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PROGRAMMABLE SHUNT WITH 

ELECTROMECHANICAL VALVE ACTUATOR 

FIELD OF THE W/FflVION 

{00011 The present invention relates to methods and devices for regulating and directing bodily 

fluids basis DtCT apMtxit%n aoor’tgiom 

BACKGROUND OF ThE INVENTION 

[0002] Hydrocephalus is a neurological condition caused by the abnormal accumulation of 

Fcerebrospinal fluid (CS?) within the ventricles, or cavities, of the brain. }tydrocvphalus, which 

can affect infants, children wd adults arises when the normal drainage of CSF in the brain 

becomes backed or some way. Such blockage can be caused by a number of factors, including, 
ean1e, genetic pr positie3, inlravetculzr or iritncra,iial heaochagc, infectious such 

as meningitis, or head trauma. Blockage of the flow of CSF consequently creates an unbalance 

between the rate at which CSF is produced by the ventricular system and the rate at which CSF is 

absorbed into the bloodstream. This imbalance increases pressure on the brain and causes the 

brain’s ventricles to enlarge. Left untreated hydrocephalus can result in serious medical 

conditions, including subdural henatoma, compression of the brain tissue, and impaired blood 

sow. 

[00031 Hydrocephalus is most often treated by surgically inserting a shunt system to divert the 

&w of CSF from the ventricle to another area of the body, such as the right atrium, the 

peritoneum or other locations in the body where CSF can be absorbed as part ofthc circulatory 

�system. Various shunt systemshavebcen developedforthelreaneTn oflwdrocepbaios, 

Tpical1y, slmnt systems indu4e a veutriculnr catheter, a shunt valve, and a drainage catheter. 

At one end ofthe shunt system, the ventricular catheter can have a first end that is inserted 

through a hole in the skull of a patient, such that the first end resides within the ventricle of a 

patient, and a second and of due ventricular catheter that is typically coupled to the inlet portion 

of the shunt valve. The first end of the ventricuthr catheter can contain mnitiple holes or pores to 

allow CSF to enter the slbnt system. At the other and ofthe shunt system, the drainage Catheter 

has a first and that Is attached to the ouflet portion of the shunt valve and a second and that is 

con6girrd to show CS12 to cat the shunt system for vabstoption into the blood stream. 
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[0004] Generally, the shunt valve, which can have a variety of configurations, is effective to 

reg,4ate the flow rath of fluid through the shunt systero In some shunt valve mechanisms, the 

fluid flow rate is proportional to the pressure difference at the valve mechanism. These shunt 

valve mechanisms permit fl0id flow only after the fluid pressure has reached a ceits threshold 

level. Thus, when the fiuiü pressure  is slightly greater than the threshold present level, the fluid 

flow rate is relatively low, but as the pressure increases, the fluid 20w rate simultaneously 

increases. Typically, the shunt valve allows fluid to flow normally until the intracranial pressure 

has been reduced to a level that is less Sn the threshold pressure of the shunt vtve, subject to 

any hysteresis of the device. 

[00051 Certain conventional shunt valves allow external adustnient of the threshold pressure 

level at which fluid flow will commence to avoid invasive surgical procedures. In some shunt 

systems, the shunt valve contains & magnetized rotor to control the pressure threshold of the 

vale. Physicians can then use an e,ctemat adjustment meclwism, .uch as a magnetic 

programmer, to adjust the pressure threshold of the shunt valve. However, these magnetized 

rotors can be unintentionally adjusted in the presence of  strong external magnetic field, such as 

during an MRI procedure. tnintenUonal adjustment ofthtpiesmireteshol toud Ieato 

either the overdrainageor underdr4lnage of CSF, wISh can resultin dangerous coSitioi such 

as subdural hematoma. 

[000(] Attempts have been made to provide a locking mechanism that prevents unintentional 

valve adjustment, even in the presence of a strong external magnetic field, while sinmltaneously 

allowing intentional adjustment of the pressure threshold. One such approach has been detailed 

in U.S.Patent No. 5,643,194, in which Negro describes a locking means having two opposed 

micro-magnetamounted on the rotor. In thepresence ola hi-directional magnetic fielz these 

miao-magtets move linearly in the rotor, in a caubstarwally radial direction, to activate the 

locking znens. However,the Negro Ioc4cingmeans does not eiijninate the risk of inadvertent 

valve adjustment in the presence of a strong external magnetic field. 

[0007] Another approach has been described in U.S. Patent No, 5,637,083, in which Berirazid et 

aL describe a valve that includes means for locking the rotor assembly in a desired position. 

This locking means uses apin having a first end adapted to englatic a series of detenis in an outer 

C 
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paipheral sureor of the rotor assembly, thereby pcevenhing the rotor aseembly from rotatin& 

The locking means is disexaged by phx-abating mtass baring two levers that move kIte pin 

from a first extended position, in. within the detent(s) in the ouler perlpheS surface, to 

second, retracted position. The first lever is a pivotable lever having a shaft adapted to engage a 

sondeodofthepi,whflethesond1everisamanuallyactuad%evertha%isbSt4%orgt 

the pin into the first, extended position. This manually actuated lever, however, is located within 

the valve chamber that is used to pump, or flush, fluid from the shunt valve. Thus, by virtue of 

its location within the pumping chamber, the manuafly attracted lever, and consequently the pm-

actuating means, can impair or inhibit the fimotion of the pumping chamber.  

I ?QdlhjMcrdinth, sueS eSts for approved Tnethods and devices fir regulating 

cerebrospinal fluid flow. 

�STJMMARY OF THE INVENTION 

[0009] Deuces and methods for regulating and directing bodily fluids from one region of a 

patient to anotherregion are discbse4 lngeneral, an apparatus isprovided thatcaji include an 

impkmtable shunt system thda system contioller. æile S Variety of configurations are 

available for the in,lantable sbui,t systen% in one exemplary embodiment the system can have 

an adjusthle valve for regulating the flow of fluid, a sensor element for measuring a 

physiological anraowristic of apaftei,i, and an elu uorn&jzs,ica! valve act,aAtor that can be 

adapted to adjust a resistance ofthe valve. The implantable shunt system can be in elecuical 

communication with the system controller. The system controll& can generally be adapted to 

receive aphysiologkcal characteæstic of the patient and opemtc the ale romechanical valve 

.actuator to adjust a resistance of the valve. In one exemplary embodiment, the sensor element 

can be a pressure sensor for detecting a cerebro-spinal fluid pressure. In another embodiment, 

the shunt system can include a second sensor element for measusng an additional physiological 

characteristic. The apparatus can be battery powered (i.e., by a battery contained therein) or can 

be powered by an external component. 

