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Expansibility of TangoPlus and its feasibility in cardiovascular model

LONG Tianyi, PAN Wei, ZHANG Chenglong, PENG Liming, JING Ran
Department of Cardiovascular Medicine, Xiangya Hospital, Central South University, Changsha 410000, China

Abstract: Objective To explore the expansibility of TangoPlus FullCure 930w and evaluate its feasibility in cardiovascular model.
Methods According to the cardiovascular magnetic resonance image, the anatomical structure of the descending aorta of a subject
was modeled by 3D printing and a rapid prototyping was completed using TangoPlus. The model was printed with different wall
thickness (0.6, 0.7, 0.8, 1.0 and 1.5 mm), while the vessel lumen remained constant; the model was also printed in vertical and
horizontal directions, and finally a total of 10 samples were obtained. Compliance testing was performed by monitoring pressure
changes while gradually increasing or decreasing the internal volume. A patient-specific compliance aortic model suitable for the
attachment to a simulated circulation circuit in an in vitro assay was produced. The right ventricular outflow tract (RVOT) in patients
requiring pulmonary valve replacement was printed for carrying out physical tests on device insertion and assessing the suitability
of percutaneous pulmonary valve implantation. Results The expandability of TangoPlus for wall thickness of 0.6 mm and 1.5 mm
were (6.5%10%) mmHg™" and (3.0x10°) mmHg", respectively. The model printed in the vertical direction was better than that printed
in the horizontal direction. Both rapid prototyping for compliance aortic hypoplasia and RVOT anatomic model were proved to
be feasible. The device was also successfully inserted into RVOT model. Conclusion TangoPlus is suitable for the manufacture
of arterial model and is compatible with PolyJet printing, which can ensure the modeling of representative anatomical structures,
with the advantages of rapid manufacture and low cost. The material can be also used for exploring the attractiveness of models
printed with non-uniform wall thickness. However, the material appears too hard to simulate a more desirable systemic venous
system.

Keywords: cardiovascular model; TangoPlus; rapid prototyping; modeling

(Wi B #A)2019-11-15

(B&TUE [ A RRE 575 47 242 (S2017JJQNIT1552) G IR 2 G5 2 T AR 81 1 2200 58 Fik oh 28
AT 3 F 0 RS 07 - LB R Eemail e e
VRV, 1610, U0 GRSE 7 L MTEEEEomail: g g gy T L 3 0 HE A 9 090 7

longtianyi2004@126.com - N " N S
UBREAEE IR 1+, 4 00, BF5007 14+ 0 0% R+, E-mail: en- [ ZEREIL AR g b e B BCE B T AR B 5T

tranyu@qg.com (S E . AT, 5 AR UL R G S 0 ] O AR A



- 510 -

N e

6 37%:

Windessel 218 RIS Y 7 432 2] e, BH A4 F00TRY M T F 179
ff ISR FE IR B0 AR AT D SAR A 0 3
Gy ECR R B ARG Ll R ol 3
AT NIRRT, B AR X SE AR AR AT T AT AL 5T, 1)
WA G {H 3 S A5 D I AN g &2 1 1A R 48
B4 T 97 4 AR 56 1) Windessel R0 4 il i 2 452
RUEAT PR, 24 AR TR PR AR AR
FE B VEE R S AT AR e 4, B0 B AS
AT IGO0 . IE A A FIAREH T 22 PE il E
AV 3 A FE REER R =B A FLRS T . T Ly
I, W R IZ R ARG T4 NI RN R = AR
H T AU e 7 3 A v 8 ) ST A AR AR U R
AT, IO A s e Al ) L E B ik FiiE
FBIKAIALRL , SR, X LEBIR A 4 sk PR g i Ak,
HEAHENREIR . Sili A 2734 i R R 7
WOCZIBEE  FE 55 R v Be 1 32 W REAR I, JE 0 T 1l
B N AR PEAS 1 552 32 B bk 75 2l IhkoRg A Y, (H AR
R BAG S R B i = e 9 sk PR (S B RIS
HF/ A CRPJLBRY ) o

FE A AF 5 v S 4R I 0 A A PR R i A
PolyJet £ R SRIFFTEIFF A R AR AL . PolyJet £ AR
W LOCR G Y BRI 2 BEIRA 3715 1938 )2 w5
B A (16 um)"™ . PolyJet 43 A B 5 A0 FH AR AL )
JUARTRE B2 AR 0 T T 20 3 AR 6 31K A Bl AR o

0.6 mm 0.7 mm

0.8 mm

— P AR I B T A5 W), HIl TangoPlus, 5 PolyJet
BLARFEES , AT Ay Az 7 Gz 1 i A5 452 80 () W e A1 )
1T , TangoPlus J1] T~ il i 117 522 R (4 fif # A HL (14 75
AR D, A 4 B 7 R Bl 20 ik e e PAT R A 407
H o AR A DT Z MR B 5k R R AT Ak, I X H
U A8 0 T (8 7 AT 4R 1 o Rt A
P4 TangoPlus FullCure 930w B9 4 5K, IF 3P4k H
FEO MR T A T4 T

1.1 BEMBHER G RKENEN

Xt 144 29 % 241 50 mm 32 30 KR HEAT 00 1L
& W ILPR (Cardiovascular Magnetic Resonance, CMR )
A% CMR BCEFR A (PE1] 5 1.5T avanto #1452
A PRI ) AR R TR R SE 0 IR 51 Y 3D
L DUT AR DGR B A AE o AR SE AR B2 A Y 2
Bttt s 234 2B R0 R, OF [ ok Eidls T T
.

