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Deep learning image reconstruction algorithm in low-dose

coronary CT angiography of obese persons
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[Abstract] Objective To explore the feasibility of applying deep learning image reconstruction (DLIR) algorithm in low-
dose coronary CT angiography (CCTA) examination of obese persons. Methods A total of 30 patients with suspected
coronary artery disease (CAD) (body mass index [ BMI]>=>28 kg/m®) were included. CCTA scanning were performed with
100 kV tube voltage. Then the images were reconstructed using DLIR (DLIR-M group and DLIR-H group) and compared
with those using adaptive iterative statistical reconstruction Veo (ASIR-V group). CT value, noise and contrast to noise
ratio (CNR) of left atrium (LLA), aortic root (Ao), the para-aortic root anterior mediastinal fat (FAT) and proximal
coronary arteries were recorded. The image quality of CCTA under three reconstruction methods was evaluated and
compared using 5-Likert scoring. Results No statistically significant difference of CT values of Ao was found among 3
groups (P>>0.05). Image noise of DLIR-M group and DLIR-H group were lower and CNR were higher than those of
ASIR-V group, and significant statistical differences of noise and CNR were found between DLIR-H group and ASIR-V
group (both P<C0.05), but not between DLIR-M group and ASIR-V group (both P=>0. 05). The subjective image quality
evaluation of DLIR-M group and DLIR-H group were significantly higher than that of ASIR-V group (both P<C0. 05), and
the highest subjective image quality score was found in DLIR-H group. The effective radiation dose of all 30 patients was
(1.1240. 28)mSv. Conclusion DLIR algorithm could significantly reduce image noise and improve image quality in CCTA
of obese persons.
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B FKARTR CAo) | 3 Bl BRAR 8 55 1T A BR g 7 (FAT) K45 54k sl kit o CT (T8 75 B X L 75 1 (CNRD , L) 5-Likert 143 1
IR ERG TR, SR 34EG T, Ao CTHZES LR I¥E X (P>0.05), DLIR-M 21 . DLIR-H £ /& {% I 75 i
T ASIR-V 41 ,CNR # T ASIR-V 4, H:rf DLIR-H 2415 ASIR-V #4125 ¥4 85 i1 5 X (P $#<C0. 05) ,DLIR-M 41 5
ASIR-V 22 R G2 8 L (P ¥7>>0.05), DLIR-M 41 &% DLIR-H £ 3= Wi & 1% 57 & 3 4 3 B B 7 T ASIR-V 4
(P #<C0. 05) ,DLIR-H 41 EWEMGIT 53 i 30 Bl AR S & (1. 1240. 28)mSv, i€ DLIR 533 7] i 3 BT

MK CCTA BB, fi i R T i
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[(HESFEE] R541.4; R814.42 [XHEERIRAE] A

i e B M 2 et R B K R 9% (coronary artery
disease, CAD) [T Z G K &MY, @Ak sh bk CT 14
1% (coronary CT angiography, CCTA ) EL.7 % /5 £ &%
JE K BTN 2 ARG CAD iy EZ Xz —H,
H 524535 B 7 2H 2L Z2 W] 38 in [RTAR R 75 L 52 CCTA &
Gt 2 Wi B 2, Sk sk 223 3k 14 A L R A5 vk e
e IR o, S O S R 8 T, LB AR AR
AR TC T R G i S R R Y ZE AT AR
o 2B . A N TR Re R i T IR A )
(deep learning, DL) 9 & 77 =L E B UE L 7] #2 / CCTA
FUG T AHIFFE X R B 2 2] B 3 (DL image
reconstruction, DLIR) 5 H i& I 4t i1 1% X 5 # (adaptive
statistical iterative reconstruction Veo, ASIR-V) % & X
JIE B ATREAIG 0] B CCTA UGB B 152,

