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[ Abstract] Objective: This study aims to investigate the diagnostic accuracy and evaluation capa-
bilities of various lung quantitative assessment methods for determining the severity of patients who
suffered from connective tissue disease-related interstitial lung disease (CTD-ILD).These methods in-
clude the high resolution computed tomography (HRCT) density threshold method,density histogram
method,and comprehensive analysis method. Methods: A retrospective analysis was conducted on pa-
tients with CTD-ILD who underwent continuous HRCT chest scans and pulmonary function tests
(PFTs).Two radiologists utilized the Goh score to visually and semi-quantitatively assess the severity
of ILD on HRCT.They categorized the severity of ILD into two groups (limited group and extensive
group) based on a 20% Goh score threshold and a 70% forced vital capacity (FVC%) threshold. The
quantitative indexes based on the HRCT density threshold method and density histogram method were
recorded,and a new index called the computerized integrated index (CII) was calculated using princi-
pal component analysis. The z-test or Mann-Whitney U test was selected to compare the differences of
each parameter between the limited and extensive group.One-way analysis of variance (ANOVA) or

Kruskal-Wallis H-test was used to compare the differences among different CTD types. The correla-
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tion between variables was evaluated using the Spearman correlation test. The ability of various lung
quantitative evaluation methods to distinguish the severity of CTD-ILD was analyzed by receiver oper-
ating characteristic (ROC) curve.Results: A total of 93 patients were included in the study,with 42 pa-
tients (45.16% ) in the limited group and 51 patients (54.84% ) in the extensive group. The results
showed that there were statistically differences (P <C0.05) in the quantitative HRCT indexes, visual
semi-quantitative scores,and PFT parameters between the limited group and the extensive group.Ex-
cept for MLA-4 and DLCOY% , there were significant correlations among HRCT quantitative indexes,
visual semi-quantitative scores,and PFT parameters.ROC analysis showed that CII-4 and CII-5 had the
strongest ability to distinguish ILD severity,with AUCs of 0.886 (95% CI:0.813~0.959) and 0.883
(95% CI:0.807~0.958) ,respectively.Conclusion: The quantitative methods,including the HRCT den-
sity threshold method,density histogram method and comprehensive analysis method provide objective
indicators for evaluating the severity of lung function impairment in patients with CTD-ILD. These
methods have significant potential in distinguishing patients with extensive CTD-ILD and poor prog-
nosis,and can be considered as a potential alternative to the visual semi-quantitative scoring method.
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SD-4 162.44421.54 148.28 +16.62 174.10+£17.89 —7.151  <€0.001
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1 -4 1.604-0.64 2.030.54 1.2540.48 7.334 <20.001
MLA-5 —802.92(—834.25,—769.76) —830.09(—843.11,—809.57) —781.44(—802.92,—752.47) —5.883  <C0.001
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CII-4 0.0041.66 1.1741.35 —0.96+1.21 8.002 <0.001
CII-5 0.004-1.64 1.1641.37 —0.96+£1.15 8.141 <20.001
%5 CTDILD E# R EHF S5 WA ¥ EEF 2 PFT A8 Mt x ¥
P ¥ Q1 Q-2 Q3 MLA4 SD4 ME-4 4pfE-4 MLAS5 SD5  ¥%E5 4pES5  Cl4 CII-5
FEV1%
r —0.240 —0.347 —0.375 —0.291 —0.502 0.421  0.367 —0.333 —0.403 0.387  0.358  0.430  0.395
P 0.020  0.001 <C0.001 0.005 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <<0.001
FVCY%
r —0.210 —0.251 —0.301 —0.254 —0.405 0.358  0.322 —0.310 —0.318 0.360  0.331  0.360  0.353
P 0.043  0.015  0.003  0.014 <C0.001 <C0.001 0.002  0.002  0.002 <C0.001 0.001 <C0.001 <C0.001
DLCO%
r —0.216 —0.325 —0.348 —0.169 —0.315 0.287  0.260 —0.228 —0.342 0.313  0.270  0.280  0.301
P 0.038  0.001  0.001  0.105  0.002  0.005 0.012  0.028  0.001  0.002  0.009  0.007  0.003
TLC%
r —0.305 —0.330 —0.427 —0.343 —0.493 0.470  0.440 —0.418 —0.444 0.473  0.435  0.472  0.462
P 0.003  0.001 <C0.001 0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001
CPI
r 0.254  0.325  0.360  0.230  0.339 —0.324 —0.295 0.280  0.335 —0.348 —0.311 —0.318 —0.335
P 0.014  0.001 <C0.001 0.027  0.001  0.002  0.004  0.007  0.001  0.001  0.002  0.002  0.001
Goh/%
r 0.501  0.588  0.653  0.517 0.594 —0.616 —0.582 0.548  0.621 —0.605 —0.556 —0.619 —0.611
P <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001
MR I AR 22 ROC M2k, 252 0% 6 fE 4, Q3 2.054,P=0.040), W BF-5 5 mEE-5 i) AUC Z1{H K

