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This is m response to your letter dated September 11, 1999, to Dr: Jane Henney, 
Commissioner of Food and Drugs. I apologize for our delay in getting back to you. 
Since. 1996, you have had numerous interactions with staff members of the FDA’s Center f6i ~D~~i~~i. &d~Radiological Healih (cBm)y Ydii’hlive Ldd.;i.itid improved technology 

of CNS’shunts (particularly anti-siphon shunts) andimproved monitoring of 
hydrocephaius patients who have these devices.’ Your September 11 letter makes several 
requests and the following is a point-by-point response. 

1. an inquiry into whether discussion of your I996 Citizen’s Petition to the FDA, or 
other input, was unfairly minimized at the January 8, 1999, STAMP conference on 
shunt technology; 

We (FDA) assigned a member of the Issues Management Staff, Office of Surveillance 
and Biometrics, CDRH, who had no prior knowledge of the issue or your previous 
interactions with the CDRH, to review the entire file. This reviewer concluded that the 
ambitious agenda for the one-day conference on shunt technology was full with 
previously scheduled scientific speakers. Regrettably, there was little time available for 
discussion. It may have been preferable to have a multiple-day symposium, which would 
have allowed for discussionof additional issues, but this was not feasible due to the 
CDRH’s resource constraints. You were, however, invited to the meeting by CDRH and 
your participation was welcome. 

2. assistance in obtaining revisions to anti-siphon shunt labeling, and customary updates 
from CDRH; 

We have enclosed a sample of revised anti-shunt labeling. In addition, you can receive 
copies of other products’ labeling by submitting a Freedom of Information (FOI) request 
for labeling for a particular 5 10(k). To access a list of releasable 5 lO(k)s, you can visit 
our web site at www.fda.nov/cdrh. Click on the Special Interest button, choose 
Databases, then click on 5 lO(k)s - Premarket Notification. Type in the product code 
JXG; this will give you a list of all releasable 5 lO(k)s. You may receive a copy of 
labeling for any of these 5 lO(k)s. Submit an FOI request via FAX to FDA’s FOI office at 



(301) 443-1726 or by mail to FOI, (HFI-35), FDA, Room 12A-16, 5600 Fishers Lane, 
Rockville, MD 20857. We do not have a mechanism in place for providing “customary 
updates” on labeling changes. You may, however, submit periodic requests for labeling 
through FOI. 

3. facilitation of public discussion, research, and funding, as well as expedient FDA 
licensing, of new devices to monitor shunt performance; 

We facilitate public discussion of issues involving new devices whenever possible, again 
within the constraints of limited funding and available staff We have been successful in 
shortening review times for new device applications, as well as 5 10(k) premarket 
notifications, in which a new device is shown to be substantially equivalent to a legally 
marketed device. However, our mandate is to review marketing applications that are 
submitted to the Agency by a manufacturer; we do not develop new devices. 

4. comment on whether the DiaCeph Test, a monitoring device under development, can 
be given special assistance in development by the CDRH because its inventor is a 
disabled patient user responding to an unmet .need; 

We have considered whether the DiaCeph Test might be eligible for review under the 
Humanitarian Device Exemption or as an orphan product. However, the number of 
potential users of such a device would exceed the limitations of those regulatory 
mechanisms. Medical device legislation of 1976 led the CDRH to establish the Division 
of Small Manufacturers’ Assistance (DSMA), which provides technical and regulatory 
assistance to all small device manufacturers. DSMA is ready to assist all device 
manufacturers, including disabled patient users. In addition, you may wish to contact Mr. 
Neil Ogden, the branch chief for these devices, at (301) 443-8262, for additiona 
assistance. 

5. comment on whether the CDRH might require shunt manufacturers to submit 
additional information on how their devices should be maintained, and trouble- 
shooting procedures in case of suspected device malfunction. 

We review labeling on specific devices, including recommendations for maintenance and 
trouble-shooting of possible problems, which are submitted by the device’s manufacturer. 
Each manufacturer is most knowledgeable about its own products, as well as any 
problems associated with use., Manufacturers, therefore, generally are best able to make 
product-specific recommendations. Revised Quality System Regulations, which went 
into effect on June 1, 1997 (2 1 CFR, Part 820), include two new provisions that address 
your concerns: Design Controls, and Corrective and Preventative Actions (CAPA). The 
purpose of the design control subsystem is to control the design process to assure that 
devices meet users’ needs, intended uses, and specified requirements. The purpose of 
CAPA is to collect information, analyze information, identify and investigate product and 
quality problems, and take appropriate and effective corrective and/or preventive action 
to prevent their recurrence. As part of periodic inspections of device manufacturers to 
determine whether they comply with current device regulations, we assess compliance 



with Design Controls and CAPA. If a manufacturer’s design controls and CAPA 
subsystems are in compliance, those systems should indicate when additional information 
is required in the labeling. We are available to consult with the manufacturer on 
proposed changes in labeling, including labeling related to maintenance and trouble- 
shooting in cases of suspected malfunction. 

We encourage you to contact DNA’s Manufacturers’ Assistance area at (800) 638-2041 
if you need specific information on regulatory issues with new devices, or you can access 
DSMA’s web site at www.fda.aov/cdrh/dsma. If you have additional questions regarding 
this matter, you may contact Janet Morgan, R.Ph. of the Issues Management Staff at 
(301) 594-4366. 

Sincerely yours, 

‘Linda S. Kahan 
Deputy Director for Regulations 

and Policy 
Center for Devices and 

Radiological Health 

Enclosure 
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Delta@ Valves 

Description 
The Medtronrc PS Medical Delta’ Valve incorporates a membrane pressure valve in series with a normally closed srphon control mecha. 
rusm. Thus combinationenables the valve to maintam rntraventricular pressure IIWI withm a normal phYsiOlOgiCat range. regardless 01 a 
patrent’s,CSF flow requrrements or body poartibn. Flow control is accomplished by combined resrstance of the membrane and siphon 
control draphragys. Oegree of resrstance determines the pen’ormance characterittrcs of the valve. Retrograde How is prevented bv the 
membrane. The slphbn effect IS controlled by the two oormallv closed elkone elastomer diaphragms of the Delta siphon control mecha- 
nrsm. The diaphragms open rn response to positive upstream tVP 
Delta Valves. Small and %gUlar. are available rn Performance Levels 1. 1 5. and 2. Performance characteristics of the valve are shown 
in Fig I a-b. Pressure/flow performance data with and without stphon effect rs prbvrded. Each valve is individually tested to ensure con- 
formance with labeled perfbrmancecharacteristrcs 
The valves are fabricated with a precision molded firm poh/propylene base invested in a smooth, flexible silicone elastomer housing wrth 
a convex bottPm [Fig 21. The base contributes to structural integriry and pressure/flow reliability, and is designed to prevent the drstor. 
non and strckmg of the valve seat and membrane, and siphon control ports and diaphragms. The dome IS marked with radiopaque tanta. 
lum.rmpregoated duectronlpressure arrows showing Performance Level and flow drrectron. . 
Delta Valves rncorporate connectors designed to decrease possibility of catheter disconnection. One encircling ligature is required to se. 
cure each catheter IO the valve. Radiopaque markers at the base of each connector (fig 2) allow the physician x.ray visualization of the 
relative positions of catheters and valve MI viwwhen radiopaque catheters are used. 
The radiopaqus A code on the valve indicates the pressure. One A corresponds to Performance level 1; : to Performance level 
1.5, and i to Performance Level 2. The dome is designed to allow injection or CSF sampling via a 25gauge or smaller beveled needle 
[Fig 3). Complete valve penetration by the needle is prevented by the firm polvproprlene base Delta Valves can be flushed in either the 
distal or proximal direction by percutaneous finger pressure. Gcctuders are located proximal and drstal to the central resemorr to facih. 
tale selective ftusbng. 
P8fientD~la SumeySyrfem 
Each Oelta Valve is packaged with a patrent wallet card and stick-on labels One set of stickers for each shunt component can be put Qn 
the chart in the operating room, a second set on the patient’s clinrc than. and a third set on the patient card. The card can be earned at 
all trmes. providing a current record of implanted devices. 

