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INTRODUCTION 

 Chronic obstructive pulmonary disease 

(COPD) is an inflammatory airway disease 

comprised of airway inflammation, mucociliary 

dysfunction and consequent airway structural 

changes. It is characterized by chronic 

inflammation of the airways, the lung tissues and 

pulmonary blood vessels. This is a result of 

exposure  to   inhaled   irritants  such   as   tobacco 

smoke.1 These irritants cause inflammatory cells 

such as neutrophils, CD8+ T-lymphocytes, B-cells 

and macrophages to accumulate.2 These 

inflammatory mediators sustain the inflammatory 

process and lead to tissue damage, as well as a 

range of systemic effects. Chronic inflammation is 

present from the outset of the disease and leads to 

various structural changes in the lungs; this further 

perpetuates airflow limitation and results in persist- 
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ent expiratory airflow limitation and, often, 

hyperinflation, which, along with gas exchange 

abnormalities, interacts to cause dyspnea and 

functional limitation.  

During exercise, respiratory rate increases to 

accommodate increased respiratory demands. This 

hyperpnea induces phasic activity of expiratory 

muscles in both healthy individuals and in those 

with COPD.3 The combined effects of decreased 

lung elastic recoil pressure and increased airways 

resistance in patients with COPD result in an 

increased mechanical time constant for lung 

emptying in many alveolar units. Thus, as the 

respiratory rate and expiratory flow increases, the 

expiratory time available for exhalation can 

become insufficient, complete exhalation of the 

inhaled air to the relaxation volume becomes 

increasingly compromised, and end expiratory 

lung volume usually increases with hyperpnea. In 

addition, similar to healthy subjects, patients with 

COPD recruit expiratory muscles to increase their 

pleural and alveolar pressures in an effort to 

increase expiratory flow.2 However, in COPD 

patients, the airways typically collapse when the 

pleural pressure becomes positive, thereby 

preventing increased expiratory flow. As a result, 

exhalation may not be completed prior to the onset 

of the next breath, causing an increase in 

operational lung volumes and progressive air 

retention called air trapping. 

Spirometry is a widely available tool that 

quantifies the abnormalities in COPD and can be 

fundamental in diagnosing, monitoring and 

establishing the prognoses of individuals with this 

condition. The presence of a post-bronchodilator 

forced expiratory volume in 1 second 

(FEV1)/forced vital capacity (FVC) ratio of <0.70 

confirms the clinical diagnosis of COPD. Severity 

is measured on the basis of FEV1 as mentioned in 

the Global Initiative for Chronic Obstructive Lung 

Diseases (GOLD) criteria of COPD.4 Lung 

volumes are very useful in detecting and 

physiologically characterizing the nature of lung 

diseases.   An  absolute   increase  in  lung  volume 

measurements such as total lung capacity 

(TLC), functional residual capacity (FRC) and 

residual volume (RV) provides an insight into the 

extent of airway and parenchymal abnormalities 

in COPD. Hyperinflation implies an abnormal 

increase in the volume of gas in the lungs at the 

end of tidal (functional residual capacity [FRC]) 

or maximal (residual volume [RV]) expiration; 

moreover, it is sometimes inferred from an 

increase in the RV/TLC (Motley index), 

commonly used as a surrogate of air trapping.5 

This study hopes to correlate the association 

between the level of COPD severity and lung 

volume changes as a measure of hyperinflation. 

 

METHODOLOGY 

This was a cross-sectional, analytic study 

conducted at the pulmonary laboratory of the 

Philippine Heart Center (PHC) from October 

2014 to October 2015. Enrolled in the study were 

all diagnosed COPD patients who were referred 

for pulmonary function test (PFT) at PHC’s 

pulmonary laboratory, as well as all those in an 

outpatient basis, who met the following criteria: 

(1) had a post-bronchodilator study FEV1/FVC 

ratio of <0.70 and FEV1 consistent with airflow 

obstruction, and (2) had PFT done at the 

pulmonary laboratory of PHC. Patients with any 

of the following diseases that might interfere with 

the test performance were excluded from the 

study: unstable cardiovascular status or recent 

myocardial infarction; recent pulmonary 

embolism; thoracic, abdominal or cerebral 

aneurysm; recent surgery of the thorax or 

abdomen; hemoptysis of unknown origin; or 

presence of an acute disease process and 

malignancy. 