100 101 In one exemplary embodiment, the valve can take the form of  ball valve that is 

operatively associated with an electromechanical valve actuator, While several configurations 

we available for the etectomechical valve tctator, in general, the actuator can include a 

-3-
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spring and a pressure setting mechanism. A variety of springs can be used with the valve 

actuator including  for example, leaf and helical spdags. The pressure setting mechanism caul 

also have a variety of configurations. For example, in one embodiment, the pressure setting 

mechanism call include a motor driven rotor aembIy thatis aiMpted to adjust aresistance ofthe 

valve upon actuator of the motor. In another exemplary, embodiment, the pressure setting 

mechanism includes a motor driven stop member that is adapted to apply a force to the spring to 

adjust a resistance of the valve. 

DOTh) In genera, the system controller can be adapted to receive a 1tysiologiS characterisUc 

of the patient and operate the electromechanical valve actuator to adjust a resistance of the valve. 

In one oxempisry embodimuni, The system conlrofler can include an4troprocenor for 

comparing measured values to predetermined target values. For example, where the sensor 

.element
is a pressure sensor, the micnpncessor ctn be adapted to compare the measured 

pressure detected by the sensor element to a predetermined target pressure. To facilitate the 

comparison, the system controller can also be configured to receive an input signal representative 

Of a target value. In addition to comparing values, the microprocessor can be programmed to 

calculate a desired resistance for the valve to achieve a target pressure. A variety of 

configurations are available for the system controller, including, for example, cordigurations in 

which the controller is contained within the implantable shunt system and configurations in 

which the controller is disposed On an implant separate from the shunt system. 

OoI21 Thu apparatoa for reguIatng fluid flow can eur*ier inobade on extema prograrmoing 

device that is in communication with the system controller, In general, the programming device 

cal iucb$e a user ittput element that allows an operator to input One Or mote instoactions to be 

communicated to the system controller. For example, the external programming device can be 

adapted to transmit a signal to the system controller that is representative of  predetermined 

target value for the CSF pressure of a patient. The external programming device can have a 

variety configurations and in one exemplary, embodiment can include a display element for 

communicating a physiological characteristic to a user. In addition to communicating 

instructions to the system controller, the programming device can also be adapted to power the 

implantable shunt system. 

Er 
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(001 31  oe exemplary embodiment, the implarstabte shunt system, system co!tollCt, and 

external programming device can be configured to communicate As radiofrequency (RF) 

communication. In an exemplary embodiment, the shunt system, system controller, and 

programming device can include signal Imnemitters/receivers or antennas that can be casfigured 

to send and/or receive signals from one another. Such communication can provide non-invasive 

control of the electromechanical valve actuator. The antennas can have a variety of 

configurations as well as be disposed at various locations in the system For marnple, in One 

exemplary embodiment, both the system controller and antenna associated therewith can be 

disposed on the imp1anSe shunt system. lnanofla embodiment, the controller can be 

contained within the implantable shunt system but the antenna can be disposed on a separate 

implant, In yet another eemp1ary embodiment, both the system controller and antenia 

associated thewtht can be disposed on wi implant Ihat is separate from the shant system. 

40 

 00%4I Methods of regulating ce:ebrospinr4 fluid Row we also provided. In games),the method 

can include comparing a target value to a value detected by a sensor associated with an 

implantable shunt system, and activating an electromechanical valve actuator of the implantable 

stunt system to Amer ,teststanc ofavalvecfthe shunt system if the detectedvelueisset 

equal to the target value. The method can also include inputting one or more target values to an 

external programming device and transmitting those values to a system controller of the 

implantable sbont system. In one exemplary embodiment, any of the above stevs can be 

repeated until the detected value is equal to the target value. 

BRIEF DESCRIPTION OF ME DRAWINGS 

�[0015] The invention 
will 

be more fully understood from the Ibliowing detailed description 

taken in corsiunction with the accrnpasiying dra,dus, irs whivk 

00I63 FIG. I Is adiagrasoma%io’view ofasysttm of the inventoo 

[0173 FIG. IA is cross-stctioaM pempective view of one embodinsem of an upparmus for 

regulating fluid flow; 

[0018] FIG. 2 is a schematic view of one embodiment of an electromechanical valve actuator; 

-5-
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[0019] FIG. 3 is a schematic view ofanotber embodiment ofan electromechanical valve 

actuator; 

£0020] FIG. 4 is a schematic view of one embodiment of  shunt valve assembly for regulating 

fluid flow; 

[0021] FIG. 5 is a schematic view of another embodiment of a shunt valve assembly fl,r 

regulating fluid flow; and 

[0022] FIG. 6 is a schematic view of another embodiment of  shunt valve assembly for 

regulating fluid flow, 

DETAILED DESCRIPTION OF ME INVENTION 

Sf0023) Certain exemplary embodiments will now be described to provide an overati 

understanding oftheprinciples of the structure, abortion, manufacture, and use of the devices 

and methods disclosed herein. One or more examples of these embodiments are illustrated in the 

accompanying drawings. Those skilled in the ait will understand that the devices and methods 

specifically described herS and illustrated in the accompanying drawings are non-limiting 

exemplary embodiments and that the scup; of the present iwentiou is defoed solely by S 

claims. The features illustrated or described in connection with one exemplary embodiment may 

be combined with the features of other embodiments. Such modifications and variations are 

intended to be included within the scope of the present invention. 

