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Abstract: Objective To analyze the value of quantitative computed tomography (CT) combined with
pulmonary function parameters in differentiating different types of chronic obstructive pulmonary disease (COPD).
Methods A total of 132 COPD patients admitted to our hospital from January 2019 to January 2022 were selected
as the research object, including 58 cases of emphysema COPD and 74 cases of bronchitis COPD, and 100 healthy
adults were selected as the control group during the same period. Dual-phase CT scans at the end of deep inspiratory
and end of deep expiratory were performed on all subjects. Lung volume, pulmonary vascular volume, pulmonary
vascular volume, mean lung density, percentage of low attenuation area (< -950 HU) in total lung volume (LAA% ,,,)
and other indicators were collected, and lung function was examined. The percentage of the actual measured forced
expiratory volume of 1s to the predicted value (FEV,%pred), the percentage of the actual measured forced vital
capacity to the predicted value (FVC% pred), the percentage of all expiratory volume of the first second at the two
stations of forced expiratory volume (FEV /FVC), carbon monoxide dispersion (DLCO) and other indicators were
collected. The baseline data, CT quantification and pulmonary function examination results of COPD group and
control group were compared. The differences of CT quantification and lung function indexes between patients with
emphysema COPD and bronchitis COPD were compared. ROC was used to analyze the value of CT quantitative
indexes and lung function indexes in distinguishing emphysema and bronchitis COPD. The value of CT
quantification combined with lung function index in distinguishing emphysema and bronchitis COPD was analyzed
by consistency analysis. The risk factors of COPD were analyzed by conditional Logistic stepwise regression.
Results Compared with the control group, the proportion of patients with smoking history and special occupational
exposure history was higher in COPD group, and lung volume, pulmonary vascular volume, FEV %pred, FVC%
pred, FEV /FVC, and DLCO were lower in COPD group (P < 0.05). Compared with patients with bronchitis COPD,
pulmonary vessel volume, mean lung density and LAA%,,, were higher in patients with emphysema COPD (P <
0.05); compared with bronchitis COPD patients, the levels of FEV %pred, FVC%pred, FEV /FVC and DLCO in
emphysema COPD patients were lower (P < 0.05); after ROC analysis, pulmonary vascular volume > 111.175 mL,
mean lung density > -841.933 HU, LAA%,,, > 34.613, FEV %pred < 42.787%, FVC%pred < 64.989%, FEV /
FVC < 54.755%, DLCO < 62.159 mmoL/(min-kPa) was the best cut-off value of emphysema COPD (all P < 0.05);
the results of consistency analysis showed that the sensitivity, specificity, and accuracy (k = 0.831) of quantitative
CT combined with lung function in identifying emphysema COPD were 91.38% (53/58), 91.89% (68/74), 91.67%
(121/132), respectively. The sensitivity, specificity, accuracy, and Kappa value of quantitative CT combined with
lung function in the identification of bronchitis COPD were 91.89% (68/74), 91.38% (53/58), 91.67% (121/132), k =
0.831. Multivariate Logistic regression analysis showed that smoking history, special occupational exposure history,
lung volume, pulmonary vascular volume, FEV %pred, FVC%pred, FEV ,/FVC, DLCO, and other factors may be the
risk factors for COPD. Conclusion CT quantification and lung function indicators have high value in the
discrimination of emphysema COPD and bronchitis COPD alone or in combination. The sensitivity and specificity
of the two combined applications in the discrimination of emphysema and bronchitis COPD are higher than that of
the single application.
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1 ARSI
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PEHL 2019 4F 1 H—2022 4F 1 A 75 M K2 M E 5
— [ B Wi ¥A By 132 1] COPD £ % 1E Jy B 58 % 4
(COPD 4l ), 3 B[] 382 B 100 191] {gkt J52 1l 41 A\ A
g X B (KFREZH ) . COPD 4. S 73 4], 1k 59 41 5
EW 37 ~74 %, FI(52.17+13.85) % ; KFi4E
B (BMI) Ky 18 ~ 26 kg/m®, 44 (23.29 +2.58 ) kg/m’;
HoA il S P COPD Hu g 58 9, AU 4 A COPD
BE 74615 GOLD 439 W4 85 i, T4 47 5], Xt
WRH . PS8, Lt42d; 4FE36~77%, F
¥ (50.61+12.49) % ; BMI K 18 ~ 26 kg/m*, -3
(22.86 +2.71) kg/m*. AW IT 2 B g 5 2448 B 22 B3
ot BE AFKREFAERES.
1.2 SANFAHEBRARAE