) AUC {84 0.878(95 % CI1:0.807~0.948) , 1 % Ji &
(B B9 28 &= 48 b 2 B i 8 B s B BE-4 1) AUC fH
%70.882<95VCI.0.808~0.957) 1% B H 7

&5 I2 WA 8 B i s CII-4 19 AUC {H 2l 0.886
<95/u 0.813~0.959) . FE£5 & 43 7 15 19 2 it 46 A
W & .

K Delong ¥ 46 e HRCT & & AL Jr s i 4k
)25 & e hr ROC M T IR 2 72 4R BR.Q
15 Q3 M AUC 21 8k 0.065(Z = 2.406, P =
0.016),Q-1 5 CIl4 #y AUC 21 H 0.074 (Z =

0.022(Z=2.094,P =0.036) . f E-4 5 CII-5 iy AUC
ZAH N 0.019(Z=2.366,P =0.018) , LA I 48 45X J5) B
PE/9RE M CTD-ILD 43 W RS2 Wi s ie A 22 =, H
RETEIRE) AUC B %2257 (P>>0.05),

it

-l

H A3 5 6 HRCT P58 5 & VA, 7 74 2k oF
fli CTD-1LD ™ & B 38R BUS MBE U5 B B 1% 5
e i I R 3 O RO 3 (] 4 17 TG T A I AR S 2R
R M E R E RS R . VPG TR GE TR
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B3 HRCT T EHArRAAREHE,
k.LEREFAMX,

%6 £ HRCT ZEF %8 CIDILD && AR/ T2 08 2 K i IE
3 AUC Az P 1fa 95%CI
Q1 0.812  0.045 <0.001 0.725~0.900
Q2 0.840  0.043 <0.001 0.754~0.924
Q-3 0.878  0.036 <0.001 0.807~0.948
MLA-4 0.834  0.042 <0.001 0.752~0.915
SD-4 0.859  0.040 <0.001 0.781~0.938
e -4 0.882  0.038 <0.001 0.808~0.957
A JE-4 0.864 0.042 <<0.001 0.782~0.946
MLA-5 0.856  0.040 <0.001 0.777~0.935
SD-5 0.864  0.040 <0.001 0.786~0.942
W -5 0.877  0.040 <0.001 0.799~0.954
1 JE-5 0.855  0.043 <0.001 0.770~0.939
CII-4 0.886  0.037 <0.001 0.813~0.959
CII-5 0.883  0.039 <20.001 0.807~0.958

Rtk AT AR 1 Al EE A R EURRE X A o B
I TR v L % 0L M A AT BT O A W R 1 A

PR, (RN B R O RIR R R
2 HA U TR S 8824 1) CTD-ILD ;%E%AE@
8 1 T AE a2 W F R U 1 TS 8 A

L.PFT %} CTD-ILD %% ™ 5 F2 B 19 P4 4 (5

CTD-ILD B & T H ¥AT PFT LB il o 6 51
AR BRI A8 L 2 R B DLCO % I REAIC, 2
IS 57K 8 ) R W A 1 4 A 5 B I HE R L FVC 0 T B
P s A B T 3 S RE R 1 A 2R . K RS 4 2R
FULPFT 2805 CTD-ILD & ¥k ™ & 72 1 Ks
1% HE S VA ¢ Hodh DLCO % f FVC Y% 1 T B 3
e, AWV — LIRS T ZHT AT 4 AL, ke
Hi) FEV1%.FVC%.DLCOY% . .TLCY% & & 1K T =
FRPEZ, 22 5% B A Gt 8 XL, 5 DU 0F 58 45 2R A1
4‘?” B P R T E R A2 %%E{ﬂ,ﬂﬂf

