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[ ZE] BN E i CT S80S M B 2 M 299 (chronic obstructive pulmonary disease , COPD) i & P-4k i i) &2
o FiE AN 102 BT IR CT K il oy BEAG A5 A Fe 2 101 COPD (B & o il D BEAS I 38 b5 f 45 FH 1 Jili 75 £ (forced expiratory
volume, FVC) M H 5 FHE A 4 L ( FVC%pred) B VRPH 1S 5 (forced expiratory volume in one second, FEV1 ) Je H 5
IENSER AR FEVl%pred) VB RPR(FEVI/FVC) e K200 < B (maximum ventilatory volume, MVV) F H 5 FiHE T 4 1
(MVV%pred) 5 KIS H 3 5 (maximum mid expiratory flow, MMEF) o £ CT & h & i1 T°-950 HU %53 X 25 U 43
k. (low attenuation area percentage , LAA% ) 43 BEfilint A8 BHAR B filing 2 GEBEJEL R AT 58124 hT. R CT
S5 Il I REFE FR S AR TR IE (P < 0.001) 3 ZE T I LAA%IRUE 13.5%0) , T MVV%pred < 50% 1 FEVI%pred < 50%
) 7R U 73 51R 66.2% .75.0% , 15 5 R 88.4% 81.0% 5 Ze il T A< 1H BE JE FE 1l FEV 19%pred < 50% S {EH 3.35 mm, H:
AU FNRR 553500 60.5% . 72.9% 5 LA A%l A /S E M 1 {EL AT LASE A 42% 11 FEV 1 %pred , 52%11 FEV1/FVC, 31%[%) MMEF £l
35%1* MVV%pred $8FR 128k, 4518 : COPD L ARt /) 22 & CT S50 he I WL Th AR A9 AR 1k, IFRe T < i 52 FR Ay ™ 2
TREE .
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Quantitative CT parameters of different lung lobe segmentation in assessment of chronic
obstructive pulmonary disease
WU Xinggui', ZHANG Bo*, LIAN Yixin'", GAO Shiyuan',SHI Minhua', XU Liang’, FAN Guohua’

'Department of Respiratory ,’Department of Radiology ,the Second Affiliated Hospital of Soochow University , Suzhou
215004, China

[Abstract] Objective: This study aims to investigate the significance of lung lobe quantitative CT parameters in assessment of
chronic obstructive pulmonary disease (COPD). Methods: Total 102 patients with stable COPD were recruited , and performed with
chest CT scan and pulmonary function tests. The indexes of pulmonary function include forced expiratory volume (FVC) and predicted
value percentage (FVC%pred) , forced expiratory volume in one second (FEV1) and predicted value percentage (FEV1% pred) , first
second rate (FEV1 / FVC) , maximum ventilation volume (MVV) and its percentage in the expected value (MVV% pred) , maximum
mid expiratory flow (MMEF). The percentages of low attenuation area below —950 HU (LAA% ) and airway dimensions in each lung
lobe segments were measured quantitatively. Results: Parameters of pulmonary ventilation function were linear negatively correlated
with airway indicators (P < 0.001). When LAA% of left lower lobe was 13.5%, the sensitivity in prediction of MVV% pred <50% and
FEV1%pred <50% was 66.2% and 75.0% , specificity was 88.4% and 81.0% , respectively. Wall thickness of 3.35 mm in left lower
lobe had 60.5% sensitivity and 72.9% specificity in the prediction of FEV1 <50% . LAA% combined with airway variables could
account for proportional changes in FEV1%pred of 42% , FEV1/FVC of 52% , MMEF of 31% , and MVV%pred of 35% , respectively.
Conclusion : Quantitative CT parameters of different lung lobe can reflect deterioration of lung function in patients with COPD, and can
be applied to predict the severity of airflow limitation.

[Key words]  chronic obstructive pulmonary disease ; lung function ; quantitative CT; LAA%

- [J Nanjing Med Univ,2020,40(03) :396-402 ]
[(E€mB] Ml ESE S 2ERHSZXK201506)

T{FEVEH (Corresponding author) , E-mail : lynelian@163.com



FA0BHE3W R4BE I WL E, E RDIR R E B CT SR L ZE MR STl T A (L .

