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"U.S. Nuclear Regulatory Commission . ,,,,,..,,

M:terials Licensing Section -
, ,

,:.. To..... y. * 5 [g -)pRegion lli

w yr:pt./.h l .f....799 Roosevelt Road c fGlen Ellyn, Illinois 60137

RE: NRC License #13-16558-01 - Physician's Use of Radioactive Drugs

G:ntlemen:

This is in request of an exemption to 10 CFR 35.14 (b) (6) for the use of Technetium-99m
p;rtechnetate, and technetium-99m sulfur colloid.for the evaluation of ventriculo-
paritoneal shunts, ventriculo-atrial, and Leveen Shunts, respectively. As Indicated in
the February 4, 1983 Federal Register, the authorization to perform such procedures at
cn Institution such as ours may be obtained by the NRC rather than the FDA when the
following information is submitted for your review:

1. Please refer to the enclosed article from Neuroradiology (July,1974) which details
the ventriculo-atrial, ventriculo peritoneal shunt studle's using Tc99m pertechnetate.

'- in summary, this procedure involves an Intra-catheter injection of 1-5 millicuries
of Tc99m pertechnetate into the shunt system to demonstrate obstruction of cerebro-
spinal fluid for patients with hydrocephalus.

2 The purpose of this study is to localize (visualize) shunt blockage prior to any
operative procedure.

3. The 1-5 millicuries injected into the catheter to evaluate the shunt patency does
not pose any radiation hazard regardless of the age of the patient involved. We
confirm the technetium-99m pertechnetate will be obtained from either an FDA
approved M699/Tc99m generator or from a central radiopharmacy on a unit dose basis.
Evaluation of Mo99 contamination of the pertechnetate product will be made by
our department or supplier to ensure levels are consistent with those listed in
10 CFR 35.14 (b) (4) (iii).

4. Please refer to the attached Mo99/Tc99m generator package insert for analysis of
'

radiation dose. We confirm the maximum dose to the patient will be 5.0 milli '
curies for adults and dosage to pediatric patients will be based on weight.

1

For Leveen Shunt studies, please refer to the attached protocol. We confirm
{the TcS9m pertechnetate will be eluted from an FDA approved Mo99/Tc99m generator.

It will then__be used to label sulfur colloid from an NRC/FDA approved kit.
L App n:snt . . . . . . . .g . . . . . . . . . .
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Since the Tc99m pertechnetate and sulfur colloid are already FDA approved drugs,
radiation dosimetry analysis is already on file with that agency or available
in the manufacturer's pa,ckage inserts for each.

5. We confirm the routine radiation safety precautions listed in our current IIcense
application, which are observed by our nuclear medicine personnel during other
Imaging procedures, will be followed for this procedure.

W2 trust this information is sufficient to grant our exemption and look forward to
yrur positive response.

'
.

Sincerely,

Ivcn Chermel, M.D.
R diology

KRF

Enclosures

cc: Darryl Wiedeman
inspection and Enforcement Division
U.S. Nuclear Regulatory Commission
Region til

799 Roosevelt Road
Glen Ellyn, IL 60137
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Leveen Shunt Study-

,

. .

A. Jipplication -

,

To determine the patency of peritoneal jugular vein diversionary shunt
and to quantitate the* flow rate of ascitic fluid. *

,

B. Preparation: -

Patient is asked to void completely prior to the examination. Abaczninal
. skin in either lower quadrant is prepped with aseptic technique.

C. Radioisotope and Dose:
.

5 aci of Tc99m-sulfur colloid to be injected into the peritoneal cavity.

D. Technique:

N patient'is placed isupine on ' imaging table. Ascitic fluid-intestinal'-

air interface in lateral flank and lower quadrant is determined by' per- -

cussion. h skin is prepped with aseptic technique and anesthetized
with 10% xylocaine intradermally.

.

The polyethylene (Ieveen) shunt, which is palpable subcutaneous 1y in
.

patient's thoracic wall and lateral side of the neck, is positioned under :..

4 the camera., Two cobalt or technetium source markers are placed at 10 cas
,.

O apart at uppermost portion of shunt...

.

A 20 gauge needle is passed through the anesthetized area of the mMeuninal
wall until ascitic fluid is obtained. Five aCi of Tc99m sulfur. colloid
is injected intz'aperitoneally. The needle is withdrawn and the puncture
site is treated with pressure and colloidon. . The patient's mMr==an is- -

, balloted to' facilitate mixing with ascitic fluid. d. ; ; < ~ /yre y //n /<
- a /:.:. . , w J i : p , ,o .r i . ,. a ,. . . < . , . < .

-

Imaging is started as soon as activity is no' iced in' lower portion oft
the tube.- Imaging is done in continuous dynsmic modes ea'ch frame is
of two seconds. Images are stored on a magnetic disc.

