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The goal of our testing regimen was two-fold. First to check the fabrication
and pressure dynamics of our fabricated valve, and second to validate the
concept of the ‘Wisconsin Loop.” All testing was done on a Harvard

Hydrocephalus is a disease which causes an over-accumulation of cerebral
spinal fluid (CSF), resulting in increased intracranial pressure. While treatment
may vary with the cause of hydrocephalus, the most common treatment is

The current standard of care and most common procedure for draining
CSF consists of implanting a single valve with a single pressure

The overarching goal of the valve design is
reducer the risk of slit ventricle syndrome. The

TESPE | diameter of the input location R
configuration of ball and spring has been patented by Codman & appeared to be small enough for a I

Shurtleff, Inc. in 2009. It differs from our design in that our design press-fit, the length of the press-fit
utilizes a ball within a cylinder and a corkscrew spring; the patented wasn't enough to seal the system | o |
immune response from the patient. design utilizes a linear spring and a rectangular chamber. The even at low pressures. it orvat
 Not degrade during its lifespan in the patented valve is also programmable, while our design is not.
Figure 2: A basic diagram of the parallel

An abnormal over-accumulation of CSF in the ventricles of the brain patient el system f comest o prosure When pressures we increased substantially (60-70 cm H,0 (5890-
. . . changes due lo ardo pusatons Final Design 6860Pa)) the spring/ball complex was pushed aside and water began

increases the intracranial pressure above the normal range of 10-

surgical implantation of a shunt valve. Unfortunately, a number of failure client aSk?d us to address this by evaluating a threshold. Excess pressure results in the drainage of a small volume Apparatus Model 1407 Pulsatile Blood Pump for mice and rats and
inducing complications can arise with implanted shunts. The most prevalent design (Figures 1 and 2) that attempts to: of fluid into the peritoneal cavity. hydrostatic pressure interfaced to a PC via BNC and a myDAQ hosting
complication is over-siphoning, which can lead to slit ventricle syndrome and  Minimize the over-siphoning caused by LabView software (National Instruments).
po§3|ble valve obstruction. Failure Of.thIS device can be catastrophic and lead Fo positional changes (See Figure 1) A recent advancement in shunt technology is the placement of valves Valve Fail
Era'n ﬁamagekog eve? deat::' O“trhd'z”ts.’ . fBermla”S 'Skta”diL at”d o [t)a‘f"d » Minimize the effects of cardiac pulsations in series. This allows for the mediation of the effects of cardiac —— Javedie
otl, Nave asked us 1o work on fhe design of-a valve sysiem fhat Corrects Tor (See Figure 2) Figur : Abslc dagam ofthe rovel pulsations on the rate of CSF drainage. Incrementally increasing the Initial testing of the loop design was done at 10 cm H,0 (686 Pa) created
the effects of gravity and cardiac pulsations, two contributing factors of CSF o , _ _ f posiion , , hydrostatically, with cardiac pulsations from the pump as seen in Figure 6
over-siphoning, to prevent slit ventricle syndrome and valve failure associated Additional requirements include that the device o thresholds of the valves down the tubing ensures drainage, but y Y, -
with this complication. must: counteracts the effects of cardiac pulsations. , | | | | temm———
. . . Our valve failed almost immediately i | I |
Introduction » Be designed to scale with a maximum of | | , upon testing. Although the hole ) W
1.5 cm in diameter and 3.0 cm in length With respect to the design of a novel valve, an example of a different | | ‘L~, LA
M
i

 Have laminar fluid flow (Reynolds number
of less than 2300)
» Be biocompatible and elicit minimal

Cerebrospinal fluid (CSF) has three main functions in the human
body: to act as a cushion for brain tissue, to assist in the delivery of
nutrients and removal of waste from the brain and to help
compensate for changes in the volume of blood in the brainl'l.