202043 H

B BRI R AR (B SRR ) , 2020,40(3) : 396-402 - 397 -

12 14 BH ZE P4 iti %< 97 (chronic obstructive pulmo-
nary disease , COPD ) J&— 1 UL P2 11 T 0 3R G
I o LAAR 52 P R A ROR AU 32 BR O 2 R AR
COPD By A1ZUS 57 0 Je /N AL il S5 it S A
i 1t A 72 2 22 i DR LR VE FAG 452, Al gl o
Ohy SR BRI 1 S A R B T RE AR A e
2K COPD 1Y 32 T 1., Kl F8 r 2 Al it 52 BR
P Y ZRAE s (HX T BC & K AE il D RE A= 2
T R FAERS A AR IR RO, B T ARBE R 4
b 5E BN DI R AS 2, MR 2 SR T I ME R 12 B
WANREH] T 52 FRAR BE ARG B PPAG o o, fild
DI RERS A e LA X3 U4 sl 21 NS5 A A O,
T S il - JRy v DX 8814 D3 R 22 S R TE 28
ST i Bes ki af — 2 s,
BE EHR o0 E A BB T4 v B i Ak R gl
S Jai CT %E M /e COPD iz R 22
SRUEN L IE HABA X COPD W2 Wi A — i il Bl
PERIM, G GE e i J2 BF5E COPD R BRI 115
) — R A RO ABFFEE X COPD 44 i
8 CT AN [R) 2 [ A F3)fili e 48 ZOFN il S 800
Fri Aot , PRI 5 Il D RE SRR AU AR S 1 DL B A
P A2 B ™ B R EE R B

1 X&FMFE

L1 %

AR 2018 45 6 —20194F 6 H 7EF5 M K2 it g
O T BE B2 MK 2018 4F (18 M BH ZE P i e 12
Wr IR K T A KR )12y COPD FSUE 31 19 6
Ho WMARRHE: DIFEIE=40 J5%5 ; QiTh RER A
FREE SBR[ ASEY SRR 268 1 RS
%51t (forced expiratory volume in one second, FEV1)/
FH i i i (forced expiratory volume, FVC) < 70% |,
RIS M CT i n B35 o HEBRAR v : DT fgd
71~ B PR R 45 2R AT T R RS 5 4 I JH Al i &
PR, U SR N e S SE YK A il
G5 TR TE SRR A R] SO M fe AR i
PR AN K A BT A I i g sl i R
S5 @R RE KM CT K A AN LA BC & AN 5
OB CT A it , R BT A, o =2
o> B o AFTE 2 BRBEAE R B L,

JITA A S TR
12 Fik

1.2.1  Mrohaeiml &
>R FH 5 [ 2k a4 i £y fE 4 (2255 : VMAXEN-

CORE-299) , MM A S Y 55 i o fiiael L g
SHLAHE FVC B S FUOHE E 53 (FVC%pred) |
FEV1 J H 5 W HE E 5 FE (FEV1%pred) 55 1 FRR
(FEVI1/FVC) e K 4hE S 5 (maximum ventilatory
volume, MVV) S H: i FUiHE H 43 b (MVV%pred) |
e KA A 9 (maximum mid expiratory flow,
MMEF) . Ff 3213 2=/ 3 kL L.
1.22 CTiax

SR FH 2% 1 AR R Y 2 2 IR E CT (GE
Discovery CT 750 HD ) RAEEMG s FHFs R et ras Ak
45T B TR OR B, S 2 U R
AL, XUT B2 E TSR MRS o7, TR UARATIR
JdT , AT 101 Ry B AR ZE G 5 A U 120 KV, 45
LI 110~300 mA ; BRBE 2 0.992: 1, 543 8 0.5 s/r, R
B 2)R0.625 mm , R IFMEST X UG I T
123 ZECTAHHK

I 545 5 2 ADW4.7 TAER , % Thoracic
VCAR S o i et A7 =4 s it (181 1A) 5 3h A
Bl BT AT I DAARAS A 0 i A X (]
1B) , H B bR E M ; 1% B CT BI{ENF-950 HU BIR
i EEE IR 1), JER R B it il
s A S R i B AR 28 0 DX 11 5 LE (low atten-
uation area percentage, LAA% ) (K] 1D) , R fili = 48
B, s RGBT CT BURA TE R B, JF
X S AR 8 2% it it 32 S U HEA TR (8 1E) , g o
SrBoiint 3 DA BRI, B ShI R AOE
B RIERERE (B 1F.G) o i CT S0 E s
SEGRN RS S PRI SE A, B E PR
e U 3 U, T E O A 4 AR
13 %itss

