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Accuracy of left atrial appendage 3D printing model based on three—dimension
transesophageal echocardiography data

ZHANG Jie,XIE Yuhuan, YU Su, CHEN Shanshan, LUO Weiyuan
Department of Radiology , Dongguan Guancheng Hospital , Guangdong 523000, China

ABSTRACT Objective To analyze the accuracy of the left atrial appendage (LAA) 3D printing model based on three—
dimension transesophageal echocardiography (3D-TEE) performed on patients with atrial fibrillation. Methods  Twenty
patients with atrial fibrillation underwent both 3D-TEE and contrast—enhanced cardiac CT were selected.The 3D-TEE data of
the LAA were post—processed , and 3D solid models were printed using soft rubber—like materials.The LAA orifice long axis and
short axis, and depth were measured, and anatomical classification was evaluated.The results was compared with 3D-TEE and
CT, and the consistency analysis was performed.Results There were no statistically significant differences of the LAA orifice
long axis, short axis, and depth between the 3D model and 3D-TEE measurements.The intraclass correlation coefficients (ICC)
for long axis, short axis, and depth of LAA between the 3D model and 3D-TEE were 0.97, 0.98, 0.98, respectively. The
measurements of the LAA long axis, short axis, and depth obtained by 3D model and 3D-TEE were lower than those measured by
CT,and the differences were statistically significant (all P<0.05).The ICC between 3D model and CT for the LAA long axis, short
axis, and depth were 0.91, 0.90, 0.90, respectively. The ICC between 3D-TEE and CT for the LAA long axis, short axis, and
depth were 0.91, 0.88, 0.90, respectively. There were no statistically significant differences between the 3D model and CT in

assessing LAA morphology and lobes. Both technologies demonstrated high consistency in assessing LAA morphology and lobes
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(Kappa=0.86,0.91, both P<0.05).There were no statistically significant differences between 3D-TEE and CT in assessing

LAA morphology and lobes. Both technologies demonstrated moderate consistency in assessing LAA morphology and high
consistency in assessing LAA lobes (Kappa=0.71,0.81,both P<0.05).Conclusion 3D printed LAA models based on TEE

data can accurately reproduce the dimensional data of patients with atrial fibrillation. Compared with 3D-TEE, 3D LAA

models show higher consistency with CT reconstructions in assessing morphology and lobes.

KEY WORDS
Atrial fibrillation

O Sl CLAR (7K by B 2 3 UL AR 22—,
Belgaid 55" WIF5E 7 , 16 b WA 5 WU i 4 vh 5 T, 72
OHEEAR KIIRCRIE TR MITERG YT . Zo.0 i
HIESH B N 2%, BFE R B SR R 200 BE 25 A
A VEAh MO AR LR I i . — 2 28 £ A0 B 75 0 B 1A
(three—dimensional transesophageal echocardiography,
3D-TEE ) AE #5375 M fw /s 720 B i 4544 , Hoal dE A7 3¢
SRR A M B AR5 BE YT, B0 = B R A 1 AR
FRGAE 75 A0 3D-TEE = 2k T £ B0 7 420 F- Y

SRR, X T e O HAE A By M AR A BT K
B O H ] 2000 0 HB 25 K a3 i (X IfL
e 5 HUR LB ME S . 56T 3D-TEE £48 $TEN Y 3D
SRR AT AP BN R o 3D AT B —FfrpRl
IR AR, T U Be 2 BB 0 SRR R Al 4F o
E A WFFE 0 N 70 M8 A A TR, B Al A
UMb 1 iR R i ) O U i 151 45 K K ) E R . AR
WHFE B AR H] 3D-TEE $ds F6 F 4T B 3 Bt 4 70
H 3D B, A R 1

BARERHE

— WX 5

PEHL 2022 4F 9 H 2 2023 4F 1 H TR EE R K2
551 MR = Btz 19 by B R E 20 41, Hop B 8 i), £
12 5], AF 1% 26~70 %7, “F- 34 (53.65£14.37) % . A4 A b5
e : DFIE>18 % ;@3 d W5 A 3D-TEE KU 1 5
CTHEA o HEBRBRIE : OB I 00 O U e KAk
IES s @ TCIL L & 8 U AR e i 8 . AR & R B
T2 B2 2L i (KYKT2022-074) , B 35 1 % B
[