[0024] Methods and devices for regulating and directing bodily fluids from one region of a 

patient to another region are disclosed. In general, an apparatus 10 (illustrated in FIG. I) is 

provided that can include an implantable shunt system 12 and a system controller 18. While a 

variety ofe ufigiratotis are avilab%e, in one exetn?laTy recdooduman the apparatus ID vail have 

an adjustable valve 14 for regulating the flow of fluid, a sensor element 20 for measuring a 

physiological characteristic oft patient, and an electromechanical valve actuator 16 that can be 

adapted to adjust a resistance of the valve. As used herein, ’electromechanical actuate?’ 

includes mechanical systems (or mechanisms) that are actuated or controlled electrically such as, 

but Lot limited to, thctric motors, solenoids, and linear actuators. The iniplantable shunt system 

car] be in electrical communication with the system coritrotler 18 which may or tay not be 

fl 
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provided within the shim! system housin& The system controller 18 can generally be adapted to 

receive a physiological charecteristit of oreprederd from the sensor 20 and operate the 

electromethanicai valve actuator 16 to adjust a resistance oftho valve 14. The system controller 

18 may also receive instructions from an external proramruing device 22. The apparatus car be 

battery powered (i.e., by abaflery contained therein) or canto powered by an external 

component. Although the device is shown and described as regulating the flow of cerebrospinal 

fluid (CS9, one stalled in the art will appreSte tMt the device can be used to regulate the flow 

of any bodily fluid. 

[00251 FIG, IA illustrates one exemplary embodiment of an apparaths 100 for regulating fluid 

flow. As indicated above, the apparabas can eueralty (selude x impan%abIe shunt system 102 

and a system controller 104. The shunt system 102 can be adapted to drain excess fluid from one 

.area of a patient’s body and direct the fluid to another site in die body. A variety of 

configurations are available for the shunt system 102. As wed herein, a shunt refers to any 

device that diverts a flow of fluid. A peon of ordinary skill in the alt will recognize that a 

variety of configurations for shunt devices are possible, hose exemplary embodiment, shown 

in FIG. IA, the shuntsystern 102 Includes aliousing 106 defining an inlet Fort 110, anoutletpart 

112  Made chamber IDE onented between the inlet port 110 and the outlet port 112 
Timmer 

and outlet ports 110,112 can be coupled to thies mid outlet or drainage catheters 450, 

respectively (FIGS. 4-6). For example, in one embodiment, the apparatus can be used to treat 

hydrocephalus and the into catheter is inserted within a ventricle ofapatient’s brain and the 

drainage catheter is itst,ltô within another area of the patients body, such as the peritoneum. 

Dozing operation, the shunt system 102 can catty CSF, originating from the venerable, from the 

inlet catheter, throng), the chamber, and to the drainage catheter. 

(0026 The implantable shunt system 102 can also include an adjustable valve 114 for regulating 

the flow offluid. The resistanca oldie valve 114 can be adjusted within the housing 106 to set a 

pressure threshold at which excess Cs; bet to flow front the ye stuck ofabrein through the 

valve tl4nndto anotherareaoiapatient’sbody. While the valve 114 can haveseveral 

configurations in an exemplary embodiment, shown in FIG. IA, the valve 114 takes the foim of 

41,51! valve. As shown, the balL 116 iadaposed is’ the chanter ’US ofthe housing 06 and is 

seated in a circular orifice 138. Althougj, the valve 114 is shown and described as a ball valve, 

,7-
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one skilled in the an will appreciate that arn,mbr olvahe wntgurations are available for use 

with the impIantabe shunt system 102. The ball 116 cml act as a stop member arid regulate the 

fluid flow, deaugh the shunt system 102. Fo, xampl; Iluid canbe prevented from flowing 

through the shunt system’when thflal\ 116 is fully seated within the circular orifice I is. 

Aitemativuly, mild eaten allowed to flow througa the shunt system 102 when the pressu’e in 

thtvenfricleexcuedslhofoitebeingappiiedtotheball llotoseatitinthecircularotificellS. 

This, ’var>ngæ,e force applied to the ball 116 can be effective to vary the resistance of the valve 

114 (i.e., the pressure threshold at which fluid begins to flow through the valve 114). 

[00271 A variety of techniques can be used to adjust the resistance of the valve 114. For 

example, in one exemplary enthoditttent, an e1ecomcchanitaI valve actuator 120 can be 

operatively associated with the valve 114 aM adaptudto adjust ansistance ofthevalve 114.  .

The electrotnecMnicat valve actuatoc 120 can be configured to adjust and maintain the pressure 

threshold at which fluid begins to flow through the valve 114 thereby reducing the risk of either 

over- or under-drainage of CSl ftom a brain venuicI The eleclromechathcal valve actuator 

120 can genenilyinclode napriug 122 and apressure setting mechanism 124. The 

elecArontethanicy2 valve actuator 120 can effectively prevent movement of the valve 114, such is 

whentheshuntaysternis exposedlo enwomnental magiietic forces. In certain cases, for 

example, the shunt system 102 can be subjected to a strong external magnetic field, such as When 

apatientlaSng an implanted shunt system 102 undergoes an magnetic resonance imaging 

(R3) procedure. The magnetic field generates a force on the shunt system 102 that can induce 

motion of the pressure setting mechanism 124 and can cause the pressure setting mechanism 124 

to adjust the position of the valve 14. The electromechanical valve actuator 120, however, can 

Slock the valve 114 in place to maintain a set pressure threshold within the s1unt system 102 

when exposed to the magnetic field. FIGS, 1-3 illustrate a variety ofexemplary embodiments of 

electromechanical valve actuators 120 foriise with the shunt system 102 described herein. One 

skilled in the art will appreciate that various springs and configurations ofpressure setting 

mechanisms can form the electromechanical valve actuator, and the actuator should not be 

limited to the features and configurations described below. 

[00283 As shown, the tledromtchaiical -valve actuator 120 includes a leaf spring 122 that is 

coupled to apresswe acting mechanism 124 batng a cantilever 126 and a rotor assembly 128. 

-8" 

Copy pFnvi(kd by tJSPTO Iron, th. JFW Iniag. Osbbse on 06/30)2000 



Attorney Docket No. 2271945 (CODSI21) 

As indicated above, the baIl 116 of the ball valve can regulate the fluid flow through the shunt 

system. The ball 116 con be operativelyjoined to a first and 122a of the cantilevered spring 122 

which a second end 122b of the spring 122 can engage a stair may 130 ofthe rotor assembly 

128. In this embodiment, the rotor assembly 128 can include the stair-step aTny 130 in the form 

of a spiral staircase to provide pressure settings in discrete steps. The rotor assembly 128 can 

also include an actuation mechanism 132 that is configured to rotate the stair may 130 with 

respect to the cantilevered spring 122. In general, the mechanism 132 can include a motor 134 

that is operatively associated with the stair array 130. For example, in one exemplary 

embodiment, shown in FIG. IA, the mechanism 132 includes ainicro-motor 134 that is coupled 

to the stair may 130 via gear teeth provided on each (not shown). A variety of motors call be 

used to rotate the stair may 130 includin& but not limited to, micro-motors, stepper-motors, and 

piez 0-motors. 