2 R ESCHE LR T S A AR ¢4 55, ] Pearson
ARSI BT e AOE 5t CT 805 Il DI REdE br 1 5
I HIZeE A 73 e it SR e P0G A OC FR 8 LU
FEV1%pred < 50% .MVV%pred < 50% R 2575 &
224 1 CT S 2R H TAERHIE (receiver op-
erating characteristic, ROC) 1 £& , I 1T B R 0 )& A%
JE R RS R DL B CT 2RO R
i, DU E RE A8 AR g SO 28 i, 64T 22 e 2k [nl )H
ST s BT A s G20 M 12 SPSS23.0 SE B, P <
0.05 N ZFA G AE o
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2.1 EZEFH
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Figure 1 Quantification method of emphysema index and airway dimensions

H AL MR 42 BR COPD B 1618 1Y (global initiative
for chronic obstructive lung disease, GOLD) Kz
RS9, GOLD 1% 15 il .GOLD 2 % 43 5] .GOLD
3¢ 374 .GOLD 4 9% 71| , ¥ F835 53 WA : £F 5K
J& FEV1% pred=50% 4 % J& 41 (GOLD 1~2 %% ) ,
FEV1%pred < 50% } 5 21 (GOLD 3~4 2% ) . A4
BFE A, 5B 99 6] AL 3], AE Y 50~88 &, IR HE 5 4K
(body mass index, BMI) 16.01~30.48 kg/m’, %% Ji 24
58 5] , H BE2H 44151 5 WO 20 FR 35 AR 0 BMILL WA 0
S HGTERE X (P>0.05,% 1),

2.2 EECT AL M i35 4709 48 2 A7

Fili - LAA% 5 fili D) 6 2017 Pearson #H 43
MrULEE 2, BR FVC%pred 4b , AT M DI RE 48 A5 -5 45 i
It LAA%YIAFAE AR DG, Hoh FEV 1%pred (r=-0.59,
P<0.001) MMEF (r=-0.53, P <0.001) fIl MVV % pred

(r=-0.55,P < 0.001) 5 Z:fili & it LAAGAH oM 2% 5
FEV1/FVC(r=-0.67,P < 0.001) 547 Jiti LAA%HH 1
Hek o — o EIH 53 R B FEV1%pred . MMEF
FEVI/FVC MVV%pred (751 5 LAA% HAT 44 K
I (r=0.28~0.45, P < 0.001) , Hr 22 i i i A5 o <ot
i L REFE RS M A K, i LAA 961 T i , AR it
Uie i/, A2 R, 2 CTUE S
55 Tt Ty e A8 Am 1 A OGP L ER 3, Hih FEV1%pred
(r=-0.28, P=0.01) .FEV1/FVC (r=-0.30, P < 0.001) .
MVV%pred (r=—0.28, P < 0.001) 5 A5 iti v - /< 35 B
JELJEAH S F IR s MMEF (r=—0.29, P < 0.001) 5 45 fifi
SRR REREREY EP e I v e A C R B A
7~ FEV1% pred (r=0.08, P=0.005) . MVV% pred (r=
0.08,P=0.004) .FEV1/FVC(r=0.09, P=0.002) 5 £5 iili
Hp AR R JR B 2R SR B, MMEF 545 il v i <G

R1 MWABEERFHE
Table 1 Baseline characteristics and related indexes of two groups
PERN (1) WA R (- 4)
TiH i " AR (4F) BMI(kg/m®) =30 10~30
2 (n=58) 56 2 71.48 £9.13 22.59 +2.74 33 25
L (n=44) 43 1 70.20 = 7.71 21.64 £2.74 25 19
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HARL M SEEE (7.=0.09, P=0.003) , A] Jiz B35 4 fili 2y
[N
2.3 ZECTHAKEMIAFRIGAR S T LML 2 5 M
i 22 JeZ PR A 23 AT, &30 COPD f8 35 &8 43
fiti i 5 8 2 805 FEV1%pred . FEV1/FVC , MMEF
MVV%pred FF7ELPETUARIE , Horp 22 il R i A i
Mg T S HOHOCIE 3 & wr AR R RECA 48
T S AR R AR 2 AR M (VIF < 10) 5 [1]
VSRS ARG 40 % A B SR 5 25 43 BT (ANOV A ) 45 51 4

NG R L PE I H O B B A gt L (P<
0.001) ., 7EZ I ABRI  XF LAA% I A <A
AH I (B AT DA IR A& IS R®, 43 50 AT LS B 42%
1) FEV1% pred . 52% 1) FEV1/FVC ., 31% [}) MMEF .
35%1 MVV %pred 224k (5 4) .
2.4 T & CT AR Ao fk 649 14

& 2 K 1 FEV 1% pred < 50% . MVV%pred <
50% I} 52 B CT 2501 ROC # 26, Hovb 22 il F i
LAA% M T 1 AR K, IF H Y LAA% > 13.5%H

