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Synopsis

Spirometry is the gold standard for making the diagnosis of COPD. It should be performed in

every case of suspected COPD. Other pulmonary functions such as lung volumes can give you

insight into physiological consequences of COPD such as hyperinflation. Pulmonary function

testing can also aid in assessing the severity of disease and in managing the disease once the

diagnosis is made.

Introduction

COPD is defined by airflow limitation caused by chronic bronchitis or emphysema.

Spirometry is an essential step in the diagnosis and staging of COPD. Guidelines advise

spirometry as the gold standard for COPD diagnosis (1,2). Spirometry is also an important

part of monitoring COPD. Despite this, many patients are treated for presumed COPD

without ever undergoing pulmonary function testing. In this manuscript, we will review

pulmonary function testing, and the abnormalities seen in COPD. We will discuss the role

spirometry plays in the diagnosis and management of COPD, as well as quantifying the

severity of COPD.

Role of Spirometry in the Diagnosis of COPD

Spirometry is the gold standard for the diagnosis of COPD. In symptomatic patients,

spirometry can help determine whether the patient's symptoms are due to respiratory disease

or other conditions. Unfortunately, a large proportion of patients with COPD go

undiagnosed (3). Frequently the disease will not be diagnosed until it is quite advanced.

Targeted screening of symptomatic patients with risk factors for COPD results in a better

diagnosis rates and more appropriate therapy (4).

Spirometry is often underutilized in COPD diagnosis. More than a third of patients with a

new COPD diagnosis have never had pulmonary function testing, but are given a clinical

diagnosis (5). It is important to confirm a clinical diagnosis of COPD with spirometry.

Epidemiological data shows that when spirometry is not used, COPD is often

underdiagnosed for those with the disease and overdiagnosed for those without the disease
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(6). If the diagnosis is missed in a patient with COPD, they will not have the benefit of

treatment. If the patient is given an incorrect diagnosis of COPD, this also has deleterious

consequences. Not only will the patient not be treated for the true cause of their symptom,

but they also will likely be given treatment for COPD, which could give them unnecessary

side effects. To ensure appropriate diagnosis and treatment, spirometry must be performed.

Introduction to Pulmonary Function Testing

Pulmonary function testing has three basic components: 1) spirometry, 2) lung volumes, and

3) diffusing capacity of the lung for carbon monoxide (DLCO). Each of these components

can be affected by COPD. However, only spirometry is necessary to make the diagnosis of

COPD.

Spirometry

Spirometry consists of 1) forced vital capacity (FVC), 2) forced expiratory volume in one

second (FEV1) and 3) FEV1/FVC ratio. To perform spirometry, the patient takes the biggest

breath possible and blows it out as fast as they can. This is called a forced exhalation

maneuver. During this procedure, the total volume of air that the patient can exhale in one

breath is measured; this is the FVC. The amount of air that the patient can exhale in the first

second is also measured; this is the FEV1. Each is measured in liters and is reported as

percent of predicted for that patient. The percent predicted is based on reference values that

take into account the age, sex and race of the patient. The FVC is a measure of the amount

of air the lungs hold. The FEV1 is a measure of how easily air flows through the lungs.

COPD patients often have narrowing or inflammation of the airways. This hinders how fast

air can leave the lungs. This leads to a decrease in the FEV1. If the FEV1 is decreased

disproportionately to the FVC, a diagnosis of COPD is made. To determine if the decrease is

disproportionate, the FEV1/FVC ratio is calculated. An FEV1/FVC ratio of <0.70 after

bronchodilator is typically considered diagnostic of COPD. However, the use of a fixed cut-

off has created some controversy, which is described later in the manuscript.

Along with spirometry, a flow-volume loop is also typically generated. A flow-volume loop

plots flow on the y axis and volume on the x axis. A normal flow volume loop (Figure 1a)

has a characteristic shape. In obstructive lung disease such as COPD, the expiratory limb

takes on a coved shape (Figure 1b).

