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L. BB KM B R B B b, BRVE ZE<e 716000

2. JE T N REE B2 Rl, BkPE ZE42 716000
WE: BHI: i EE RS E & CT 6 48 B 1 4 BH 28 1 it 23 (COPDD &5 fili AU s & 45 s R X Ll
SN, SRR S RmARAR . J5iEe BB e B A R AR G L2 55 61 R4 P L S5 1 M 4 3R AB
P (GOLD) 1 4% 21 5, GOLD 2 #% 31 #i. ¥ CT Jsidh DICOM £l SN “Bu=2i” /3 #r P&, e imk <R
LAA % g5 FHIRNF SR LAA Y 00 5 0P SAH S W SAH CT UGBV, AR B0 A V5 TF 530 H IR < X 380 4 L
(PRM™) | T BEE /N8 99 A8 X 38 B 43 B CPRM™™™) FIIE 5 X 88 B3 43 Bk CPRMY™ ) . il T B 46 % A0, 45
FVC. FEV,%. FEV,/FVC. 4liF—Mcwirl. CT & s4atn Al Th e 22 5 R MO FEA ¢ #5536 . Mann—Whitney
UK -RITR%, AP R Spearman AHCHT. 22123038 TAERHIE (ROC) 2k 43 #7 CT & S 4k
Xt v BE COPD f8 5 i S B 2 Wi AR . &5 . B2 b B COPD iR 3% 5 1 0% S IR 4L 1l P ) . RO 48 %
FEV,% . FEV,/FVC. WL S AH LAA% o0n WP AH LAA Y o« PRM™ . PRM™™” K PRM™™ " 2% B ¥ Fil 22 &
M. WS LAAY% o, 5 FEV,/FVC 2 AAAHSE, PR AH LAA% 4« PRM™" 5 FVC, FEV,%. FEV,/FVC 32 i AH
Fo ROC HIEL I3 HT 45 K BRI SAH LAAYS oo WESHH LAA %G o0 Sz PRMP™ i 28 R TR 4950 0 0. 742, 0. 861+
0.876, o PRM™"“Fehs i MLk FiAdm K, XHMIGSE R 9. 84%, MUK 76.90%, F5H1E 94.50%.
ZE: ER CT AU R AR A A LAA S gpn TEAAH LAA % 0 2 XU M PRV HE BE 15 25 A0 DF 45 4 o
COPD J& & W <5 oo, ovp PRM™™ 2 B AL VP Ali Fia b

KA s CTs UFSTHU B EIRALPE, 1 PERLIEVERGZ ;s I

DOI:10. 15953/ . ctta. 2022. 189 FESHES: R84 ICHIAFIREE: A

i BH ZE il %995 (chronic obstruction pulmonary disease, COPD) j&—Ff LL/NS 1 5 A2 Al
il Sy R B S e, SO AR T T Ak, AT SRS 3 RSETI R, JF BN
SERIBET 5 HAE BT HAT COPD 12 Wi 1y dae H b HE A5 AR A& I s A 2™, IR b FH I o i >k )
Wr COPD ™ HLRESE, AH Ml D) RE TGS 3 it BLZE F g B A, AR TGV X 20 il Ul A AN ST 3 AR 1) B
RFR S o i 8 AR R SR S WA R B AR A S R DR R 2 A
I H R AE CT LA Il UM R S U BE R IS, TR AR CT A BT =M AT LA T 247 1
iy T A e SR e R SET A, T LAY COPD 5k A AR i < 4 3 A L -3 3L 5
VAL KU A B AR