Indications 
The Delta Valve is the shunt compoeent designed to provide controlled CSF flow from the ventricles of the brain into the right atrium of 
the heart or perrtoneal cavrty. Additronalfy. the Delta Valve mrnrmises the excessive reduction of intravsntricular pressure and volume 
due to excessrve drainage of CSF. whrch may be caused by the siphoning affect of hydrostatic pressure of the distal catheter. The srphoo 
effect may be created by the elevatron of the ventricular catheter with respect to the distal catheter (i.e.. when the patrent srts. stands, 
or IS held erectl. 

Instructions for Use 

A variety of surgical techniques may be used in placing Medtmnic PS Medical Delta Valves. The vatve is implanted with the flat surface 
adjacent to the pericranium. Site of placement is at the dtseretion of the surgeon.The valve may be sutured to adjacent tissue bv passing 
a suture through the polyester-fabric-reinforced flanges. 
Placement lbcat~bn of a Delta Valve will have an impact on overall shunt performance. The foramen 01 Monro rs one established zero 
level reference porn1 for mtracranial pressure mbnltorin0. Placement of the valve above this reference ooint will result in an overall in. 
crease m the resistance to flow of the shunt system. Placement of the valve below the reference point’will result in an overall decrease 
in the resrstance to flow of the shunt system when the patient is sitting. standing or held erect These changes are dueetly proponional 
to the linear distance Imml above or below the reference point, 
The resistance properties of Delta Valves as indicated rn the Performance Characteristics charts rn this product labeling are spacifrad at 
the zero reference point. 
It is suggested that the valve be placed in a surgicatlv created loose subgateal pocket. avording compression by the overlyng scalp, and 
not under the scalp rncrsron. The Delta Valve should not be placed under the skrn of the neck, chest, or abdomen 
Connect valve to catheters by ~nsertrng Integral connectors mto catheters. The connectors should be completely covered by catheter tub. 
rng. Secure catheters IO connectors wrth eocrrclmg ligature. 
lnj.wfioninrofhs Valve 
2; Delta Valve IS desrgned to allow infection or CSF sampling through the dome by use of a 25gauge or smaller beveled needle (Frg 

CdUTlOrr: LOWTEARSTRENGTHISACHARACTERISTlCOFUNRElNFORCED SlUCONEtf.ASTOMEAMATEAIALS.CARE 
MUST GE TAKEN ON INSERTION AND REMOVAL OF THE NEEDLE. 
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0 cm Ii20 HP 

J 
Fig. 1 b 

The needle should be exerted at an an le 
several times, it is recommended that t 3, 

of approximately 30 to 45’ from the scalp or base of the valve. If the valve will be punctured 
e needle be inserted at various locations to avoid multrple punctures at a single pomt. The cath. 

eter tubingoccluderr and siphon control diaphragms should nol be used as injection sites. 
CAUTION:THEStPHONCONTROLPORTlONOFTHlSONlCEISNOTOESlGNEDTOALLOWNEEOLEPENETRATION:PUNC. 
NREOFTHEOlAPHRAGMSMAYAFFECTTHEPERFORMANCECHARACTERlSTlCSOFTHEVALVEANDCOMPROMlSETHE 
SHUNTSYSTEM. 
V~/nf/whh~# 
The Delta Valve can be hushed m both the proximaland drsraldirections by percutaneous depression of the valve dome IFig. 3b). To se. 
lectrvely flush. depress and occlude enher proximal or distal occluder sections of the valve bv percutaneous finger pressure, then de 
press the valve dome. Thrs will cause the fluid to flow in the direcoon opposite the occluded side of the valve If there IS natrceable re. 
sistance to dome compression, the catheter being flushed may be occluded. 
CAUTION: SHUNT OGSllUJCllON MAY OCCUR IN ANY COMPONENT OF A SHUNY SYSTEM AND SHOULD GE DIAG. 
NOSED BY CUNICAL HNDINGS AND OfAGNOSTiC TESTING. VALVE RUSHING CHAGACTERlSTlCS MAY NOT BE AD. 
EGUATE TO DIAGNOSE OCCLUSION OF CATHRERS. SEE WARNING SECTION. 

5 
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Patency Check 
Place the inlet connamor of the vafve into filtered. sterile isotonic saline. Depress and release the valve dome repeatedly until fluid 
flows horn the outlet COnnectQr fFlg 41. If fluid flows from the outlal connacla each time the dQme is depressed. the valve IS patent. 
CAUTION: DO NOT AlTEMPT ASPIRATE FLUID THROUGH THE DELTA VALVE FROM THE DISTAL(OWLET) END. DAM. 
AGETOTHEVALVEMAY RESULT. 
CAUTION: PARTICULATE MATTER IN SOlUTlONS USED TO TEST VALVES MAY RESULT IN IMPROPER PRODUCT PER. 
FORMANCE. 
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Preimplantation Test 
Each Delta Valve is tested to ensure conformance with its labeled performance tharacteristrcs. Although verificahon 01 a valve’s dy 
namic 

.R, lo ven 
erformance characteristics using a stabc test that can be performed in the operating room II not possrbfe, the surgeon may wish 
that the Delta Valve conforms to Medtronic PS Medical specrfrcauons prior to Implantation. The following oreimolantation test 

may be performed m the operating room: 
CAUTlON: TAKE CARE TO MAINTAIN STERlUM AND TO AVOID PARTICULATE CONTAMINATION. 
NOTE: Perlormw~or of the preimplwtation test at negative hydrortatlc prerwo is not recommended II contsmins- 
tlon i: porriblr If ths sterile lisld ir broken. 
Test Metbad 
I. Equipment requrrad for this test: 

1. Sterile fluid reservoir or sterile water bath 
2 
3. 

Sterile 30 cm water manometer. graduated I” m~llmwers. wrth 3way stopsock at base 
Sterrle syrmga. 30 cc to 50 cc 

4. Sterna Spsyringe hlter 
5 Sterde rubmg adapters 
6. Sterile silicone tubing 

Il. Equipment setup. 
1. Se! up the manometer and water bath so that the tam level on the manometer and the fluid level in the water bath are 

2 
the same height as shown in hg 5 
Fill svnnge with starile water using Ssyringe filter. (When refilhng syrmge always use 5frsyrmga lrher ) After frlhng 

3. 
syringe. detach syringe hlter. 

