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Consistent Clinical Symptoms and Pulmonary Function Results
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Purpose: We 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 Methods: This study included 60 patients having a clinical diagnosis
of COPD, who underwent chest CT scan and pulmonary function tests. These 60 pa-
tients were classified into typical and atypical groups, which were further sub-clas-
sified 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 PFl; atypical 2:
severe dyspnea and mild PFI]. Quantitative measurements of the CT data for emphy-
sema, bronchial wall thickness and air-trapping were performed using software
analysis. Comparative statistical analysis was performed between the groups.
Results: The 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.
Conclusion: Quantitative 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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oftt. 59| 127t =eider l (forced expiratory volume in
one second: O]‘} FEV,)0] 7t gaj4] 7]% 2go] Exlo

gict, w7} ML ixto] 1

2 COPDO] 3355 W= X7k v, COPD ko] At
=1} 7}11- ‘?j_lx-l?_]- THo] 9l 7o ok Qlrk(]). YA =

AHZ ST TREC COPD FHAIOIA] ©Ju] 9l RIS o olx}
= ‘”Ej' 4 sl00, Sxto] Akt X2 9 Aol gk ol
AFR ARGET QIrt(1-3). SHAI H7 ks
D ZhAko] 7] g7to]| Bizter} Eol
2o A& QR|E|R] 9k ATRE Kol Aoy} uir) v of
AF AAR= 715 9] ] AJR]0] HBlE = o Ul7kshA| viedal 4
PCRACERER L ‘ﬂ%aolz AR B ot

S % 7}0}5 El vﬁob_ Apz /\]ng;|1— OMPZ]EL Hl—lﬂo]t,]- JJ
< CT 7k Y A EQo(0] dhd= 2] 4] A4 HlofE|(vo-
lumetric data)2] =53+ o7 H|715-2] W= Yook A7k
=40] 7hs5HA| HGloH, ofd Aq-EolA HY s HAF A
T} CT 9715 Z5(CT emphysema index) 2] =2 UX| =2
HI5IACH4-6). CTE oF8-5t0] 7] 2gto] tigh Aok &
A EQF Ths ol e, A FHAS A (multi- pldndr re-
construction)& =3f] 7] H5lo) tjsh Aakaol Frke} =4
o] 7F5alFTH(7, 8).
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O ATLof| tfsto] Elof A% g2 2] (Institutional
Review Board)OlIA &2 G- ©iS 5lstial, a2xof ¢
Z}ot 52 2715 HASHILE.

20114 19HE] 20149 4L7HX] E%Oﬂ*ﬂ A= COPD
2 ZICHe A5 CToF 1715 HARE 25 AJYsH %Wb Z
2830|191t o5 2830 At F A4 7li | &= &
Al 1512 AlRIstal, CT FAF AIRY GA] HEzH Y 716 o
Al Aglo] FREEO] CT i?dJ oo Frt Y 1401] LS
= 4 WS A= A= 72983 AQSkint. whebA Zﬂ%@
o7 60O AT} olH %TOﬂ ESE|QITE, COPDO] Itk
S oA sg=, 717, 7 5 ARl A= —?}X}
oA H7|'5 HARS AlRYSIA] ORIy, off Aol 2£gke
6052] THAF B 7|5 GARIAL edd Higd=gol gk 1=
7t =B S 7|2H(FEV, /forced vital capacitys ©18F FEV,/FVC)
2kl 0.7 vjgke = AFARI 7|5 AQhe] A2 Bt W=
ZtoA FR AARIHS G} w5 LA Atole] 7HA2
4711 ofslItt. o] T Rz 4, AR 56801 Fr
AF-2 71.3A1(52~87A) et

O ol ek & 6082 s THAre]

[
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22k Hr o 7 15(FEV,) T4 Hert H]Lx Ux|FRe M
A 25 ogrek Aw et W71 5(FEV,) A H=7t Ux|st
A = A D50 = LRRQIt), o]9F 2 THAEO] HF

o] 9lo &5 weto] 7|Z o 7= 5.5 et X4 modified medi-
cal research council (°I8F mMRC) dyspnea scale] 2 A&
on =y 5T w ‘_4 x457} Zo|sk 133 mMRC scale
0~2, BE0| 4J3E TBL 342 Bojoict, H7bs HA}
9] 7|12-& global initiative for chronic obstructive lung disease
(OIst GOLD) 25 7I&2l Sk atoll sl st FEV, 60%2
BI515. U212 Of . B P ARSI i 1)