PARRUE: OCOPD BHFF G (12 1 BH 2 P fili
PR 2297 F5 B (2018 4F ) ) VISR 512 Wb o
YR, QFR=>18%; QBEEARE .
A 1 Wity JEL B8 nZ Wk . BB 1 R el A A I DR IR
DI IR TR e . HEBRARHE . O 32 2o fili - =k il
BOOIBRA s QA MBI . BliANTK . B i B
R T R e P L B A Bl R O A R
i @ BERE R EGENhEEL S
IR AT BRI -
1.3 FHik

OULE BT A BEFERT G SEAR TR, @QCT 14
e 256 HESEE CT (L EEHBRAAR), CTH A
g — 2, WFFEN 500 00 T R AOR R R
W SR AT B, IR TR SR IR I SR it =0IR
AN T I - WOBURT CT 48, 334863 B DAt 2 22 il
B AR o S 80 45 TR (80 ~ 350 mA) A L MR
120kV | Bk & i€ #% 3 027 s/r. M B 400 mm x
400 mm | A5 B4 512 x 512, B E 5 98 JE 50 em | B2 R

1.1

0.992 % & F 2 E 5 mm , HH#JZE 1.20 mm KR
HHBE 40% . 1E GE J5 b BT AR ol AL J5 3045
1R , 18 FH Thoracic VCAR Jiti D3 8 43 B 54 X 1114
AT € o3 A L 8 BB PR € (=1 024 ~ =200 HU ) F1
Hah I HoAR, O NE. G, 8. MoeE . il
S5 ) Jils 2H 2 5 0 O DT AR A5 il 2H 4 i) = e A A
JE45 BN G R XA 40 AR R A i 48
AT S I A AR L it A AR R L T AT U
X 35, 5 Bili A AR LU 43 H (ratio of low attenuation areas,
LAA% ) , ABFFE N LAA o0 Pl A 280 1 S0 A
R AL COPD [EH I | W RUMT CT 41 $il A Al 07 71 D
B, OMTIRERI . CT R 18 A B o x4
(3K COPD i3 A AR AR A2 ) i T Ay 2 3 Az 0
(1% ¥ CareFussion 23 1)) #ATH LIk & . 5T XT
GWAEANT, o3 FEAT BRI D REAG A . A 400 g
TR YD T M B 55 5] (B [ 5 22 R 2 5 A 7)) 15 min
JEAT IS REAS A, ARSI HE AR RS 5 1 FD I A
FH (forced expiratory volume in first second, FEV,) 3£ &
W 508 3 B0 AE 7 23 FE (FEV opred ) | 1] 7 Jili 176 &
(forced vital capacity, FVC) 3% bR & {8 & UM E & 5
e (FVC%pred) . 55 180 3 e SR o5 B I
B 43t (forced expiratory volume in one second/forced
vital capacity, FEV /FVC) |, — % b filk 9% #E i ( diffusion
capacity for carbon monoxide of lung, DLCO ) 255 R .
@¥ i PRA2 W8 A Ry S bRpRife , LL— Sk 704 CT
SE T IG5 il 2 B 4 1) il 0 B COPD A1 3 <48 48 Y
COPD & 4 B9 f 6 . CT JE & - Jili i % {4 1 >
111.175 mL, *F- 3 fifi % & > -841.933HU. LAA% >
34.613 0] 2 W Oy il Bk R COPDMY 5 il Xy E
FEV Yopred <42.787% . FVC% pred< 64.989% . FEV /
FVC <54.755% . DLCO< 62.159 mmol/( min-kPa) 7] &
Wi Ry Jili S A COPD; CT € & 5 i BR IR G . AT &
— 75 A E D iU L COPD BT
1.4 SitER®

HHE 43 BT R FH SPSS 22.0 G 1 o i B R
DAFE + bR 2 (x = s) Fon, HOEH /0565 TT5K
BERHLAG (%) %, R RS s 2] 521l T
YERFE (ROC) 12k, 43 #7 CT 2 5 i Dy i % 51 fili
SR COPD A AU R 8 COPD Y2 T 3 fE s —
FHME 43 #1 F Kappa #5586 SR FHZ A ES Y Logistic [F]
53171 P<0.05 K227 A 5 .
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PILH AR WS . PRSI s . BMIL. A s K% i 8 i
b, Z2REHKITFE L (P>0.05); W4 IH