4. 
Connect syringe. manornow and silicone tubing as shown in Rg 6 using tubing adapters as needed. 

5. 
To purge all air from the assembled sterile test apparatus. turn stopcock as shown IQ Frg 7. 
Submerge silicone tubing in the sterile water bath and flush with sterile water from syrmge. 

III. Equipment Calibration: 
I. 
2. 

Turn stopcock as shown in fig 8 and fill manQmeter to at feast 5 cm H20. 

3. 
With silicone tubing submerged rn water bath, turn stopcock 10 isolate syringe from the manometer as shown in Fig 9. 
Allow water column in the manometer to fall. 

4. Water column should stop at zero level of the manometer as shown in Frg 5. 

5. 
Zero the level of the manometer to the water bath aa necessary 
Manometer is now calibrated to the zero level of the water bath. Fix or rwnt the manometer to maintarn reference 
wsrtion wnh water bath. 

IV Test Procedure 
NOTE: Ourlng to&g, tke valw must be rubms ad in the drrilo water bath. For correct results, the zero level of ths ma. 
nomnw must be properly aligned witk tbr Ruld ‘p rvrl of thr water bath. 

I. 
3: 
:: 
6. 
7. 
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Connectiha sterile valve to be tested to the assembled sterrle test apparatus. 
Turn stopcock as shown in Fig 8 and fill manometer to at least 30 cm H20. 
Turn stopcock to isolate manometer from flow path as shown in Fig 7. 
Purge all an from the valve and the assembled test apparatus by gently flushing with sterile water from svrmge 
Gently estabhsh flow through the valve with sterile water from the syringe 
Submerge sterile valve in the sterile water batft The outI* connector 01 the valve or thr outlet md of the shunt 
asttmbly catheter must be undw wwr to obtain cor~cl trrt rwlb. 
Whde gently maintaining flow through the valve. turn stopcock 10 rsoleta syrmga from flow path as shown m Fig 9. After 
stopcock is placed in proper posmon, the water column m the manometer should start to fall. The syrmge is now Isolated 
from the valve and it is no longer necessay to continue flow with the svringe. If water column does not fall. repeat steps 
2.7. 
Allow the water level m the manometer IO fall for 2 lo 2 l/2 mmutes Read the resultant pressure from the manometer. 



Fig. 5 Fig. 6 

Fig 7 Fig. 9 

Test Resulta. Proimplantation Test 
The resultant prassura reading may be compared with the following characteristics: 

Valve Pmfomrancr lwsl Acesptabl~ Prwum R#nSea 

Level 1 1 to6gmmH,OatOHP 

Level 1.5 35 to 95 mm $0 at 0 HP 

Level 2 70 to 130 mm HrO at 0 HP 

Delta@ Shunt Assemblies 

Description 
DeWShunt Assemblies. Small and Regular. are avarlahle m Performance Level I, Performance Level 1.5. and Performance Level 
2. The radiopaque A code on the valve indicates lhe pressure. One A corresponds to Performance Level 1:: lo Performance 
Level 1.5. and 2 to Performance Level 2 The regular size incorporates a Delta Valve, Regular with an Integral pernoneal catheter 
90 cm in length. standard drameter. barium impregnated, open and with wail shts. The small $rze incorporates a Delta Valve. 
Small with an mtegral pemoneal catheter 90 cm m length. standard diameter, barium impregnated. open end wth wall SIIIS. The 
connectron between the stphon control ponion of the Delta Valve and the integral drstal catheter allows catheter rotatron 
Cerabrospioal flurd exn$ the catheter through four slit opanmgs. placed 99’ apart around the catheter circumference near the drs. 
tal lip. These openings are desrgned to provide protectron from retrograde flow. They are not designed as pressure/flow control 
valves. hut add slight resrstanca to flow. Maximum resistance to flow at a constant flow rata of 20 ml/hour rs 2 0 cm $0 The slit 
openings are coated with graphite during manufacture IO mimmbe the possibility of slined surface adhesion during storage. 

Indications 
Delta Shunt Assemblies am designed for use in shunting CSF from the lateral ventricle of the brain into the peritoneal cavity. The 
distal catheter with wall slits is not recommended for placement into the right atrium of the heart Additionally. the Delta Valve 
minimires the excessive reduction of intraventricular pressure and volume due to excessive drainage of CSF. which may be caused 
by the siphoning effect of hydrostatic pressure of the distal catheter. The siphon alfeet may be created hy the elevation of the 
ventricular catheter with respect to rhe distal catheter (i.e.. when the patient sits. stands. or is held erectl. 

Instructions for Use 
Sur@crl Trchniqrm 

A variety of techniques may be used m placmg Delta Shun1 Assemblies. Surgical technique is at the discretion of the surgeon. It is 
suggested that the valve be placed m a surgically created loose subgaleal pocket, avoidmg compression by overlymg scalp. not 
under the scalp incision. The valve may he secured by suturing through its pofyestenfabric-reinforced flange 
NOTE: Plaormsnt location 018 Dslts Valve will have an impsct on overall shunt performsncs. For more information 
on this. we “Surgical Technique’ srction for Della Valvsr. 
Vsntriculsr Catheter Anachmsnt lo Shunt Assembly 
NOTE: A vm~triculw csthetrr II not included with the Dslta Shunt Assembly. 
To connecl the shunt assembly to a ventricular catheter, msen the integral polypropylena connector mto the catheter tubrng, cam. 
pletelycovermg connector wdh tubing. Secure with an encucling ligature Create a subgaleaf pocket with appropriate depth to ac. 
cept the extracranial portion of the shunt assembly whrch is camprtrad of the ventricular catheter and the valve component. II is 
recommended that the mtplantatron of the ventricular catheter be the lasl step m the procedure to mmimize loss of CSF 
Psrifonsd Cathster Placement 
A variety of surgical techniques may he used to place the integral distal catheter into the peritoneal cavrry Site of placement is at 
the discretion of the surgeon. The catheter is 90 cm long with wall slils at the distal end. If slifs aren’t desired. the drstaf end may 
be trimmed. The calheter should be checked for patency at the time of surgery. Each Delta Shunt Assembly is packaged wrth a 
disposable peritoneal catheter passer 60 cm in length. The carheter passer is designed to be directed subcutaneously in the distal 
direction with handle and obturator in place. The malleabfs tubular passer shaft may he hand formed as indicated for the surgrcal 
procedure. After passer placement. the obturator is unlocked from ths handle and the handle removed from the passer shaft 
Then, the distal end of the peritoneal catheter is placed on the obturaror end htting. The obruraror and catheter are drawn through 
the pa$$er shaft by pulling the obturator tip, and the obturator is removed from the catheter tubing. The passer shaft is then with. 
drawn through the abdominal incision. 