SER IR AR A AL AR BN i T Be A AR R 2

#%Em%zﬂ % MLA-4 5 DLCO % &b, & & "%éﬂt
KM E 2 RIEr ¥ 5 PFT S50k 56, b SD4 5
FEV1% (r = — 0. 502, P < 0.001), FVC% (r =
—0.405,P<C0.001) \ TLC% (r = —0.493, P <C0.001)
MR AF . 5 DLCO Y & v & B AH 56 (- = —0.315,
P=0.002) . 4&78 — 1024 ~—200 HU {4 F#Y SD &
ARG 4T M Sz . CTD-ILD £ 3% Jili o) 6 AF 38 2 4 05,
AHF 5 MLA-4 5 DLCOY 2 I8 Jo A Kk (r =
—0.169,P =0.105) , HJ5 A 7] §8 2 DLCO Y i 88 &

CTD-1LD H 2 il 35 95 42 i 5 26 $E 89 PET 2 #0048
1k (04 5 %«1& I 5% 22 K, i o A8 R A8 B A I 4

J R ) e SR b A B 9 Rk B D A A
ILD (5 &t r RE WAL 5] DLCO By FEAIG L #E I 7] A
5 B A A S B ik e A G

AN ARG AT —A i ™ & 7 A2 & CPI,
 DLCOY% .FVCY% .FEV1% %% PFT ¥ 81 3k ,

1.0 —— 1.0 1.0 ——
= o 4
0.8 — 0.8 0.8 =
0.6/ 0.6 0.6
i F—IJ i
A 3 g
0.4/ B4 B4 il £k
154
T— r AR — g4
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SR BHH R
9850z 04 06 08 Lo 000 oz o2 o6 o8 1o %9 o7 o1 e 05 Lo
14 R @ 14 R 14 R
4 54 HRCT Z 23+ 4& 7 F 4T A0 2 2345457 CTD-ILD = £ Z 6 ROC W& ., a) % B WAL & 347

Q1.Q2.Q3# ROC W; b) &

JE A B k454F MLA-4.SD-4 . MLA-5.SD-5 # ROC #1 %, ;¢) %

AT

B k35 AR A A -4 S E-D AR5, R A M R 35 AF CII-4 .CII-5 49 ROC W £,
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BV Tl T B ™ AR R RS AR 23 8] 4 A R AE 1 O
J& O I R BCAR = P Al ] PET 2805 B A]
T R B b 4R b A e EE R K WU {5 R . CPLRE 4
I A5 P Y 2% AR 1) 5 Wi, o ST I 7 EE RE E % BE
T3R5 T LB AS PET S50, 16 IR-52 4525 B 48 Ar o
W, ABESEIR 2 B, CPI 76 Jm) B 1 13k 18 ¥ CTD-
ILD & T ERAGEIT¥E L (6= —4.496, P <
0.001) .5 Goh ¥4 (r=0.487, P <0.001) #1 % , % &%
Y CPI RN CTD-1LD £ % ™ & F 1 f 7l s
(0P TE R T

2.HRCT #3  5 B 143 % CTD-1LD 5 % ™ B
2 BE 1 DA A0

H TN Goh P43 78 T A AL 06 2 58 1 DAk 5 12
H R Sy B AT AT AR SE X Goh P4y ik 4T WLER 1A
— B S BT & B, B B A ) — B0 A A (ICC fH
0.816,P<C0.001), Af & ML & . fii fb Goh PF 43 LA
WA B A L HAK IS Goh 4y 2 1 A 20% Y
HRCT v B B{E 1 70 %0 19 FVC Y0 B {H 1T LLAS B4 2%
OO B R R TS R R R/ TR I8 A I R G
#E— W5 K B Goh W44 5 FEVI% . FVCY% ., DL-
COY% TLCY & v & B 4 1 5 4 5C (- S8 — 0,516 ~
—0.340,P<C0.05) , £ Guisado-Vasco ZU sy v,
Goh iF 43 5 DLCO Ml FVC & v %5 i 41 5% (» =
—0.36,P<C0.0043;r=—0.42,P<C0.004) , 5 A BF 5% 45
B KBAE .