Lo 2 BEsigint: 1) Tgawto] Al ¢ H7)s 7t
A7FZ0)eE A7 1(mMRC scale 0~2, FEV, = 60%)(299),

9) @5 1glo| Ak W|7|50] 255 okto g ZEASH Ky
S 12k0 A

o 2(mMRC scale 3~4, FEV, < 60%)(119), 3) S5k A]

Table 1. Classification According to Dyspnea Severity and FEV,

mMRC (0-2) mMRC (3-4)
FEV; > 60% Typical 1 (n=29) Atypical 2 (n = 4)
FEV: < 60% Atypical 1 (n=16) Typical 2 (n=11)

FEV; = forced expiratory volume in one second, mMMRC = modified medical
research council scale for dyspnea
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SFA| koLt H7[50| 55k oWt A
scale 0~2, FEV; < 60%)(168), 4) o812k Aot H7 |5
A7t Fulsh Bl gt (mMRC scale 3~4, FEV, > 60%)

(4%) 2] 4719] Ao 2 BRSIItH(Table 1).

QF BIEZ T 1(mMRC

Ij|7|'5 ZAHPulmonary Function Tests)

H7}s AAR= CT AlR¥ate] 7-40] 4714 ofsto] sligsh=
AIOES 24500 0]=-55-5F2](American Thoracic
SOCICty )OIA 1994 =3k 7]=o] met 14~20d H2o] &

H ArARARPE 35k, ®H71E AAR 7171 Vmax 2130
(Sensor Medics, Yorba Linda, CA, USA)¥ Vmax Encore
22D (Viasys Healthcare, CareFusion, Yorba Linda, CA, USA)

S olgsto] Ao, 123 LS IIRH(FEY ), 2

o] theh 127t LE8AS7ZH(FEV,/FVC), YAksieks

H|ZARS(diffusion capacity for carbon monoxide; ©J5F DLco)

of Tiig HkE HAEISCY,

g2t X|4(Dyspnea Score)
SoEY A B0] YTIBS HESIHOM CT HAL

= |35} thA] 7|25 xfo] ST et ZAL U] Hr2 BA
SHACE. mMRC dyspned scales OF&SH 058 47HA] ZF &
xpo| 29 BE LU FEEE Besiic)

2 HACES &G 7|H (Chest CT Examination
Technlques)

B CT+= Sensation 64 multi-detector scanner (Siemens
Medical System, Erlangen, Germany)2} Discovery 750 128
multi-detector scanner (GE Healthcare, Waukesha, WI, USA)
2719] CT 71852 olgstelen, 2o Z7| AEjofA CT 2=
< AlYstelet. CTE Y2 (supine) O141 ZZ% FF(cranio-
caudally) = A[YE|Qlon], Aol il = Fofeh 49248
) TR 2 A (128)7F 5 29t=Qlet, CT 3 9
= o HROIA ZIAF7EReIH, ZF2E 120 kVp, 100~340
mA, 1 mm table feed/rotation, 0.625~1 mm collimation,
Kernel B40f, 0.7 mm interval®] X|&EE ©0]-8o}¢ 00 o|&
T de]S(thoracic algorithm)-2 ©1&5H 2.5 mm F=

3.0 mm AH FA =2 24 sFnt
CT HIo|E{9] F&F M (Quantitative Analysis of CT Data)

|7 | (Analysis of Pulmonary Emphysema)
CT ©lojee] Fo 242 482k AZEQJof(Thoracic
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VCAR, GE Healthcare, Waukesha, WI, USA)ZS 0]85F90H
2.5 mm F= 3 mm AHEAR QLA glojEo] tiste] 2
Moo, AL EQJOE o8l AR o2 CT Mk (atten-
uation) AfeJo] wht A H FH-Z QIAISIL FZ(segmenta-
tion)?F & 02| A6 =2 I e JXIgkol sigdshk=
H| G5 ALketo] Ued 4 Qo H7|S 08 A2 U
UH=E Hol= 7 A FHoll tholl -950 Hounsfield units
(Olst HU) o] HAJgke #8019 (Fig. 1)(4, 10, 11).