Lung Volumes

In addition to spirometry, lung volumes can also be measured. Lung volumes consist of:

total lung capacity (TLC), residual volume (RV) and functional residual capacity (FRC).

The TLC is the volume of air contained in the lung after a full inhalation. The RV is the

volume of air left in the lung after a full exhalation. The FRC is the volume of gas left in the

lungs after a tidal breath.

Lung volumes are measured by helium dilution, nitrogen washout or body plethysmography.

Body plethysmography has come to be the gold standard in COPD, because both helium

dilution and nitrogen washout can underestimate total lung capacity in COPD. Helium
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dilution and nitrogen washout can only measure air that communicates with the airways.

Bullae, which are common in COPD, are not measured by these methods.

Emphysema destroys lung tissue, leading to loss of elastic recoil. Loss of elastic recoil

allows the lungs to be stretched to abnormally large volumes, resulting in an increased TLC.

RV can also be increased in COPD when disease progression destroys the elastic tethers that

help hold small airways open during exhalation. This leads to premature closing of the

airways, which causes abnormal amounts of air to be trapped in the lung. In some patients,

there is also inflammation of the small airways, which causes narrowing, further

contributing to air trapping and the increase in RV.

Air trapping can lead to hyperinflation. There is both a static and dynamic component of

hyperinflation. Static hyperinflation refers to the baseline level of air trapping seen at rest.

This is due to the loss of elastic recoil properties of the lung and fixed airway obstruction.

Dynamic hyperinflation occurs during exercise or times of rapid respiratory rate. In these

situations, the patient is unable to finish exhaling before the next breath starts. With each

breath, the patient becomes progressively more hyperinflated. This puts the respiratory

muscles at a disadvantage, and increases the work of breathing.

DLCO

The diffusing capacity of the lung for carbon monoxide (DLCO) is a measure of how easily

carbon monoxide (CO) molecules transfer from the alveolar gas to the hemoglobin of the

red cells in the pulmonary circulation. To measure the DLCO, the patient inhales a single

breath containing a minute amount of CO and holds it for 10 seconds. The breath is then

exhaled and the exhaled breath is analyzed for CO. The change in the concentration of the

CO is then multiplied by the single breath TLC to calculate the DLCO. Some patients with

severe COPD may have difficulty performing the breath hold required to measure DLCO.

In COPD, the DLCO decreases with increasing severity of disease. This is because in

emphysema, the lung has lost alveoli, resulting in a lower surface area available for

diffusion. In addition, there is also a loss of capillary bed, which can also decrease DLCO.

When DLCO falls below 55% of predicted, the patient should undergo oximetry during

exercise to determine if oxygen is required (7).

Diagnosis of COPD Based on Spirometry

A diagnosis of COPD is confirmed by spirometry when the FEV1/FVC ratio is < 0.70.

Although there is some controversy about what the cutoff should be, both the GOLD

guidelines (2) and the combined American College of Physicians, American College of

Chest Physicians, American Thoracic Society and the European Respiratory Society COPD

guidelines (8) recommend using the fixed cutoff of <0.70. This criterion is set regardless of

age and gender in an attempt to simplify the diagnosis of COPD. However, the fixed ratio

cutoff is not perfect. The FEV1/FVC ratio is known to decline with normal aging. Using this

cutoff may lead to an overdiagnosis of COPD in the elderly (9, 10), and an underdiagnosis

in young adults (11). This is due to age-related changes in FEV1/FVC ratio.
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Because of these imperfections in the FEV1/FVC ratio, there have been several alternate

methods proposed to diagnose obstruction. One proposal is to use the lower limit of normal

(LLN) for the cutoff of FEV1/FVC ratio. The LLN takes into consideration the age, height

and gender for each individual. This minimizes the age-related changes in the FEV1 /FVC

ratio, and may reduce the misclassification of airway obstruction (10). However, it also may

be more difficult for primary care providers to perform and interpret. In addition, using this

cutoff may not improve clinical care. Despite the proposed ‘overdiagnosis’ in the elderly,

the FEV1/FVC ratio still correlates better with COPD exacerbations and mortality than using

the LLN (12).

