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Pulmonary function and imaging characteristics of acute
exacerbation of chronic obstructive pulmonary
disease with elevated eosinophils
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[Abstract] Objective To explore the characteristic differences of clinical data, inflammatory markers, pulmonary
function test, impulse oscillometry system (I0S) and CT parameters of acute exacerbation of chronic obstructive pulmonary
disease (AECOPD) patients with peripheral blood eosinophils (EOS) ==300/pul and those EOS<C300/pl, in order to provide
strategic guidance for treatment. Methods A total of 357 AECOPD patients were enrolled, including 41 cases in EOS=
300/pl group (study group) and 316 cases in EOS<C300/pl group (control group). Then the clinical indicators, such as
inflammation indicators from chronic obstructive pulmonary disease (COPD) assessment test (CAT) score and modified
medical research council dyspnea scale (mMRC) assessment, traditional lung functions, IOS indicators, lung volume,
emphysema index., emphysema density and other imaging parameters were compared between groups. Results (D
Neutrophils ratio in study group was lower than in control group (64.70% vs 73.00% , P<C0.001), while fibrinogen lower
(3.59 vs 3.97, P=0.031), C reactive protein lower (3. 30 mg/L vs 8.63 mg/L, P=0.012) as well as smoking number
lower (25 pack/years vs 40 pack/years, P=0.009) in study group were all lower than those in control group. @RV/TLC
in study group was lower than that in control group (51.91% vs 57.44%, P=0.041), whereas R5 (0.56 vs 0.49, P=
0.036) and R5 % pred (178. 65% vs 155.70%, P=0.027) were higher in study group than those in control group. & Mean
pulmonary emphysema density and PD;; in the whole lung, right lung and left lung in study group were all higher than
those in control group (all P<C0.05), suggesting that patients in control group had more serious pulmonary parenchymal
destruction. Conclusion AECOPD patients with EOS=300/p1 have more significant pulmonary function impairment due to
increased airway resistance, in whom emphysema is less severe than those with EOS<(300/pl.
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) AECOPD, H:/h EOS=300/p] £H (WF5FE LD 41 1] , EOS<T300/ gl £H CHF HE£) 316 4], Fb %5 2 2018 1 BH ZE 1 il 5 7 (COPD)
PEAG IR (CAT) BEAY | BE £ B 57 2 B £ P 1 PR i 6 (mMRC) B 58 25 i PR 48 b L 4 5 18 A% DL K A% G il 2 BE L 1OS $8 45 il
BRI TS R IS G SN ER, ER OUFST A bR g M L AR T X 2 (64.70% vs
73.00% , P<<0.001) , £F 4E 5K 1 B (3. 59 vs 3. 97, P=0.031) & C JZ I % AWK (3. 30 mg/L vs 8. 63 mg/L, P=0.012),1%
R IR AR X B (25 43/ 4 vs 40 A1 /4F, P=0. 009) ; QWFFE4H RV/TLC K TXF 40 (51. 91% vs 57.44%, P=0. 041, 1fij
R5(0. 56 vs 0. 49, P=0.036) F1 R5 % pred(178. 65% vs 155. 70% , P=0. 027) ¥ & s @ BF 58 41 4= il . A Jifs 01 22 il i 4 Jieb - 1
A PDys 3 i T X IR AL (P #5<C0. 05)  $/R M S B IR B ™ 8, 4518 EOS=300/pl 1§ AECOPD 8 3 < 38 BHL 7y 34 Jin