N 'E A

1.3D-TEE % 4% 4% B : { J] Philips EPIQ 7C % {4,
223 W B RS MY, X8-2T 45 £ 45 M8 /5 45 3k, il %
2~7 MHz, R A&rpi¥EEuR 256 10 h DL L A7 s R
2RI IS, VR A M MO | A 28 1 8 R R
Sk, VYT 48 25 KA LA S B AR R SRR T R Sk

Echocardiography, transesophageal , three—dimensional ; 3D printing; CT; Left atrial appendage;

B2 BE P BOKCE, AW A0 H WA LIk,
HEA 3D ZOOM #5200 B | Jili e Bk U L 38 43 22 o7
Y NBUEEHE , 23 BIAE 45° K% 90° R4 Je.0 B = 4 25 FU
$i, B 5 A Qlab 13.0 TAERSHEAT A0 BAR LR I i I
Saii

2.3 F 3D-TEE %48 1) 3D SC YL AU FT B - i FH 9%
[ Stratasys 2~ ] Objet 3D ] EPAIL Sz Agilus 30 KA
AECH A FE 30-35A) o 4 3D-TEE Z5.0 H- =445 1
HE S A Qlab TAES, , FRICAS U B 25 B KIS 1) Hf o
RHBHE I T A Mimics 19.0 A4 CEL A B Materialise
D) PRI B X L B T IR R RS, X AR AT
A3 B AR BCAE O BRI S, X408 08 47 3 4 4 A B
XN KB R, AT AL AR R AL AL P
J& A b B BE R E R 1 mm, DR S AR
TRAEIE AL AT ERHLF- 5, DL 1 1 L BT BB A
LI 1,

3.CT 45 2K B . {8 FH P4 1] F Somatom Definition
AS CT {55, Philips Brilliance iCT 256 JZ 42 JiE CT X, 1
TS0 45 UK 80~120 KV, 45 HEL I A 5% 280~350 mAs,
FHEE B 128%0.625 mm, BRI 0.18, B5R 5% He vl hy
il 2z (P 4E 5, 370 mgl/m1)60~80 ml, i 3% 5.0 ml/s
P UG T Z A, 5 A Qlab TAEM #4742
DAL i K oy 7

4. F O EAR LRI L A Qlab T4 il v 28 i 1] i i
B2 O Bt KA FREUG, LASEER B ik 22 e 52 22 il i Jik
IS TS N 1 om AbVEZELE , LA 4 46 b 5 AR IE A R
SRy e O B ST I AR A 1 i
P 2 00 HETRER IR B o e 0 BUREE 5 CT A 3D 52
KRl — R T . A B E N A O S
FH 2 44 LA T 4 3 RO M . 220 Bl i AR 2k DA
3D-TEE MFrifk.

5. 2750 B AL 22D BIE S Bl S 2 Wang
SRS S R R R AR AR IR SRR A
O HA3 4y B 22 Budge S50 HIF 5T 43 Ry BN WU 2
Mo 220 BB Koy AL DL CT o bnif .



I RAB A BE2E 275 2023 4E 11 A% 254855 11 J Clin Ultrasound in Med, November 2023, Vol.25,No.11 - 877 -

40.6661 1

A Mimics 8PF 0 3D-TEE Bl A7 A iGN BE ; B - 3D 1 BN A AR BT 2 0 HABE 7Y

1 70 F A R SRR Y ]

6. TG PERG TG WA BRIl 1 B Il 2 35 HAT S 4R
DL oo i A P R A 2 00 1Y A B, HA3dE CT H
# TEE kyAr 35 3D BEAVRI RS | th 2 24 W83 45 H il
AT 2E 0 BAR LR (A0 8 B 250 i I 1A

