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FHEBW(GGO%), L5R: 174 #4585 34T 42 R CT 1245, T3 R Tt 18] A (4£1) d., 42 B Z % B 1) 4 SR A2 o
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Longitudinal study of lung changes induced by COVID-19 based on quantitative CT
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Abstract: Objective To investigate the changes in CT quantitative parameters because of the lung changes induced by 2019 novel
coronavirus (COVID-19) for providing quantitative imaging basis for patients with COVID-19. Methods A retrospective analysis
of 17 patients with confirmed COVID-19 was carried out. The initial and follow-up chest CT images were analyzed quantitatively.
The quantitative CT indexes included total lung volume (TV), total lesion volume (TLV), the percentage of lesion volume in total
lung volume (TLV/T%), the highest lesion density region (HLD), the lowest lesion density region (LLD), percentage of ground
glass opacity (GGO%). Results A total of 42 chest CT scans were conducted in 17 patients with confirmed COVID-19, and the
average interval was (4+1) days. According to the time of onset, the course of disease was divided into 4 stages, namely day 0-3
(stage 1), day 4-7 (stage 2), day 8-14 (stage 3) and day 15-21 (stage 4). TLV and TLV/TL% reached the highest in stage 2 (day
4-7) and stage 3 (day 8-14), while TV and GGO% were the lowest (P=0.001). The fastest progression of TLV/TL% was found
in stage 2 (day 4-7). Patients with rapid disease progression (with more than 50% TLV progression in 2 follow-up CT scans) had
the characteristics of elder age (P<0.05), decreased lymphocyte count (P<0.001), and lower GGO% but higher TLV/TL% in the
first CT scan (P<0.05). Conclusion Chest quantitative CT related indicators suggest that the fastest disease progression is on day
4-7. The patients with elder age, low leukocyte count, large lesion volume and high lesion density in initial CT are more likely
to have rapid disease progression.
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COVID-19 1297 J7 52 C R WK CT A5 S 3 B el AR 1
YR RIS WARE" . COVID-19 J&—Ffigr R IFIK 55
e 2 AL YL, F2 B SR O R S il [a] J5i ¢ el
ARz AR SR MR SR e R, 5 R e IR v
BE R W 2RI ZE B AE AR R 25 A iE R B
147, COVID-19 FE R , 7™ 5 i 7] S 20 2 kg
FMLEAIES, I, 44 COVID-19 51 i fili &6 ik
2% COVID-19 BLH T A 512 Wr P4 1 2F e 7
ROPPAG KW s BT 2 CEEMEN . Bir, 258
P A= 1 AN S A COVID-19 #3 CT il ol 72z
(1) FEZL TR Bl = TN & WURS E 19 E mPE TF B
AR I E & CT 7, 1 COVID-19 835 M
B CT & k2% , 315 COVID-19 Jig 2 k47 AH ek 43
B, IR IR R X COVID-19 fii &8 o 28 A A3, 35 B ik
IR 2 R HERYT s S -

1 R 57%

1.1 —Rg&E R

g A 17 Bl#612 COVID-19 B % (B 104, &2 7
@), A B Y B A X AT S, RO R A
il e 52 o7 ) MR X B8 P A A R P o BT
KT 20204F 1 H 23 H~2 A 1 HIEFT 01056 CT K
BE DT 7 CT A o B o v B2 24 2 ot s B B 42 34
T2 B HERR T AR UR R BP9 5 A A B8 1% [R) 3
PR,
12 wEEESHE

FIT A B E UM, BURF 2%, Sk Je i, R A 64
i# i CT (GE revolution CT, GE medical system,
Milwaukee, WI) %, 16 il ili CT(TOSHIBA Aquilion 16
CT)#ATHHE . A MaHE CT HHG I 7E B TR AR
BT SR HEAT B A, T L B S g
FAKF- 2 M EE A B HL R 120 KV, B HLIN A 3l
2 HE /N 2 mm,
1.3 EECTHH

K H it & L& & 4 oF & (Digital Lung,
DEXIN, China) %} 42 P71 K BV 3 CT UG AT
FET CT AT A HIRIZELBRANT « (1) B4 fiti 3351 -
T AT X 2 000 1] 4 DX AR A4 il 48 F8 35 B4 i B A R )I
GRARTFUR B 2 SRR 5 (2) 9 48 XS o3 1) FEF 3D IX.
Sl A R SR R (AR 5 1 G 2 DX
AT BRI (3) R =4 JLART 231 7 i 6 50 <
5 W IS AT 4 R0, O DUIH ZH 2SR R v il B S
S S A RIS 4 (TR m S X HRIR
KBl RO CT BHR AT T A % 8 S8R bRt E 15
AR L . I A S A A 4 il 5L 14 X (Total Lung

