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Abstract : Shunt valves used to treat patient with hydrocephalus were numerically simulated to investigate influence of
pressure pulsation on their flow control characteristics. We modeled flow orifice through the shunt valve and imposed pulsating
pressure and valve diaphragm movement to compute flow through the valve. The results of our study indicated that flow rates
increased more than 40% by introducing pressure pulsation and diaphragm movement on the shunt valve. Our results
demonstrate the pressure-flow control characteristics of shunt valves implanted above human brain may be quite different from

those obtained by syringe pump test just after manufacture that induces uniform pressure.
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Fig. 1. Ventriculo-peritoneal(VP) shunt system (valve plus
catheters)
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Fig. 2. Schematics of a diaphragm-type shunt valve
used in the simulation and its pressure-flow characte-
ristic curve
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Analysis

B oM chojojzAnls &4 oidoZ syt thole}
zde vjEetd 2 9 aExddd oA A9 HuAolnR
Fud 2dg S E013E aeiste] AA9] 05ETE
Bdlsta F 5284719 "41% 845 AT 1™ 3).

B Ao MeE o2y o 0mmH0E e FUEHE A
EWHE oz sgon, 19 2¢] £A @ vle} Ze]
olo}Z el A& 6mm, ¥4 045mm, ¥ ¢ L9 0.lmmE
Zret), tolofzdoe] ofH Hiol we FFolnE F F{4]9
"H’%QJ‘}ETH EMO} 99 HX](PL?/M’\ =) 2 AT

01]’\194 tlo]o} L 7 o] 7;] 117(1(03]_1]
oluje] ¢tel2 105.3mmH-0°]tt. ©f —5-01]}\-] 45mmHzO—L.f A



HY g2of o3t AEWH gh¥-fgalo] 549 W3t 393

EWE Ao qtEAE ojmg rlololzA;vtel JHZ =
100.8mmH-0°)t:. E3 20cc/hroll A= tholol=aliol 42 X3
o] 537um °l# olmje] <P ROmmH00lt}. o B HE
Wy BAe) grEslE 26mmH00 28 YT ¢Ee 955mm
HyO0lth, ¥ AT e Hodo 48 28 20mmH0= 7}
Aatnls], thololZyY 79 8 2AE K% S0cc/hre} A
€ 2] (1), 20cc/hre] A 4 (2R Rk HGHa
F7)E 1209 &7 7371]?-:7&3 7]tz sqich

Pine(t) = 100.8+20.0sin(wt) mm H, O
for 50cc/hr FFHZZA (1)

Pine(t) = 95.54+20.0sin(wt) mm H,0
for 20cc/hr Fr&2A )
AEAFd me FF oL 359 A7) WEE
3’—"4 } | 918t S0cc/hre] B¢ 4 (3)34 o] thojofxy &
wi AE 522um F7) 5.91 sk FARNE Fostgen
20cc/hrd 5 2 (99} 2] IE 347umE FAq3IPrh o
o =] B 27] QoM Asg nhe} o] FIE-H[4]
ol A 73 76lum % 537TmE HAsHoh

h(t) = 761 + 5.22sin(et) pm for 50cc/hr FHZEZ 3
h(t) = 537 + 347sin(ot) um for 20cc/hr F+FZ7A 4)

FaEd [ Y3td exY ¢Hel 80mmHzO°]‘ji
208mmHz; 09 ¥ 98t |9~ o] F%F Blcc/hr
A 76lumeHE EAEE e ¥ F Uk agER 201an2
09 &8 "Hart stEd Ao, tololzAe] A Ao] AA
2e o 7.3muE B4 Aotk 3y Elya o] |
5 ZolAd #fA drt HaYA 2R FHo FAIZF ol
B dFdME thelojzAe] EHE HFE oEgs 7E9
65%° AFEHE @S RASdYTt ol AFF S0cc/hr
20cc/hrell sk A (3), (49 Ze] 522om 2 347umel] 3
Fae gholth

thelopZ o] £ A Ar|E F FHE VIELE 39
A E wjElgvtn spgete Rdy vk 1¥ 49+ o
ojolz &} 2 UL FEF AN A A JeIANY. 2
Y 49 AR AL b Hae 93] thelofZ el ¢
HEdo] olg) Y2 &8 ¥WHE vedd YEURE %
FEL m$ HHolm(H 2 50cc/hr), WEH EA AT 2 &
T BXNEL 7IFoE @ u HolEm4rl 10 olFte|nE i

*EA, % & 21 FAsgr HHsA2 S5Hg Ay
o] Y& &, B3 Hl&d T AdA )7 fEd FEHAE
B2 2dso. 44 FEEE 37Eoly HEwWB Ay
Zo] 2052 42Ue maletd 2052 e

///I/{ CHolot 2| motion

33, 4. o™ "Ao 23t clojoj=el 25
Fig. 4. Diaphragm motion induced by pressure pulsation
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Table 1. Four cases considered in our numerical simu-
lation
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FlojA 2 0 X
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Table 2. Comparison of flow rates depending on number
of cells

Hrge(cc/hr) | REEEZ(cc/hr) | FEEIZ(cc/hr) R*
AxX 1t 29.31 38.88 0.931
X} 2 29.32 37.45 0.930
A 3 29.76 36.70 0.928
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Fig. 5. Comparison of flow waveform for different cell
numbers
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Table 3. Comparison of mean and amplitude of flow wave-
forms for 50cc/hr case

HERS(cc/hr) | REEE(cc/hn) R?
Aol 1 52.9 - -
#olA 2 50.0 9.9 1.000
#HolA~ 3 65.6 82.9 0.951
ZolA 4 73.4 98.5 0.929
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Table 4. Comparison of mean and amplitude of flow wave-

forms for 20cc/hr case

HEfY(cc/hr) | FREZ(cc/hr) R?
Aol 1 19.7 - -
AlojA 2 19.5 4.1 1.000
Foj~ 3 26.2 32.3 0.954
Ao~ 4 29.3 38.9 0.931
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Fig. 8. Comparison of pressure-flow characteristic curves
for steady and pulsed flows.
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