Shun1 Patency Cheek 

la1 Prefifl the shunt usmg a syringe filled with filtered. sterile r$otonic sahne to expedite the patency check. lb1 Place inlet connec. 
Ior of valve inlo slerrle phystologtcal salma. (cJ Depress and release the valve dome repeatedly until fluid flows from the distal 
catheter. Observe llow from distal end of catheter IdI Gently rolling tha slit opening area between thumb and foretmger WIII free 
the slits if thev do not appear to open comoletelv Smooth catheter wall with thumb and forefmaer so slit ooenrnqs are m closed 
position after iOt@A!in of lha palancy check. 

- ._ 

CAUTION: DO NOT ATTEMPT TO ASPIRATE FLUID THROUGH THE DELTA VALVE FROM THE DISTAL (OUTLET1 END. 
DAMAGE TO THE VALVE MAY RESULT. 
CAUTION: PARTICULATE MAllER IN SOLUTIONS USE0 TO TEST VALVES MAY RESUlT IN IMPROPER PRODUCT 
PERFORMANCE. 



How Supplied 
Medtronic PS Medical Delta Valves and Shunt Assemblies are packaged STERILE and NON-PYROGENIC and are intended for 
single fone.trme) usa only. 00 NOT PiESTERIlIZE. Resteriliration can damage the product, ptentiallq leading to patient mjury 
Medtronic PS Medical is not responsible for the performance of any product which has been rasterflt7ed. 

A complete Shunt requires a Ventricular Catheter, a Delta Valve. and a Cardiac/Paritoneal Catheter or Perrtoneal Catheter. 

Special Order Products 
If this data sheet accompanres a Spectal Order Product there may be differences in the physical characteristics between the prod. 
uct and product descrrptrons in this data sheet. These differences will not affect the safety or efficacy of the special order product, 
Spectal order products may be supplied sterile or nonsterife as indicated on the product package label. Nonsterile products must 
be cleaned and sterilized prror to use 

Contraindications 
Shuntmg of CSF Into the rrght atrrurn. perrtoneal cavny or olher areas of the body should not be carried out 11 there 1s mfectron in 
any areas in which the various components of the shunt system wdl be rmplanted. These include mfecttona of the scalp and other 
skrn area through which the shunt system will traverse. the meninges and cerebral ventncles. peritoneum and intraperrtoneal end 
retroperitoneaf organs. pleura and blood stream. CSF shunting is contrarndrcated if there I$ infectron present in any area of the 
body. Addrtionally, shunting into the atrrum Of patlenls with congenital heart disease or other serrous cardropulmonary abnormab. 
ties I$ contraindicated. 

Patient Education 
- 

It is the responsibility of the physician to educate the patient and/or their represenrabvefsl regarding CSF shunting This should m. 
elude a descrrptron of the complications arsocrated with implantable shunt $Y$tem$. and an explanation of potential alternatrve 
oroducts end treatments. 

Warnings and Precautions 
The appropriate product and size must be chosen for the sfzecifrc patient’s needs. based on dragnostic tests and physician expari. 
ence. Product labehng specifies applicable product ptiorrnaee levels or ranges. 
lint. fingerprints, talc. other surface contaminants. or residues from latex gloves can cause foreign body or allergic reactions. 
Improper use of instruments m the handling of rmplantation of shunt products may result in the cutting, sbttmg or crushmg of corn. 
ponents. Such damage may lead to loss of shunt mtegrrty. and necessrtate premature surgical revision of the shunt svstem. 
Care must be taken to ensure that particulate contammants are not mtroduced into shun~omponents during preimpfantation test. 
mg or handling. Introduction of contaminants could result in improper performance (over. or underdrainage) of the shunt system 
Partrculate matter whrch enters the shunt system may result in shunt occlusion, or may also hold pressure/flow controllrng mecha. 
nrsms open, resultrng in overdramage 
In securing catheters to connectors, the encrrcling ligatures should be $ecurelY, bin no1 too tightly. fastened lest they eventually cut 
through the silrcone tubing 
Care must be taken in the routing of catheters to prevent kinking and needless abrasion along thee course. Abrarron can result in 
premature catheter failure Ifracturei. The rrm of the twrst drill or burr hole may b.s trimmed to provide a bee4180 notch where the ven. 
trrcular catheter emerges and is curved lo lie adjacent to the skull 
“Small” size catheters have thinner walls and lower overall strenath as COmDared with ‘Standard’ $118 catheters. These character. 
istics result rn a comparatrvalygreater potentral failure ffratturel~ate and, therefore, shorter life expectam for “Small’ size cath. 
eters. Physicians who rmpfant “Small” size catheters for cosmetrc reasons must ackrmwledDe the wtentialh hbher rate of catheter 
revision and weight thus agamst tfx cosrnetrc benefit. 

_ 

Patients with hydrocephalus shunt systems must be kept under close observatron rut the postoperative period for signs and symp 
tams that suggest shunt malfunction. The clinical findmgs may indicate shunt malfunction, The clinical findings may indrcate shunt 
obstruction or overdrainage of CSF. 
Shunt obstruction may occur in any of the components of the shunt system. The system may become occluded internaffy due to tis. 
rue fragments, blood clots, tumor cell aggregates. bacterial colonization or other debris. Catheters whtth contact internal body 
structures can become kmked or blocked at their Dps (e.g., investment of a ventricular catheter tip into the &raid plexus or of tha 
distal catheter tip into the greater omentum or loops of tk bowelf. Finally. shunt obstruction may occur due to growth of an infant 
or child, or physical activrties whtch result in disconnectron of the shunt components or withdrawal of a di$tal catheter from its in. 
tended drainage site. 

