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Abstract
PurposeWe compared the clinical and quantitative CT measurement parameters between chronic obstructive pulmonary disease (COPD) patients with and without consistent clinical symptoms and pulmonary function results.

Materials and MethodsThis study included 60 patients having a clinical diagnosis of COPD, who underwent chest CT scan and pulmonary function tests. These 60 patients were classified into typical and atypical groups, which were further sub-classified into 4 groups, based on their dyspnea score and the result of pulmonary function tests [typical 1: mild dyspnea and pulmonary function impairment (PFI); typical 2: severe dyspnea and PFI; atypical 1: mild dyspnea and severe PFI; atypical 2: severe dyspnea and mild PFI]. Quantitative measurements of the CT data for emphysema, bronchial wall thickness and air-trapping were performed using software analysis. Comparative statistical analysis was performed between the groups.

ResultsThe CT emphysema index correlated well with the results of the pulmonary functional test (typical 1 vs. atypical 1, p = 0.032), and the bronchial wall area ratio correlated with the dyspnea score (typical 1 vs. atypical 2, p = 0.033). CT air-trapping index also correlated with the results of the pulmonary function test (typical 1 vs. atypical 1, p = 0.012) and dyspnea score (typical 1 vs. atypical 2, p = 0.000), and was found to be the most significant parameter between the typical and atypical groups.

ConclusionQuantitative CT measurements for emphysema and airways correlated well with the dyspnea score and pulmonary function results in patients with COPD. Air-trapping was the most significant parameter between the typical vs. atypical group of COPD patients.
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[image: Figure F1 ]Figure 1

Findings of emphysema and color maps.

  Axial CT images (A, C) show diffuse centriacinar emphysema with low attenuation areas in both lungs. Color map images (B, D) show blue colored areas corresponding to emphysema lung (below -950 HU) and yellow colored areas corresponding to normal lung (above -900 HU).
  HU = Hounsfield units
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Measurement of airway and schematic diagram.A. Short-axis image of the bronchus obtained from the curved multi-planar reformation is precisely perpendicular to the long-axis of the airway
  B. The schematic diagram of short-axis image of the bronchus shows the airway wall area (Ao), airway luminal area (Ai), outer diameter (Dmax), and inner diameter (Dmin).
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Table 1

Classification According to Dyspnea Severity and FEV1		mMRC (0-2)	mMRC (3-4)
	FEV1 ≥ 60%	Typical 1 (n = 29)	Atypical 2 (n = 4)
	FEV1 < 60%	Atypical 1 (n = 16)	Typical 2 (n = 11)

FEV1 = forced expiratory volume in one second, mMRC = modified medical research council scale for dyspnea
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Table 2

Demography and Spirometry in Study Subjects		Mean ± SD	Range
	Demographic characteristics		
	 Age, years	71.33 ± 9.07	52-87
	 Height	163.79 ± 5.96	145.0-176.0
	 Weight	57.74 ± 8.97	39.1-78.0
	 BMI	21.46 ± 3.05	14.8-28.5
	 Pack-years* smoking	42.24 ± 25.00	0.5-100
	 Dyspnea score†	1.32 ± 1.47	0-4
	Pulmonary function tests		
	 FEV1/FVC‡, %	52 ± 14.99§	25-93
	 FEV1, %predicted	66.27 ± 24.62§	17-124
	 FEV1, L	1.57 ± 0.67§	0.41-3.49
	 DLco, %predicted	10.94 ± 4.39∥	2.9-20.2

*Defined by the American Thoracic Society as the number of packs of cigarettes smoked every day multiplied by the total number of smoking years.
†Modified medical research council scale for dyspnea.
‡FEV1 is the amount of air that can be forcibly exhaled from the lungs in the first second of a forced exhalation. FVC is the amount of air that can be forcibly exhaled from the lungs after taking the deepest breath possible. The FEV1/FVC ratio is the percentage of the total amount of air exhaled from the lungs during the first second of forced exhalation.
§Total n = 60.
∥Total n = 18.
BMI = body mass index, DLco = diffusion capacity of lung for carbon monoxide, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, SD = standard deviation
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Table 3