1 #ERE5HE

L1 #FsExt g milEdEg A 2019 4F 8 H—2019 4
10 H & i 8 38 %0 (body mass index, BMI) =28 kg/
m? S 30 I PR 8812 CAD B . 5 21 4], & 9 ],
A 32~80 %, (54. 7+11.0) % ; BMI 28. 07 ~
39. 04 kg/m?, F-1J(32. 6343, 23)kg/m?, HEBR AR .
OXF e i 1 @ & 0 80T T ge A 42 s O 5 iR 3 ik 5
AR, AW 5T AR AS B A6 B B A (18 B g S
2017048X) . KA ir A B Y ZF MG R 15
L2 {5 BfEAR M ER ORGSR
F GE 256 HE Revolution CT #L. Ui & 2 0 kb T $ 4
PR s DARUTE] i e 33 5 i 28 W e ok P &4 DA 4~5 ml/s
TSR S B B SV 50~ 60 ml(350 mgl/ml) & 30
~35 ml A= R K, 22 J5 SR A B MO R T T R
EREWET 1~2 cm 2.0 UENRTH , S48 W 100 kV,
LR T Smart-mA £ AR, MEH 256 0. 625 mm, HL
RTRERE T E]) 280 ms, FHFTEH] 14~16 cm, HiFFE 512X
51214 % . E@#2E 0. 625 mm, ZEIHE 0, %/ DLIR
2% ) [ ( DLIR-MD . DLIR 25 2% %1 [ % (DLIR-H)
K ASIR-V 50 % (ASIR-V) 8 3k 5 # 56 Ik 3 ik 12 36 Oh
S A /D AR R R SR SR AR 43 ) DA R 3K 181 5 DLIR-M

[(XEHS]
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4 .DLIR-H 41 ASIR-V 4.,
1.3 EM&ITH B fERm R AWA. 7 TAEuG . th 14
HA 3 4ELL I TARZ S 052 AGR B2 i IS i ik T 20 ik A5
A TP E5 40 T 2420 35 (left atrium, LA) | 7 3l ik AR 3
(aortic roots Ao). 47 7t 4R 2 Ik (right coronary artery,
RCA) /£ F T 3k (left main artery, LMA) 2= HijF%& 2 50
fik (left anterior descending artery, LAD) ./ [l i€ 3% 5 fik
(left circumflex artery, LCX) T ¥ M 3 sh kAR & 55 B\ &
g1l (the para-aortic anterior mediastinal fat, FAT )4%/4) [H
14~ ROL, 4 ROL J5 3545 3 21 T £ 44 b A ) (02 5 1) e
J e X 3k, & G CT {8 S bR #E 22 (standard deviation,
SD), Mg Xk LA Ao & FAT ROIf# SD. LA Ao K
QMRS K i 105 %5 8 T 5348 e AR Bl kO 11 1 % L I 75 L
(contrast to noise ratio, CNR)™, WL 1,

o 2 2 B4 5 L E TAELR 03R4
X @ ER LA 5-Likert PE43 365 PEAY 6k 3h ik 18 45
Bt G 5 o R LR — B W Rk — B R R
5 TN RN Ry 5 43 s EUR BT i b A R it 5%
TR RSO R B RT 22 N TRy 4 s BG4
R A AE D5 K W R H AN S R 2 Ky 3 43 5 RIS T
BE g E AR 2 0 B B 2 A
ALV SRS AR R R 1 4853 ~5 43 al Ak i Ik B0 ik
WEL LA 2,
L4 fEghna ids CT A A sh#fitny CCTA
HHIF K I FH (dosage length product, DLP) &
A M CT 7 & 8 B (volume CT dose index,
CTDIvol) , If LA &8 % 4 [ ¥~ k[ 0. 014 mSv/(mGy
em) 1A R S 57 i Ceffective dose, ED),
1.5 Git2#4rMr SR SPSS 23. 0 Gt /M. LA
T s RNV GORE, SR B IR 3R 7 22 23 A Rk MRS, 56
FLEs S5 dm 22 5% . UL Kappa K B34 WEE & ] —
|, Kappa<l0.4 A —F k20 A< Kappa<0.6 H
— Bk B A5 0.6 < Kappa<< 0.8 H — B £ 45
Kappa=>0.8 N —F M, P<0.05 % RH L%
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(408.8+33.4)HU