Volume, TV) . %5 4% & {& 2 (Total Lesion Volume,
TLV) 728 & G AR 1 7 43 He (TLV/TL% ) i =
% [ [X (Highest Lesion Density, HLD) . fiz Ik % J& [X.
(Lowest Lesion Density, LLD ) A J& 35 ¥ %% [ 17 43 b
(Ground Glass Opacity, GGO% )., GGO%E X Ak 4AE
CT{EL{IR T-350 HU DX I i i 22 SRR B o ke o 884
oyt A 4x A shBEAT ST 5 ming

Ji A CT BIME o B 25 3 th W 44 BAT 5 4F DL g
SRS W 2 U RHE A . AT 3 BN EX
B, T3 B E O A A s AR
UL, W23 e I8 il — BUR e .
14 FIHEFE

KM SPSS 19.0 G xR A THE 73T .
FE A B AR 25 R o THEEAE DL S A
PRI . AIRMIEZS I3 AT H 7 22 5 PR 5 Y 2 1 K
P5R FH Mann Whitney UK, IESE0KG 558 ] Wilcoxon
Koo b . P<0.05 R 2= A giit2r i L.

2.1 I PR$FAE

RAAIE 17 B2 B3 v R WAEAR (64%) o
5 1 Y45 PR R 14 d BTA B DUR A s 5 35
s, KR B0 R D ER CT -2 1] B i 7] o (4+2) d.
CT - (] B B 5 15 ] 4 (4+1) do
22 EERGERR

FR A H 3 S Rk B R 17 B T3 R 43 A 47 B
BEOS 1 BEE 0~3 K, 48 2 B BEAE 4~7 K, 50 3 B B RS
8~14 K, 4 BER 1521 Ko ISR BN, 26 2 B BEANES
3 B BE % TLV A TLV/TL% 5% i , 15 TV Fl GGO% fie ik
(P=0.001) . HAthe i SHdEr AR ik s (%
1B 1~E4) o 17401 88 35 24257 42 YRR CT 4304, &
H AR ARG R AR AN 1R A8 Y R b
A S BB 55 2 FIERS 3 B B, Rl A 4 R BISE 7 K
HRAEI AT AR (O 3 3 R TRURIE F AU P 2E
2 YR BET MR CT 38 7o 28 1 I Sl 1 R sl (AR RRAR /)
RFRE RS (n=T7) ; 2 R B IR CT g ka3 K, TLV
I 50% B R E A IEEA(n=10) . MR ERBE,
PRI B SR AR R (47 vs 38, P=0.030) , HA K4
(80% vs 42%, P<0.001) <(20% vs 0%, P<0.001) 1l
PRZEFL, R A5 (90% vs 14%, P<0.001) Az FA 21
T BFEAR (50% vs 14%, P<0.001) , [F] 0 A B
HB CT 9575 315 FEl K (TLV : 166 mL vs 116 mL, TLV/TL%:
5% vs 3%, P=0.030) , GGO% 5 155 (24% vs 19%) , 9% /=
REBEEIX C T2 R(-100~563 HU vs -96.2~227.0 HU)
MIREA (R 2),
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Tab.1 Quantitative CT analysis in 4 stages of disease progression (Mean+SD)
2% 5 1B 2 BB %3 BB B 4B
- (13K, n=6) (47K, n=17) (H8~14K,n=16) (515~21K, n=3)
TV/mL 4 808.9+1 231.0 4100.2+1 046.1 4344.0+1 052.2 5513.0+1 210.1
TLV/mL 96.9+87.4 160.0+198.6* 154.7+193.5* 131.3+117.8
TLV/TL%/% 2.3+2.6 4.7+6.8* 4.6+7.4* 2.742.5
HLD/HU 47+63 44434 48+18 26+34
LLD/HU -1 000.0+49.1 -964.0+59.7 -979.0+46.2 -949.0+64.4
GGO%/% 22.5+0.1 19.7+0.1 22.9+0.1 21.6+0.0
TV JHSRRR S TLV 8 BT TLV/TLY 955 28 o ST 1 43 LE s HLD -« de e 258 X5 LLD : e IR
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Fig.1 Trend of TLV/TL% with duration of disease

2 66 5 ZEE, i COVID-19, & . 12 S 524 d, B RS
R CT RIEEGERRERSSEHE, €8 CTHREHITHE, =
HEKRERNHRESERE, CT EE1ES 54 32.19%(TLV/TL%) . 21%
(GGO%)

Fig.2 66—year—old female COVID-19 patient with fever, cough, and
shortness of breath for 4 days. The original images of transverse and
coronal CT showed the morphology and extent of the lesion, and
quantitative CT was used to segment the lesion, and the three—
dimensional image showed the extent of the lesion. Quantitative CT
values were 32.19% (TLV/TL%) and 21% (GGO%)

336 5 TERBIEE , BHLARERAUCT RIAEGERRFET
T AR, €28 CTHREHITHE, ZHEGERRETEHE,
CTEEEH 55 0.17%(TLV/TL%) .30%(GG0%)