F2 Mt LAA%S B ThRES$H9HE X 14

Table 2 Correlation between LAA% of lung lobe segmentation and pulmonary function parameters

LAA% Pearson #HC FVC%pred FEV1%pred FEV1/FVC MMEF MVV%pred
A il L rfi -0.09 -0.42 -0.51 -0.38 -0.38
P1H 0.33 <0.001 <0.001 <0.001 <0.001
Ao it rfi -0.14 -0.49 -0.57 -0.48 -0.45
P1H 0.15 <0.001 <0.001 <0.001 <0.001
A Il T rfi -0.18 -0.58 -0.66 -0.52 -0.54
P1H 0.06 <0.001 <0.001 <0.001 <0.001
il Lt rfi -0.14 -0.45 -0.53 -0.40 -0.41
P 0.14 <0.001 <0.001 <0.001 <0.001
el rfi -0.22 -0.59 -0.66 -0.53 -0.55
P 0.26 <0.001 <0.001 <0.001 <0.001
A it 5 rfi -0.14 -0.56 -0.67 -0.51 -0.54
P 0.16 <0.001 <0.001 <0.001 <0.001
Zefii A rE -1.82 -0.55 -0.63 -0.49 -0.51
P 0.66 <0.001 <0.001 <0.001 <0.001
sy rfi -0.18 -0.57 -0.66 -0.52 -0.55
P 0.70 <0.001 <0.001 <0.001 <0.001

r:Pearson FE R 5L,

R3 Fl CTEESESHSMMINEERMEXE

Table 3 Correlation between airway dimensions of lung lobe segmentation and pulmonary function parameters

SERCT FEV1%pred FEV1/FVC MMEF MV V%pred
BB i P i i P1H rfA P
S HRZ
Zefiti b -0.14 0.15 -0.19 -0.12 0.21 -0.18 0.06
el -0.19 0.06 -0.29 <0.001 -0.16 0.09 -0.14 0.15
At et -0.02 0.82 -0.17 -0.05 0.56 -0.04 0.67
A it -0.23 0.02 -0.29 <0.001 -0.29 <0.001 -0.20 0.04
eyl -0.11 0.24 -0.17 -0.11 0.26 -0.11 0.28
RIEREJEL
2Nt bt -0.04 0.66 -0.05 -0.02 0.80 -0.14 0.14
ZEfi R -0.24 0.02 -0.26 <0.001 -0.21 0.03 -0.25 0.01
A il L0 -0.05 0.65 -0.13 -0.03 0.71 -0.16 0.10
A it -0.28 0.01 -0.30 <0.001 -0.28 <0.001 -0.28 <0.001
A iR -0.04 0.68 -0.09 -0.01 0.86 -0.13 0.17

r: Pearson F1C R4,
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T FEV 1% pred < 50% 1) RAGUE 2 75.0% , T8 53 NN
\ TE

g 81.0% , T M MVV% pred < 50% ) = H & K
66.2% , Fi 5N 88.4% (R 5) .

=4

COPD J&— 53 JFPEB , AR 1SV

EE CTSH ST REIEARE & T4 1 A1 EY

Table 4 Multiple linear regression models for CT parameters in interpreting pulmonary function parameters

ANOVA 734t

a3 50 B

i D REAE CTZ%L

FIE

Pd

L

J& R

LAA%
r{f PE

R

rfi

LAA% (ZEfii )
AIERERSE CHlilirf)
LAA% (A fifint)
AIERERRRE CHfilirf)
LAA% (JEffi 1)
SIEEAR G
LAA% (ZE[f i)
SIEREEEE (4 hat)

FEV1%pred 36.86

FEV1/FVC 54.97
MMEF 23.76

MVV%pred 28.59

0.001

0.001

0.001

0.001

-1.18 0.001 0.42

-4.12 0.001 0.52

-0.65 0.001 0.31

-0.98 0.001 0.35

I 52 J3 DA K il o A5 95 AF e BLAS 57, COPD £ 114 fii
SRS AE CT PR B s IR B 8 (X, CT
(B A7 -950 HU I 25 B s il X 5 Fopg #4852 HAY
T AR AE DG 5 il - PTG A AR % B X 5 il )
FERREEFC, i T BN FEV B F B 2k
RAE RS L, CT{EAR T -950 HU X 3 9 25 FH
H oy e AR S NGB B A
COPD [ 573 —FhFBIE R, CT HR T E A A BEVER) 1%
ANSGE A WFFEIESE S MR CT H B A AE Gt , K
A B JEL R T R e i NS S AR