W1 R, B A R R R )R (0.6.,0.7
0.8.1.0 F1 1.5 mm) , i 46§ B A RE WL 1Y, il it 7
& th 0.6 mm S ZEATEFTER IS B P SR P IO BR B2 . iy
S X oA A A B 8 (155 mm AR ) o 1
PolyJet HLs BEATFTEN , A7 43 531 LA 3 15 F1 7K F- I 18]
B[R, de Az i 10 A

1.0 mm 1.5mm

1 EFEAEE
Fig.1 Aortic models
A B, B S U, BESE RS 1 (0.6..0.7.,0.8 . 1.0 T 1.5 mm) , N AR F34454H %2 (15.5 mm)

Xof A 4 e T B0 RS R A R A . K 3
FEAEANFE S, IF I IE 2 0 55 T J PSS ) Y B LA AR
TR . DR LG EF A2 S AR — M AE A
AT e AR TR rfv, SRR W 3 e g (P) D B R 2%
FUNTE0.5 mL A5k (dV) hAR b i 75 3 AV=2.5 mL.
FE250 Hz T B4 INZEAR L 14 1, 52 B8 5 2K, i s A

F B HE (Acq 13, Biopac & 4 Inc, Goleta, CA,
USA). IXI7EE R T 317, R4 C=AV/APHIE X,
A PR AL TR M A (C) o T CIEBR DA
AR R AL (1,=9.38 mL) , #5219 5k PE D(D=C/V,) .
RO TR AT R M, XA A dv ik
F15 YR PN FE 7 0 g, 53 g 4 0 1 s A Al 22



4 , . TangoPlus

- 511 -

PEATR ] A 5 52 0030 ER A5 [ 1B Y e
1.2 W EEFEEREMNERMS

By 5 ] 38 I O R R IR S ) 9 kM Y
Jei , PERE P B R 181, LAVEAS 325 2% 0 m] AT
ARNE

R W IR IS VNI (Rl o = I N o e e 1
(Hypoplastic Left Heart Syndrome, HLHS) 1 3= 5 fik
45 78 (27 mm B 7% ) B & o A Mimics K 14
(Materialise 22 @] ) {LRE A0 IE 77 51 FH T+ £ 8h ik (B
Bl kAR 32 Bl bk 3D f I A5 A i B . R FE B kv
CMR J7 91 19 2 3l ki T AR (A4) B 165 2 5 S 87 4
AR BN BRI I ELES G R, AR 5k . 73R
15 B3 R ek Sk 5k PR A aE R S i B
T Y JE R AR DS AE B gk, BRI A
P TR AS B4 A B SEIG 8 080D 1 R4S o IR Y 2
REAEBAUIEIR R Gerh , FH Tt A sl g 2=

S 191 2 Sy — 18] 33 25 1) . JEE it 3 3k RN A 0 B U
1B 7K (Right Ventricular Outflow Tract, RVOT) f 4,
LR R HE 52 R SR - R A W) ] T 22 K s 5l Jok A A
A K (Percutaneous Pulmonary Valve Implantation,
PPVD) B A e & . RVOT Rl sl ik 43 S fige il 45
¥R H CMR 420741, AT 78 3D B A T 134U
PR . S T I AR A AR B PPV g b Y 3
PR ATED T A5G SR AR, DT PEAl 3 A bl it Jt 4
e 2B A T A5 o R R B R T AT 2
&, S il Tk = AR AR D EURE TR R B
AL SO 2 e A B AR RS T

2.1 fEIREHER R IRENEN

AT G I T A 1 S B R T AR AR A AR R T
JE U ) 25 44, 1T ELFT EES Rl 45 pR, PolyJet H AR 0] LA
FE12 h AR LA, RIS I 25 R 28 i T
AR B R BAEAT A, A0 P-AV S 2 P AT S DX e
N (E2) . g R B S ] M, 2 0 4
RZ AR INE S PRI 2575 8 0.2~0.7 mmHg,
P 5 dviv, Z 8] iy % 7 3= B ¢ R AL R A5 4 K
AP(&3),

N [ BE JES () DA AN 8] 4 B 3% o BEJE R 0.6 mm (1)
D {H A 6.5x10° mmHg"; BEJE & 1.5 mm ) D {H K
3.0x10° mmHg" 5 LA B 77 [0 31 B A9 A5 U A LL 7K
J7 14T R (R RS TR B 4 5 225K (815 ), {7 0.6 mm (1% 1L
R &b, 32 B TR0 R e — SRR (DL 5 1)
FTENA R PR, Tk il A7 b . A LK B
e B 7 AR ALY SR T

31 -o- fin#k
= HIZ
Bl 2-
E
=S
Kl
; S , . .
-20 0 20 40 60
Eﬁ/mmHg

B2 ENARFEARMRM IR
Fig.2 Compliance test on aortic samples
TNAR I AR X 2R AN [N 284 1 5 S8 A A
TR AR TR B R/

-~ 0.6 mm
03 == 0.7 mm
=& (.8 mm
S
=02 0.9 mm
= 1.0 mm
0.1
0.0 T T v
0 50 100 150
Jj—sj]/mmHg

&3 REdV/IV, FEHZ LS
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Fig.4 Physiological expansion range
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Fig.5 Differences between different print modes
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Fig.7 Device test model and example of right ventricular outflow tract
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