COPD BZE W FFSIHE CT &5k E

(P<0.05), COPD 4 i & L& s 9 ZEL i A 3K
Jifi L& AR B . FEV %pred . FVC%pred. FEV /FVC .
DLCO b5, ZRAF I #E X (P<0.05), COPD
2 il A RO T % B, il A AR R /N T R AT
FEV %pred . FVC%pred, FEV/FVC. DLCO fi§ F %}

R RERILK, ZERASRITTEX MR, W1,
=1 COPDASXMRAELFH.CTEERAMINEEMLE
il n ﬁﬁ_% / Bkl BMI f M R AR AR Hﬂiﬁi_fﬂ/
(%, x+s) 14l (kg/m®, x+s) 151(% ) #1(%) 1% ) (mL, x+s)
COPD 4 132 52.17 = 13.85 73/59 2329 +2.58 86(65.15)  33(25.00) 13(9.85) 4878.15 + 877.23
X HE 2 100 50.61 = 12.49 58/42 22.86 £2.71 32(32.00)  28(28.00) 2(2.00) 4 426.85 + 687.39
1 XE 0.886 0.168 1.230 25.120 0.264 5.795 4.250
P 0.377 0.682 0.220 0.000 0.607 0.016 0.000
. Eﬁﬂ]l%‘_{lﬁﬂ/ Hﬂiﬁ_&f/ FEVI‘?_’opred/ FVC‘V_opred/ FEYI/FVC DLCO/[mm_ol/(min-
(mL, x+s) (HU, x+5s) (%, x+s) (%, x+s) (x+s) kPa), x + s
COPD 41 113.09 +24.19 -837.94 30.51 43.85+5.16 67.42+9.36 49.76 + 5.58 61.35 = 18.09
it B 134.75 £25.17 —846.25 + 44.83 92.15+13.76 94.66 = 15.94 75.26 + 6.84 92.56 = 22.47
el 6.637 1.678 37.056 16.281 31.255 11.717
Py 0.000 0.095 0.000 0.000 0.000 0.000

22 MMSMECOPDEXZHEXR

B COPD &&

R COPD 35 A Al L A AR I3 1 \ LA A% g, 532K
BRI COPD BF L, 27 A G T2FE L (P<0.05),

EEHIELEE
Jili S A S COPD fB 3% (W Bl AR AL S S0 08 e AL Il 8 COPD F8 35 ity i A8 (AR FRL  Jili 4% B K T S <A
COPD fBR & iR, Z RG24 L (P <0.05) ; ili < ik RAICOPD,LAA%-950 f5 T X R RAL, WLFk2,
x2 EMEELTFRERECOPD EECTEEHLER

205 n JilifARY (mL, x+ ) Jifi i A BY (mL, x £ 5) Jifi%5 B/ (HU, x + 5) LAA% o (x=5)

il A= e 754 58 4981.29 + 851.63 117.25 +23.71 -833.26 + 35.84 39.82+9.04
ZRE R 74 4.808.72 + 886.35 106.62 +25.16 -846.52 + 28.13 33.59 +10.18

t{H 1.129 2.471 2.382 3.664

P1i 0.261 0.015 0.019 0.000




%171

MR, A O t G5 T il A6 o It b R S 8 4 RS P BEL S MR I ) A (LB 52

23 MSMEEXSERE COPD BEAMINBER
A%

i S & COPD B & 1 FEV %opred .FVC%pred .
FEV/FVC, DLCO 5 324 2 B COPD ff # LL %%,
ZRH G FE L (P <0.05), Hli< bR T <

B L, 37T % B 28 A Logistic A 40H7 (o, =
0.05, a,=0.10). %5 8%, WA B[OR =3.156
(95% CI: 1724, 5.777) 1. HE3EW0L 5% 1 [OR =
4627 (95% CI. 1.539, 13.911) |. FifkBI[OR =
2.844 (95% CI: 1.405,5.757)]. M 4% (A B OR =

BRA, WE3, 2796 (95%Cl: 1.396, 5.600) |. FEV %pred [OR =
2.4 COPDH % B &ZE ¥ Logistic [E] 3£ 53 4 2.628 (95% C1: 1.139, 6.064) ]. FVC%pred [OR =

DIGAES (To= 0, A=1). BRI gy 3.017 (95% CI: 1556, 5.850) ]. FEV/FVC[OR =
(=0, A=1). WifkB . MW ke . FEV 2859 (95% CI: 1406, 5814) ], DLCO [OR =
epred . FVC%pred, FEV/FVC, DLCO (¥ hikg: 2726 (95% Cl: 1441, 5.157) |0l g /& 5 W COPD
AR SEShEASE, LLCOPD (K=0, f=1) K  HEKRKZR (P<0.05). k4,