Fig.3 Asymptomatic male patient, 36 years old. The original images
of transverse and coronal CT showed that the lesions were located
in the lower lobe of the left lung. Quantitative CT segmented the
lesions, and the three—dimensional images showed the lesions.
Quantitative CT values were 0.17% (TLV/TL%) and 30% (GGO%)

TR S PR R PR TR IR I AR et
N BE 5 By O B CT 2 2 T A S 2
COVID-19 iy E 2B, % &t CT 43 A1 g i 5 fin#
272 7 U Hb P-4t A 78 e R B R e R 1) S el A
AW FE R A2 & CT J7 3% [ B 43 #r 174 COVID-19
SEE WM CT FIBEL B8 CT Ml i B R ol . &
H CT5 45 7%, COVID-19 7F K i 5 4~7 R i J &y
P B R AL IRBIR (5 22 SR bk e A
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4 T2 COVID-19 BE , ER CTHEM IR = HEGETAM L %

BEIXIEE, TLV/TL% A 1%,GG0%5 24%;72 h N CT EEAE R 7R
MEABREXE(AE), EECTHREEEMAEY X, TLV/TL% A
2.6%,GG0% 2%

Fig.4 Patients diagnosed with COVID-19. The first CT cross—
section and three—dimensional images show multiple ground glass
shadows in the two lungs, with TLV/TL% of 1% and GGO% of 24%;
within 72 hours, the CT reexamination heat map shows the new
lesion area (red), and the range of CT lesions was significantly
enlarged, with TLV/TL% of 2.6% and GGO% of 2%

F2 RERMARBEBEIRAZNREREE CT HHIRIRELER
Tab.2 Comparison of clinical information and the indexes of the initial

quantitative CT scan between progression cases and stable cases

Il ARk AL (n=10)  FER (n=T7)
AR % 47+11 38+4%
K [n(%) ] 8(80%) 3(42%)*
SR (n(%) ] 2(20%) 0(0%)*
TR CT %2 24347
TV/mL 4166978 4166+1 071
TLV/mL 166+233 116+75%
TLV/TL%/% 5+8 342
HLD/HU 56+46 20434
LLD/HU -1 003+56 -962+40
GGO%/% 1949 24+17
S KA
TRELZMAE %<0.8x10%/LL n(%) ] 9(90%) 1(14%)*
1204 <4x 10°/L[ n(%) ] 5(50%) 0(0%)*
Fifi 5 Ja 35 C'T st i) ] B /d 4+] 4+1
RIS IRIT I ) /d 441 542

TV fili SR TR TLV 728 SR TLV/TL% < 955 728 o5 S i AR 1 20
Lt s HLD : i i % JE X s LLD : e {5 B X 5 GGO% : J 3% 383 % & 1 43
s *P<0.05, SRue R BA G455

JHE AT A0 P T B S R AR R 1 R R COVID-19 5

J#8 CT X COVID-19 fH- 3 & BLAHS Wi H A &
B X BEE B I HE R B B B ELA A
MR B AR F R . I R AR B, AT
FEIN g TORE 5 M 0 SRy kM BB B B 25 B A
() 8, A Jre ST AT 300K s 3 g 8 B, g 72 i R
— PR AR A, B S St AL R
PR AT A R T R 0N 5 AR B
Pk S W i R I Ko AR A TR B BE A BT A
WS TPEM P A U R AT . i CTRERS
FEOINRE B RS b W AR B 438 COVID-
19 Jili 09 A2 (R RFAE , 15 S 11 R0 47 - T fa 1
PO SR YT B S IG RIA R . AR PT i H
S CT AT —Fh =4 AL A, AT L3 %t il
PR SRR N IS RN S T R AT A A
), HAG S R B R R R AR A

W9 I, 5 7 CT e bn ] AR AL T E R : (1)
I 2 i CT A5 1y 101 5 R B2 5 B8 8 I I DRAE
RA K AT BIERE B, 16 66 25 Lotk s B TLV/
TL% 5 i {E (33.1%) , [ R PRl A & 30 A R EL
20 e T B R AR Y 26 B (81 2) 5 1T TLV/TL% d A% i
(0.17%) HiBLLE 161 36 & TCAEAR RS I, 0=
A 45 35 R B (B 3) o (2) 72 & CT 1l LLZ WA
5 25 B B A2 TEAN 46 A < 565 2 309995 72 31 161 L okt 4
R, IRV 28 2 B AE 56 2 B Btk — 2D M & BRI 52
fi) S A (&1 4) o (3) Bifid)7 CT W2 3] A i 358 i
AR DL AT 25 6 R R T RO . & CT
THVE BT HLPEAS T R IR CT FIBE DT CT By G L
TR WG R I RN I i R R 2R HE SR AR TR
SBE T N TLV B 20 £, dA Fe e AR i 2L 4 1R
iR CT H1 4 k25 6 i A8 1k
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