TS 4R 45l ek 43 AT CT RUSAHAN [t b B E A 220k X (low attenuation area, LAA) fdy4:fili
PR 23 L LAAS 50 TN LAA G oy WT LAV AN [ 7% SRR BE i B 4047 LU K AN )5 Galban 45 9 Ui
i ZHU W K (parameter response mapping, PRM) I HJE| CT 985 AU AT AT 1 1 J5 F 53 W WS
FH CT BeAE W] LIRS B i DX B 12 I D) BEVE /N UIE W AZ (FSAD) iUt (Emph) ATIE# (Normal)
DA™ s AR H WIRIF 2 e W B o i CT REAE LINT. RS HE. LK VAL COPD = FESE, JFH.
MG TR s B85 T4 I W AE OB R TS 4F ot P AP e D B o DRI FR AT
DAL B COPD H, iU br e A W o ™ S AR J S 02 I b B oK I R s M, IR 4
LEAE COPD 1B B i ik th e At CT s B Jhli UMb o

i HE: 2022-09-25,
HEELWMB: B7AEEAT R BIE GET A 03 1l 25 F 3045 16 2 25157 (2021SF-254)),
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BEAE AT 70 FE AN H 2 T BSAH CT @ AR AR R VPAG Il AU, ANBFFE I N XUSAH CT B ok B 1) 2
FERR AT VEAS Il O 5 BEAE 4R AR LU o AFFE NN IE 5 AN BERER H BE COPD JB 8, RERIH XU
A 7] 5B RN O HE 9 P 5 v A2 B COPD £ 2 il =B 102 W sk i A i ik, ARt Bt 112 Wi e h
J&% COPD 35 i MP f E 1E CT Firhae

1 BRS5EE
1.1 —RER

(] o WA A 2 K2 B B BE 52 2018 4 6 H &2 2021 4F 6 HHEAT IR WEOUKH B 5 CT 6 A W R A
B, s 52 1112 COPD g, AN NZ IARAS 1) 1E & 6 R Ol D RE Az A K3k COPD 2 b
(FEV,/FVC > 0. 7) 55 i,

IINKRAE: TN E R AMICT 40 2 B ERIE M 228, AT Re S 2EAT il 2L 1 1E
oyl HEBRARHE: AEES/NT 40 58K T 80 Xy ANHERCH AU s HA M TR 8145 st LA
K A s ORI 90 . IR . A5 A% SR S M I RO s SOV R . a5 % SR Y
5K S Bl ik v M 55 HAR R R GE s s RN A Bk o

AT 5 L G 22 KA B S B AS BE S G s btk [2018032], BTy 2l & A Al = JE 4828 T Jnt
=t
1.2 CTHRE

T B AR B AT AT IR SR SR SR B BRSNS, RIS UCT-760 128 2 JE CT Xt
NI B 0 AE TR SR W SR AT I 2R 2 Il JEA T A B ) B 1 4

HH#ZH: EHk 120kV, HIEN ST BT GEFAESH 2, Ul 30~40mAs, 75K
FIRSHMAE"), WEELASTEE 128 x 0. 625mm, BRFH 1. 0875, 34 0.5s/[, FHIZE 5mm, WK
MEURAT 5095 L mm 2 KARL EACER", WEF 350~450mm, Hiff 512 x 512,

R 5 7110 B i 4 9 SR RN B A R R AR R T K =0.014, 15 A 2SS (3. 71+
0.28) mSv"",

1.3 EBEGLERS

Ji5i4& DICOM % dis T N “Hr i WP 65 24T 70 b, FE T IS8 7k, FIH Hough 84 14743 %1
KefAG 5 A, THEIRSAH < -950 HU AR 55 v A Jili if LA (MR SUAH LAA %6 o500« FFSAH < —910HU &
Flr A LAY (PEAAH LAAYS o) o SRS HHATIUSAR R BCHE,  WRAORIE S R I AR B 25 1] |
X 55 Bl — A B — [ LT HESRAT ] — AN AcRE 4%, DA AR B SRR 4

RS SE AR ZR CRIEMG S s 2 b dae /D AR AR A7 ) A FH I = i BOR s U 42 B AT 20 28, T
A 1 COPDGene & X b —950 HU, WF4AH I 24 —856 HU,  Ff- I T~ 2E B 3% HonS S BTAA 38 HU {E 1)
e 38 B LT Bl o SXATARRE AR Z A 0 2RO IR L il UM sl Dy BN E R