15 cm H20 (980-1470 Pa)ll in the horizontal position. This Design Matrix 1 The final design consists of a feedback lriamftﬁ;;f;h: C?:;'?;:gg raenduir:g:jetsoar;oouvr;dtﬁzpbgl‘vtgeri\:]alvce(e). mTT:X are
condition is known as hydrocephalus. Valve Design loop utilizing our designed novel valve in o e vl sysom The m?)st likely attri%utable to fabricgtion technique of the siIFcongbaII a‘r)wd ABS
Table 1: A design matrix showing factors taken into account for the valve material selection. series with pressure differential valves wo ﬂi;;’; paralel ar valve as well.
Hydrocephalus can be due to obstruction or inadequate absorption Welght assigned fo each crteria ndioates the relatve importance of 6ach factor placed in parallel as modeled by the dierotl veswie
(communicating). Communicating hydrocephalus requires e e relCommmty®] client (see Figure 3) . rovel design The ABS valve wall contouring to the ball had ridges which could press
placement of a shunt to drain excess CSF and maintain ICP at Weight 3 3 2 2 10 into the deformable PDMS, thus increasing the friction present and
normal healthy levels!3l. About 1 per every 500 children is affected High Density 3 2 2 2 9 Pressure differential valves effectively sealing the valve shut.
by hydrocephalus!'! o (manufactured by Medtronic) are placed
Sﬁ[ﬁ;‘:ﬂ; - 1 2 2 2 7 in parallel to counteract the effects of — _ _ ,
In order to counteract the effects of hydrocephalus, a shunt is used aBS) cardiac pulsations. Validation of the valve system design was done by replacing our fabricated
to drain excess fluid from the brain into the peritoneal cavity, pleural Polytetrafiuoro- 3 ! ' ? ! E%@ oz:@ valve with a GAV valve. The system Was tested under three conditions
cavity or right atrium via two catheters and a valvel*., Fene e The novel valve (see Figures 4 and 9) o normal IGP (10 cm H,0 (636Pa)), chronically elevated IGP (30 em H,0
corrects for gravitational over siphoning. ey ’(0\21:940Pa)), and plateay waves (60 cm 1,0 (5890Pa). - -
| | | | | . : | novel valve. B normal ICP (Figure 7), the system responded well to cardiac pulsations,
Chronic over drainage of CSF causes slit ventricle syndrome, which It uses a ball and spring system to reducing their magnitude to about one cm H,0 inside the valve loop while
involves the physical suction of the brain tissue into the catheter’s Ball Design balance the force of gravity on the CSF not passing any fluid completely thought the system.
intake within the cerebrum®. This causes an obstruction which can Table 2: A design matrix showing factors taken into account for the bail material selection. Weight in the system while the patient is
lead to catastrophic failure of the valve. assigned to each criteria indicates the relative importance of each factor. standing and does not affect the CSF'’s At elevated ICP and plateau wave T
Vel | Biocompatbiny e | Easeot T CostT | W T o drainage from the brain when the patient ICP (Figure 8), all draining valves in N = I m
The ability of a shunt to drain excess fluid to maintain appropriate lies down. the system opened and while minimized ) il l“ i "' l‘ “l\w M ¢ i
intracranial pressures, while avoiding slit ventricle syndrome is one Weight 3 2 2 3 10 Figure A photograph or no cardiac pulsations were noted, R "" il /H
of the foremost issues in hydrocephalus research. SFRUbber 2 > > ; ; In the novel valve, a stainless steel o fecuredouto absolute ICP was less than input, as the
| spring and a PDMS ball are housed valve system was open and draining -+t Pustons s s
Problem Statement S 2 2 2 0 0 within an ABS plastic case (see Figures excessively. vt
it 3 0 1 3 ! 4and’5) It was also noted that no observable fluid passed through the flow loop,

We have been charged with designing, validating and testing a m most likely because of the purely laminar flow behavior present in in the
novel valve system for patients with hydrocephalus. The valve : : anterior T-junction. .
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tem must minimize cardiac pulsations and accommodat - - - -
zﬁ s gsravity et et r;])anz - S e Spring Design During the testing procedure, despite the appearance of tight seals overal the flow ” | o
. - - verall, the flow loop seemed to provide =y
Table 3: A design matrix showing factors taken into account for the spring material selection. at. the valve inlet and between the b.a” ar_]d the cyI|ndr|caI. chamber a minimal aain at normal ICP levels. but 2 m il '( I ,.m i l’ \,r il ymx'.m ' ,)ﬁ»’ |
Weight assigned to each criteria indicates the relative importance of each factor. within the vaIve, leaks occurred durmg hlgh rates of cardiac hat qai bg e d CPi ’ ] f\ I i e
: o o dl Jain broke aown as INCrease 1
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