Shunt obstruction may occur many of the components of the shunt system. The ventricular catheter may become occluded by par. 
ticulate maner such as blood clots or brain fragments, by Investment of the catheter tiQ in chorord plexus. by embeddrng of the 
catheter in bram tissue. or by coaptatron of the ventricular walls in the presence of overdramage I’slit ventricle”l. 
Clotting around the atrial portion of a catheter may lead to embolization of the pulmonary arterial tree with resulting car pulmonale 
and pulmonary hypertension. 
Drsconnected shunt components may further mrgrate mto the heart or mto the peritoneal cavity 
Shunt systems may fail due to mschamcal rralfunction, leading to under. or overdrainage. 
Malfunction or obstructron of the shunt system may lead to signs and symptoms of increased intracranial pressure if the hydrocepha. 
Ius is not compensated. In the Infant. the common svmptoms are mcreased tensron of the anterior fontanefle. congestron of scalp 
vems, listte$sne$s. drowsmers and irritabiltty. vomiting and nuchal rrgrdity In older chddren and adults, the common symptoms are 
headaches. vommng. blurrmg of vrsion. nuchal rrgrdity. deterioration of consciousness, and varrous abnormal oeurologrcal fmdrngs 
Overdrarnage of CSF may predispose development of a subdural hemetoma or hvdroma or collapse of the lateral ventricular walls 
leading to obstructron of the ventricular catheter. 
If the ventricular catheter becomes bound to the ehorord plexus or adjacent brarn tissue by fibrous t&e adhesrons. it I$ suggested 
that it should not be forcrbly removed. It is suggested that gentle rotation of the catheter may help to free it It IS advrsed that the 
catheter be left in place rather than risk rntraventrrcular hemorrhage whrch may be caused by forcrble removal. 
Subcutaneous catheter oassers can break at welds or comoonent assemblv Doints. or due to extreme deformation of the malleable 
shaft Sudden breakage can lead to trauma of ussues or organs. and damage to the shunt sqstem. Instruments must be inspected 
prtor to use to ensure cantmued integrity and functionality Oisposable mstruments must never be reused. or infuq to the patient 
and ohvsmran IS oossrble 

Complications 
Compfrcations associated with ventriculoatrial and ventriculoperitoneal CSF shunting systems may be similar to those experienced 
in any surgical procedure carried out under local and/or general anesthesia. These include reactions to drugs and anesthetrc 
agents. electrolyte imbalance and excessive blood toss. particularly in infants. A patient may rarefy exhtbrt a reactron due to sensi. 
tivily to the implant. 
In CSF shunting procedures. the most common complications are due to obstruction of the system as described under “Warnings * 
Obstruction may occur m any component of the system due to plugging by brain fragments, blood clots. and/or tumor cell aggre 
gates at some pmnt along its course. Obstruction may also occur because of separation of the sY$tem components or kinking and/ 
or coiling of the catheter This may predispose migratron of the ventricular catheter mto the lateral ventricle and the drstal catheter 
into the heart and pulmonary arterial tree, the peritoneum, or odxr structure in which the catheter rs Implanted. As noted previ- 
ously, grow?h of the infant or child may cause the distal catheter to be withdrawn from the atrrum into the internal Jugular vein or 
from the peritoneum into tissue planes wftere the fluid cannot be absorbed. 
There are other potentially serrous complications. Local and $Yystemic infectrons are not uncommon with shunting procedures. Usu 
ally. they are due to organisms mhabitmg the skm. particularlvSfaphylococcu$ emdermids Other pathogens circulating m the 
blood stream may colonize the shunt and. in the mafority of patients, require its removal 
In 1973. Robenson et al summarized the inctdence of infecuon in ventriculoatrial and ventrrcufoperitoneal shunts reported up to 
that uma. The incrdence of mfectron rn ventriculoatrial shunting varied from 7 to 31%. Infection in ventriculoperrtoneal shuntrng oe. 
curred in 5 to 10% of the patrents m most of the reports Because ventriculoatrial shuntrng predisposes the spread of bacterra Into 
other organs, ventrrculopentaneal shunting is consrdered less devastaung. 
Recently. 119931 Kestle et al reported significant reductions in infectIon (less than 4%) with the use of armbiotrcs. short duratton of 
surgeni lsurgtcal apenencef and control of the operating room envrronment (e.g.. desrgnated operatrng room. Ihmrted personnel 
and traffic, covered skin surfacesI. The anicle states that results can also be obtained wrthouf the use of anttbtotrcs. bul with rrgor 
ous perioperative control of the environment. 
Using prophylactic antibiotics in shunted patients is somewhat controversral as their use may predrspose infection by more rests- 
tant organisms. Therefore, the decisron to use antibtotms prophylactrcally rests wrth the attendmg physician and/or surgeon. 
Shunting into the peritoneum may fail because of investments of the catheter in loops of bowel or in the greater omentum Perfo 
ration of the bowel by the peritoneal catheter with subsequent development of perrtonitrs has been descrrbed. 
CSF overdramage may result m excessive reductron of CSF pressure and predispose the development of a subdural hematoma or 
hwroma. and excessme reductron of ventricular sue leadino to obstructron because of imDinoement of the ventrrcular walls on the 
i&t holes in the catheter. In the infant, this excessive presiure reductron wlfl cause markedbepression of the anterior fonranelle. 
overridina of cramal bones and may convert communicalmg into obstructive hvdrocephaius. 
The incidence of epilepsy after ventricular shuntmg QrOcadores has been reported. This study also indicated that the mcrdance of 
seizures Increased with multiple catheter revisions. 



Returned Goods Policy 
Products mvst be returned in unopened packages, with manufacturer’s seals intact. to be accepted for replacement or credit. urn 
lass returned due to a complaint of prodoct defect or mislabeling. Determination of e product defect or mislabeling will be made 
by Medtromc PS Medical. which (letarmination will be final. Products will not be accepted for replacement or credit if they have 
bean in the possession of the customer for more than 90 daya. 

Warranty 
A, Standard Limited Warranty. Medtronic PS Medical warrants to the original end user porchaser I”Purchasar’) that [Madtronic 
PS Medical’s single usa implantable prodwt] I”Prodoct’) porchasad by Purchase!, at tha tima of deliver, to Purchaser, shall ba 
aubstantlally free from defects in material and workmanship. Madtroftic PS Madtcal makes oo warranty (express, implied, or statu. 
tory] for Products that are modified (except as axpresslycMltempleted herein) or subjected to unusual physical stress. misuse, im- 
proper operation. neglect. improper testing, use in combinatiw with other prodoots or components othar then those for which the 
Products were dasionad. or use in anv manner or medical omcadun for which the Products ara not indicated. 
G,~Rsmrdy. Purchaser’; exclusive remedy and Medtronic‘PS Medical’s sole liability for breach of tha foregoing warranv shall be. 
at Madtronic PS Medical? sole option and election, to replace the Product or credit Purchaser forb oat amount actually paid for 
any such Product: provided that (it Medtronic PS M8diCal is notified in writing within ninety (l days after Purchaser’s racaipt of 
the Product that such Product failed to tonform, including a detailed explanation in English of an? alleged nonconformity; Iii) such 
Product is returned to Medtronic Ps Medical wlthin ninety 1901 days after Purchaser’s receipt of the Product FOB. 125 Cremona 
Drive, Goleta. California 93117. U.S.A. or as otherwise designated by Madtronic PS Medical; and [iii) Madtronic PS Medical is raa- 
ronably satisfied that the claimed nonconformities actually exist. Except as expressly provided in this paragraph, Purchaser shall 
not have the right to return Products to Madtronic PS Medical without Medtronic PS Medical’s priw wrinan consent. 
C, Exclusion ;! Other Warrantlea. EXCEPT FOR THE LIMITED WAflRANPY PROViDEO IN IAl ABOVE, MEDTGOillC PS 
MEDICAL GRANTS NO OTHER WARRANTIES OR CONOITIONS, EXPRESS OR IMPLIEO, AND MANUFACTURER SPE- 
CIFICALLY DISCLAIMS THE IMPUEO WAGGAH~ES AND CONDITIONS 0F MERCHANTABIUPI AND AMESS ton A 
PARTICULAR PURPOSE. MEDTRONIC PS MEDICAL NEITHER ASSUMES NOR AUTHORIZES ANY OTHER PERSON TO 
ASSUME ANY OTHER llABllITlES ARISING OUT OF OR IN CONNECTION WITH THE SALE OR USE OF ANY PRODUCT. 
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Foreword 