BRLKE— AN R (T R Z SR AN 0 — e B AR, TSRS R AR AR IR
AH CT {H > -950 HU, WSA4H CT {H < -856 HU A% 25 (I AR F 7 LE (the percentage of the area
of functional small airway disease, PRM™™*) /NS IERHE AKX, Frid o X; WS4
<-950HU, WSAH <-856 HU G2 iy i AR T 43 tE (the percentage of the area of emphysema,
PRM™) Sl X, BRI ALK SAH > -950 HU, IS AH > —856 HU 14 3 b Al 28 B IR 43
[t (the percentage of the area of normal, PRM™™) KIEH X, #nid WEEfaX ., PRM™, PRM™"
F PRV 3 it DX 5l B RIS T 100% , B AR DX SANAE BB YE I N, 290 10%,  #F SRl 3 B8 JEAH
T, PREER MR B T ECHEA R AR 25, I BT HEA T gmis ™ (B 1D



2 RS UM E B CT W e rh 2 COPD A VFAl i fELAE 5T 191

£

(a) WA CT (b) WESAH CT & (o) WSS TR AHTECHE PR () B =4ErT b

1 5, 58 %, GOLD 1%
Fig.1 Male, 58 years old, GOLD grade 1

1.4 PhIhgERRE

BFEWTAE CT A G 3 RN HAE AR € N BTl 2 88 (pulmonary function test, PFT) &
A, ol E s O g & (FVO) . 53 TR H AU AR vk (6 18 & 43 BE (FEV,% ) . FEV,
i F s S T 43 b (FEV,/FVO) .

HRAE 2023 4181 BH ZE P il s 2 BR1E1X (global initiative for chronic obstructive lung
disease, GOLD) iZWrhsik" "%+ COPD iR 4740 %%: GOLD 1 2% 21 f4l. GOLD 2 4 31 4.

1.5 FHIUTFESH

KM SPSS 26. 0 FAFHAT LI 22 0 W o VM RBURHT S IEAD AN R+ 5) %o, FFEARIESM
IR M(Q) ZRows AR — Ml AR WA it D) i 22 S R BT FEA ¢ K05 . Mann—Whitney U K%K
KKK R A Spearman A 3¢ 43 HT WL A LAA % gpn WEAAH LAA % 0o PRM™ 5 FVC, FEV,% .
FEV,/FVC M= 2152 RE TI/ESAE (receiver operating characteristic curve, ROC) HiZk
3T CT & S HON 42 rp B2 COPD B il UM AL (12 W Ak fig. P <0. 05 A4t Lo

2 &R
2.1 —HRARIEEE:

AP EE COPD M S IEM MHHEAL, 4F#y. BMI Az FVC Al [A) C4i ¢ 2= 5, I o4 otk 5 L i
FARTH P E COPD %, 2P COPD B8 38 WK 8 20 1 o 5 A 8 K, b i COPD B 3% FEV, % .
FEV,/FVC ¥t /N FIES X B, ARSI EER (& D,

R BBRIE R AR

Table 1 Comparison of general information and results

B oL 72
WA IEH AL (n=55) B2 COPD Hi# (n=52)
iz P
RS/ % 58.130 + 8. 228 58. 700 + 9. 622 -0.735 0. 464
I (5B /2o 53/2 40/12 8.883 0. 003
BMI/ (kg/m") 24. 573 +2.975 23. 380 + 2. 507 1.684 0. 096
DS GEEEE 400. 000 (392. 000) 655. 000 (800. 000) -3.327 0.001
FVC/L 3. 461 + 0. 769 3.270 + 1. 052 1. 248 0.215
FEV,%/% 81.570 + 14. 395 69. 640 + 13. 654 3.008 0. 003
FEV,/FVC/ % 81. 030 + 10. 000 58.880 +9. 771 12. 236 <0.001

e ESTE & £ 208, WMERE M(Q) %R,
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2.2 4|8 CT EEIEFRELER