7| =22 (Analysis of Airway Diseases)

71% (Evaluation for Bronchi)

7|wof tiek g7HE $ioto] ¥h=ol y8] |2l (full width at
half~maximum principle)2 ©}8-5t] ¥P434 (semi-quanti-
tative) O 2 7)3X] & Z7|(airway wall thickness)S =
A 5 Utk AT EQOF o5t AFs o' Tk EAZ
20k, Aol siigoh= A7 1A 2] G2 A 71
B2 S5, ¥ £ 52 SHY 4 Sl o) AolA
= QA HEBH (apical segmental bronchus of right upper
lobe: ©I5t RB1)2} -5t #4154 (anterior basal segmental
bronchus of right lower lobe: ©Jot RB8) 7]3X|o|A] ZF219]
713A] 218 WA (airway wall area: ©J5t Ao), 713HA] W ™
), 713HA] 2Jd w7 o
ol (Fig. 2)(7).

f.:

A (airway luminal area: ©Jat Ai)
Z19] H](wall area ratio: ©sF WA%)=S

57142 (Evaluation for Air-Trapping)

2 A7 SPH O AIPEQIT Aol gk RE Tt
7t Z71Al CTYRZ AlRYsHGnt, wieba] A2 = o
AAE 71 Y 27] CToA Eol= # AR -2
= 519, 900 HUOAIRE] -950 HUZHX|Q] HE 571
of sigsh= @HO= IHFokl olF g 0w 2A5IIL
(12-15).

s A
S B8 SPSS for Windows version 15.0 (SPSS Inc., Chi-
caco. L. USA) 21208 0] 2510] T Q ot EA X{2le} 54
ek, 7 IEX" 52” —13 Lﬂ_'— H 0] RS mpokoh

& Afelol CT
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Fig. 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 col-
ored areas corresponding to emphysema lung (below -950 HU) and yellow colored areas corresponding to normal lung (above -900 HU).

HU = Hounsfield units

Ao

Dmax Emin i

Aj

Fig. 2. 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).

2bi50] o3RS EA|SH AMEoA] A TE0] AL WS O]
S

A= Y= FHA R ufotolalA} thATE 8] 24 (multi-

ple linear regression)& A5}, SAX -Q-01/d2 -0]gt

150

S (p-value)°] 0.05 0TI 4

o
do
1
_O'h
{1
=
rkl
o
_O'h
38

2

ZA| FAE0] H7)s HAF Ayt FEV 2 B 66.27 +
24.62%(17~124%), FEV,/FVCE= B 52.00 + 14.99%
(25~68%), DLco= B 10.94 + 4.39%(2.9~20.2%) %t
(Table 2). @-GLAX|GRE ©l85t] BRe TAES] 252
T ErE 22 F55 00] 309, S5 10] 29, 5k 2
7H13%, 35 3°1 9%, 5% 47t 6750k

AR CT FA7IHE olgste] #7155 A8 ol o
B 2=HolA 11.53%(0.35~54.97%), Fr=H oA
10.90%(0.14~45.34%), FHOIAl 11.24%(0.36~47.56%)
oj] #7|5:0] 3| Ft 8412 0.65 L(0.01~2.83 L) = =74
E|QIct, 715 0] ek B Ak 7| ] 29 A (Ao) 2] Hit
e AT HBZ(RB1)OIA] 20.93 mm*(11~38.1 mm?), &
o HAAEA(RBY)OIA 24.28 mm?(10.5~38.1 mm?) 2
o, 71T W HA((ADS 22 7.50 mm?(3.2~17.6 mm?),

= T
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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 + 897 39.1-780
BMI 21.46 + 3.05 14.8-28.5
Pack-years* smoking 42.24 + 2500 0.5-100
Dyspnea score’ 132+ 147 0-4
Pulmonary function tests
FEV,/FVCF, % 52 + 1499° 25-93
FEV;, %opredicted 66.27 + 24.62° 17-124
FEV;, L 1.57 + 0.67° 0.41-3.49
DLco, %predicted 1094 + 4.39" 29-20.2

*Defined by the American Thoracic Society as the number of packs of ciga-
rettes smoked every day multiplied by the total number of smoking years.
*Modified medical research council scale for dyspnea.