< 7 =2 L

W FH SPSS 21.0 MedCale 19.0 8¢ i1k 4, IE 23434
BT R DL s 2%, R T LU A SR FH e X ¢ 4G 56 5
BOGRF AR B0 R R R |, 2 18] H 8K F Fisher K 6 46
¥, WEL# 1] 3D KA S 3D-TEE [A] & CT 5 3D-TEE
[E) P8 — SSCPE A 56 2R FH 41 9 A OC R B (1CC) AT 1A 5
1CC>0.75 H—EtH e ,0.50~0.75 J—# k4, <0.50
J—E M, 3DAAELS CT 3D-TEE 5 CT #4442
OHIEE I3 — 2k 20 M R H Kappa K55 5 Kappa
1 0.8~1.0 F—FMER 5, 0.6~0.8 N —F 47 , 0.4~
0.6 A —F k%, 0.2~0.4 — Ttk — B, <0.2 F—E
PEEE 2T P<0.05 WZERA G ERE L.

# R

— 3D 3D-TEE ,CT i & £ F AR 4k L I
—EHE T

1.3D A1 5 3D-TEE il & 7.0 HHF 0K 48 H
R R L 2 R TG B ;3D R 5 3D-
TEE Ml & 220 HJF FH AR JF AR R BEAY ICC 4351
70.97.0.98.0.98, 3D A& 3D-TEE i /2.0 H-FF [
Kt JF MR RER/NT CTINE, 22 R A giit2#
(34 P<0.05) ;3D AL CT I & A0 B F KA
FEO AR IR 1CC 4051124 0.91.,0.90.,0.90,3D-TEE 5
CT Il 2.0 B O K AR T H AR (R EE 1CC 43 51 R
0.91.0.88.0.90, WF 1,

F1 3DMEAE 3D-TEE.CT 2 O HA%

TR L (2s) mm

Fik ks PiEFE e WIE
3D AR 22.10+4.79* 18.16+3.27° 33.94+8.76"
3D-TEE 21.88+4.55" 18.25+3.38" 33.77+8.86°
CT 23.53+5.16 19.33+3.50 36.78+8.23

5 CTIE LA, " P<0.05

2.3D B AL B A2 0 HOF 0K AR T O AR TR
(19 WL8E 3 18] 1CC 439124 0.96 .0.95.0.95 ; 3D-TEE il
A OHEIF KA P AR R SR 18] 1CC 43 5]
29 0.97.0.95.0.95; CT I & Z2.00 B 1K A2 JF H &
& R BE LER A5 6] TCC 435124 0.94,0.90.0.96 5 — 2
PERIR

— 3D 3D-TEE . CT PEAl 250 B 51 43 4 1
BB Hr

1.3D #2785 CT 22 WAL 22 .0 HOR 2 43 it 7 1 L
BMESBRGEIFE L WA AR - EHR &
(Kappa=0.86.0.91, ¥] P<0.05) . 3D-TEE 5 CT 7£ ¥F
G ZE D HIEAS or 7 TH L 22 R B RS e
AR 47 AR VEAS 22 0 HIE 25 — 20 858 5 (Kappa=0.71,
P<0.05) , PEAR 220 B3 i — B TR & (Kappa=0.81,
P<0.05). WL#E2,

Fz2  3DMER 3D-TEE.CT AL 2 OB M b )

. 25yl ugip
ik PR 7V R (TN 1T 5 R (1 i (Ul A
3DHEEL(20) 7 7 5 1 12 7 1
3D-TEE(20) 9 6 4 1 13 6 1
CT(20) 8 5 5 2 m 7 2

2.3D BERIPE AL 220 BB 25 43 0 i1 W42 3% 18] 1C.C
539924 0.95.0.93; 3D-TEE WA 28 0 HIE 2 43 g 0L



- 878 - I R AR S B2 275 2023 45 11 A5 25455 1130 Clin Ultrasound in Med, November 2023, Vol.25,No.11