B EE COPD A AHEL T I X6 FRAL, WA LAA % o0 WEASAH LAAYS g0 PRM™, PRM™™PU 371
febrtyi ok, PRM™7 RN, HAlMZERBHS I FEN R, F2/ME 3.
%2 IEHXTHE 5 & COPD 41 1A) CT & mIghr bk

Table 2 Comparison of CT quantitative indexes between the normal
control and mild to moderate COPD groups

AR o oA
i H IEFRHBAL (n=55) R COPD i (n=52)
VA P
WA LAA Y% g5/ % 19. 210 (7.890) 28. 160 (12. 080) —4.323 <0.001
WA LAAYS o0/ % 10. 380 (10. 360) 26. 210 (26. 680) -6. 439 <0.001
PRM™"/ % 4. 055 (3.570) 15.610 (18.590) -6. 697 <0.001
PRM™"/ % 14. 685 (11. 640) 27.810 (15. 280) —4. 806 <0.001
PRM“"™*/ % 59. 615 (15.120) 37. 340 (37.490) -5.273 <0.001

e AR M(Q) .

(a)
K2 4, 57%, IEWXATHZIRE

Fig.2 Female, 57 years old, normal control subject

(a) (b) (c)

B 3 9%, 63%, GOLD 2 %, 1EHSFIRAZE 5 & COPD i PRM™ (LX) F7E 25,
B2 FRHE COPD £ 595 A% 1H I8 in &

Fig.3 Male, 63 years old, GOLD grade 2. There was a difference in PRM™” (red area)
between normal controls and patients with mild to moderate COPD, and the lesions
of patients with mild to moderate COPD were significantly aggravated

2.3 CTEEEH¥5 PFT B9HEXM

IR A] LAAYG o0 PRM™ 55 FVC. FEV,% . FEV,/FVC %2 GG, WA LAAYS o 5 FEV,/FVC 2
A, WRSAH LAAYS o, 55 FVC. FEV,% L PEA I (3£ 3),
2.4 CTEESHXSEEAFHSEHE COPD EEHNNE

WA LAA G gs0n WA LAAYS o0 PRM™IX 432 70 B COPD ) 125 R IR 4351 4 0. 742 0. 861
F10.876, HoAr PRU™™“Fabr K M2k N ARGk, KN G A8 A 9. 84 %, URE 76.90%, KFFJE
94.50% (& 1),
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®3CTERSHLMThBERIAR L

Table 3 Correlations between CT quantitative parameters and pulmonary function

MR RBHKL: o (P

CT EmBH

FVC/L FEV,% /% FEV,/FVC/ %
WM LAA% g0/ % 0. 044 (0. 655) -0.150 ( <0. 122) -0.512 (<0.001)
WEASAH LAAYS 410/ % —0. 301 (0. 002) -0. 394 ( <0.001) -0. 668 ( <0.001)
PRM™"/ % -0. 269 (0. 005) -0.361 ( <0.001) -0. 696 ( <0.001)

3 g

COPD [/ iE A2 WP W08 R s S I PR 02 1 980 AN B B i 2 80 GRS A0 AN m il ) il e . s CT
(%1% ik COPD i S Itk 1 Al B BT IR £ o I RIT CT R i /2 COPD 2B 38 5 B2 (1 S 15 2k i g 9
HAUSA CT %2 5 S H02 COPD H 2 fili = i ) 7 52t
Fabr, CT il =i [ ) e A8 m AT COPD
HIMAET-E, BRIk A COPD fifi i HE et CT
NP