*FEV; 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/RVC 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 mon-
oxide, FEV; = forced expiratory volume in 1 second, FVC = forced vital ca-
pacity, SD = standard deviation

10.21 mm?(4.3~20.3 mm?) k. 713A] 18 HA v 7 o
219 B](WA%)= 3¢ ZHEollA] 73.85%(57.5~84.5%),
25t AAEAA 70.89%(58.8~81.2%) HTt. 571470l
oot A4 4004 B ek S04 19.89%(3.11~
16.21%), =104 20.63%(2.58~50.85%), IO~ 20.25%
(2.89~48.20%)°14 F714¢e] B 842 1.30 L(0.12~
10.23 L)k,

A EAolA] g D5 B4 1F 7o) CT A
A5 BsIkS o, FASHA 02 {olek Xjolg Hel 7
Q= A o] H7|F A4, RB82] WA%, A Ho] 5714
A%, L)FHTable 3). tReA@ 714 Autolx] 3
T 10 G 2 Alolof A (S|, A5, SH) H7 1S A
=, 5T 0] 3714, dHe T SA8(L) T} e (%)
O] G-oI3k xjol= HtHp < 0.05). EFF AP 1] vlo}o
v 1004 ] 3711 8" B (%)7t -FJsHAl 2 a2
Hot(p = 0.012), AP 1°] HIoto] BIHAFT 20041 L
ol 37149 -&A(L)ol ¥ ZA LeRidtHp = 0.000) (Table 4).

TSl 2 A X|F[Ho], Y, 7], FFA, A A

Z>(body mass index: ©JoF BMI)|, T-8-222] Q54 2 1
7V A AukE B okl thdsy B ATk CT #7715 A
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= W7l Auket # dR|ok= 21 HUY, BMIfM=E &
O] AFkHA| (negative correlation)S LHERHCE E5F HFHL |
AT 2 2 AT 19 8BS 12 Bk w2k}
AR w71 A7 sASF o= ol xfolg Wit CT
£ 0|83} 7| BA Aulo|A= RB1T} RB8L] WA%7F S}
O] o 5tek Jre et A YA[oh= Ao® UER, o= E9|
G 13 AGT 2 Apolol Fofet 2fol7t Qloitt, 57 18- )
CT &% A= =4, 254 Y o] 57 1Ed 84
Hl&(%)°] H7 |5 Axket vl 2 ARSI, BMIZK= &
O] AFRHA| (negative correlation) S LHERHEE, o= ESH HY
T 138G 1 ARl RofRt Aot Q= Ao ® LRER
of. ohd 57 14" -8A(L) 2] - AP 13k 8- 2 Ao
of olo] Q= AolE E i, 2HAke] volet Z-0] At
(negative correlation)”F 2H Table 4).