*[0029] In use, the actuation mechanism 132 of electromechanical valve actuator 120 can rotate 

the spiral stair may 130 with respect to the cantilevered spring in, and the second end 12Th of 

the spring 122 can move up or down each stair ofthe array 130. Moving the second end 122b of 

the spring 122 up or down canbe eflctive to change the angle ofdeflection ofthe spring 122 

Fug., relative to the cantilever 126). The change in the angle of deflection of the spring 122, in 

turn, alters the lbrce that is exerted by the spring 122 on the ball ii 6. As indicated above, 

changing the Ibree applied to the ball 116 can result in a corresponding increase or decrease of 

the established pressure threshold at which fluid begins to flow through the shunt system 102. 

[0030] An antenna 430 can also be provided to allow for non-invasive contTol of the 

electromechanical valve actuator 120. As is described below in detail, one or more antennas 430 

can have a variety of configurations as well as be disposed at various locations throughout the 

system. Referring generally to flG. I, the shunt system 12, system controller IS, and 

programming device 22 can include signal transmitters/receivers or antennas 430 that can be 

configured to send and/or receive signals been one another to allow the individual components of 

the apparatus 10 to communicate with each other as well as facilitate non-invasive control of the 

apparatus 10, 

[003 1] FIG, 2 illustrates another exemplary embodiment of an electromechanical valve actuator 

"C’ 
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200 for use with the inpiwitable shunt systcrn 102. As ahovat, the electromechanical valve 

actuator 200 includes a leaf spring 202 that is operatively associated with a pressure setting 

mechanism 204 that takes the form of a gear assembly 206. Similar to the embodiment shown in 

FIG. IA, a first and 202a of the leaf spring 202 can be operatively associated with the ball 116 of 

the ball valve and a second and 202b of the spring 202 can engage the gear assembly 206. The 

gear assembly 206 can inside first and second gem 206s, 206b. The first gear 206a can have a 

series of helical steps (not shown) formed thereon and can be adapted to engage the spring 202. 

The second gear 206b can engage the lint gear 206a as well as be operatively associated with an 

actuation mechanism 208 of the gear assembly 206. The actuation mechanism 208 can be 

configured to drive the gears 206a, 206b and rotate the helical steps with respect to the spring 

202. The mechanism 208 shown in FIG. 2 includes a micro-motor 210 that is coupled to the 

second grow 20a via a cylindrical motor shaft 212. As indicated above, a variety of motors can 

be used to rotate the stair army including, but not limited to, micro-motors, stepper-motors, and 

piezo-motors. In line, the actuation mechanism 208 can drive the gear assembly 206 to rotate the 

helical steps with respect to the spring 202 and move the second end 202b of the spring 202 up 

or down the steps. As described above, such movement can be effective to change in the angle 

of deflection of the spring 202 thereby altering the force that is exerted on the ball 116 and 

increasing or decreasing the established pressure threshold at which fluid begins to 1ow through 

the shunt system. 

[0032] Mother exemplary embodiment of an electro,necbanicsl valve actuator 300 is shown in 

FIG. 3. As shown, the electromechanical valve actuator 300 includes a helical spring 302 tat is 

coupled to apressure setting mechanism 304 having a stop member 306 and motor assembly 

.308. A first end 302a of the helical spring 302 can engage the ball 116 of the ball valve, and a 

second end 302b of the spring 302 can abut a distal facing surfnce 307 of the stop member 306. 

The stop member 306 can have virtually any configuration, for example, as shown in FIG 3, the 

stop member 306 is a generally cylindrical cap that has a closed distal end 306b and an open 

proximal end 306a with a bore 309 foimed therein. The bore 309 can be threaded and adapted to 

receive and engage a threaded shaft 308a of the motor assembly 308. A motor 308b, such as one 

described above, can drive the threaded shaft 308a to move the stop member 306 in the proximal 

arid/or distal direclioris. The dosed dista% and 30th of the Mop member 366 tan be toxfirt4 to 

apply a from to the spring 302 such that distal movement of me stop member 306 is effective to 

10-
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compress the spring 302 and alter the Ibrue that is exerted by the spring 302 on the ball ’16. As 

indicated above, changing the force applied to the ball 116 Can result in a corresponding increase 

or decrease of the established pressore threshold at which fluid begins to flow through the shunt 

system, 

(0033] The implantable shunt system can Rather include a sensor element for measuring a 

physiological characteristic of a patient The sensor element can be coupled to the valve or it can 

be separate from the valve. For example,as shown in FIGS. 4-6, the sensor clement 402 is in 

electrical communication with the shunt system 401 and is coupled to the system As wires 402a. 

Additionally, while the sensor element 402 is shown as being positioned within the CSF flow 

pathway 406 of the shunt system 401, in another exemplary embodiment, the sensor element 402 

can he located outside of the CSF flow pathway 406 though still residing within the ventricular 

0 
cavity of the patient. The sensor element 402 con be configured to measure a varietyof 

physiological characteristics of scandal including, but not limited to, CSF pressure. Although 

the shunt system 401 is shown as having a single sensor element 402, one sl1ed in the art will 

appreciate that the system can include multiple sensor elements hang several different 

configurations. For examl,le, in one embodiment, the system 401 can include multiple pressure 

sensors to measure the CSF pressure at various points in the ventricular cavity. In another 

exemplary embodiment, the system 401 can include multiple sensor elements each configured to 

measure a different physiological characteristic of a patient. 