Lung volume study was done among 

those who had not had lung volume study. 

Patients from the outpatient department were 

recruited and a basic spirometric examination 

was performed. The subjects signed an informed 

consent document. Demographic characteristics 

such as age, sex,  occupation,  height,  recognized 
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risk factor (eg, exposure to biomass fuel) and 

smoking history were obtained. 

Spirometric tests with lung volume study 

were performed by a single respiratory specialist 

using the Vmax SystemTM (SensorMedics a 

subsidiary of VIASYS healthcare), with airglow 

measured by calibrated PneumotachTM; Version 

IVS-0101-12-2A. The subjects completed at least 

3 acceptable maximal forced and expiratory slow 

maneuvers, with “acceptable” being defined as 

when the flow volume loop (FVL) ECode is 0000 

and the variability from one breath to the other is 

≤10%. To assess improved ventilatory conditions, 

the patients were tested 20 minutes after inhalation 

of 2.5 mg salbutamol. The subjects performed two 

acceptable and reproducible tests. TLC, RV and 

RV/TLC were obtained by constant-volume 

different-pressure body plethysmography and 

expressed as a percentage of the predicted value 

according to Morris/Polgar standard PF reference. 

TLC, RV and RV/TLC value in liters were 

obtained, and the ratio was computed, expressed in 

percentage. TLC, RV and RV/TLC with 

hyperinflation were associated with the different 

levels of COPD severity, based on GOLD criteria 

in reference to FEV1.  

Sample size was computed using Epi Info 

version 7. The minimum sample size required was 

66, based on the following parameters: 95% level 

of confidence, maximum tolerable error of 10%, 

and percent hyperinflation among COPD patients 

of 22%. 

Data analysis was done using Stata SE 

version 12. Descriptive statistics include mean and 

standard deviation (SD) for quantitative variables, 

and frequency and percent distribution for 

qualitative variables. Comparison of lung volume 

studies across different severities of COPD was 

done using analysis of variance (ANOVA). 

Multiple comparison procedures were done when 

the result of ANOVA was significant. The level of 

significance was set at P=0.05. 

This   study   complies   with   the   ethical 
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principles set forth in the Declaration of Helsinki. 

The study protocol and informed consent 

document were reviewed and approved by PHC’s 

Institutional Ethics Review Board (IERB). Prior 

to any subject's participation, an investigator 

adequately explained the aims, methods, 

anticipated benefits and potential risks of the 

study and obtained a written informed consent 

afterward. The informed consent was signed and 

personally dated by both the subject and the 

investigator who conducted the informed consent 

discussion. One copy of the informed consent 

document was given to the subject. The 

investigators preserved the confidentiality of all 

subjects taking part in the study and ensured that 

the subjects’ anonymity was maintained. 

 
RESULTS 

 Fifty-nine patients were included in the 

study. Eighty percent of them were male. The 

group had a mean age of 63 years, a mean height 

of 160 cm, and a mean weight of 66 kg. Ninety-

five percent of the patients had smoking history, 

with a total of 31 mean pack years.  

 
Table 1. Baseline Characteristics of Patients Included 

in the Study  

 

 

 

 

 

 

 

 

 
 Table 2 shows that mean TLC is 

correlated with all GOLD stages: GOLD 1 (93), 

GOLD 2 (120.7 ± 104.4), GOLD 3 (94.2 ± 23.4) 

and GOLD 4 (54); P=0.5506. The mean RV was 

correlated with all GOLD stages: GOLD 1 (99), 

GOLD 2 (174.61 ± 228.8), GOLD 3 (139.28 ± 

42.7) and GOLD 4 (134); P=0.8695.  

Characteristic  Mean±SD n (%) 
Gender 
Male 
Female 

 
47 (80) 
12 (20) 

Smoking history, PY 
No smoking history 

30.51±22.1 
NA 

56 (95) 
3 (5) 

Age (years) 62.57±9.4 59 (100) 
Height (cm) 159.67±9.1 59 (100) 
Weight (kg) 66.0±16.7 59 (100) 
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The mean RV/TLC ratio was correlated 

with all GOLD stages: GOLD 1 (28), GOLD 2 

(50.42±11.4), GOLD 3 (54.36 ±8.8) and GOLD 4 

(66); P=0.0348, which is statistically significant.  