3.HRCT 5 & WAk J5 3% CTD-1LD %5 9% ™ 5 2
J& B VAR A

D %% B W {E 1 . Yabuuchi 25577 38 5 % SSc-11L.D £
H HRCT b0y 559 42 S L9 01 Q-1 &
SR BE A T R A8 bR S A 0 R T AT S
i Ty i 2 B0 Ak ik 1) A OGP A L At 2% B I8 9 4T, O
FEVPAR T7 20T R B R L AL 08 2 S o T4 TSR Y RE D
BEAEABE T Q1 5 PFT S50k X1k — ik, ] Bt 12
Yabuuchi 5 FEWF 5T 1 RE SR I A5 Ay S B 3 0 A L 22
T At 28 R ) o 1 A L A AR e IR A
H PSR 48 bR 5 2 M AR ST RIS 9 PET 24
(A AL A PR T AR Lk PFT 8. AWF5 £ M
Q-1 5L E 5 2 V7 43 AH OC . Ry BR M A 9R 18 1 20 1)
22 5 BT Gvh 2 0 3 0 R IR/ TR B o I R G
S 2 W BE 1. AUC 2R 0,812 (95% CI. 0. 725 ~
0.900) (fE—3i SSc-1LD & BERAF 5 b & 3. 8
5 Q-1 5E 4 M R (4 B {6 B, %€ & 48 452 Wi SSc-1LD ™
AR T Y BE ) AR S WS AIG, AT RE A PR R L BE O P
i T AR CT HHEYL,

Ufuk 500 & B i Q-2 5@ SCIY % 3 1B {H
J5 ik F A5 50 P 8 Ay B B R O

5 PFT 28 B A h S A0k, X 5 A58 45 1R — 3
HEA X5 SSc-1LD Jaj FRPE R TR 8 M BE )1, AUC {H
K 0.873(95%CI:0.782~0.965) , % = T AW 5T,

FEXT HRE CT a2 & 7 ¥ %t SS-1LD ™ & 2 i F
i BB 58 v S B4 ] — 700 ~ — 200 HU 9 if A 1K %
SE L ILD AR L — 950~ —200 HU WA A R &
SRR (Q-3) , 2 HE 4 b 5 WL 38 2 4 1 PP 43 \PET
SR Z Y B RO 6 LD ™ R B A
X4 fg 1 AR BEAR T AR5,

P IR 1A 3 R HRCT % B B (8 75 W & 3 50 19 8
AR Q1.Q2.Q3 4l 17.47(10.35,31.99)
2.53(0.91,7.02),14.43 (7.52,23.58) , 1§ b 20 1 35 il
)L H Q-3 % CTD-ILD /™ 5 7% JF (1% X 4 B 1 i T
Q-1 Je Q2,43 B B IR AT RE 2 Ko Q-1 538 4 1 7 iR
SR LD il 1 48 6 R, Q-2 oK 5 % 9 A i 78 fii 21
SURTRAL T 28 R . A AN IR J7 i 2Z 1] 1Y 78 4 b
225 AR KL H X B 35 R 2 I8 A % U0 B A et G
0.758~0.905,P<C0.001) , ¥J LA % 41y CTD-ILD ™=
HFE X 5 e

Q%% BE 7 B« %5 B L BT 3R 7 1 {H Y 161 9
B AR S DAE o LA R BT AR ST B, B R
J7 48 FRTE CTD-ILD Jmy B4 0 9% 18 14 20 4] 22 5% 52
e S, e R R R MLA-4 . MLA-5,SD-4,SD-
5 W WA T VR 18 Pk 4L U RE -4 e RE -4 U BE-5 L -5
A JRy B 1 4 rp B