AHFFTLE R B R R BT 4R TG il %
S, U/ T HIAERS 5 OBML A ) 52K I R
YL PER A 25, BB COPD /% 4l Pk bk
W T IR AL, B2 B2 COPD 5 R W

o PRI
FRECEE S T IE AT IR . 25 Rt Lotk vk o9 — P LAASG 4,
R 5y 5% BRI A R, I . — T LAASG
. . " 0

COPD [ P 32—, WAIs = T 40 % HLULJ 0 20 40 60 S0 100
(K N FE A COPD ) S S N BEY, Bk WUSAH CT & 100% 557 %6
AT LU VP A AR S S

ﬁﬁ%%ﬁi)ﬂ[&%*ﬁ LAAYS 50~ ﬂ?%){‘ﬁ LAAY g0~ Fig.4 ROC of CT quantitative parameters
pRMEmPh%ﬂ{ﬁ){% COPD %‘Hfﬁff’hﬂq:l E{J 1/?/\%/;& ﬁ% , /ﬁ\: to differentiate emphysema in pati-—

ents with mild to moderate COPD

e PRM™ ™ ASAY AT LA X 43 COPD ) == 2955 B A Bl 2
A B8, 8] LA A4k 58 B2 M IE o X 4k Th A /N30 DX R A X 3 . g AR
FEWAR A LAA Y oo S AL AR A e AR (8,  ELS IS BEA e R AP o AR ST IR SAH LAAYS 4y 1
FEV, % HAH OGP e, 10 FEV, % & COPD Z3 % (R4 Aw, DR mT LAt B R~ AH LAA % o % P4k COPD [
e RE S L U, X S AR BN 2 i ORI AT A B XU 2 £ PRM AR W LAk B A il A
(RekAs, St Th e e bRAR DGR, SATRFSUIE D2 PRU™™ 5 A AR ¢, LS LAAY o0n FS
A LAAYS o0 PR IRFRARMIEL, PRM™ L) FEV,/FVC MG PE 47 0 WA LAAY o5 WM LAA %S 0
PRM™"3 3 H 43 51l IX 43 1F 5 50 I 4L RT COPD v Ji HB 3 (R Il A, ROC 45 SR 1) ol £ R 1T B 43 31 Ay
0.742. 0.861 f10.876, JFH#A X, EWiRmE LELF. b PRE™ I AUC ok, HHERE
FHATMERRE, EWIHEI TS LAAY o M SAH LAAYS 0

AR FEAEAR D B ) Al B 23] T ROC #h4k, 45 ARE T XA HER AR T 0 AR bR .
F Il COPD Hp i A ) A= A, H A6t L3 COPD IO 32 B /NS0, T AT 32 B 4 4
HRE COPD H (Rl M0, 4RSI T 3 COPD S5 i M ity Bt A0 72 2 CT 38R, 111 IR e A il
AN M AR bR AR R A SR R BT A

AHIFFE AN Z BT T 703 PR LAA %6 o A HERF PEAY COPD ™ B R (M U Fa A%, JF H A5 IRIK
filiThie BAT RAFIIAIDCHE, XS ARS8 —8, TR COPD /3 HEAT 58 AT VA R 2 5
WFFT 2 “PRM 890 T F AT CLAN19 CT W /E 12 W7 COPD J7 i AR, 051 IR S 50 1 i e E 2 1,



194 CT Pt 5N W (haso) 33 %

PRM AJ DA$R A DG 950993 3 7R R 7™ J R 19 T 45 0, o ALkt PRM PRI s 08 DX it <o AR e il A<
(23S0 B, I e % 58 SCSE M VT Al COPD A8 38 (1 il AU A 400 o PRMI™ AT LK 43 LI A i A9 R AIE (19
COPD [PJIG IR 5 b, X J2& PRM [ —ANTEZERRAE, AR AN [A) ) 2 Y ] R 25 A7 AN IRl (9 2 i 1k 7 R 45 2R
DALt mT DU SReff s A (R, LT DI AS R AT il T R A 2 1) 26 EAT Il D g (o Rl f o3 2, AT
A A EA IR T

B AE IR ARE CT BRI A S, AN Tl i fr, el A Tl e, X1 CoPD &
IR BT S FI B S BR R Y, B CT A LUSE MRS A W 40 BT I3 S, B A 2%
(RIS, Honl F AN BEREAT il DO BeAS & (e ok Ao 25 b, FRATTIAH PRM & — PR A AT ik HAL
TEASAHM CT F5bx .