 

DISCUSSION 

The degree of airflow limitation can be 

assessed by more complex spirometric indexes 

such as TLC, RV or RV/TLC ratio. TLC seems to 

remain unaltered during exercise in patients with 

moderate to severe COPD; however, in early 

COPD, simultaneous increases in TLC allow 

ventilation to increase to meet higher demands by 

ventilation perfusion inequalities. 

The mean TLC and RV as shown in Table 

2 were not statistically significant in correlation 

with hyperinflation to the different levels of 

COPD severity. There is, however, a statistically 

significant association of hyperinflation at all 

COPD levels using RV/TLC ratio, or the Motley 

index, with a P-value of 0.0348. Moreover, due to 

increased elastic and resistive loads, left 

ventricular dysfunction may develop, increasing 

left ventricular afterload. Right ventricular 

afterload is also increased because of the 

pulmonary vascular resistance associated with 

breathing at lung volumes close to TLC. In one 

study, RV/TLC was also a prognostic factor for 

survival at 5 years but not independent of age and 

FEV1.  

The therapeutic intervention that 

effectively  reduces   lung   hyperinflation   should 
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reduce dyspnea and improve exercise endurance, 

and this has been shown to correlate well with 

reduction in the simultaneous operating lung 

volumes. 

  

LIMITATION OF THE STUDY  

The number of subjects in the GOLD 1 

(mild) and GOLD 4 (very severe) COPD groups 

were limited because patients in GOLD 1 might 

not seek consultation at once even when 

symptoms of the disease are observed, while 

those in GOLD 4 were symptom limited and 

refused to perform a repeat pulmonary function 

test. 

  

CONCLUSION 

This study has shown a good association 

of lung volume study, specifically, RV/TLC 

ratio, among the different levels of COPD 

severity and established the presence of 

hyperinflation. 

  

DISCLOSURE  

The authors have no conflict of interest 

in this study. 

 

REFERENCES 

1. Hegewald MJ, Crapo RO. Pulmonary 

function testing. In: Mason RJ, Broaddus VC, 

Martin TR, et al, eds. Murray and Nadel’s 

Textbook of Respiratory Medicine. 5th ed. 

Philadelphia, PA: Saunders Elsevier; 2010: 

Magnaye et al 

  GOLD 1a GOLD 2b GOLD 3c GOLD 4d P-value 

Mean TLC 93 120.7±104.4 94.2±23.4 54 0.5506 

Mean RV 99 174.61±228.8 139.28±42.7 134 0.8695 

Mean RV/TLC ratio 28 50.42±11.4 54.36±8.8 66 0.0348 

COPD, chronic obstructive pulmonary disorder; GOLD, Global Initiative for Chronic Obstructive Lung Disease; RV, residual volume; 

TLC, total lung capacity. 
 

aMild: FEV1 ≥80% predicted. bModerate: FEV1 50%–79% predicted. cSevere: FEV1 30%–49% predicted. dVery severe: FEV1 <30% 

predicted. 

Table 2. Correlation of Lung Volumes and COPD Severity Using GOLD Criteria 



Phil J Chest Dis 2016 19 27 

chap 24. 

2. Smith BM, Hoffman EA, Basner RC, Kawut 

SM, Kalhan R, Barr RG. Not all measures of 

hyperinflation are created equal: lung structure 

and clinical correlates of gas trapping and 

hyperexpansion in COPD: the Multi-Ethnic 

Study of Atherosclerosis (MESA) COPD 

Study. CHEST. 2014 Jun 1;145(6):1305-15.  

3. Nishimura K, Yasui M, Nishimura T, Oga T. 

Airflow limitation or static hyperinflation: 

which is more closely related to dyspnea with 

activities of daily living in patients with 

COPD? Respir Res. 2011 Oct 11;12(1):1. 

4. Global Strategy for the Diagnosis, 

Management and Prevention of COPD, Global 

Initiative for Chronic Obstructive Lung 

Disease (GOLD) 2011.  

5. Lee JS, Kim SO, Seo JB, Lee JH, Kim EK, 

Kim TH, Kim WJ, Lee JH, Lee SM, Lee S, 

Lim SY. Longitudinal lung volume changes in 

patients with chronic obstructive pulmonary 

disease. Lung. 2013 Aug 1;191(4):405-12. 

 

 

 

 

COPD severity and hyperinflation                                                