[0034 As indicated above, the apparatus 400 for regulating fluid flow can also include a system 

controller 403. In general, the controller 408 can be in electrical communication with the 

implantable shunt system 401 and can be adapted to receive the physiological characteristic 

measured by the sensor element 402 and to operate the electromechanical valve actuator 410 to 

adjust a resistance ofthe valve 114, For example, the system controller 408 can be configured to 

receive an input signal that is generated by the sensor element 402 and is representative of the 

measured value of the physiological characteristic (e.g., the CSF pressure), Therrien 

controller 408 can also be configured to generate and transmit to the electromechanical valve 

actuator 410 an output control signal that commands the actuator 410 to adjust the resistance of 

the valve 114. A variety of configurations are available for the system controller 408. For 

example as shown in FIGS. 4 and 5, in one exemplary embodiment, the controller 408 is 
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contained within the implantable shunt system 40!. Depending on the size and configuration of 

the electromechanical valve actuator 410, it may not be desirable to have the controller 408 

contained within the shunt system 401. Accordingly, in another exemplary embodiment, the 

controller 408 can be disposed on an implant 412 that is separate from the implantable shunt 

system 401 (FIG, 6), 

[0035] The system controller 40S can also include a processing unit such as, for example, a 

microprocessor, which enables the controller 408 to compare the measured physiological 

characteristic (e.g., the measured CSF pressure) detected by the sensor element 402 to a 

predetermined target value for the physiological characteristic. The predetermined target value 

can be ascertained through clinical assessment of the patent and is therefore custrnnized for oath 

particular patient. This target value can than be preset or progronuned into the system controller 

. 408. In use, the system controller 408 can operate according to an algorithm which determines 

whether the value measured by the sensor element 402 is higher than, lower than, or within an 

acceptable range of the target value. Based on this assessment, the algorithm can than determine 

whether the resistance of the valve 114 should be increased, decreased, or maintained in order to 

achieve the target CSF pressure for the patient. For example, where the physiological 

characteristic being measured is CSF pressure, the valve’s resistance can be decreased if the 

measured pressure is higber than the target pressure. Conversely, the resistance ofthe valve 114 

can be increased if the measured presence is lower than the target pressure. The microprocessor 

can then generate an output control signal to the electromechanical valve actuator 410 which 

commands the actuator 410 to adjust its current resistance to the desired resistance. If Die 

measured value is essentially the same as, or within an acceptable range ofthe target value, then 

Die current resistance is maintained and no changes are made. 

[0036] The apparatus 400 for regulating fluid flow can further include an external progrannning 

device 420 that is in communication with the system controller 408. In general, the 

programming device 420 can include a user input element that allows an operator to input one or 

more instructions to be communicated to the system controller 408. For exampI the external 

programming device 420 can be adapted to transmit a signal to the system controller 408 that is 

representative of a predetermined target value for the CSF pressure of a patient. The external 

programming device 420 can have a variety congurations and in one exemplary embodiment 

-12-12- 
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can take the fonn of a hand-held remote control. The programming device 420 can include a 

display for communicating input and/or output values (e.g., the predetermined target value for a 

physiological characteristic being measured and/or the measured value of a physiological 

characteristic) to a user. In addition to communicating instructions to the system controller 408, 

the programming device 420 can also be adapted to power the implantable shunt system 401. 

[0037] As indicated above, one or more antennas 430 can be provided to allow the individual 

components of the apparatus 400 to communicate with each other as well as facilitate non-

invasive control ofthe apparatus 400. The implantable shunt system 40!, system conlrol!er4OS, 

and external programming device 420 can be equipped with electronic circuitry similar to those 

for medical telemetry systems that communicate physiological data (e.g. temperature, pressure, 

etc.) between an implant and a receiver unit. For example, the system controller 408 can be 

*pulse 

to generate an analog data signal that is than convened electronically to a digital 

pulse which is than transmitted by radiofrequency (RF) to the external programming device 420. 

As illustrated in FIGS. 4-6 the shunt system 401, system controller 408, and programming 

device 420 include signal transmittersfreccivers or antennas 430 that can be configured to send 

and/or receive signals from one another. Such communication can provide non-invasive control 

ofthe electromechanical valve actuator 410. The antennas 430 can have a vaT ety of 

configurations as well as be disposed at various locations in the system. For example, in one 

exemplary embodiment shown in FIG, 4, both the system controller 408 and antenna 430 

associated therewith are disposed on the implantable shunt system 401. In another embodiment, 

shown in FIG. 5, the corstrD%%er 408 is contained within the impmitab%e shunt system 401 but the 

antenna 430 is disposed on a separate implant 430a. Such a configuration can allow for a larger, 

more powerfial antenna to be placed in a more convenient location (e.g, apatient’s ann rather 

than their head). In yet another exemplary e,nbodhnent, illustrated in FIG. 6, both the system 

controller 408 and antenna 430 associated therewith are disposed on an implant 412 separate 

fiom the implantable shunt system 401. Similar to the embodiment shown in FIG. 5, this 

embodiment can provide less resiriction on the size of the system controller 408 and antenna 

430, as these components are not pan of the shunt system 401. One skilled in the an will 

recognize that these are merely examples of the lbnns of remote communication suitable for use 

with the fluid regulating apparatus 400 disclosed herein and a variety of other forms of non-

invasive communication can be utilized without departing from the scope of the present 
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invention. 

[0038] Methods of regulating cerebrospinal fluid flow are also provided. In general, the method 

can include comparing a target value to a value detected by a sensor 402 associated with an 

implantable shunt system 40’, and activating an electromechanical valve actuator 410 of the 

implantable shunt system 401 to adjust aresistance of  valve 114 of the shunt system 401 lithe 

detected value is not equal to the target value. 

[00391 In one exemplary ennbodftrncnt, the method can include energizing the apparatus 400 with 

the external programming device 420 and detecting a physiological characteristic of a ventricular 

cavity (e.g., CSF pressure). The measured value can than be compared to apredetennined target 

value for that physiological characteristic. The predetermined target value can be preset in the 

system controller 408 or can be programmed in the coniroller via the external programiting 

device 420. If the system controller 408 determines that the measured value is not equal to the 

target value, the controller 408 than determines whether the resistance for the valve 114 should 

be increased or deceased accordingly to achieve the predetermined target value far that 

physiological characteristic. The system controller 408 can then generate and transmit an 

activation signal to activate the electromechanical valve actuator 410 and adjust a resistance Of 

the valve 114. lfthe measured value is essentially the same as, or within an acceptable range of 

the target value, than no change is made to the resistance ofthe valve 114. 