Koyama 4"V BF 58 % B, % F 1a] B 1 il 4 B8
HRCT % 15 )5 B35 b5 MLA i B 5 F 5 PFT &
BRI A B R AF AR G, 5ok E VA Z Al
ELAT B R AR O L AR 9 5 R 2

— IR X SS-ILD (R Wi m kot &L CT %
BT R bR T LR I SS BB & A A I ILD, HJm IR
PE/REB A 22 5 BA S B L, — 2 o bt
FEFRW, — 950~ —400 HU B F , 06 J3 %5 H Ath 2% Ji8
BT EIEARZ W SSc-11D fE J1 B 4E L 31X 5 A fiff 75 25 R
— T R B L B, — 950~ —400 HU %%
BE 7 E H5 AR MLA 76 SS-TLD J&BR 1 /3 i v 2 3
4e 3% B 4 Y B 0 R B, AUC i 0,934 (95 % CI:
0.829~1.000)"" , 7E A HIF 5% 1, W FE K BLAE T MLA.
T 2% SR I AL < i S T RE A R E A BA A A T
ARBFSEE AT A 2SR CTD AR s Huk, W 35 B 5% th
R T AR AR S k. M AE 9 — I SSc-
ILD & A sE h & B, JTBie & — 1024~ — 200 HU
156 {1 70 [ 7 J& — 950 ~ — 400 HU 1% [ {1 38 Fl , SD 1Y
RIHMN T MLA, X 5 A5 45 R — 30, EAR TR
H1,SD-4(0.859(95 % CI:0.781~0.938)) i AUC {H K
F MLA-4 (0.834 (95% CI. 0.752 ~ 0.915)), SD-5
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(0.864(95%C1:0.786~0.942)) ) AUC {5 KF MLA-
5(0.856(95%CI1:0.777~0.935))

QLA ML AR IBTI AT —F a2 i 48
b CIT, CIT A B /)y o fili 5 35 8 )™ 5 . fEAS B 5E o, ki
PEALRY CI-4CIT-5 /N TR R4 . BRI L3,
CI1 5 PFT S 50EAT 580 1 AR G, BE % BB 4 12 10
B 1 JC TLD A8 4k i L0 il St AR R SE R B L CTT
e R B M R BRE M CTD-ILD 4100 2 % B it % &
¥, 5 FEV1%.FVC% .DLCO% . TLCY%% PFT &%
R F v Y T AR D6 (-2 0.280~0.472, P <C0.05) ,
5 CPI 227 M5 (r =—0.318, P =0.002; r =
—0.335,P=0.001), X% HRCT =& &t PPl 45 A0 5
PERIFIE o & B, £5 A2 i 5 T 0 0 o 4R bR 22 18] 2 2 A )
UF R OG5 Z H ST 2 R,

CIT-4  CIT-5 X Jay PR / 9% 18 M 43 301 2R 4 1912 W g
Fro T HA e B AL 5 AR CT & R 3845, (H7E DL FE
M FE S, AR CIL A R B/ 9k 18 4 TLD FR o R
AR 5 1 X 3 BE T (AR T SDL HAE A BF 5T ClI
(X 43 i 38 SD BTy, vl e J2 K Sk B A A 3%
BE ILD 3% SD Al Ge % i DR Jhy JH s e 11 J2 Ml 5% Joit
AR B — s LU, 3 43 B 9 A0 T MILA | U B R ffg
3 1 32 o o B RS CILL AR 5T CI1 i MLA
W i B RN SD A 48 AR AT A TR L ORI 5T 25 R AN —
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XF Hb £ e A8 A xR BR /TR i I R G 2
Wrfe 1, &I IR A E AR bR 12 Wi e ) Z M AR AE 2 7
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JE-4 5 CII-5 20 AUC MR BA S8 L., X
KUK ZH HRCT & w45 hr 4 CTD-ILD 1y ™ 5 72 i
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AL G B8 2 7 5 VAL 7 ik .

