
Pulmonary Function Tests 

Spirometry, Lung volumes, and DLCO 

 

A- Spirometry 
 
- Spirometry is a test used to assess how well 

the lungs are functioning by measuring how 
much air is inhaled, how much is exhaled and 
how quick the exhalation is after entering 4 
factors, age, race, sex, and height; so that the 
references values get modeled based on them.  
 

- It is used to diagnose asthma, chronic 
obstructive pulmonary disease (COPD), and 
other conditions that affect breathing. 

 
 

- Spirometry report will contain the following 3: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1- Forced expiratory time (FET): 
 

Checking the quality of the spirometry report is the first step 
before interpretation. It should have the following 
properties: a good start, absence of artifact, >6s expiratory 
time, and a plateau. 
 

Expiratory time is verified using the labeled graph where it 
shows Forced expiratory time (FET), which should be >6s. 
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2- Spirometry data 
 

� The most common parameters measured in spirometry are (what we will focus on): 
 

a- Forced vital capacity (FVC): total volume of air expelled during forced expiration. 
b- Forced expiratory volume (FEV1): forced expiratory volume in the first second. 
c- FEV1/FVC: volume of air expelled in the first second with respect to the maximum 

air that can be expired.  
 

� Spirometry pre- and post-bronchodilator are performed to examine the reversibility, and 
effectiveness, of the bronchodilator (e.g. short-acting beta 2 agonists) on the breathing problem. 
 

Ö Significant bronchodilator reversibility is defined by a 12% and >200 mL increase in either 
FEV1 or FVC (or both), which is diagnostic of asthma. 

 
� Criteria for normal spirometry (assessed by looking at the values in the red square):  

 

a- FEV1: %predicted >80% 
b- FVC: %predicted >80% 

c- FEV1/FVC: >70% (0.7)  
 

Obstructive Pattern: it is typical when the lung·s airways are narrowed in some 
conditions, such as COPD or asthma. Narrowing means that the air flows out of the lungs 
more slowly with less than 70% of the total amount in the first second. 

Ö Low-normal FVC, lower FEV1, and low FEV1/FVC. 
 

Restrictive Pattern: the classic definition of a restrictive pattern on spirometry is low FVC 
in the presence of a normal FEV1/FVC ratio. Restrictive lung disease is characterized by 
a decrease in total lung capacity (TLC); causing all volumes to decrease in proportion. 

Ö Low FEV1, FVC, and normal FEV1/FVC. 

Some conditions causing restrictive lung pattern are interstitial lung diseases and other 
conditions that are not associated with the lungs, such as obesity and rib fracture. 

 

 

 

 

Mixed Pattern: mixed lung disease has characteristics of both obstructive and restrictive 
lung diseases. Mixed lung disease most commonly occurs in people with chronic 
obstructive pulmonary disease (COPD), who also have congestive heart failure. It 
requires more functional tests to investigate. 

 

 



3- Flow Volume Loop (from forced spirometry data): 
 

Following the graph: 

Starting from the residual volume (RV), the patient 
takes a deep breath Æ reaching TLC Æ forced 
expiration starts expelling air from the large 
airways (e.g. trachea), followed by the small 
airways, until reaching RV again Æ the patient 
starts inspiration through taking a deep breath 
again, which is affected by the functional vocal 
cords. 
 

Obstructive flow volume loop:  

Obstructive diseases are mostly due to small 
airways narrowing, which shows on the graph, 
where everything is normal except that the small 
airways limb requires more time to expel air 
(causing scooping, or coving). The loop shifts to 
the left since volumes are > than normal. 
  

Restrictive flow volume loop:  

In restrictive lung diseases, everything is normal 
except that the total vital capacity is decreased. 
The loop shifts to the right since volumes are < 
than normal. 
 

1) Large and small airways are normal, vocal cords are abnormal 
(wavy or flat line). 
This is a case of variable extrathoracic obstruction, above the lung, 
e.g. paradoxical vocal cord dysfunction, where they do not open 
correctly upon inspiration. 
 

2) Large airways are abnormal. 
This is a case of intrathoracic obstruction, e.g. tracheal polyp. The 
LQVSLUDWRU\� OLPE� LVQ·W� DIIHFWHG� VLQFH� WKH� WUDFKHD� QRUPDOO\� GLODWHV�
during inspiration. 
 

3) Both expiration and inspiration are affected. 
This is mostly due to the presence of a fixed obstruction where the 
trachea cannot dilate even during inspiration, thus, affecting both 
limbs. E.g. :HJHQHU·V granuloma, tumor, foreign object, etc.  

 
 
 
 

Color Codes: 

  Large airways 

  Small airways 

  Vocal cords 
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Summary: to interpret the spirometry report: 

a- First, we check the quality: good start, absence of artifact, >6s effort, and plateau 

from the FET graph. 

b- Then, we examine the FEV1/FVC ratio: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B- Lung volumes 
 

- Lung volumes are assessed using methods, such as 
the Nitrogen washout, helium technique, or 
Limb Plethysmography (body box). 

 

- It can help in confirming spirometry diagnosis of 
restriction (TLC < the lower limit of normal ¶LLN·) 
or <80%  
 
 

C- Diffusion (DLCO) 
- A test of the diffusing capacity of the lungs for carbon monoxide (DLCO) is one of the most 

valuable tests of lung function. Diffusing capacity is measured using small volumes of 
carbon monoxide (CO) and measures the transfer of CO across the alveolar-capillary 
membrane. 
 

- Hgb/Hct and carbon monoxide levels in the body should be corrected beforehand. 
 

- Factors decreasing the DLCO (<LLN or <80%): 
a- Decreased total lung area, e.g. Restrictive lung disease (fibrosis), pneumonia, or lung 

resection.  
b- Decreased alveoli surface area, e.g. COPD (Emphysema) or alveolitis. 
c- Damage to the capillary bed, e.g. Pulmonary embolism or vasculitis. 

 
- DLCO is increased in the case of polycythemia and normal in bronchial asthma. 

 

We need to know the TLC to determine whether 
LW·V�D restrictive lung disease, or due to other causes 

such as obesity or a rib fracture. 