The purpose of this booklet is to help patients and their 
fami.lie.s gain an understanding of hydrocephalus and its 

treatment. Although an ideal treatment is not yet available, 
numerous advances have contributed to more effective 

treatment within the past few decades. 



The term hydmcephalus is derived from two Greek words, 
hydra for water and kephale for head. Hydtocephalus implies 
an excessive accumulation of cerebrospinal fluid (CSF), 
within the cavities of the brain known as ventricles. Build-up 
in CSF volume can result from interference with normal CSF 
circulation (due to an obstruction in the brain’s ventricular 
system), or as the result of a problem with CSF reabsorption, 

Hydrocephalus can be congenital or an acquired condition. 
Congenital hydrocephalus simply means that the condition 
existed before birth; acquired hydrocephalus develops after 
birth, resulting from some other factor, such as trauma, a 
brain tumor, scar tissue formation, or meningitis. 

In most instances, hydrocephalus is a lifelong condition in 
that the patient is treated rather than ‘%ured.” Treatment, by 
shunting the CSF to another area of the body, generally 
allows patients to lead full and active lives. 

Patients and their families, however, should be aware of the 
signs and symptoms of complications so that medical care 
can be sought in a timely manner when necessary 



In order to understand hydrocephalus, a basic knowledge of the 
anatomy of the skull and brain, and the formation and absorp- 
tion of CSF (see Fig 1.) is necessary, 

The brain occupies most of the skull cavity and is surrounded 
by a cushioning layer of CSE This fluid is primarily produced 
and circulated within the four interconnecting ventricles of the 
brain. 

The ventricles contain delicate tufted structures known as 
choroid plexus. These structures produce most of the CSF, 
approximately 500 ml (about one pint) per day, The fluid is in 
continuous circulation and contains many substances essential 
for nourishment and normal function of the nervous system. 
CSF also provides a protective cushion within and around the 
brain. 

CSF flows through the ventricular system, and out three small 
openings in the fourth ventricle before entering the sub- 

Subarachloid Space 

Choroid Plexus 

Third Ventricle 

Fourth Ventricle 

Fig 1. Anatomy ofikuL!, brain, ventri&, andcircukztion of CSF (arrows). Note 
that CSFj%wsjom .&era/ ventricle into third vent&k, aquedtu-t, adfiurth 
ventricle and then escapesjhm tbej&tb ventrick into the subarachnoid space 
where it h absorbed 

arachnoid space surrounding the brain and spinal cord. The 
fluid then flows over the surfaces of the brain and spinal cord, 
and is eventually absorbed into the blood stream through valve- 

‘* like structures called pacchionian granulations. Thus, CSF is in 
a continuous process of formation, circulation, and absorption. 
Under normal conditions, there is a delicate balance associated 
with this process. 

Hydrocephalus wii develop if CSF panot flow through the 
ventricular system, or if absorption into the blood stream is not 
normal. Hydrocephalus may also be due to overproduction of 
CSF by a rare tumor known as a choroid plexus papilloma. 

Trpes of Hydrocephalus 

Obstructive or non-communicating hydrocephalus occurs 
when CSF flow is obstructed within the ventricular system. 

Norr-obstructive, or communicating, hydrocephalus occurs 
when the CSF leaving the fourth ventricle is restricted in its flow 
over the surface of the brain, or if the sites of absorption are not 
functioning adequately 

Hydrocephalus is fix-tber classified as: A) congenital if present 
before or since birth; or B) aquired when developing after 

* birth A variety of causes, e.g., head injury, meningitis, or tu- 
mors can contribute to acquired hydrocephalus. 

. 



Diapaosis w 
In inf%nts and toddlers, the bones of the skull are not yet fused 
and hydrocephalus is obvious. The child’s head will enlarge, and 
the fontanelle (soft spot) may be tense and/or bulging. The skin 
may appear thin and shiny, and the veins of the scalp may 
appear full or engorged. Symptoms may include vomiting, 
listlessness, irritability, downward displacement of the eyes, and 
at times, seizures. The signs and symptoms of increasing intra- 
cranial pressure are likely to change over time, as the cranial 
suture have not yet closed. 

In older children and adults, the bones of the skull have joined. 
These patients have symptoms of increased intracranial pressure 
due to ventricular enlargement and compression of the brain 
tissue. Symptoms may include, but are not limited to, headache, 
nausea, vomiting, visual disturbances, poor coordination, 
personality changes, lack of concentration, and lethargy, Such 
symptoms deserve immediate diagnostic evaluation. Enlarged or 
dilated ventricles can be seen easily with either Computerized 
Tomography (CT) or Magnetic Resonance Imaging (MRI) . 

Shunting CSF from the ventricles or the subarachnoid space 
and into the abdominal cavity (for absorbtion by the perito- 
neum), the pleural cavity, or the systemic circulation is generally 
the treatment of choice for patients with hydrocephalus. 

Diagnostic Studies 
Ultraoundis a sophisticated method of outlining structures 
within the head using high frequency sound waves, This proce- 
dure can be used only in ir&.nts whose fontanelles are open, 
since the skull otherwise blocks sound waves, 

Computerized Emogmply (CTScati) is a technique in which 
tiny beams of x-ray outline the skull, brain, ventricles, and 
subarachnoid space. In addition to v&&zing the size and shape 
of the ventricles, abnormalities such as tumors, cysts, and other 
pathology can also be seen. 

Magnetic Resonance I%a@ng (MRI) is a non-invasive diagnostic 
tool that uses radio signals and a magnet to form computer 
images of the brain, its ventricular system and coverings, and 

-9 pathological lesions. 

-b Czhetmograpby is a test requiring injection of a small amount of 
radioactive material into the CSE This test differentiates com- 
municating from obstructive hydrocephalus, and determines 
CSF flow. 

Air Stz/dies are done much less frequently today than in the past. 
Injection of air into the ventricles, either by direct puncture or 
through a spinal needle, may be necessary in certain instances. 