[0040] During the operation of  external programming device 420 (i.e., when the device 420 

is applied to the patient and the apparatus 401 is energized), data can be communicated between 

the device 420 and the system controller 408. For example, auser can input nougat value to the 

programming device 420 and the device can communicate data representative of the target value 

to the system controller 408. Data can also be communicated between the implantable shunt 

system 401 and the system controller 408. The sensor element 402 can communicate data 

representative of the measured value of  physiological characteristic to the system controller 

408, and the controller 408 can communicate a command to the electromechanical valve actuator 

410 to adjust a resistance of the valve 114. More specifically, the system controller 408 can 

detect a value of a physiological characteristic measured by the sensor element 402 by receiving 

an input signal generated from the sensor element 402 that contains data about the measured 
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value of the physiological characteristic. Similarly, the system controller 408 can adjust a 

resistance of the valve 114 by generating and transmitting an output control signal to the 

electromechanical valve actuator 410 that commands the actuator 410 to adjust a resistance of 

the valve 114, 

[0041] In an application of the methods described above, if   patient experiences discomfort 

and/or pain, the apparatus 401 can be energized and data can be communicated from the external 

programming device 420 to the system controller 408. The apparatus 401 can be energized by 

either the patient himself or his attending physician. If the measured value is the some as, or falls 

thin an acceptable range of the target value, then the system controller 408 is programmed to 

make no changes to the resistance. If, however, the system controller 408 detects that the 

measured value is higher or lower than the preset target value, the controller 408 sends a 

� command to the electromechanical valve actuator 410 to adjust a resistance of the valve 114. 

Then, after some tine has elapsed (e.g., a day, two days, a week, etc.) to allow the patient’s 

physiology to respond to the valve’s 114 new resistance seffing, and the patient still experiences 

discomfoti or pain, or simply wants to determine the current value of a particular physiological 

characteristic, the apparatus 401 can again be energized to measure the current value. If the 

system controller 408 does not detect a change in the measured value from the previous reading, 

the controller 408 can send another conuinand to the electromechanical valve actuator 410 to 

adjust the resistance accordingly. 

[0042] It is contemplated that the above steps can be repeated until an appropriate resistance is 

attained and the system controller 408 detects that the measured value is approaching or has 

approached the target value for that patient. For example, the above steps can be repeated 

whenever the patient begins to experience pain or discomfort However, to safeguard against 

repeated or excessive valve 114 adjustments within a short window of flows, which could produce 

deleterious health consequences for the patient, the system controller 408 can include a timed 

shutoff mechanism which would limit the user’s ability to adjust the valve in a given time period. 

For example, the system controller’s 408 valve adjustment features can be configured to 

deactivate after each use until a preset amount of None (e.g., a day, two days, a week, etc.) has 

passed whereby The valve adjustment feature is automatically reactivated. Such a safeguard 

ensures that a sufficient amount of time passes between adjustments so that the patient’s 
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physiology does not incur rapid CSP Row cl1azges in a short anountof time Of courne, it is 

contemplated that the system controller 408 can still be capable ofdetecting a physiological 

characteristic ofthepatient’s vermicular cavity even when the device’s valve adjustment features 

are not active. Hence, the patient can continue to monitor a physiological characteristic ofhis 

ventricular cavity using the apparatus 401 even between stages ofadjusting the valve 114 

[0043] One sthuled in the art will appreciate further features and advantages of the invention 

based on the above-described embodiments. Accordingly, the invention is not to be limited by 

what has been particularly shown and described, except as indicated by the appended claims. All 

publications and references cited herein are expressly incorporated herein by reference in their 

entirety. 

[0044] What is claimed is: 

16 -
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EIVINOICACIONES 

1. Un aparato pars regular al flujo tie fluido, qua 

coraprende: 

un sistema derivador implantable qua tiene: 

una vlvula ajustable pars regular e’ flujo de fluido, 

*un elemento sensor Para niedir one caracteristica 

fisiologica de an paciente, y 

tan acciorlador be vÆivula eiectrolTtecànica adaptado pars 

ajustar una resistencia de la valvula; y 

Uri coritrolador be sisterna an cornunicaoiOn elØctrica con 

al sistema derivador tinplantobje 1 adaptado para(recihir 

4 la caracteristica fisiolgica de un paciente y Opera ci 

acciOnador de valvula electromecânica Para  ajustar Una 

resistencia de is vÆlvula 

2. El aparato be la reivindicacian 1, qua coruprende 

adicionaiJnente Un rlispositivo be proqramaoiOn ecterno en 

comunicacidn con ci controiador del sistema. 

3. El aparato de la reivindicacion 2, en clonde ci 

dispositivo de prograrriacion externo incluye una paritaj.la 

29 
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Para comunioar is oarsoter1stica f–sioiOgica del 

paciente o Un usuarlo. 

4. El aparato de la reivj.ndicaciOn 3 en donde el 

dispositiva de programackOn externo inciuye on elenento 

de entrada de usuarlo, at dispostivo de programsc–an 

ecterno Se configura jars coltiunicar Una 0 Mae 

instruco–ones at controlador del sisteraa basado an is 

entrada de Usuario4 

* 

5. El aparato de is reivindicaciOn 1, en donde is vdlvula 

es una "vu2a de bola. 

6. El aparato de is reivindioaciôn 1, an donde ci 

accionador de valvula electromecanica coinprende Un 

resorts asociado operativamente con ian mecanismo de 

configurecion de presiOn. 

4 
7. El aparato de la reivindioaciOn 6, en donde el resorts 

as ma hoja de resorts. 

8. El aparato de is reivindicación 6, an donde el resorts 

CS Un resorts helicoidal. 

. El aprato de la reivindicaciôn 6, en donde el IflcanismO 

de configuraciôn de presidn tncluye Un ensambie de rotor 

accionado per motor adaptado LPara ajustar una 
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resistcncta de is vâivula luego del accionarniento del 

motor.) 

10. El 6Parato de Is rejvndcacUn 6, en donde el mecanismo 

ic configurcin de presldn incluye on niembro de 

detencion impulsado per motor, el mlembro de detericiOn 

Se adapts para apl.lcar una fuerza al resorts pars 

ajustar una resistencia de la vlvulaA 

* 11, El aparato de is reivindicacion 2, en donde or elemento 

censor as un sensor de preston 
L5

 detector Dna preslOn 

de t]uido cerebronpina]. 

12. El aparato de Is reivindicaciOn 11, en donde ci 

control.ador del sisteina incluve nn microprocesador,para 

comparar Is presldn medida detectada par el sensor a ufla 

presiàn objetivo1 

13. El aparato de Is reivindic&cln 12, en donde ci 

controlador del sistema Sc configure pars recibir una 
-�-

seflal de entrada qenerada desde el dispoaitivo de 
r 

programacion externo, is senal es represenratrva de Is 

preston objetivo. 