AW ILA R R . 58, ARRF 58 R 5
1B B 9 o 25 SR 15 22 o PR AR B 5 45 S 96
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REVEAL CT 414 F0 2 4 2 500 45 S 19 5% ), il 22 i 2
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AR AT A P Y B 2 G W 1

EFRAIFEH GBERNEL LA TUAHRBLF, T4
B AL EHEESE, AT T E LR A KRR eh
TN LEGERE AT T (BERELEGFHIRSHET), LB R
FIAE 8 P B2t — K Gk iR R BIER L R L AR P X,

ADC (apparent diffusion coefficient) : & WL ¥ # & %

ALT: & 28 # 285 ; AST . X & 2B 4 R85

BF (blood flow) : o i &

BOLD (blood oxygenation level dependent) : fz 7K “F 4 i

BV (blood volume) : 2. %5~ %

b 7 HH B A T

CAG (coronary angiography) : &k 3h Ik 1% %

CPR (curve planar reformation) : ¥ & & 40

CR(computed radiography) : 3 £ 4L X £ #E ¥ K

CT (computed tomography) : 7 F L4k & m A%

CTA (computed tomography angiography) : CT fz % s 4%

CTPI(CT perfusion imaging) : CT # i s %

DICOM (digital imaging and communication in medicine) .
E & 3 F M Ao 4

DR(digital radiography) : 4 51t X Z4#&E % K

DSA (digital subtraction angiography) : % F & % fo & #& %

DWI (diffusion weighted imaging) : ¥ #& #m A & A%

DTI (diffusion tensor imaging) : ¥ # 7k & &k 4%

ECG C(electrocardiography) : «s ¥, B

EPI (echo planar imaging) : B 3% -F & & 1%

ERCP (endoscopic retrograde cholangiopancreatography) :
Z AT RIZE B R

ETL (echo train length) . = 3% 4% & &

FLAIR (fluid attenuation inversion recovery) : #& #& % i &
=X

FLASH (fast low angel shot) ; B ik /s i &

FOV (field of view) : #L%

FSE (fast spin echo) : ik @ % = %

fMRI (functional magnetic resonance imaging) : 37 & #% &
PR

IR (inversion recovery) : B &k 5

Gd-DTPA : 4Lt # 82 ) F e

GRE (gradient echo) : 4 & = &

HE & . 5 KF-F g &

HRCT (high resolution CT): & 4 # % CT

MPR (multi-planar reformation) : % F & ¥ 41

MIP (maximum intensity projection) : ®& X % (3%) E & %

MinIP (minimum intensity projection) : 3 > % (3%) E & %

MRA (magnetic resonance angiography) : &% 3t 3k o & % %

MRI (magnetic resonance imaging) : #% 3t ¥k s A%

MRS (magnetic resonance spectroscopy) : # 3t 3k ik i 5

MRCP(magnetic resonance cholangiopancreatography) : %
2R M B R

MSCT (multi-slice spiral CT) : % &E# 4 CT

MTT (mean transit time) ;- 3§ i it B 7]

NEX (number of excitation) : #k J#h K %k

PACS (picture archiving and communication system) : B 4
Btk 5 AR AR

PC (phase contrast) : #8 4% 3 bk 3%

PET (positron emission tomography) : iE ¥ F & 4%+ £
& A%

PS (surface permeability) : & i@ i

ROC 1 £ (receiver operating characteristic curve) : & X #
BAEHIE W &

SPECT (single photon emission computed tomography) :
BT KA H AR R R Y R

PWI (perfusion weighted imaging) : # £ o Ak 4%

ROT (region of interest) : 3% # X

SE (spin echo) : B 7 = %

STIR(short time inversion recovery) : 42 if K % ik £

TACE (transcatheter arterial chemoembolization) : & %
bR 9T AR E R

T, WI (T, weighted image) : T, #n A4

T, WI (T, weighted image) : T, /m 4%

TE (time of echo ) : = J% B 4]

TI (time of inversion ) : & # B 4]

TR (time of repetition) : & & B+ 14

TOF (time of flight) : B 9] & gk %

TSE (turbo spin echo) : Beik B 7% & %

VR (volume rendering) : &~ #% & 3L

WHO (World Health Organization) ; # J& T 4 48 4%

NAA(N-acetylaspartate) : N- Z Bt K 17 & & B2

Cho(choline) : iZ 5%

Cr(creatine) : JUBR

R
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