AngiogxapLy is a specialized technique in which contrast material 
is injected into the arteries supplying the brain. Abnormal blood 
vessel problems or pathological lesions can be detected with this 
technique. 

N~ropyboological Tests are series of,questions and answers used 
to determine if there is deterioration in brain IGnctioning due to 
hydrocephalus. 



At this time, the standard treatment for hydrocephalus is sur- 
gery. There is no long term medical treatment. The surgical 
procedure usually involves diverting CSF to either the abdomi- 
nal cavity (a ventriculoperitoneal or VP shunt),‘or to a chamber 
of the heart called the right atrium (a ventriculoatrial or VA 
shunt). Occasionally, the CSF is shunted into the pleural cavity. 

In order to divert the CSF, the surgeon will implant a shunt 
system fabricated from siiicone rubber and polypropylene 
plastic. All components of the system are implanted under the 
skin, There are no external parts, 

VA 

Diaphragm 

VP 

Fig 4. Illustrates the two most common shuntz (I) Ventriculoatrial (VA) shunt from 
lateral uentricle into the right atrium ofthe heart; and (2) Ventriculoperitoneal (VP) 

Shunt Components 
The components of a shunt system usually include two catheters 
and a one-way valve. (Accessory items are supplied by the 

Jr 
hospital at the discretion and request of the doctor). The cath- 

9 

eter placed in the ventricle is called the proximal catheter. The 
catheter placed in either the peritoneal cavity or, occasionally, in 
the right atrium of the heart, is called the distal catheter. Both 
catheters are attached to a one-way valve used to regulate the 
amount, direction, and pressure of CSF flow. CSF valves are 
designed to operate at different pressure/flow ranges and perfor- 
mance levels. The surgeon’s choice of valve is based on an 
evaluation of the medical problem and the needs of the patient, 

In some shunt systems a reservoir is included in the design. A 
reservoir can be used for a variety of reasons. By flushing the 
reservoir, shunt function can be tested. Also, samples of CSF for 
lab studies can be obtained through a reservoir. Patients and 
their families are discouraged from pressing the reservoir in an 
attempt to “test” the shunt. This maneuver can be dangerous 
unless done under explicit instructions from a physician. 

Patients with obstructive hydrocephalus must have one catheter 
inserted into the ventricle. Patients with communicating hydro- 
cephalus, however, can have the CSF drained from the sub- 
arachnoid space of the lumbar spine to another cavity of the 



. 

body, usually the peritoneal cavity. This is known as a lumbo- 
peritoneal shunt and is usually reserved for, but not entirely 
limited to, the adult population. 

Surgery and Hospitalization 
The surgical procedure is carried out under sterile conditions in 
the operating room. Although the operation is relatively short, 
careful preparation for the surgery adds extra time. In order to 
have optimum conditions for cleanliness, the head must be 
shaved. The head and body are washed. Sterile linen is used to 
cover the patient and to maintain the sterile environment. 

A small burr hole is made in the skull. Then, a tiny opening is 
made in the dura, a protective covering of the brain, These 
openings are made to accommodate the catheter being placed in 
the lateral ventricle. The surgeon’then makes two or three small 
incisions in order to place the shunt. The peritoneal or atria1 
catheter is tunneled under the skin to the abdominal or neck 
incision. Finally, the end of the catheter is carefully placed 
either in the peritoneal cavity or in a vein of the neck leading to 
the atrium of the heart. Following the operation, small sterile 
bandages are applied to each incision. 

Immediately after surgery, the patient will go to the post- 
anesthesia care unit. The patient will remain there for close 
observation for about an hour and then go to his/her room. The 
length of hospitalization varies from -patient to patient. Most 
patients leave the hospital within three to seven days, depending 
on their clinical progress. 

Participating in Follow-Up Cm 

Most patients with hydrocephalus have every right to look 
forward to a normal future. Mowever, because this condition is 
“on-going,” patients do require long-term, follow-up care by a 
physician. Having medical check-ups at intervals recommended 
by the neurosurgeon is sensible. The patient, or his/her parents, 
must assume a share of the responsibility for follow-up care, 

The neurosurgeon will also keep a watchful eye on the patient 
and pick up subtle changes that may be indicative of shunt mal- 
function. 

Children and adults who have shunts in place will normally 
require surgical shunt revisions. Children can physically outgrow 
a shunt, any patient may eventually need a different pressure 
valve. CT or MRI scanning provide the physician with the tools 
necessary to make an early and noninvasive evaluation of the 
shunt’s performance. In addition to regular follow-up visits to 
the neurosurgeon, family members should watch for symptoms 
of shunt complications. Immediate and accurate reporting of 
health related problems is very important. Flu symptoms, for 
example, mimic those of shunt obstruction. The early detection 
of complications allows revisions to be scheduled, preventing 
emergency situations. 



Patients and their families must be alert for the signs and symp- 
toms resulting from shunt compli&ons. The major complica- 
tions of shunting are obstruction, infection and overdrainage. 

Obstruction 
The most common complication of shunting is obstruction of 
the system. Obstrucxion may occur at any point along the 
course of the shunt. The openings of the ventricular catheter 
may become plugged with brain or choroid plexus tissue. They 
may become plugged due to an excessive reduction in size of the 
ventricular cavity (slit ventricle) due to overdrainage of CSE The 
peritoneal end may become surrounded by loops of bowel, 
other structures, or by scar tissue. Shunts in the right atrium of 
the heart may be obstructed by the clotting of blood around the 
end of the tube. Shunt tubing may become plugged with blood 
elements, brain fragments, or tumor cells, The shunt may also 
become obstructed if the components become separated, or if 
the position of the inlet or ‘outlet changes with the growth of the 
infant or child. 

Obstruction of the shunt will produce signs and symptoms of 
increased pressure in the head. These will vary depending upon 
the degree of obstruction, Partial, or intermittent, obstruction 
may result in periodic headache, nausea and vomiting, along 
with dro&iness, listlessness, and decreased mental function. 
Poor performance in school or at work is common under these 
conditions. 

If complete obstruction occurs, there will be a rapid develop- 
ment of the signs and symptoms-headache, nausea, vomiting, 
blurring of vision, loss of coordination, and deterioration of 
consciousness. The patient may become stuporous or comatose. 
Should this occur, emergency hospitalization for observation 
and treatment is required. The surgeon will run tests to deter- 
mine the location and degree of shunt obstruction. Removal and 
replacement of the obstructed part of the shunt system may be 
necessary. 

IrAction 
The second most common complication of CSF shunting is 
infection. This hazard is present in all surgical operations- 
particularly when a foreign body such as a shunt system is im- 
planted. Infection should be suspected if there is unusual redness 
or swelling of the wounds or along the course of the shunt system. 
These changes should be called to the attention of the surgeon. If 
not treated, infection can lead to erosion and breakdown of the 
wounds or, more seriously, to systemic infection with chills and 
high fever. Infection usually requires removal of the shunt system. 
In some cases, the infection can be controlled with intensive 
antibiotic therapy, without removing the shunt. 

