and a low 
FEV1 or FVC is considered the nonspecific pattern.  

•  The pattern in which the FVC is disproportionately reduced relative to TLC has 
been described as the complex restrictive pattern 

•  Body plethysmography is the gold standard for 
measurement of  lung volumes, particularly in the 
setting of  significant airflow obstruction.  

•  Alternative methods include helium dilution, 
nitrogen washout, and measurements based on 
chest imaging. 



Bronchodilator response  

•  What change in FEV1 is consistent with a 
positive bronchodilator response (i.e., reversible 
airways disease)? 

•  a) 5% 

•  b) 10% 

•  c) 12% 

•  d) 15% 

•  e) 20% 

•  We assess bronchodilator reversibility in almost all adult and adolescent patients 
with airflow limitation on their baseline spirometry, as recommended by the 
NAEPP guidelines  

•  Acute reversibility of  airflow obstruction is tested by administering 2 to 4 puffs of  
a quick-acting bronchodilator preferably with a valved holding-chamber ("spacer"), 
and repeating spirometry 10 to 15 minutes later.  

•  Significant reversibility is defined by an increase of  ≥12% and 200mL in FEV1 
from baseline.. 

•  Although lack of  reversibility of  obstruction typically differentiates asthma from 
COPD, patients with poorly-controlled asthma may not demonstrate reversible 
airways obstruction when tested. These patients should be treated with a short 
course of  oral corticosteroids for 2-3 weeks and then retested. 



Bronchoprovocation 
testing 

•  You are evaluating a patient who complains of  episodic dyspnea 
and cough. Spirometry performed in clinic shows an FVC of  80% 
predicted, FEV1 of  95% predicted, and FEV1/FVC of  
78%. There is no immediate change in either parameter with 
short-acting beta agonists.  You recommend that the patient keep 
a peak expiratory flow (PEF) diary and undergo methacholine 
challenge testing.  Which of  the following results confirms the 
diagnosis of  asthma? 

•  a) Methacholine challenge results in a 20% increase in FEV1. 

•  b) Methacholine challenge results in a 20% decrease in FEV1. 

•  c) PEF between morning and afternoon shows a 10% difference. 

•  d) PEF between morning and afternoon shows a 150% difference. 

The FEV1 is expected to drop by 20% or more in 
individuals with airway hyper-responsiveness.   



•  The provocative concentration (PC20 ) is the amount of  inhaled agonist required to drop the 
FEV1 by 20 percent from the baseline.  

•  In general, a PC20 ≤8 mg/mL is consistent with asthma; and a PC20  >16 mg/mL is 
considered a negative test. Thus, an increase in airway responsiveness is characterized by a 
decrease in the PC20. 

•  Indication:  symptoms are atypical, baseline spirometry is normal, suspected occupational asthma, 
reactive airways dysfunction syndrome (RADS), or irritant-induced asthma, screening test for scuba 
divers, military personnel etc. 

•  A provocative stimulus (eg, inhaled methacholine, inhaled mannitol, exercise, or hyperventilation of  
dry air) is used. In order to improve test standardization, the aerosol dose is reported as the 
concentration of  the agonist (mg/mL) in the nebulizer.  

•  Increasing concentrations of  the provoking agent are followed by spirometry at each step to generate 
a reproducible dose-response curve. 

•  All medications may need to be stopped prior to testing. Generally, inhaled glucocorticoids (ICS) are 
not stopped as it takes three weeks for the effect to wear off. However, a negative test while the 
patient is using ICS implies that the patient’s current symptoms are not due to asthma, but does not 
rule out underlying asthma.  

•  The effective concentration that would have resulted in a given change in the outcome indicator is 
determined by interpolation. This dose of  the provocative agent (eg, provocative concentration 
of methacholine for a 20 percent fall in the FEV1 or provocative dose of mannitol for a 15 percent 
fall in FEV1), is used to interpret the test. Through experience with each agent, concentrations in the 
normal, asthmatic, and indeterminate ranges have been ascertained. As noted above, the PC20-
FEV1 for methacholine in patients with asthma is usually 8 mg/mL or less. 



Spirometry interpretation 

•  A 65-year-old woman presents to your office with a chief  complaint of  dyspnea with 
exertion.  The symptomsbegan about six months ago when she noticed she could no 
longer go up two flights of  stairs without having to rest.  It isassociated with a dry cough 
that has continued to worsen.  She has tried an albuterol inhaler withoutimprovement. 
Pulmonary function testing is as follows:Which of  the following statements is most 
accurate in regards to this patient's shortness of  breath? 

