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Design and Verification of Implantable Central Venous Dialysis Port

LIU Yangzhi, LIN Qingjing, GAO Qinxian, SONG Chengli
(School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai

200093, China)

Abstract; Objective To design and verify an implantable dialysis port that enables the central venous catheter to
no longer be placed on the body surface, and to study the effect of the central venous catheter’ s structural
design on its performance. Methods The feasibility of the dialysis port was verified by flow and pressure
experiments. Four representative catheter structures were analyzed by finite element method. The recirculation
rate, flow rate-pressure ratio and proportion of indwelling particles were recorded, and performance differences
were analyzed. An experimental platform was built to verify the simulation conclusion, and the fluid flow direction
of the arteriovenous cavity was quantified by the salinity measurement method. Results The dialysis port could
reach the flow requirement of 300 mL/min under the 45 kPa pressure. The recirculation rate of the measured
central venous catheter was between 10. 7% and 23.5% , and the residual value of heparin was between 2. 3%
and 2. 8% . The performance of the catheter with bundle mouth, positive position and side hole structure was
better. Conclusions The implantable dialysis port can potentially cooperate with central venous catheters to
establish a new vascular access approach. The structure of the central venous catheter should adopt the design
of bundle mouth, positive position and side hole, which has better recirculation rate and heparin locking
performance with low flow rate-pressure ratio. This study provides a theoretical and experimental basis for
structural design and clinical selection of the central venous catheter.

Key words: hemodialysis; implantable venous access port; central venous catheter; finite element analysis; fluid
experiment

W #s B #7:2024-12-05; 1& 5 B #7:2025-01-24
BEEE . RN, 842, 450, E-mail ; csong@ usst. edu. cn



EREYMAE £40E E£5H 20255104
1266 Journal of Medical Biomechanics, Vol. 40 No. 5, Oct. 2025

LRIV B e B D BE e i i B BE, T %
IRy T AL LR B T W RS A A,
£ 2019 4R, FEHEZ MR ET#E 70 TN 2%
WA 10 TN, RS BT IE oy E 26T
Jra, AN M B A T e 3 K
2= ST £ S R = VAL AW < o e ISR R IE
BRIV AN 2 K R 4500 L ) A A A 0 e K PN 2
HAWERHD Lo # kS8 R R &
TARER KR E , B S AR 055 5] K
e RPN I 8 s 25 TR AR 4 28 8 AR S 4
FEAR AR BT f i, B R e e ESE M S
IR, T E PR TR VB T B
BEA G AR AR SGH S I A T R Sg
Bk, $2 ) — PR AR A OB TS 5 O i K S A A
S5 I AE I B A 2 T B O RO K A AN AT
TEANERR I Z5H

WFFERI, b Ik T A8 B9 45 4 BT X
CEAE AL s TR = i1 DO WSRO 7 S S =P Ol
FEE R P AEE T IIE], B A XS A AR A
24 K Z2 B 1a) i) AR & A I 18] B9 AR OG0 A . E A AF
FUd i O K A PR RE R 0 AR & A
WM R B MERE AU, SR, BUBY B b
Xof AR i M 1 18] 3 32 23 A B 7 I RS B, AR S A
T kS A AN [R) B 25 R R T v B Y
Wi, S FC i K S A8 BB T R A 3 B A S
A

1 #R5FE

1.1 #EAXENE

FLA GBI E— Bl B A A7 SUE | m] T 1
WO I b RO A UE T B
BRTET R IRAS A A X B PO i DR = A2 A A
Ao R L kT A B B A R RS B AR o 225
LR RS BT AT T Je R £ 5
35 A s 0 2 0 ] S S A e, AR R A
TG ZERAAE , I R i Bl A (9 S R ), A
AGBATHE ph s e | o st 5 R O A A, R
SR DR T . T T IO A B 1 I
S IE A i S e T AR R T, [RDA SR FH BROE i
PRIELR m i e Re (IR 1) 1

N7 i
7

\
W AN A FRBERM BE B WK E84 9%
(a) kR (b) HIME

E1 #EARXEREER
Fig. 1 Assembly of implantable dialysis port (a) Overall view,

(b) Sectional view
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Tab.1 Structural characteristics of the catheter
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Fig.2 Experiment of central venous catheter (a) Structure model

of central venous catheter, (b) Experimental platform
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Tab.2 Flow field data during simulated dialysis
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Tab.3 Data of countercurrent flow field
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Tab.4 Experimental data of catheter recirculation rate

BRI AL, Hos FLB T2 B R E AR,

Bk ik Sk ik
A 0/ Q/ RR RR, || # Q/ 0/ RR RR,
C/ % C/ % C/ % C/ %
(mLemin™") (mL-min™") (mL-min™") (mLemin™!)

a 183 0.5 150 5.0 12.2 c 183 0.7 150 5.0 17. 1
183 0.5 150 5.7 10.7 11.2 183 0.8 150 5.7 17. 1 17.1

183 0.5 150 5.7 10.7 183 0.8 150 5.7 17. 1

b 183 0.5 150 5.0 12.2 d 183 0.9 150 5.0 22.0
183 0.6 150 5.7 12.8 12.6 183 1.0 150 5.7 21.4 22.3

183 0.6 150 5.7 12.8 183 1.1 150 5.7 23.5

TE:Q Miiht; € HERIE ;RR (RR, 435 4 LG R A L FEAEER R,

2.5 FAEPIEMEENIHRIIE

FIFZBUE R LR BRI R TR 5, B
R a YIRS R e, o 3 A2 R IF AU,
B a AR Z AL 7E TR T SR BT, Iksh, i
21 B T R AR A N AE D ) B R
FEFHERE L1 5, 145 P9 A PR /K sl i 2 Eh K T AR
FEMAEREE N, BA TR HPERE, x4
FAl 5 Nadolski 25 ilfs R 4518 — 2L,

®5 SERRUESHRHIRE
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