1A,

(408.4+22 2)HU

1B} 1C)

1 HB#FH 4,42 % ,BMI=28. 31 kg/m? FJH DLIR-M(A) .DLIR-H(B) } ASIR-V(O & T CCTA 7~ 32 3 kR 38 0 %h 457 K114, 2

i 3 B PR B R D \RCA J3% OB D , IRl CT (8

B2 HEF. 48 % ,BMI=29.39 kg/m? R DLIR-M(A).DLIR-H(B) &% ASIR-V(C) & 8 # K RCA B4

2 BB

2.1 EMZiF4  DLIR-M 40 .DLIR-H %1 } ASIR-V
ZH Ao CT {H 4351k (375. 02+50. 77) HU, (375. 27 +
50. 7D HU }(374. 94 450. 48) HU, 2 R LG i1 &
X (F=0.009, P=0.995), DLIR-M 41 } DLIR-H 41
M7 4K T ASIR-V 41, ASIR-V 415 DLIR-H 4 #
SA G L (P<<0.05), 5 DLIR-M 41 2 % L4
it 3 L (P>0.05); DLIR-H 40 Mg 75 0 W ik T
DLIR-M 4 (P<C0. 05), W% 1, DLIR-M 4 ) DLIR-
H 20 CNR Y& T ASIR-V 4, ASIR-V 41 5 DLIR-H
HERAGHFE L (P<0.05), 5 DLIR-M 4 2% %
TGt X (P>>0.05); DLIR-H 41 CNR B i & T
DLIR-M 41 (P #j<C0. 05), W3 2,

I 329 A5 AR 3h kT B AT PE AR, ASIR-V 41 302
AN(302/329,91.79%) . DLIR-M 41 &% DLIR-H 4 4%
323 A~ (323/329, 98.18%), WL & 3. DLIR-M 4,
DLIR-H 4 & ASIR-V 4 F ¥ i & ¥F 2 50 5 K

(3.8140.62)4% . (4. 0240. 71) 4 2 (3. 45+0. 66) 4%,
DLIR-M 41 &% DLIR-H 43¢ Jf & iE 08 & & F
ASIR-V #H (P ¥<C0. 05) ,DLIR-H @4 & & T DLIR-

M 41 (P<C0.05) ., 2 2% B WA AR 5 o 1) — B 5%
B (Kappa=0.68, P<0.05),

1 30 AR E B EALH = CCTA M7 i
(x=+s5,n=230)

2531 LA Ao FAT
DLIR-M 2 38.5145.15  34.5976.56 29, 8746. 54
DLIR-H %4 28.4544.90%  24.1245.48*  22.5745.79"
ASIR-V 4 39.2144.34%  37.98+4.177  33.53+5.807

F1H 45, 262 48. 994 36. 060

P{H <20. 001 <20. 001 <20. 001

W% .5 DLIR-M 4l P<<0.05; # : 5 DLIR-H 41t P<<0. 05

2.2 AREFFIE 30 ] DLP 4 66.79~137.52 mGy *
em, - #7 (79. 98 £ 20. 19) mGy ¢ cm; CTDIvol B 4. 77 ~
8.81 mGy, - (5.64 +1.25) mGy; ED & 0.94 ~1.93
mSv, 145 (1. 124-0. 28) mSv,
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%2 30 HIAERE B ELFH 4 CCTA CNR & ( £ 5, n=30)

2057 Ao RCA LMA LAD LCX
DLIR-M 4 16.72+4. 45 15. 9644, 29 16. 0844, 37 16.3244.16 16.14+4. 52
DLIR-H 4 22.3146.08" 21.2345. 84" 21.4846.01" 21.7145.78* 21.3246.06"
ASIR-V 4 14.6543.35% 13.7443. 207 13.8943. 377 13.9443.17% 13. 6043, 43%