S S R R R EOS<C300/ pl H R

[RER] g ARk A MR WRAE MG R, X L RL

[FHE4S%XS] R563.3; R814.42 [XEkFRiIRAE] A

g2 1 BEL 2 4 it 9% % (chronic obstructive pulmonary
disease, COPD) &t F3l Fl 85 R P 2 — , W4t 23 ok
SR RE R (i 4HM 2015 AEFAT G F R A o TR
F 40 2 DL ABE COPD &9 % Rk 13. 7%, COPD
PN (acute exacerbation of COPD, AECOPD) & ¥
RPRE IR St AR, S BT A MR TS, & COPD
R 5 A BT R R 2 . RIE COPD BT
NBE S 2BRE) 31 1% Ak inE 2 R BOET- M EE R
JHIE L FUAT B AECOPD HAF 2 3 X, COPD 4
Bk 18 1 (global initiative for chronic obstructive lung
disease, GOLD) B 2017 4= ¥4 n T 1 % B2 M %y 40 jg
(eosinophil, EOS)E & # il 2 % Jin 5 /) 45 4 . GOLD
2019 1 2020 HEHTHE 1l EOS FAH K H A T 48 S A
Wz i 2 (inhaled glucocorticoids, ICS) &7 I 18 .
ARSI 1 EOS ¥4 & 1 AECOPD 5 fiti ¥) g =
B BES IR R B BIRRE I ARG 7 42
%,
1 #ERS5HE
L1 — ekl mUEME S 87 2014 4F 10 H-—2017 4F
9 AVEZTH JLEBEWIR H 357 il AECOPD & .3
546 GOLD 2 Wrbn e , BV A SR &F kR 5 5 1 7
H 71 W R A R (forced expiratory volume in one
second, FEV ) 5 i 71 ifi i & (forced vital capacity,
FVO I 43 I (FEV, /FVC) <<70% ; H i 5 316 4],
A1 B AR 41~93 &4 (68. 3410. 3) % AR
A B B I RS A EOS Xt 40530 2 41 % EOS=
300/ pl BIFAWFIEAL, LL<T300/pl & Ry xd B AL, HEBR
Bl : AE 8 <740 % 5 220 5 5 JF JHC Al it o 2 ik 98 L Jik ¢
A5 BT I 3 3 R 50 5 TC ik T G il D) R A A

L2 Jrk
L2, AFTZfnlm R GERE  CEE AR B AR 3% L e AR

W AR R T8 30 (body mass index, BMD #ilid % 12 4>

[XEHS]
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H P AECOPD fE B U #0255k A B if 8 A 58
A COPD $#EAR MK (COPD assessment test, CAT) Fl
B W 9% 2= 51 & W I R ME f 3% (modified medical
research council dyspnea scale, mMRC) PF4%r., %
BC-6800 4 F 2l ifiL ¥ 43 BT A . LA It BEL BT 325 L 06 ik 5
LG5 G OB E Y It =X 4 M T 07 VR R I 98 E 18 A
A1 F5 1 40 il 31 %% (white blood cell count, WBC) . 144
Fi 4l i 1L R (neutrophil ratio, N%) & EOS I %
(eosinophil ratio, E%) ;LA Siemens 4= H 3 8 A 70 #71
ASCRLHC ey A C 2 7 8 FH (C reactive protein,
CRP) ;& M STA-R BE 1M 73 A1 A LA BE [ 125 46 A 21 4 25
M J& (fibrinogen, FIB); L Coapresta 2000 4= H 3l §t
I3 A7 AR L B 8 HE e vk A D — R A& (D-dimer)
AT 4 75 H B f# 7= ¥ (fibrin degradation products,
FDP) ; #45 B bR T 04T B 4%

1.2.2 fihfefedr T A BE AT G i 2AE IR B A
D il 2y B8 MK P BE AT ko IR 5 B 0 DU € Cimpulse
oscillometry system, 10S) . i # 25 £l £& 0 2 LA B —
1A TR 0 2 R B g M S R AT sk I XA A
iR H L R G T BE S A AR 1 B
S 25 (forced expiratory volume in one second,
FEV,). FEV,/FVC, — % fk i % i & (carbon
monoxide diffusing capacity, DLCO) 5 Hili i i (vital
capacity, VC) H {8 (DLCO/VC) ., ¥ X & (residual
volume, RV) 5 fili & & (total lung capacity, TLC) H{H
(RV/TLO) PA B fog KM b 8 3 i (MMEEF25 26 — 75 %%
pred) ; [ L 5% 10S 2 804 45 BT HE AR 0 WS B HT 4
BOE T 53 L (Z5 %6 pred) | W I T8 S 6 PR B 1 (R5) (I
W8 A2 PR BE 7 o BB 49 b (RS Y pred) L /RO STE
FHPERE 1 (R20) | oty A0 TE R BEL ) o BT H M & 2 L
(R20 %5 pred)  J&l 11 <3l 6 P BH J1 (R5-R20) AT S 4L
X5 MR AR Fres M HLPUHEFR Ax,



+ 358 rh [ 2 22 AR R 2020 R4S 36 %45 31 Chin ] Med Imaging Technol. 2020, Vol 36,No 3

1.2.3 64 fE & B CT K & * H  Siemens
SOMATOM 64 HEZ2 A CT #4700 Bz 0 S Jf <
HE PSR 120 KV B3 A shiE T, B3
JGEFIR] 0.5 s, K B 512X 512, i FH A v 4 4% S0k i
SZEBEEE,ZE 1 mm(ES 0.625 mm) .