FLH A ICC 4390 0.94.,0.87; CT PR 2.0 HIEZS o>
A WLEE 4 0] 1CC 43 3114 0.87 .0.95 s — B # i

oo

H A R X280 HIE A P4l e 72 26
FZAREE 3D-TEE AL AEHS 38 CT, CT REWEIH M i /s 22
SO B AR I I A S AR 2, 18 v T ok — 4 o A L
TNZE U HE A Sy AR O AEUGF I A SRR M A 3D -
TEEAR™, HA — & Wt . A58 & 3 3D-TEE
DB B0 5 R v B A8 AL A OC v R 47, R R AT
A 10 B SR 2 R A 7 7 H 3D-TEE A H 5 FR- 1, H
IR AR R FH A 7 A Ak A B — 4 = o e o0 B
Jis — N BEZE R R BE EDU /R 28 D BRAS BB . 3D HTENH;
AT B 5 S bb 1 i Ae O BS540 I AR Bk
FHF A2 O A AR RTEAL 3R o223 R BT AR U
Ao 3D BEAIDC A3 I BT A A B T A AR IR
Ul T FARE R . AW B FEN H 3D-TEE %4 &
AT ED D B R A O HE 3D SRS A3 b HorE A v

H 3D $TEREE T CT R da 8 22, Sk i bt 25 (% Ak
FREE AR A, 35 TR 7 e VR A 10 R Bt 9 8 i 44
2B RGNS 20 ) 5K 250 B 3D SRR 5
G 2K A B I 5 0 i ) o U R AT R, 45 R B
3D A 5 3D-TEE I i 4.0 B IF K42 JF AR
REE b 22 e ¥ g it== 2 X, H1CC¥>0.9, — &
A, A B 3D A A ] oA A SR HEE . AR R
3D RS 3D-TEE U & A2 D HIF KA P 0548 IR
FESB/NT CTIME , 22 5 3R it X (34 P<0.05) ,
{EL P A AR ME AT SR 35 5 CT A v 19— EbE (3D AR
B 5 CT [8] 49 1CC 43 5 4 0.91.0.90.0.90; 3D-TEE 5
CT [8] /9 ICC 43 5] >4 0.91 ,0.88.0.90) , 43 #7 J5L K A
D3D-TEE 5 CT MG HLHIA R i i 2= @5 4
F B i A5 5%, Spencer 28 WF 57 & B & bk 1 500~
1000 ml A= BEER 7K 5 TEE & 220 B FF 11 7 AR R IR
YRR i 2 B K (38 P<0.05) s ANHF5E P 3D-TEE
PRVERT TR AR AR 10 h A b, T CT KA JC e FR ), il
3D-TEE Il & 19 220 HA AR 4 488 CT IMEL P /)N o

AT A B B AR 2 S KN A E
FHEORTTRR T A2 O B AR ER A, i T ER T4k L
B O o AR SE R R TE A2 0 B3 i F
i J5 11, 3D 4 3D-TEE ¥ 5 CT —EWEAR & (Kappa=
0.91.0.81) s HAEJE A VEAL 77 1T, 3D BLH 5 CT — 8tk
R %5 (Kappa=0.86) ,3D-TEE 5 CT — &4 (Kappa=
0.71) , 7385 A 8 - T 3D-TEE 5 CT (19 = 4§ ¢t Ji7
FEAN[R] , 3D-TEE (X B8 T 2 22 0 B s - N BEZS #) , ok

EOUL S B A O FEANER S B 45 4, 8% 3D-TEE £ £ )&
ST AT B R R S U R DA S g (EE S
2 AT 75 EL A A e 1 25 TR AL 5 o R 22 56 A R v A
i 22U B2 5 T 3D A5 U2 MR 4 5 A5 50 i B0 ) 5
USAY A NE BRI A1 SIS

AHEFE R R BRAE : O3D AT EN T BEAEM B 2, At
FEREA A PR Q@ A 3D AL i AR rh T T sl R
B AT B A R R AUL B K Y [ 45 LA PR ASE 8 1Y) o
P S BREC BB, anful P A B RE i — 25T .

zi BRI, 3T 3D-TEE B4 (1) 3D 47 EpA% A ] v
T 30 5 o G 5 A0 B, B 5 3D-TEE A X, 3D
B PEAS 2.0 B 28 X 43 i 7 Tl 5 CT 5 — Bk
. A, SEARBIARURAU AR T AR R - b BE AR
KB A5 B R PEAL iR A B SR 2 i A B
BT, BIFR A A TS 4D T8 25 S 5 T 15 £ V)3

S 3k

[1] Belgaid DR, Khan Z, Zaidi M, et al.Prospective randomized
evaluation of the Watchman left atrial appendage closure device in
patients with atrial fibrillation versus long—term warfarin therapy : the
PREVAIL trial[ ] ].Int J Cardiol ,2016,219(1) : 177-179.