•  a) The PFTs are normal. The patient’s symptoms are related to physical deconditioning. 

•  b) The PFTs reveal an obstructive ventilatory defect. The patient’s diffusion capacity and 
flow volume loop suggest that emphysema is the likely cause. 

•  c) The PFTs reveal a mixed obstructive and restrictive ventilatory defect. The flow 
volume loops also suggest an extrathoracic variable obstruction. 

•  d) The PFTs reveal a restrictive ventilatory defect. The patient’s diffusion capacity 
suggests that the cause of  restriction is intrinsic to the lung parenchyma. 



Diffusing capacity 
The diffusing capacity of  the lungs for carbon monoxide (DLCO) is designed to reflect 
properties of  the alveolar-capillary membrane.  

1. differential diagnosis of  restrictive lung disease 

•  A low DLCO combined with reduced lung volumes suggests interstitial lung disease.  

•  a normal DLCO associated with low lung volumes suggests an extrapulmonary cause 
of  the restriction, such as pleural effusion, pleural thickening, neuromuscular 
weakness, or kyphoscoliosis. 

2. differential diagnosis of  airway obstruction 

•  DLCO is decreased in patients with emphysema, bronchiolitis obliterans, and 
lymphangioleiomyomatosis, normal or high in patients with asthma 

•  Among patients with COPD, a low DLCO predicts oxygen desaturation during 
exercise and long-term outcome of  lung volume reduction surgery 

•  A change in the DLCO is a good index of  disease progression or response to therapy 

3. isolated decrease of  DLCO is detected include the pulmonary vascular diseases (eg, 
pulmonary hypertension, thromboembolic disease), early interstitial lung disease, anemia, 
hepatopulmonary syndrome, and carboxyhemoglobinemia. 

Low DLCO with obstruction with or without 
concomitant restriction 

Bronchiolitis 

Combined pulmonary fibrosis and emphysema 
(CPFE) 

Cystic fibrosis 

Emphysema 

Interstitial lung disease in patient with COPD 

Lymphangioleiomyomatosis 

Sarcoid 

Low DLCO with restriction 

Interstitial lung disease 

Pneumonitis 

Increased DLCO 
Altitude 

Asthma 

Polycythemia 

Severe obesity 

Pulmonary hemorrhage 

Left-to-right intracardiac shunting 

Mild left heart failure -increased pulmonary capillary 
blood volume 
Exercise just prior to the test - increased cardiac 
output 

Mueller maneuver 

Supine position 

Low DLCO with normal spirometry and normal 
lung volume 
Anemia - mild decrease 

Pulmonary vascular disease - mild to severe decrease 

Early interstitial lung disease - mild to moderate 
decrease 





Spirometry interpretation 

•  A 34-year-old male with exertional 
dyspnea and nighttime coughing and 
wheezing undergoes spirometry 

•  Which interpretation is correct? 
•   a) Mixed obstructive and restrictive 

defects. 
•   b) Obstructive defect alone. 
•   c) Restrictive defect alone. 

•   d) Normal spirometry. 



•  A 32-year-old female comes to your office complaining about 
shortness of  breath on exertion. She has been diagnosed with 
asthma, but her asthma medications have not helped in relieving her 
symptoms. She has a history of  tracheotomy after a motor vehicle 
accident when she was 14.   

•  Which of  the following upper airway obstruction is suggested by the 
flow volume loop? 

•  a) A variable extrathoracic obstruction 

•  b) A variable intrathoracic obstruction 

•  c) A fixed upper airway obstruction 

•  d) No evidence of  upper airway obstruction 
 

Flow volume loop 



 Flow-volume loop 



Asthma differential diagnosis 



Asthma Diagnosis 

•  A 31-year-old woman presents for evaluation of  a chronic cough.  It is 
present most days and seems to worsen with exercise, in the presence of  
cold air, and shortly after going to bed.  You suspect cough variant asthma 
as the possible cause of  her symptoms. Which statement is true about 
confirming the diagnosis of  cough variant asthma? 

•  a) A positive methacholine challenge test confirms the diagnosis of  cough 
variant asthma. 

•  b) A negative methacholine challenge test confirms the diagnosis of  cough 
variant asthma. 

•  c) The diagnosis of  cough variant asthma is only confirmed by 
demonstrating improvement of  symptoms with asthma medication. 

•  d) The diagnosis of  cough variant asthma is confirmed by demonstrating 
an increase of  12% in FEV1 after inhalation of  short acting beta agonist. 