14. El aparato de Is reivindicacion 12, en donde el 

microprocesador Sc £Lama L
 Para celct,lar Uris 

resistencia deseada pare que is valvula alcahce is 

presiOn objetivoj 

4). 
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15. El operate de la reivindicacidn 1, an donde el 

controlador cute contenido dentro del sistema derivadar 

implantable. 

16. El aparata de In reivindicaciOn 2, qua cornprende 

adicionalmente una antena en cornuniceción electrica con 

el controlador del aistema Eara comunicción can ci 

disposit–vo de praqralnacidn externcA 

17. El aparato de Is reivjndicacion 16, en donde la anteria 

Sc configure jara comunicar con ci diapositivo de 

proqrarricOn externo par via de cOmunicacicn 

19, El aperato de la reivindicac6n 16, en donde ci 

controlador y In antena estØn dispueatoa en Un ircpiante 

separado del sistema derivador implantable. 

4 
19. El aparato de la reivindicaciOn 1, en donde ci sisteifla 

derivador implantable incluye adicionalinente un segundo 

ciemento sensor para nadir una caracteristice 

fls026gica adicionaL a1 segundo elemento sensor se 

configura para trarismitir datos qua representan ci valoi 
-----. L 

inedido de la carecteristica fisioldgica adicional al 

controlador del sistema.-a 
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20 El aparato do Is re–vindicaciOn L en donde el sistema 

derivador implantable incj.uye adicionalnente una bateria 

pan energizer el Sistema. 

2. LU aparato be Is revindicacion 2, en bonne el 

dispositivo de progranacion exteroo Se adapta pare 

nergizar ci sistenja derjvaor implantable. 

22. Un sistema Para regular flujo do tluido, que comprende: 

una carcass qua tiene tan Puerto de entrada V Un 

Puerto de solids, la oarcasa se configura �ra ilevar Un 

fluido entro al Puerto de entrada y el Puerto de salida; 

one vàivula aoopiada a is carcasa y an colitunicaciôn 

fluids con el Puerto de entrada y ci Puerto de salida, 

la vlvula tisne un accionador de volvilia 

4 eiectramecanica adaptada pars abrir y cerrar Ia 

tan controlador del sistema interno an cOmunicacion 

elØctrice con y aclaptado para operar el aoconador de 

vâlvula electromecànica; 

Un elentento sensor en comunioaciOn con el 

controlador del sistema y adaptado pan redir uric 

caracteristica £isioldgica de un paciente;y 

tic-
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on controlador del sistema externo adaptado pora 

Comunioación con el controlador del sisterna interno 

rnodfioar los parâmetros de operacian tie estos, 

23. EL s–stema de in reivjndicacion 22, en donde in vdlvula 

as one vªlvuia de bola. 

24. E1 s.sten,a tie la rsivindioacjOn 22, en donde el 

accionador tie vdlvula electroineoân–ca coruprende an 

resorte asociado operativanente con on mecanismo tie 

oontiguracidn de presion. 

25. El slstema de la reivin&Lcacidn 24, en donde on donde el 

resorte as una hoja de resorte. 

25. El sistema de la reivindioación 24, en donde an donde el 

resorte es Un reorte helicoitial. 

* 

27. El sistema tie in reivjndicaclôn 22, an donde an donde on 

elemento sensor as Un sensor de presidn Para detector 

vartaciones tie presion dentro tie una caviclad 

venfricular2 

28. El sisterna de la reivind–oaoiófl 22, que comprende 

adicionaimene una antena on oonm,noacion ej otrica con 

ci controlador del sisterna interno Lpafa oornunioaciOn Con 

el controlador dcl aisteina externo. 
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29. Un ’nØtodo Para regular flujo de fluido cerobroespinal an 

Un paciente con hidrocefalia, que comprende: 

camparar on valor objetivo con on vaaor detectado 

por on sensor asodiado con Un listens derivador 

il1pantab1e; y 

t 

activar Un accionador de valvula electromecÆnl.ca 

del sistema derivador implantable pare ajustar una 

S resistencia de una vâlvula del sistenta derivador Si el 

valor detectado no es iqual al valor obietivo. 

30. El mØtodo de laS reivindioacithn 29, qua oomprende 

adicionalmente detectar un valor de una caracteristica 

fisioiogica de mm cavithd ventricular. 

31. 
El mØtodo de las reivjndicacion 30( an donde detectar un 

* valor de una caracteri5ltica fisioiogica comprende 

conunicar dates represeritativos del valor detectedo de 

la carecteristica fisiolOgtca desde el elemento sensor a 

an controlador del sistema derivador implantable. 

32- El stØtodo de las reivindicacidn 31, qua coitprende 

adicionalmente qenarar and renal de activaclon par via 

del controlador Para activar el accionador de v41vula 

eleotromecânica. 
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33. El metodo de las reivindicación 32,  an toads generar Una 

seæai de activaciOn para acivar el accionador de 

vÆlvula electrotnecÆnica y ajustar la resistncia de la 

A1vula Oomçrende determiner urla resistencia deseada 

para lograr el valor objetivo. 

34. El metodo be las rejvindjcaoiôn �29, que coraprende 

adicionalrnente trasnLitj.r el valor objetivo a Un 

oontrojador del si sterna dervador implantable. 

35. El mØtodo de las reivindicacidn 34, an donde el valor 

obetivo Se transmite par via de Un di$positivci to 

programacidn externo. 

36. El mitotic, be lac reivindicaoiOn 35, que coniprende 

adicionalmente inqresar uno a mÆs vaiores objetivo al 

dispositivo cia proqraniaclon exterrxo. 

37. El mØtodo de las reivindicecion 35, que comprende 

adicionalalente energizar el sistema derivador 

implantable con el dispositivo be programaoidn externo. 

is. El ntØtodo de lea reivindicaciOn 29, an donde activr or 

accionador dc vâlvula electromecÆnica para ajustar una 

resistencia be la vØlvula se repite bans que el valor 

detectado sea iguai al valor objetivo. 
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CLAIMS: 

1. Aji apparatus for regalathig fluid now, comprising; 

an irnplantabte shunt system having: 

an adjustabirvalve for regulating the flow of fluid, 

a sensor element for measuring a physiological characteristic of a patient, and 

an electromecha,ical valve actuator adopted to adjust a resistance of the valve; 

and 

a system controller in electrical communicationreffi the implantable shunt system and 

adapted to receive the physiological ohoractestk otthe patient and operate the 

eleclzomechamcai valve actuator to adjust aresitae of the va1v 

2. The apparatus of claim’, further comprising an external programming device in 

communication with the system controller. 