TR 2 & bt € N R & S M B s B S L RS
AR U 0 SR AT G ) RS R
HRIFASN R SCES . S M A 3
3 ot ] 20 A il K A% il e i R R4S AR, 2
B A L S P = R BB 3 N SR T
R il 25 B JUART B3 32 31 ) 25 A 1) k22 DL
=M R B E . CBCF IS A S MR e R BLR
SR A 4~ 9 RS BE T AR 43 L (R RE
A8 7T o SR A AR B WAL i
84 (emphysema index, ED[ 1§ CT {H/NF—950 HU
M U8 X (low attenuation area, LAA) & i A& F2
FEf CLAA Y o500 1 B0 CT {53 A 451 36 14 55 15
3L TR R CT {H (PDys ) ~F 2 il i 25 )5
(mean emphysema density, MED)[#§ CT {H/M T —
950 HU By LAA ¥ % B ], V- 34 i % & (mean lung
density, MLD) CHf @ fili (4 B 19 57 35 %5 B ) 5 il 44 1
P W 12 I N S {2 A e W N g e = 4
(emphysema heterogeneity index, HI)M™" 75 ili X,
i o3 A5 A L AR AR YE ] — 1~ + 1. HI= (L Jili i fili <,
i i K5 — T M e it b i B8 / il e il A e R+

Tl Rl A AR B0 < 100% . BB SR 1 F#os bl
it S B s SO — 1 R T il Il AR s BE R 0 R
7 Il S AE R A A AT
1.3 Sttt SR SPSS 22. 0 Gt 4 br sk, LA
Kolmogorouv-Simimov S 4k 5 F W i 1t B8 HE & £F
BIERA OGR4 s T AFF A B £
KR HFAECET WA ED s H Mann-Whitney U K 56
AT AL . 3 R BORR R R L), DL o K S ik A 7 2
gttt air. P<<0.05 WERAGITH#ENL,
2 #R
2.1 AECOPD Ifi )R 2% BF58 240 N 5 % B8 4 4%
(64.70% vs 73.00% , P<<0.001);FIB(3. 59 vs 3. 97,
P=0.031),CRP % (3. 30 mg/L vs 8. 63 mg/L, P
=0.012) KW M AR B (25 A1 /4F vs 40 f/4F, P=
0.009); {H 2 4B FH 4R .CAT ¥F4r .mMRC ,BMI 2
S IG I FE (P >0.05,%£ 1),
2.2 AECOPD i iR =¥ W54 RV/TLC K T
X HBZH (51.91% vs 57.44% , P=0.041), FEV,/FVC
(55.00% vs 46.25%). FEV, % pred (57.21% vs
53. 84 %) F1 DLCO/VA(87.70% vs 78. 90 %) Y& 4,
H2ERTH 2 L (P ¥=>0.05),

10S #, ilF 78 41 R5(0. 56 vs 0.49, P=0.036) Al
R5 % pred(178. 65% vs 155.70% , P=0.027) & T X}
el 25 %pred \R20.R20 % pred.R5-R20. X5, Fres
il Ax Z5 TG 2 L(P#>>0.05,% 2),

F£ 1 4\ AECOPD I RS 5 b s

20 51 R () WA (/4 CAT ¥4y mMRC 5%
W54 (n=41) 64(58,77) 25(20,40) 22(16,28) 2(0,3)
Xt B4 (n=316) 68(61,76) 40(25,56) 19(13,25) 1€0,2)

VA —0.923 —2.598 —1.524 0. 909

P1{H 0. 356 0. 009 0.127 0.363

205 TR WBC(X10°/L) N% L%

WEIEH (n=41)
X} FELH (n=316)

23.84(20.82,26.49)
23.03(20.28,25.95)

6.75(5.77,8.39)
6.76(5.22,8.75)

64.70(55.30,72.75)
73.00(65,80. 68)

20. 80(15. 20,28. 75)
19.90(11. 92,26. 08)

A —0.75 —0. 468 —3.973 —1.532
P14 0. 453 0. 64 <0. 001 0.125
215 E% E %4 3 HB(g/L) PLT(X10%)

IR (n=41)
Xt 2 (n=316)

7.00(5.35,9.75)
1.20(0. 30,2. 20)

445.20(373. 66,595, 97)
78.28(30.06,143. 25)

147.00(134.00,160. 00)
142.00(130.00,151. 00)

170.00(142. 00,238. 50)
166.50(128.00,210. 00)