Peak expiratory flow 

•  The peak expiratory flow (PEF) is measured during a brief, 
forceful exhalation, using a simple and inexpensive device 
(approximately $20).  

•  Monitor patients with a known diagnosis of  asthma or 
to assess the role of  a particular occupational exposure or 
trigger 

•  In patients with no airflow limitation on spirometry but 
symptoms suggestive of  asthma, a diurnal assessment of  
peak expiratory flow (PEF) rate over 1-2 weeks 
is recommended. 

•  The range of  normal values around the mean is 
up to 80 to 100 L/min.   

•  PEF is generally lowest upon awakening in the 
morning and highest between 2 and 4 pm.  

•  The measurement should be made before the use 
of  a bronchodilator. The early afternoon value is 
taken as the maximum value and is then compared 
to the morning (minimum) value. A 20% 
difference (maximum-minimum/ maximum >20) 
is consistent with the diagnosis of  airflow 
limitation from asthma.  



Classification of  Asthma  

•  A 27-year-old male presents for follow up of  his asthma, which was 
diagnosed two years ago. He uses only albuterol for management. 
On reviewing his symptoms, he uses his beta-agonist inhaler 3-4 
days every week to control symptoms, and wakes up 3-4 times a 
month with wheezing. He feels well otherwise. His spirometry 
shows an FEV1>80%. He has never had an exacerbation requiring 
oral systemic antibiotics.  This patient would be classified as having: 

•  a) Intermittent asthma 

•  b) Moderate nocturnal asthma 

•  c) Mild persistent asthma 

•  d) Moderate persistent asthma 

A few important points: 
•  Normal FEV1/FVC ratios differ by age  (for 20-39 year olds, normal is 80%; for 40-59 year olds, normal is 75%; and for 60-80 year olds, normal is 70%). 
•  Although asthma severity is almost always classified by the most severe symptoms of impairment, in patients with only intermittent impairment BUT greater than one 
exacerbation per year requiring oral corticosteroids, asthma severity would be defined as mild persistent.  



•  This assessment is made by combining current spirometry results, the patient's recall of  symptoms over the past 2 to 4 weeks, 
and history of  exacerbations requiring oral systemic steroids in the past year. 

To determine severity, ask the patient the following: 

•  How frequently do you have symptoms of  cough, shortness of  breath, or wheeze? 

•  How frequently do you have night awakenings? 

•  How frequently are you using SABA to treat your symptoms? 

•  Are you limited in your ability to engage in normal or desired activities? 

•  How many times in the last year you need to use steroid or come to hospital? 

•  Next, evaluate the patient's most recent spirometry and assess the FEV1and the FEV1/FVC. Compare the patient's best FEV1 
value to the percent predicted FEV1. For FEV1/FVC, compare the patient's value to the normal values based on age.  

 
 

History taking for classification of  Asthma  



•  Avon Barksdale is a 37-year-old former Golden Glove boxer with a long-standing history of  
asthma. He has been on a fluticasone inhaler for the past three years and has an albuterol 
HFA. He reports that he continues to use his albuterol at least 2 times per week.  Despite 
this, he denies any limitation in his daily activities. He does not complain of  night 

symptoms. He did have a URI 2 months ago that led to an asthma exacerbation requiring 

oral steroid therapy. He also required a course of  oral steroids 6 months ago when he did 
not refill his steroid inhaler on time. Spirometry obtained in clinic shows FEV1/FVC that is 
85% of  predicted. 

•  Which of  the following statements about his asthma control is true? 

•   a) His asthma is well-controlled because he has had no limitations in his normal activity. 

•   b) His asthma is not well controlled because he has had greater than 2 exacerbations in the 

past year requiring oral steroids. 

•   c) His asthma severity has changed from intermittent asthma to mild persistent asthma. 

•   d) His asthma severity has changed from mild persistent asthma to moderate persistent 
asthma. 

Asthma Control 



Asthma Control 

•  Importantly, once a patient is placed on controller 
therapy, only asthma control is assessed at each visit as it is 
control (not severity) that is most important in predicting future 
morbidity.  

•  Asthma control is categorized as "well controlled", "not well 
controlled", or "poorly controlled".  

•  Well-controlled patients should maintain their current treatment, 
and consider step-down treatment if  well-controlled for 3 
months. 

•  Not well-controlled patients should step up in treatment, and be 
re-evaluated in 2-6 weeks. 

•  Poorly-controlled patients should step up two steps in treatment, 
and bere-evaluated in 2 weeks. 

defined in two domains:  current 
impairment and future risk 



Thank You ! 