Fid 28.528 29,322 29. 647 30. 980 25. 432

P18 <20. 001 <20. 001 <0. 001 <20. 001 <20. 001

. % .5 DLIR-M 2 [ # P<<0.05; # .5 DLIR-H 41 [k 4 P<<0. 05

3 30 BIAR R ERFIH CCTA EMAENL
JFREIEM (4 n=329)

2053 14y 24 343 45 545
DLIR-M 21 1 5 79 214 30
DLIR-H 41 1 5 58 187 78
ASIR-V 4 1 26 127 174 1

3 iFig

DL J& DA 2 J2 #i1 28 I 2 S e A 11 i 3] 3ty HIL 25 2% >
FE BT Z AT EFEAGAA I A58 R H W
DLIR & DA i 7 & U8 3 & % % (filtered back
projection, FBP) B4 Ay 4 b5 v 47 Y11 25 K A1 57 2t &
155 41 [R) B0HE 00 i FBP IR A4 RS 0 7 AR X e
GRS AR L RS I P R W S B S 2 A S Rk
A7 LB B s PG O 0 22 53 B8t T VR B 4 28 I 2% (deep
neural network, DNND#tHAZ 0, HF LR EE %S,
L A PR 55 R ) 50 v 790 o 5 BOKS B DL
BE#% BMI B4 A0, CCTA A A PEAs A9 58 4R 3l ik 7 B 1
s EOS WER R TR . BENZ %05t e ASIR-
V 70% brifEE @ ER S & W % DLIR-M . DLIR-H
FEEE %, & B DLIR-M #l DLIR-H E 4 JF & & T
ASIR-V FrifE F & 75 N EHR . A WE5E % DLIR-M,
DLIR-H 5 ASIR-V 50 % B #1748, 45 1 8w i
PR o 5 I b 5 3 1R 4 e A 19 i, DLIR-M & DLIR-H
2H [ 1% e 75 AR T ASIR-V 41, CNR 2R & T ASIR-V
AL H o MG T B A 2 W 4R s DLIR B30 3k 1 %
A 1.82% (6/329) Je AR B ik T B A WL IR Al IR T
ASIR-V E14 . #75 DLIR % vk B A R IFREMERE 7.

REAEAF ST SR FH M s Ty 4% 356 AT 55 1) 4% 338 R AR
50 % KA BE 145 BiFAl DLIR RIS 4 We i e B 25 [ 43
HrR KRN 75 8 7, BBt 40 ) T 7R DLIR i M
RE T30 2 (6] 2 B R 408 va o LA I 400 80 78 R T 35 v
AAF5E DLIR-H 20 Mg W] 52 Al T .CNR B % = T DLIR-
M 41, bifi DLIR 200 T e » LR RE g A5 B4 T

PR 4 CT B2x #E 77 X N BEFT CCTA
R A5 B8 P B v 4 i s (i 120 KVOP T X 25 ok 3 R
SR T L BT TE B0 KRS . R R A 120 kV

B2 100 kV BEAR 30 %6 A2 A7 i 5 700k, L 25 1 o e 7
SRS T T R R R EE A 00 RS Mk Ak 3 vk
ARE R E CCTA B SEfRIE, — J0EH X IE B 8 3
FURE#EF LR E T ED B (441 +
0.83) mSv, A #F 5% 30 i °F ¥ ED K (1.12 £+
0. 28)mSv, 4@ 5 7 i W] B B AIC

A ST SR BRAE - OFEA R/, £ 4 R IR B AR
[F) 171 A7 7 22 5%, AT RE -5 20 Ay s QA LAV 2 KR 12
Wr CAD (4 fEf 2, 1M A 55 5 IR 2l Jikod 52 AT X0 1 ©
KEEHRE 120 kV 19 RS 37X H

BZ, R DLIR 553k AT 3% B IC I8 Bk N B
CCTA MG MR R | 4 vay R 5T 6 3G i mT 2% Ak 56 IR 3
ik BB LR ) R M T — D 4R s EMR B R
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