AR, B TE & 10 BEAR PPAR B A AT DA 43 i
JoRN A, AT 4 L S A R R T I
D2, Ay TR ATT AR 48 5L A 1 e ) 4 A A B A
B Shi % 2UKRHRMTE CTAE 44 COPD %70 A
T (CRR At = ) (K 78 (BH 8 i il SR B 913
A RERE LA ) A M AL (S A 01 S S RES R AL ),
K IIIE 24 R R [R] 5 17 Lee 552 R BLLL<GH
BHZE N 11 COPD B A& IRYT RO fe i il < e 28
h B BEIRITRCR 2 . I, TR = CT
SR A B FIRATRABISE COPD (R AL I
REHEVEAL S 2 BRAR B, I AN [R) SR 7 K AN [) 7™ B
FEEE [ COPD B A ARALIR P AR IR

it EA 45 F A R SGE 5352, Hah T Ref
E—E 2R, — S5 kY CT W {E 1 H-950 HU
i, M5 CT MG T 7 Bl S o0 A AN ] 2248 5
S5 e B COPD A8 35 AT 32 PR AT & A= A AN [+ i
M, AR, 220 T i LAA% 5 GE R S 32
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Figure 2 ROC curve of quantitative CT parameters in
prediction of FEV1pred<50%(A) ,MVV%pred<

50%(B)
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Table 5 Cut-off values, corresponding sensitivities and specificities of the CT parameters in predicting lung function indexes

filizhfie FE Rl CT S 44 s KR (%) RIE (%) P2 (%)
FEV1%pred < 50% LAA% (=i T i) 13.5% 83.0 75.0 81.0
A REELRE (ZERT i) 3.35 mm 66.0 60.5 72.9
MVV%pred < 50% LAA% (=T i) 13.5% 80.0 66.2 88.4

TR e . X AT B A2 BN E 5, il L AR RN
TR, N I ASGE AR PTG R (W] B
W B 2E SR A D R A2 BRI
UEAN  ASBESE CT 48 2 AE M SOR S8 B, MR R A 2l
AR 0] BEXS I SO — R, WG R AR
U, A i S RE R R K /N R fig R B FEV 1%
pred [FEV1/FVC MVV%pred 254k, , 1if MMEF 3% 5%
) A7 il v oA ELAR 52 (H G IR AR B A |
NSRRI A FEAY ; R, A58 K IR 5 S 2
FRASEE (K AN B, 20 Bl () LA A28 36 i A A8
TN, ZATAEIE R, AR E B CT 2 80k F
COPD /B35 S 52 BR 0 = d AR B2, A58 LLZE It T
I il A<M A R JEE B SR T GOLD 3~4 9 < i 3%
PR , 5 Kumar S5 45 8 Ho s, FLAUNA4RE |
TR KRS A T R X 0] RS R R AR ST AT
i () B 5 AR D) B 22 5 5 AR I, AT AN [ it
Tl B A CT A8 AR 43 BT, S5 B IORS aff 5 B 17/
it 32 BRAE BE Ah A W5 % BLZE il T I LAA% X
MVV%pred < 50% 1 EA TR 4 1 T ZLGE , X 18 4b
FFFAR RS R EE RS DAk AT — e i A (™
X TR A RE T 57 ili D REAS A 1) FR 3 K 1, CT R AF
WA,
AN A5 LAA% S5 SOESHUARSS &, dEr
Z I AR — 25 T H S I DB G R 5 45
REW, LAA% 5 ESEUBEFEV1%pred \FEV1/
FVC.MMEF . MVV%pred [ 8l & B84, IF H LAA
KA A SHOBTR  Ili T RE 0 DCIBe M B, T LR
U Wb fife R It D) RS2 B 17 20, 3X 5 Lederlin 45
FELEIR—B, SR, L RT UABEAR T R gt g 0 4 il 1)
REFE RIS Ak, 3K BR 1 R 7% I L4579 22 A1, A s
BT COPD i BRAR AL I 52 J | 75 22 T 2 9 ok i
— AT
ARWFTORE LAA% SGE 2 o e Sl
ZW B, 7E = eI AT R A IR AR A5 A
SEEIBTE , 4 COPD IR T 2% . CT &
TR A s S L BRA N TERIE,
AT 5 R KA AW, N T I G

W25, SR, AW WA S FRE : 5, A R
B HX A GET TR A — s JR R s ok, AT
G A 2 I A 2 PE I A8 PR 3R 5 D Ak, R
TR IE XS A LR 22

SR UL, AN ) 25 8] 73 A1 Y LAA% | U 1E BE 5
JE AUIE AR REAR G b Sz R i D) R K Y-, He b A i
T Y LA A QIS TE I (B P S0 A7 FRAR B 1Y)
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