Univariate Analysis of Quantitative CT Measurements in Subgroups		Typical 1	Typical 2	Atypical 1	Atypical 2	p-Values
	Emphysema quantification					
	 Low attenuation volume, % (≤ -950 HU)					
	  Left lung*	5.40 ± 6.61	20.60 ± 14.69	13.33 ± 10.98	14.41 ± 13.48	0.001
	  Right lung*	6.06 ± 8.14	21.11 ± 17.38	13.48 ± 10.65	17.00 ± 16.10	0.003
	  Total lung*	5.78 ± 6.69	20.84 ± 15.63	13.37 ± 10.18	15.92 ± 14.91	0.001
	Airway measurements					
	 Airway wall area (mm2)					
	  RB1	20.98 ± 6.43	20.01 ± 4.22	20.88 ± 4.72	23.35 ± 4.24	0.785
	  RB8	23.40 ± 6.21	24.27 ± 6.21	25.09 ± 6.62	27.40 ± 9.05	0.640
	 Airway luminal area (mm2)					
	  RB1	8.00 ± 3.25	6.44 ± 1.81	7.11 ± 3.33	8.38 ± 2.02	0.432
	  RB8	10.80 ± 4.12	8.95 ± 3.64	10.19 ± 3.06	9.50 ± 4.63	0.568
	 Wall area ratio, %					
	  RB1	72.38 ± 5.85	75.81 ± 3.35	75.23 ± 5.93	73.60 ± 5.03	0.223
	  RB8*	69.16 ± 5.44	73.72 ± 4.46	70.98 ± 5.00	75.25 ± 3.59	0.029
	Air-trapping					
	 Low attenuation volume (> -950 HU, ≤ -900 HU)					
	  Left lung (%)*	16.43 ± 12.98	15.30 ± 9.05	24.86 ± 10.44	27.52 ± 7.84	0.017
	  Right lung (%)*	16.11 ± 11.76	15.92 ± 6.56	25.25 ± 9.50	23.52 ± 8.07	0.025
	  Total lung (%)*	16.28 ± 12.23	15.66 ± 7.85	25.10 ± 9.35	25.33 ± 7.29	0.019
	  Total lung (L)*	0.86 ± 0.80	1.47 ± 0.48	1.49 ± 0.76	3.28 ± 4.63	0.007

Data are means ± standard deviations (range). Statistical comparison was performed using the Student t test and p values derived from the ANOVA test.
*Statistically significant results (p < 0.05).
HU = Hounsfield units, RB1 = apical segmental bronchus of right upper lobe, RB8 = anterior basal segmental bronchus of right lower lobe
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Table 4

Multiple Linear Regression Analysis of Quantitative CT Measurements	Dependent Variables	β	Std. Error	p-Value
	Emphysema, total lung (%)			
	 Typical 1 (reference)			
	 Typical 2*	12.687	3.738	0.001
	 Atypical 1	6.316	3.173	0.052
	 Atypical 2	8.969	5.374	0.101
	Emphysema, total lung (L)			
	 Typical 1 (reference)			
	 Typical 2*	0.773	0.243	0.002
	 Atypical 1*	0.453	0.206	0.032
	 Atypical 2	0.444	0.349	0.151
	Airway measurement (WA%), RB1			
	 Typical 1 (reference)			
	 Typical 2*	4.546	2.066	0.032
	 Atypical 1	2.971	1.754	0.096
	 Atypical 2	1.392	2.970	0.641
	Airway measurement (WA%), RB8			
	 Typical 1 (reference)			
	 Typical 2*	4.558	1.901	0.020
	 Atypical 1	1.473	1.614	0.365
	 Atypical 2*	5.994	2.732	0.033
	Air-trapping, total lung (%)			
	 Typical 1 (reference)			
	 Typical 2	6.556	3.811	0.091
	 Atypical 1*	8.428	3.235	0.012
	 Atypical 2	-1.136	5.478	0.836
	Air-trapping, total lung (L)			
	 Typical 1 (reference)			
	 Typical 2	0.582	0.472	0.223
	 Atypical 1	0.776	0.401	0.059
	 Atypical 2*	2.534	0.679	0.000

*Significant result between groups showing p < 0.05.
β = unstandardized regression coefficient adjusted by age and body mass index, Std. Error = standardized error, RB1 = apical segmental bronchus of the right upper lobe, RB8 = anterior basal segmental bronchus of the right lower lobe, WA% = wall area ratio
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