ARG PRV EFEAR R D, T DA IR A &, JUIE Lk s, X COPD i i AT
PESIY RIS . HEAh, AHTST HX 20 IE 5 IR AR b B COPD H, 2 Ja vl ABEATERERBE T, #E—
05 T B R AT 12T

ZE FTdR, WRAH LAAYS o0 PR LAAYS o« PRM™ B HE 1R I Hi 12 r 5 v & COPD £ 3% 11 il <,
Jif, Hor PRMER] DA R G . BBUBCHB IR R R B COPD b il Ak 1 e s, R Sk R B COPD #b:
IS W AT SRR bR, AT RN T IR AR SE B

SRk
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The Research Value of Biphasic Registration Quantitative
Computed Tomography Emphysema Index in the
Evaluation of Mild to Moderate COPD

WANG Xionghui', PAN Juan™, NIU Yuan', SHEN Min',
YIN Weiling', LI Jianlong', HUANG Xiaoqi', GUO Youmin'

1. Imaging Center, Affiliated Hospital of Yan'an University, Yan'an, 16000, China
2. Department of Geriatrics, Yan'an People's Hospital, Yan'an, 16000, China

Abstract: Objective: To find the optimal quantitative index of emphysema by comparing and analyzing the quantitative
indexes of emphysema in patients with mild to moderate chronic obstruction pulmonary disease (COPD) via registered
biphasic quantitative computed tomography (QCT). Methods: We retrospectively collected 55 healthy controls, 21 Global
Initiative for Chronic Obstructive Pulmonary Disease (GOLD) 1 case, and 31 GOLD 2 cases in our hospital. We imported the
CT raw DICOM data into the "Digital Lung" analysis platform and measured the LAA ., at the end of deep inspiration and
the LAA,, at the end of deep expiration. The expiratory and inspiratory CT images were registered. Then, the percentage of
emphysema area (PRM™™" SAp

), the percentage of functional small airway disease area (PRM™ "), and the percentage of the

") were calculated according to the threshold method. Pulmonary function indicators included FVC,

Normal

normal area (PRM
FEV,%, and FEV,/FVC. Differences in general data, CT quantitative indexes, and pulmonary function between groups were
assessed using the independent sample t-test, Mann—Whitney U test, or chi-square test, and the correlation was analyzed using
Spearman correlation. The receiver operating characteristic (ROC) curve was drawn to analyze the diagnostic performance of
CT quantitative parameters for emphysema in patients with mild to moderate COPD. Results: There were significant
differences in sex, smoking index, FEV %, FEV /FVC, inspiratory phase LAA%., expiratory phase LAA%., PRM™™"
PRM™"* and PRM™™" between the mild to moderate COPD patients and normal control groups. The inspiratory phase
LAA%.,;, was negatively correlated with FEV /FVC, the expiratory phase LAA%.,,, and PRM"™" were negatively correlated
with FVC, FEV %, and FEV /FVC. ROC curve analysis results showed that the areas under the curve of inspiration phase
LAAY%.s, expiratory phase LAA%,,, and PRM"™" were 0.742, 0.861, and 0.876, respectively. Among them, the area under
the curve of the PRM™™" index was the largest, with a corresponding critical value of 9.84%, a sensitivity of 76.90%, and a
specificity of 94.50%. Conclusion: Quantitative CT emphysema index LAA%.,, in the inspiratory phase, LAA%.,,, in the
expiratory phase, and PRM"™"
among which PRM*™" is the best evaluation index.

in biphasic can objectively evaluate emphysema in patients with mild to moderate COPD,
Keywords: quantitative CT; computer assisted image processing; chronic obstructive pulmonary disease; emphysema
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