It may be difficult for some patients to perform a forced exhalation maneuver for several

reasons, including poor mental status and coughing. Proposed alternatives include using

slow vital capacity (SVC) or forced expiratory volume in 6 seconds (FEV6) instead of FVC.

Slow vital capacity measures the vital capacity while breathing in and out in a slow and

steady manner rather than the forced maneuver used to measure the FVC. SVC was found to

be useful in elderly patients who are unable to perform an FVC maneuver without coughing

(13). However, it was not easier for patients with poor mental status to perform (13).

Another option is the FEV1 /FEV6 ratio. The FEV1/FEV6 ratio has been shown to be an

acceptable surrogate for the FEV1 / FVC ratio (14). It is also thought to be an easier test for

patients to perform than the FVC maneuver.

Differentiating COPD from Asthma with Bronchodilator Reversibility

Testing

Asthma and COPD have many features in common, including symptoms of shortness of

breath. Bronchodilator reversibility testing can be used to help differentiate asthma from

COPD. In both diseases, spirometry can show an obstructive pattern. However, the airway

obstruction caused by asthma is typically completely reversed (FEV1/FVC ratio is normal)

with bronchodilator therapy. In contrast, in patients with COPD the obstruction remains

post-bronchodilator treatment (FEV1/FVC ratio remains <0.7). Although the airway

obstruction remains in COPD, there may be improvement in the FEV1 after bronchodilator

therapy. Significant improvement in FEV1 after bronchodilator is defined as an increase in

FEV1 by 12% AND 200 ml.

Although bronchodilator reversibility testing can be helpful in distinguishing between

COPD and asthma, it is not a perfect test. Some patients with COPD have significant

reversibility of their FEV1 after bronchodilator. Likewise, some patients with severe, long-

standing asthma may not have complete reversibility after bronchodilator. The test must be

interpreted along with the clinical context.

Quantifying COPD Severity with Spirometry

Spirometry can be used to quantify COPD severity. Several scales have been used in the

past and COPD staging guidelines have been criticized because they do not accurately

reflect severity of disease. Data is emerging that indicates that COPD stage correlates with

other important measures of severity. For instance, COPD stage correlates well with patient
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reports of dyspnea (15). In addition, COPD severity is associated with a higher rate of severe

exacerbations requiring hospitalization.

The GOLD guidelines ratings of severity have gone through several changes. The initial

guidelines in 2001 included a stage 0, “at risk” which included people with normal

spirometry that had a history of smoking, exposure to pollutants, respiratory symptoms or a

family history of respiratory disease. The current GOLD guidelines have removed stage 0

(2). These changes are summarized in Table 1. The percent predicted FEV1 is used to grade

the severity of COPD. It should be noted that the post-bronchodilator FEV1 should be used

to determine severity stage. It is more reproducible than the pre-bronchodilator FEV1 (16).

Stage I or “mild” COPD is defined as a FEV1/FVC ratio of <0.7 and an FEV1 >80%

predicted; Stage II is an FEV1 of 50-79% predicted; Stage III 30-49% predicted, Stage IV

<30% predicted.

Role of Spirometry in the Management of COPD

Spirometry plays an essential role in not only the diagnosis, but also the management of

COPD. Spirometry can guide therapy for COPD, enable monitoring of disease progression,

help determine prognosis and estimate long-term survival.

Spirometry has been shown to prompt changes in therapy for COPD patients (17). Several

guidelines make recommendations for treatment based on severity as measured by FEV1.