[2]  Hou Q,Song H,Zhang L, et al.Roles of real-time three—dimensional
transesophageal echocardiography in peri—operation of transcatheter
left atrial appendage closure[ J ].Medicine (Baltimore) ,2017,96(4) :
e5637.

[3] Shee V,He L,Liu S,et al.Personalized fluoroscopic angles in
Watchman™ left atrial appendage closure landing zone assessment:a
three—dimensional printed simulation study[ J ].Cureus,2020,12(6) :
e8783.

[4]  Wang Y, Di Biase L, Horton RP, et al.Left atrial appendage studied
by computed tomography to help planning for appendage closure
device placement [J].] Cardiovasc Electrophysiol, 2010, 21 (9) :
973-982.

[5] Budge LP, Shaffer KM, Moorman JR, et al. Analysis of in vivo left
atrial appendage morphology in patients with atrial fibrillation: a
direct comparison of transesophageal echocardiography, planar
cardiac CT,and segmented three—dimensional cardiac CT[J].J Interv
Card Electrophysiol ,2008,23(2) : 87-93.

[6] Koo TK, Li MY.A Guideline of Selecting and Reporting Intraclass
Correlation Coefficients for Reliability Research [J].] Chiropr Med,
2016,15(2):155-163.

[7]  Viera AJ, Garrett JM.Understanding interobserver agreement: the
Kappa statistic[ J ].Fam Med,2005,37(5) :360-363.

[8] AERER, 5K 5T W IEHE, 55 L AT L0 =4 K — 4E#iTE 0 3l
PRI 2o H B SR ORI 0 [0 ] v [ B2 ig o Ak, 2021,
29(4):339-342.

[9] Pinho J, Dhaenens L, Heckelmann J, et al. Left atrial appendage
thrombus in acute stroke: diagnostic accuracy of CT angiography

compared to transesophageal echocardiography[J].J Stroke Cerebrovasc



I RAB A BE2E 275 2023 4E 11 A% 254855 11 J Clin Ultrasound in Med, November 2023, Vol.25,No.11 - 879 -

Dis, 2023,32(2) : 106936.

[10] BT, Phebgh, 5K, 45 22 Al .0 3 e 50 E CT If A i 3
XZE O H B R S (1], PR AR 27475, 2021, 31(9) «
1511-1515.

[11] Mill J, Montoliu H, Moustafa AH, et al. Domain expert evaluation of
advanced visual computing solutions and 3D printing for the
planning of the left atrial appendage occluder interventions [ J].Int J
Bioprint,2022,9(1) : 640.

[12] Jia D, Zhou Q,Song HN, et al.The value of the left atrial appendage
orifice perimeter of 3D model based on 3D TEE data in the choice of
device size of LAmbre™ occluder [J]. Int J Cardiovasc Imaging,

2019,35(10):1841-1851.

[13] Wang DD, Lam YY, Chow MC, et al.Device sizing guided by
echocardiography—based three—dimensional printing is associated
with superior outcome after percutaneous left atrial appendage
occlusion[ ] ].J Am Soc Echocardiogr,2019,32(6) : 708-719.

[14] Fh2222, BB w2, 5 S0 = g A O g) K e e
Dy BB 8 e 0 HE RN I RAFFE [0 ], v [ A R 2 A
2016,32(11):990-993.

[15] Spencer RJ, DeJong P, Fahmy P, et al. Changes in left atrial
appendage dimensions following volume loading during percutaneous
left atrial appendage closure[J].JACC Cardiovasc Interv,2015,
8(15):1935-1941.

(ke F 1:2023-02-20)

- IR IR A -

Ultrasonic diagnosis of biliary atresia splenic malformation syndrome in

child : a case report
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