Z18 —10. 056 —10.42 —1.93 —1.267
P1{E <<0. 001 <<0. 001 0. 054 0. 205
2151 FIB(g/L) FDP(pg/ml) D A& (pg/mD CRP(mg/L)

I (n=41)
X B (n=316)
VAL
P{H

3.59(3.03.4.27)
3.97(3.26,5.06)

1. 80(1.35,2.45)
2.10(1.48,2.90)

0.90€0.56,1.11)
0.90€0. 65,1.40)

3.30(3.28,12.55)
8.63(3. 28,30.00)

—2.154
0.031

—1.261
0. 207

—0.704
0. 482

—2.521
0.012
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2 AL A i 2 RE A A 2 H AL
415 MVV % pred FEV, % pred FEV,/FVC DLCO/VA RV/TLC

BT (n=41)
¥ (n=1316)

37.40(25.65,48. 30)
32.70(24.20,44.70)

57.21(45.95,61.66)
53. 84(45. 48,60. 86)

87.70(67.38,107. 38)
78.90(59.63,97. 18)

51.91(46.45,60.87)
57.44(48.72,64.09)

78 —1.166 —1.239 —0.791 —1.925 —2.039
P 1A 0.243 0.215 0.429 0. 054 0.041
21 5 75 Y% pred R5 % pred R5 R20% pred R20

WFIE (n=41)
XA (n=316)

191.60(147. 45,232.00)
172.00(142. 50,208. 80)

178.65(136.55,206. 05)
155.70(129. 00,183. 40)

0.56(0. 44,0.66)
0.49(0. 41,0.59)

131.55(104. 68,144. 70)
118.50(104. 30,136. 60)

0.360.31,0.40)
0.33(0.29,0.38)

714 —1.674 —2.208 —2.093 —1.55 —1.312
PAE 0.094 0.027 0.036 0.121 0.19
21 5 R5-R20 X5 Fres Ax

WFFE L (n=41)
X R (n=316)

0.17¢0.12,0.27)
0.15¢0.10,0. 22)

—0.21(—0.34,—0.16)
—0.22(—0.31,—0.14)

22.59(19.10,25. 81)
22.00(17.92,25.6)

1.86(1.16,3.07)
1.83(0.98,2.58)

Al
PfH

—1.564
0.118

—0.571
0. 568

—0.792
0.428

—0.729
0. 466

2.3 HAMGFESE WA 4 M AR ZE il )
MED Al PDys ¥ & F X B 41 (P #5<C0. 05), WL 1.2;
fifi A JET.MLD 1 HI 22 5% ¥ LG i+ 2% 5 X (P %>
0.05), W% 3, 24 WAL Lot Ayt Fn e Lot
B A~T7 RSBV RAT T HERIA TS 4~9 R
BERHIG 22 E X (P #>0.05),
3 itig

COPD b & 7% 5 J00 1 95 95 » R 51 X536 97 B e A
SN 1 2R AR I R o 5 B E A S AR R IR T
TR A= W b 76 B R BIF 5 B B B 4. COPD
R AR JBT 2 12 P 8 M 5 K 22 0 32 8 2 b 1 s 4 i
RAE A L2 B EOS iHE03E . COPD B A EOS 3£
R, ATRE R TH2 408 A 2 850 K pEk CORE 40 i ad 1
Bz A0 B T1-33 518, #x 1CS /Y s g 3w,
TR B, A0 JE I EOS A XHE AR 89 COPD 5 & fili

HRER G L T EOS S S B Y 516 2K G 52 40 M . 6 7 2 Bl A
TR TR GAE

i I AR 3 il 2 B8 12 W COPD, LA il D1 68 52 46
BN A E COPD ™ 8 F2 2 () B 248 b5 . T 7 il 0%
a0 2 RN SRS T kg e TR Bt B [ 2 6O
WE COPD WA 4t 77 i - A8 A L 5 B, G 2R i
HREHC A R4, 0 W PRI X 5 M DL 58 LR A . Kk e iR
REL /3 Xof T B8 S SRATG - P R BT 58 A, %of 7 S <
T BH 2 M BEL ) 43 A A MR . 22 IR E CT
(multi-slice spiral CT, MSCT) & fR 434 M # )= &
JSUAG A A WP 8 5% 8 A5 e HG e B0 i ) 2 B 3R
AR A I B REAE AL XF COPD 2 A4 4y W 45 H AT 8 B AR
B . FOWIREIE Y R A AR AR S5 s S ) g
U A5 I R R AE , AT BEORS T FI W R € AECOPD
FRAE