Since the shunt system is a “foreign body,“a patient may develop 
an allergic or inflammatory reaction at any time. Inflammation or 
erosion over any part of the implanted system should be brought 
to the attention of the neurosurgeon immediately. 

Overdrainage 
Overdrainage of CSF may produci a variety of signs and symp- 
toms. Patients generally experience a headache that is worse when 
standing and reduced by lying down. Additional symptoms are 
nausea, vomiting, drowsiness and changes in vision, particularly 
double vision. Overdrainage should be suspected in school age. 
children if their intellectual performance is deteriorating. 

Precautions 
In addition to recognizing the signs and symptoms of shunting 
complications, common sense precautions should always be taken. 
Since a shunt system is implanted in the attempt to regulate CSF 
flow and intracranial pressure, participation in activities that 
might upset the delicate balance should be limited, In particular, 
rough contact sports and diving should be discussed in advance 
with the physician. 



The physical aspect of hydrocephalus is only one part of dealing 
with this condition. Emotional factors must also be considered, 
for the patient as well as the f&n@ 

Although the surgical procedure is likely to control the 
hydrocephalus, those involved may be upset, fearful, depressed, 
angry or frustrated. If the patient is a child, keep in mind that 
children have feelings similar to adults, and may be suspicious 
that there is a serious problem. 

Since the child may not feel up to par, may have had some 
unusual tests, and is visiting the doctor more than usual, this 
suspicion is understandable. Rather than allowing the child’s 
fright to escalate, and the imagination to create unrealistic, 
unnecessary fears, the child’s anxiety may be relieved with an 
explanation. Knowing what to expect increases the cooperation 
of the child. Children, like adults, generally don’t like surprises. 

Explain hydrocephalus to the child in terms the child can 
understand. A quiet, calm atmosphere with a loving, supportive 
family, and as few distractions as possible is the best environ- 
ment for such a discussion. 

Young children, up to about 3 years of age, are unlikely to 
understand, They will mostly be concerned with the here and 
now, especially separation from parents, In this age group, 
crying is quite typical as a means of attempting to gain control. 

Older children, up to about 10 years of age, are usually satisfied 
with simple explanations and honesty Acknowledge the child’s 
feelings and allow the child to express them. Reassure the child 
that when the needles hurt, it’s okay to cry and be comforted. 
Although going to the hospital may not be an experience a child 
looks forward to, telling the child the truth will help to establish 
and maintain trust. 

Children over the .age of 10 are usually able to understand more 
complex concepts. They can associate a variety of signs and 
symptoms with their condition, and can better accept limita- 
tions placed upon them. 

Children of all ages are curious, and eventually ask questions, 
Since parents know their children and have their trust, those 
questions will probably be directed at Mom and Dad. Honesty 
is the best policy in order to maintain the established tr’ust. 

Expressing feelings to the doctor will help him/her with profes- 
sional guidance. Many people can handle their emotions with 
the help of relatives and friends, but for others, professional help 
is necessary, Health professionals caring for the patient are 
interested in a total well-being. Their goal is to do what is best 
for the patient and his/her family, 

As a patient, or as parent of a patient, take control over the 
dialogue with the doctor. Be an active participant in the com- 
munication process, so that the caregivers understand what kind 
of help is needed, 



Abdorni~~ Cavity: The area of the body between the chest and 
pelvis containing the liver, intestines, kidneys and other organs 

Angz$-aphy: X-ray examinarion of blood vessels filled with a 
contrast material (giving the vessels visibility) 

Antibiotic: Any substance (such as Penicillin) which destroys or 
inhibits the growth of bacteria 

Atrium: One of the two upper chambers of the heart Hydroc~bahs, Acquired Hydrocephalus developed after birth 

CY? The cerebrospinal fluid 

Cerebruspinul Fluid The fluid fling the ventricles of the brain 
and surrounding the brain and spinal cord 

Cclror CT Scuvz: Abbreviation for computerized axial 
tomography, a special x-ray technique which outlines the ven- 
tricles and other structures of the brain in cross section 

ChoroidPlexzrs: Delicate structures in the ventricles of the brain 
that produce CSF 

C&ernography: Special x-ray technique for seeing the ventricles 
and CSF filled spaces at the base of the brain 

Comatose: A state in which the patient does not respond to 
stimulation 

, 

Congenital: A condition present since birth 

Diugnosk Determination of a patient’s problem 

Dura: The fibrous membrane that surrounds the brain and 
spinal cord (also dura mater) 

F&&X An abnormal passage between two structures or organs 

Fontanelks: The spaces between the incompletely formed bones of 
the skull of the infant, commonly called the soft spot 

Fore&n Body: An object, such as an implant, introduced into a living 
body from the outside 

Hydroct;phalus: Excessive build-up of CSF in the ventricles of the 
brain, causing head enlargement and brain compression 

Hydroc&&s, Communicating Hydrocephalus in which there is no 
obstruction between, ventricles and subarachnoid space 

Hydrocephahs, Congenital Hydrocephalus existing before or at birth 

Hydrocepbalus, Non-Communicating or Obstructive: Hydrocephalus 
in which there is obstruction of CSF flow between ventricles 

Isotope; A radioactive material used for determining spinal fluid flow 
and shunt function 

Lumbar Spine: The area of the spine in the small of the back 

Mminges: The coverings of the brain and spinal cord 

Mmingitk Inflammation or infection of the meninges 

Mm Abbreviation for Magnetic Resonance Imaging. By means of 
magnetic energy, images are taken, showing the ventricles and other 
structures within the brain 

Pkritonezm: Lining of the abdominal cavity 

Pneumoenc~ba&ram: X-ray done after filling the ventricles or 
subarachnoid space with air, or another gas, injected through a spinal 
needle 



Polypropylene: Plastic used in the manufacture of shunt systems 

Shunt (noun): A system of tubing used to drain CSF from the 
ventricles or subarachnoid space into another area of the body 

Shunt (verb): Surgical procedure during which a shunt system 
is implanted 

Silicone: A polymer characterized by inertness in the body 
tissues and used in the manuf3cturebf shunt systems and-other 
medical devices 

Slit Ventricle: Excessive narrowing of the lateral ventricle due to 
overdrainage of CSF 

Spinal Cord The elongated structure of the nervous system 
lying within the spine 

Stuporous: A semi-conscious condition, in which the patient is 
very sleepy 

Subdural Hmzutoma.* A collection of blood between the skull 
and the brain 

ultraoun~2 Sound waves of high frequency used to outline 
structures within the brain 

Vmztricles: The four cavities (two lateral, one third, and one 
fourth) lying within the brain 

Veuttric&~am: An x-ray technique to visualize the ventricles 
by filling them with air or another gas 