*3 MSMESZSEKDCOPD EEMINEEMELE
ikl n FEV %epred/(%, x £s)  FVC%pred/(%, x = s) FEV/FVC (x+s) DLCO/[mmol/(min-kPa) , x £ s]
it = e 58 42.65 + 4.48 58.17 + 8.59 43.85 + 5.96 52.14 + 12.36
LR R 74 46.79 + 6.82 76.82 + 13.64 58.12 +3.81 77.49 + 15.88
i 3.995 9.091 16.705 10.009
PAH 0.000 0.000 0.000 0.000
#&4 COPDHZEEZEY Logistic MAR S
ER b S, Wald * Pl OR Ped
TR RR

WA 1.149 0.308 13.879 0.000 3.156 1.724 5777
AR 2 57 1.532 0.562 7.440 0.006 4.627 1.539 13911
JififA R 1.045 0.360 8.440 0.004 2.844 1.405 5.757
it i A AR 1.028 0.354 8.418 0.004 2.796 1.396 5.600
FEV %pred 0.966 0.427 5.131 0.024 2.628 1.139 6.064
FVC9%pred 1.104 0.338 10.684 0.001 3.017 1.556 5.850
FEV /FVC 1.050 0.362 8.416 0.004 2.859 1.406 5.814
DLCO 1.003 0.325 9.506 0.002 2.726 1.441 5.157

25 CTEEMAMINgEX MmN SELE
COPD W2 B %L BE 43 #fr

ZROC 40, Jilf AR B> 111.175 mL. Jifi%
J# > -841.933 HU ., LAA% > 34.613 ., FEV %pred<
42.787% .FV C%pred <64.989% .FEV /FVC < 54.755% .
DLCO <62.159 mmol/(min * kPa) 42 ifi < fit %! COPD (1
AW, &R A BURME . FE R M AUC I
55 CT &tk Fi il Ty g 4 ) Jili <k COPD Al S <4
RALCOPD Y ROC R ILIE 2, 3,

26 CTEEBAMINEEXMMSME TRELE
COPD ity —E 53 17
— ST R B, CT & B B4 i o fig 4

S S S COPD Y BUE S 91.38%(53/58) , ¢ 5+
P8 91.89% (68/74) , #EHf 1 R 91.67% (121/132) ,
k =0.831; CT & f Bk & Jili U fig 4 5] 3 <8 & A
COPD (1) & 1 K 91.89% (68/74) , 4# S ¥ N
91.38% (53/58), #EMIMEN91.67% (121/132), k=
0.831,
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R5 CTEEMATHEEX S IINSZ SE AR COPD WL B BE S 17
5 95% CI1 SR/ 95% CI Ly 95% CI
Ei=ta SZER LTI AUC PfH
ER TR % R TR % R TR
it i A AR 111.175 mL 0.692 0596  0.788 673 0.632  0.706 68.9 0.667 0.712 0.000
i i -841.933 HU 0.653  0.557  0.749 65.2 0.614  0.698 65.8 0.612 0.705 0.003
LAA%_q, 34.613 0.642  0.546  0.738 62.7 0.603  0.651 64.1 0.612 0.669 0.005
FEV %pred 42.787% 0.805  0.709  0.901 71.6 0.688  0.745 64.8 0.626 0.671 0.000
FVCY%pred 64.989% 0.884  0.788  0.980 78.4 0.752  0.831 81.0 0.786 0.847 0.000
FEV,/FVC 54.755% 0.823 0727 0919 64.9 0.625  0.672 69.0 0.667 0.718 0.000
DLCO 62.159 mmol/(min-kPa)  0.798  0.702  0.894 70.3 0.684  0.722 75.9 0.715 0.806 0.000
o o 1.0 =
0.8 [ 0.8 [
| r_l_.g.=:; [
. 0.6 [ = 0.6
b i - # - FEV %opred
B o4t ,':_r!__,.:-""r —- il I A AR B 04 —- FVC%pred
g - B — FEV,/FVC
N -- LAA% s — DLCO
02 [« _._r' 950 0.2
Fa — BEL — BHL
0.0 : : : 0.0 : : :
00 02 04 06 08 1.0 00 02 04 06 08 10
1-F557 1 1-FE5E