-

s

notype) 2} H7 & (emphysema-predominant phenotype)®| Tk
A 71FARH] Fath YQlo® A AR QLo ofzigh A
g 719k = ofhe TRFE2 X7} of o] tieh At E R
Yl Qick, duks o= COPD ¥HRF=29] Rch, Agho] %1
2 27 §hg 7ol Qo] otk 2 S8 A
7|5 GAF o] 5 852 APAISHAL Qltt, SRA|RE o
YT AHEF2 COPDY| 27| Hoks Z vhgohA] o, T4
O] k4 FAfoll High g7t ok vlw A it 7 GojRj= A
o7 deA Slek(11, 16). 1 59 B2 AF-E0IA CTE °1&
ot H71Eo S5 BV Y HYls dArRE ek 7S
2] ARIAIE BS99 H(8), COPDL FH (phe-
notype)= T-2ok= O] shbzA] A CT A#EE(pa-
rameters) 2] & 24100 et A7F 2Eks] AlRYEAL QI
2 AT CT HAF Y Hlofe A+/d2 Boto] = A4l
2 o] sigoks w84 Y 7w At AE 2|3
off tiet g4 2AS AIRYSIGOH, Aok AxEQoE
Ol&-9to 24y uk=Alo|y kA g7} 755l A 247
of defi= ARES Ui T 4 Qi o AtolM CTE
W] H7IE A4, S HlE
(%)1}-84(L) 25 w75 FAF AT QA= AHS B
QICF. o= COPD ZAloIA CTE ©F85109] -950 HUR-E] -970
HUOl o]2= 94 JR 3k 7 e = St 7 52] Hejet
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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 £ 1348 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 1592 + 1491 0.001
Airway measurements
Airway wall area (mm?)
RB1 2098 + 6.43 2001 +4.22 20.88 + 4.72 2335+ 4.24 0.785
RB8 2340 £ 6.21 2427 £ 6.21 2509 + 6.62 27.40 £ 9.05 0.640
Airway luminal area (mm?
RB1 8.00 +3.25 6.44 + 1.81 7.11+3.33 838 +2.02 0432
RB8 10.80 + 4.12 895 + 3.64 10.19 + 3.06 9.50 + 4.63 0.568
Wall area ratio, %
RB1 72.38 + 5.85 7581+ 335 7523 +593 73.60 + 503 0.223
RB8* 69.16 + 5.44 73.72 £ 446 7098 + 5.00 7525 £ 3.59 0.029
Air-trapping
Low attenuation volume (> -950 HU, < -900 HU)
Left lung (%o)* 16.43 + 1298 1530 + 9.05 24.86 + 10.44 2752 +7.84 0.017
Right lung (000)* 16.11 + 11.76 1592 + 6.56 2525 +9.50 23.52 + 8.07 0.025
Total lung (%%0)* 16.28 + 12.23 15.66 + 7.85 25.10+9.35 2533 +7.29 0.019
Total lung (LJ* 0.86 + 0.80 1.47 +0.48 1.49 + 0.76 328 + 463 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

ol B[] W FAF Azlo] £ AFRAS BAITk: o]

A TS} 2 sk Agolck10, 11, 17, 18). E3 55
Zato] ZAjo] Hulsh, Wl 7avt Aolsh HET 13} &

EABHOR olat Aolg Kol H|% A4 H7 ) 7}
474, 5] FEV,TH 03 A 2 BOle o 4 oloiek

o
A2 (RBS)ONA 7]2A]

7|4 <y WA} L]
40] H|(WA%)E =785t%2 ul, 55| 22} RB13}+ RB8
oA Z7g ek 7] A 29 WA U7t T2 B(WA%) 7T CO-
PD ZHARO] o3 2kR | U H7 |5 HAF A7 ofu] Q= AF
WAE Hooh COPD ZHAPOA] Kol Hakd A7|= 2t
2 71% AFA (airway remodeling)©ll 2J3FH 7| Bio] v| T Wot
ofet FS ALt AFE=(exudate)©] 71 W = S4x]
o HolA| Hrk(19). 2 A0l LT 7o) Ui 4]
(ADO] 917 71=2] U7t HAE Tt COPD ZHAIOIA] Hol=
715 Aete] S5 Wt Aadol kel Hare vl glct
(7. 19). Hasegawa 5(7)-& COPD ZHAFZ thAto & ofef AL
oA #{AFZ0] Z4et At T2 Yx[oA 7= ks F7 o}
=t 1Al 2y A Ui WA 8l(WA%)2F 7 1A
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CTE oSt 57 1adel Ao 240 Abs olg == Whio=
S719F ©7IA] A H o] gt 4 AF] Bl (expiration/in-
spiration ratio of mean lung density)2} S 7]A] -856 HU ©[st
S Hol= 4l 92 Sk (voxel) 2] Bl (percentage) -5-°1 ATt
oFd Aol Bt H 4= (mean lung density)7F H 2] 7]
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Table 4. Multiple Linear Regression Analysis of Quantitative CT Measurements

Dependent Variables B 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 5374 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 2971 1.754 0.096

Atypical 2 1.392 2.970 0.641
Airway measurement (WA%), RB8

Typical 1 (reference)

Typical 2* 4558 1.901 0.020

Atypical 1 1473 1.614 0.365

Atypical 2* 5994 2.732 0.033
Air-trapping, total lung (%)

Typical 1 (reference)

Typical 2 6.556 3.81 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.

B = 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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