3, no qçrams of claim 2, wherein the external programloing deke hclades a display for 

cotninunicating the physiological characteristic of the patient to a user. 

4. The apparatus of cajm 3, wherein the external programming device includes a user input 

element, the ci ma) prowalnmmz device being conligared to communicate One or more 

interactions to the system controller based upon user input 

5. The apparatus of chin 1, wherein the valve is a ball valve. 

6. The apparatus of claim I, wtcrein the eleciromecba,,icaj valve actuator comprises a 

spring oeratIveIy associated witit a pressure setting mechanism. k.. 

7. The sprotramos of claim 6, wherein the spring is a leaf spring. 

S. The apparatus of claim 6, wherein the spring is a helical spdng. 

9. The apparatus of claim 6, wherein the pressure setting methanism includes a motor 

driven rotor aswmbly ailapted to adjust a resistance of the valve upon actuation of the motor. 

10. The apparatus of claim 6, wherein the pressure setting meoftanisni includes a motor 
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driven stop member, the stop member being adacted to apply a forte to the spring to adjust a 

resistance of the Valve 

11. The apparatus of claim 2, wherein the sensor element is a pressure sensor for detecting a 

ctrebro-spinal fluid pressure, 

12. The apparatus of chin 11, whereititbe system controller includes a nicmpmccssor for 

comparing tht measured pressure detected by the sensor to a target pressure. 

23. The appantos of claim 12, wherein the system controller is configured to receive an input 

signal generated from the external prqgmmmJo device, the sio1 being representative of the 

target pressure. 

14. The apparatus ofclaim U, whereinthemicroprocessoris programmed to calculate a 

* desired resistance for the valve to achieve the target pressure. 

15. The apparatus of claim 1, wherein the controllers contaiaed Mitan the implontable shunt 

systems 

16. The apparatus of claim 2, further comprising an antenna in electrical communication with 

the system councilor for communication; with the external prograninhina dece. 

17. The apparatus of claim 16, wherein the antenna is configured to communicate with the 

e,cma1 progranlming device via RF co,nrminivation, 

28. The apparatus of claim 16, wherein controller and antenna are disposed on an implant 

separate from the implantahle shunt system. 

19. The apparatus of claim 1 wherein the implantable shunt system Arthur includes a second 

sensor element for measuring an additional physiological characteristic, the second sensor 

element being configured to transmit data representing the measured value of the additional 

physiological characteristic to the system controller. 

20. The apparatus of Sin I, warrant the implantable shunt system flirdier iSdes a b&tczy 

Forpowernigthesystem. 
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21. The apparatus of claim 2, whereIn the external programming device is adapted to power 

tIle implantable shunt system. 

22. A system for regulating fluid flow, comprising: 

a housing having an inlet port and an outlet port, the housing contigored to curya fluid 

between the inlet port and the outlet port; 

a valve coupled to the housing and in fluid conmiwlication with the inlet pmt and the 

outlet port, the valve having an electromechanical valve actuator adopted to open and c’ose the 

valve; 

an internal system controller in electrical communication with and adapted to operate the 

elctromeckizrncal valve ac*iator, 

a sensor element in communication with the system controller and adapted to measure a 

� physiological tharactenstic of a pa�ent; and 

an external system controller adapted to communicate with the internal system controller 

and modify the operating panmets thereof 

23. Thesyetem of claim 22, whereinthe valve is a ball valve. 

24. The system of claim 23 wherein the electromechanical valve actnator comprises a spring 

operatively associated with a pressure setting mecl,anlsm., 

25. The system of claim 24, wherein the spring is a leaf spHaag. 

26. The system of claim 24, wherein the spring is a helical spriDg. 

�27. The system of claim 22, wherein the sensor element is a pressure sensor for detecting 

pressure variations within a ventricular cavity. 

23, The system of claim 22, further comprising an antenna in electrical communication with 

the internal system councilor for communicating with the external system COittT011tr, 

29. A method for regulating cerebrospinal fluid flow in a hydrocephalus patient, comprising: 

comparing a target value to a value detected by a sensor associated with an 

implantable shunt system; and 

activating an electromvclianical valve actuator of the implantable shunt system to adjust a 
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resistance of a vlvc of the Sot system if the detected value is not equal to tIre target value 

30. The method of claim 29, further comprising detecting a value ofapliysiological 

thnactejistic ofaventncular cavity. 

31. The method of claim 30, wherein detecting a value of a,hysiological characStic 

comprises communicating data re?rewxtative of the detected value of the physiological 

charetenstic from the sensor element to a controller of the implantable shunt system. 

32. The method ofelaim 3 i, &rther comprising generaiing an activation signal via the 

coniroller to activate the electromechanical valve evocator. 

33. The method of claim 32, wherein generating an activation signal to activate the 

electromechanical valve actuator and adjust the resistance of the valve corn prises determining a 

desired resistance to acbieve the Wild Val us. 

34. The method of claim 29, fwthercompzising fransmifling the larget value to a controller 

of the implantable shunt system. 

35. The method of claim 34, wherein the target value is transmitted via an external 

progranhrning device, 

36. The method of claim 35 fufiher comprising inputting one or more target values to the 

external programming device  

37. The method of claim 35, further compSngenergizing the implantable claim system \tth 

the extemal programming device. 

38. The method of claim 29, wherein activating the electromeobanical valve actuator to 

adjust a resistance of the valve is repeated until the detected value is equal to the target voice, 

20 - 
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ABSTRACT 

Devices and methods for regulating and directing bodily fluids from one region of a 

Patient to another region are disclosed. In general, an apparatus is provided that can include an 

implantable gunt system and a system coitoller. The implantable shunt system eon have an 

adjustable valve thrre,tng the Row offluI4 a sensor ckment for measuring a physiological 

characteristit of a patient, and an electromechanical valve actuator that can be adapted to adjust a 

resistance of the valva The implantable shunt system can be in electrical communication with 

the system controUer, The system conzrollor can generally be adapted to receive a physiological 

characteristic of the patient and operate the electromechanical valve actuator to adjust a 

resistance of the valve. The apparatus can also include an external programming device that is m 

communication with the system controllet 
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