B 1
—1004 HU E2
HU,PD15=—1 023 HU

BEH 55 B HBF KSR EOS=539/ul, FEV, % pred = 28. 40% , FEV, /FVC=46. 83%, MED= —979. 65 HU, PD15 =

BEB.63 Y, XM BARFME R EOS=42/pl, FEV, % pred=21. 7% ,FEV,/FVC=38.01%, MED= —991. 2
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2050
MED(HU) PD15(HU) AFL (mD

WFFELH (n=41)

—980. 83(—982.53,—979.07)

—1 006.00(—1 008.00,—1 003.00)

5 369.20(4 354.62,6 311.85)
X B2 (n=316) —982.33(—984.40,—980. 21) —1008.00(—1 011.00,—1 005.00) 5 721.48(4 579. 28,6 655.12)
Z8 —2.507 —2.561 —0.535
P 1A 0.012 0.01 0.592
4 i
45
EI MLD(HU) HI

WEEH (n=41)
X} FELH (n=316)

18.36(12.22—23.75)
18.70(12.00,26. 08)

—857.44(—869. 82, —834.55)
—850. 85(—871.59,—826.11)

0.07(—0.06,0.26)
0.12(—0.05,0.31)

VA —0. 388 —0. 683 —1.182
P{H 0. 698 0.495 0.237
payii
2050
MED(HU) PD15(HU) PR (mD)

WFFELH (n=41)
X AL (n=316)

—980. 28(—982.47,—978.72)
—981. 95(—984. 26, —980. 00)

—1 005.00(—1 008.00,—1 002. 25)
—1007.00(—1 011.00,—1 005. 00)

2 865.14(2 386.50,3 306. 20)
3075.90(2 470.02,3 539.29)

VA —2.398 —2.387 —0.497
P 0.016 0.017 0.619
15 i
215
EI MLD(HU) HI

WEIEdH (n=41)
X} FELH (n=316)

18.64(12.25,24.13)
18.75(11. 88,26. 70)

—857.19(—870.25,—836.19)
—850. 85(—871.36,—827.13)

0.07(—0.16,0.32)
0.16(—0.04,0.37)

VA —0. 206 —0. 802 —1.412
P{H 0. 837 0.423 0.158
ZE il
2050
MED(HU) PD15(HU) PR (mD)

WFFELH (n=41)
X AL (n=316)

—980.67(—982.86,—979.52)
—982.58(—984. 68, —980. 33)

—1 006.00(—1 008.00,—1 003. 25)
—1008.00(—1 011.00,—1 006.00)

2 525.56(2 057.22,2 913.67)
2 658.35(2 043. 68,3 124.27)

ZE —2.184 —2.293 —0. 644
P1{H 0.029 0.022 0.52
7 fili
20 51
El MLD(HU) HI

W (n=41)
X HEZH (n=316)
VAL
Pl

17.00(12.19,23.54)
19.67(11. 44,26. 30)

—849.74(—870.13,—833. 20)
—850. 02(—870.29,—823.87)

—0.12(—0.42,0.08)
—0.10(—0.31,0.10)

—0.613
0. 54

—0.363
0.716

—0.807
0.42

A FE PRI 5 4 T R 0 R R S S AE 4 AR Y
P K 42 s Fb PR 240 AR OC 5 E SN O 1. BE A B
PR IR EOS R B A A 55 5 b kL 46 A
TR A 5 5 A BIF 5T R AIF 5T 21 AR O AR . A
Sl 2 BE 45 SR B 7 5 41 =0l B 9, DL e 2
NI RAR G AR T2 5 il 2 ARG I $ R A7 AR AR
VR L Az A i R A i A i R R R 9 A (MEED A
PD15) 76 X 18 4 0 7 5, i Sz R fili = fib i 161 A9 45 B
(ED #[8] - J0 . 3% 22 57 5 X A] BEAE T %o et 41 R A A
Hh PR 2 DA S HG TR Y SR 1 R Y M S
Jo 1 O B DAy 77 5 il D) E S AR 2 A A s ST R

TE S B L B R T G S R N R Bk SRR
I7 o 1 AT X6 X R 2H LA R 4 i A S5 COPD Sl 2 )
N AT SE AT A AE N A TR YT

AWFFEH EOS=300/ ] 14955 1) B Ik F BE 1 3C
B AR IE ) R AT e AE T P E COPD A BEARAE , B
RN W R BE S Y I AR G . PR YT R AR
LY, L E EOS COPD Ho& i 7 F 2 Ik IR F 5T .
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