The ACP, ACCP, ATS and ERS guidelines recommend treatment with inhaled

bronchodilators for those with an FEV1 of <60% predicted, and pulmonary rehabilitation for

those with an FEV1 of < 50% predicted. The 2011 GOLD guidelines take this one step

further, using more than just the patient's FEV1 to help guide treatment (2). Of course,

spirometry alone cannot give us an accurate picture of the severity of an individual patient's

disease. Symptoms and number of exacerbations must also be considered. The 2011 GOLD

guidelines propose a method to combine spirometry, symptoms and numbers of

exacerbations to produce a more comprehensive picture. In this classification, patients are

grouped into Group A-D, with group A having the lowest severity and group D having the

highest severity. In order to calculate the patient's group, you must have 1) Spirometry, 2) A

measurement of symptoms, and 3) The number of COPD exacerbations the patient has a

year. The patient's symptoms can be quantified using either the COPD assessment test

(CAT) (www.catestonline.org) or the Modified British Medical Research Council (mMRC)

questionnaire (Table 2). You can then use Figure 2 to determine which category the patient

falls into. The GOLD guidelines also make recommendations for initial therapy based on the

patient's group. Group A should be treated with a short-acting beta agonist or a short-acting

anticholinergic. Group B should be treated with a long-acting beta-agonist or

anticholinergic. Group C&D should be treated with a inhaled corticosteroid and a long-

acting beta-agonist or long-acting anticholinergic. These recommendations are summarized

in Table 3.

Spirometry also is an objective way of monitoring for disease progression. It is often helpful

to determine whether an increase of shortness of breath is due to worsening COPD or other
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etiologies such as heart disease. This is especially important given the fact that many

patients with COPD also have concomitant heart disease.

Spirometry can also be used to help determine the long-term survival and prognosis of a

COPD patient. Classically, the FEV1 has been used to determine prognosis (18). With

decreasing FEV1, mortality increases. However, the FEV1 alone does not give us the entire

picture of the patient's status. Other combinations of criteria, which include the FEV1 are

being studied such as the BODE index (19).

Conclusion

Spirometry is the gold standard for making the diagnosis of COPD. It should be performed

in every case of suspected COPD. Other pulmonary functions such as lung volumes can give

you insight into physiological consequences of COPD such as hyperinflation. Pulmonary

function testing can also aid in assessing the severity of disease and in managing the disease

once the diagnosis is made.
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Figure 1.
A) A normal flow volume loop. B) A flow volume loop of a COPD patient showing coving of the expiratory limb.
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Figure 2.
The combined COPD Assessment. (Modified from the 2011 GOLD guidelines (2)) Patients are assigned lettered groups A-D

based on spirometry, symptoms and number of exacerbations per year. If there is a discrepancy between which group the patient

would fall into, always choose the higher risk group. For example, a patient who is GOLD stage II, with a CAT of 22 and 2

COPD exacerbations a year would fall into Group D rather than group B.
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Figure 3.
Initial pharmacologic therapy and Non-pharmacologic therapy based on GOLD group A-D. Adapted from the 2011 GOLD

guidelines.
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Table 1
FEV1 : Forced expiratory volume in one second. FVC: Forced Vital Capacity

GOLD 2001 GOLD 2011 FEV1/FVC ratio FEV1 (% predicted)

0: “At risk” Not applicable

I: Mild I: Mild ≤ 0.7 ≥ 80

II: Moderate II: Moderate ≤ 0.7 50-79

III: Severe III: Severe ≤ 0.7 30-49

IV: Very Severe IV: Very Severe ≤ 0.7 <30
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Table 2
Modified Medical Research Council Questionnaire for Assessing the Severity of
Breathlessness

Grade 0 I only get breathless with strenuous exercise.

Grade 1 I get short of breath when hurrying on the level or walking up a slight hill.

Grade 2 I walk slower than people of the same age on the level because of breathlessness, or I have to stop for breath when walking on my
own pace on the level.

Grade 3 I stop for breath after walking about 100 meters or after a few minutes on the level.

Grade 4 I am too breathless to leave the house or I am breathless when dressing or undressing.
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