2 CTEEE5]2#ZE COPDHIROC #iLk
it

COPD HAT B @ i 8O f B R, AU EH 52
e f8 5 A A 0 BT A, U0 2 SR A S BE R AL 23l SR DT
YL FE, T AR COPD By & i 2 i 48 5
BT, X COPD 32 Witk kw5 il 2
RERS A PEAL G D RE . i A COPD I T-Bt, H
Jits Ty G A A ) BUBPERAR, HA Y B HE /NS E
BH 2 24 75% B8 45 Jili 20 2 A2 BB >30% LA E ik, Jifi
Uigeki A A o oR e, BE R BRFH AN E
Ji& B ARG IR i iz A, P L TR AU CT K A
VT 8 A it S /N AT S 7 G A ) S AR
Dy BRAERF ST R, SO 4 HER CT 4
FEVEAN 25 UG/ . A T A RAF A E, CT
SE 5 43 BT R I SR T 2 R /0N ST S A 5T T Y
HESH

AR o, S M A COPD 13 < &
A1 COPD 7E CT & 1 43 #fr (Jifi i 48 14 BR | il %% 2
LAA% ) Ml DI RERE A (FEV %pred . FVC%pred .

3

3 fliTheELE A 2 72 E COPD i ROC i £k

FEV/FVC., DLCO) Jy mi# R —EZF, #&n
DL F 48 bR 0T AR S 2 Bh 25 B COPD Ifs FR 12 W F114E 1)
SR . EH VNP COPD K 2 A7 7 il i:t
FEFRA, Wl g Rk, Mok BE Oy 22, 1E
/NS TE BH 28 R B T 0 ™, Ot 2 il R
FEV %pred 55 ifi U GE 6 1 I T3 < R ALY 32 2 )
o BRI R, Xt 10 i Ml < A
. MIREA —E s kAR, R i ) e A A
TEM Mz Wb — o Jm R, AWF5E H coPD &
H GOLD 434 o I G sl M 4%, J& F v B ol & J&
COPD, [l e Jili oy il A6 0 b 55 52 <48 R 784 COPD £
BHA— R CT R A AL AT 0 kb Sz Bl il <,
AN SCRAE R, R REVEAN R S RS R AN AR B . i
2% CT KA COPD 3 R T~ 15 7 B 0 i) = W 3FAL
AT RE R WA 25 T 5 o ARSI R 0, R R
Ji R e T A W S A R e SR B, AN R I A i %
[ o (A 1D 1 LR O Il 2= T s =4S )
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A 52 R AL COPD (A BB PE AR PE 3 T
iR P2 S o (R SIS e SIE RN B U [N
R COPD 45 1 2 IR CT 7 5 6 £ Al D BB+ A5 1Y
I AE Ak, A2 4R NS COPD & & Y A2 4k 3=
BT R WA AE CT E AR AR, TS
SE R B COPD J8 74 19728 Ak 32 26 T il Zh BE 38 Fr A
LAA% o, X — %5 FL R W 2 P2 AL COPD 7E 1%
277 T NI 2 B8 A v BLAT B R Ry S PR, X
hy CT 5 2 B A il D) g 1 T A [/ 26 4 COPD 1) % 5
AL T BB AR

A, AWFREA R, COPDARY FEV %pred.
FVC%pred . FEV/FVC. DLCO{H/NFXIREAL, F+H
COPD ZH A5 W AR s . e ok HR D 2 68 S A9 10 3 A0
%, $&x DL RE AT RE S0 COPD 205 1Y A [ A
2o EHWNINZ W5 RP, WX T COPD i
AR B IR, JF HE R S A
BUMK, WEDESHEZMAFEY R, WEm,
el T MR RIS, WAHSE S XA
FHW A R R E P NESE, SEREMT)
P, gl SR RN AR M A IER,
BUR 3 W B R WL 80, W55 1 P I TE R h 4
Wiz ZhEe Ty, U PFNGE A B TETERE S, A
WARBIE 7 A0, S8 7 e g iy XU, TE
PLER R EAE T, KBS ZR . i 6e
R AIK o RF Bk BROL 2% 8% 2 5 3% COPD 1) 5 2
RIS BESE R0, R RO AT RS
HPD 2 5% 0 R 34 25 Hh B0 AS [) R B ) i T B
It HWAR 5 Y by 4> 22 58 AT X IS R 7 A B
AR, X o2 O 2 82 ¥ COPD & 3 TR IR
2 # YRR 2 —

L BRTIR, T I il D) i 4 591 il b 2
SRR COPD B B B . oAb, ABFSE
A — SR & Z Ak, Wb 58 40 A ) COPD B 3
GOLD 73+&h 1T . Mgk, 5% 25 m b Jay B fili <0
R SR R AL COPD, ANRE4 T [ B COPD ir f5
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