'
E. Interpretation:

! Diagnosis of.ccaiplete obstruction 'is ma if no colloid enters in Inveen
shunt. -

. .

.

A liver and spleen scan is. attempted at the and of one hour. 'Visnalium-
tion of liver and spleen in standing position is indirect evidence of.

Patency of Leveen shunt. # -

.
.

*

Quentification of shunt flow is calculated by noting the time needed by
| the radioactive bolus to traverse a known distance and diameter of the .

~
I shunt tube.

,
,, ,

i .. ..
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Pcga 2

_ cc/ min X (cm) '/J' (D/2)=

' '

t (min)

'

. X distance traveled (cm)=

D tube diameter (cm)=

time to travel distance Xt =
,

8
77 pi 3.14= =

F. References:

Nancy Kirchmer, Umbert Hart
Radionuclide Assessment of Leveen Shunt Patency
Ann. Surg., February 1977

,

G. ADVERSE REACTIONS
#

.

Any adverse reaction to the patient from the procedure will be noted and
recorded.

.
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Wuroradiology 7, 145 - 152 (1974).
*

I by Springer.Verlag 1104,oener.
,
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.t I!Hae [ Functional Evaluation of Ventriculo. atrial and Ventriculo.peritoncal Shuntsm. P. t
,

;W3.',, with *Tc.perf echnef ate

St. Frick, H. R6sler, and J. Kinser'

Dept. of Nuclear Medicine, Central Radiology Instit ute,1*niversity of Berne, Switzerland
Riecived: November 13,1973

Sunonary. .T! ore and more sentrienlo atrial Shimt dans In s alve. Chez cux, le radio.41(ment est injecti dana
operations are being rarried out on every type of hsdro. le reacrvoir d'nne valve de Rickhnm. De ceste faton il est
ecphnha and in every are poup. Thus, the neal'for a pouible de vi4naber la fois le cathiter piosimnt et di*tal *
simpic, repentabic and atranmatic examination of the et les s entrienics. L'utilisation de la ncintigraphic aequen.
shunt innetion is increa<ing. The einmination method of tielle permet de dJmontrer im blocage de la entnistion du
Bueno, in which "mTc.pertechnetste is injected into the liquide cephalornehidien dans le enthJier prosimal. c'ut.
shimt syttcm, han heen adapted for our use. Here, the A. dire le enthJter intra e:Anien et/ou dans Ic cathJter
i,otope is introduced into the rc crvoir of a Rickham dietal, c'est.A dire le entheter extie ednien. Il nt nd-
s nIve. In this wav vi-unlizatinn of the prosimal and distal cesanire de localiser Ic blocage as ant de procider k rimcr.
cathetera, as u cli ns of the s vm ric1ce. is pouible. By using vention. La methode pr64cntse c.t simplc rapide. . .ns
sequence scintigraphy it is pa%ible to demonstrate ob. ri*que pour Ic patient et peut Gire rJpilde n s ok .id.
struction of the C8F flow in the proximal. i c. the intra. Outre In esemplea de salvea fonctionnnnt normalement,

, eraninl, and/or in the diat al i.e. the cxtracianiel. catheter. Ica amcurs rapportent quelques dysfonctionnements
* Localization of the block is necc -ary before an opcrative ca rnetiri<t iques.

procedure can be performal. The method prc>ented here
is simple, quick, without risk to the patient, and can be Tunitiourile UntereurAnnpen der centrilufo.otriolen
rrpcated at will. In addition to exampics of normally und rentrilufo.ptritomaten SAunts mit Technerluna "=.
functi ming shunts, characseristic disturbances are also pcrtschu< tat
dracribed. Zuau m ene nfassung. Die sentrikulo strink n Shunt.

Operationen ucrden bei ve rschiedenen Typen des Hvdro.
Dvduation fonctionnelle dra tvdres rentsiculootrinics et cephnine durch::cinhrt. En ist daher eine wiederhoihare,

renfriculo ptrite,m'ults u rnide du "mTc.persecAuctore cinins he und atraumati-che Unicrouchung der Shunt.
Risumt. La mi,e en place de vehn s entriculo-atriales Funktion crfordcolich. Technetium."= kann in das Rick.

cat de pln= en pin < f (qurnte dans tous les ess d' hydro. ham Re<crsoir injiziert ucnlen. Ea wird damit der
ciphalic et dan < toutn les entegories d*,lge. Par consd. proximale und der di<inte Katheter und auch das Ven.
quent'il devient niceraire de di. poser d'un esamen simple, trikelayatem in allen Ab4chnitten nachwei<bar. Die Un.
reproiluctible et non tranmatique virifiant le bon fone. ter*nchunumethode i<t einfach smd ohne Ri-iko int den
tionnement de In valve. Ln nuteurs ont adoptd la mith- Patienten, sie kann beliebig wiederholt werden.
ode de Bueno c ui utilise le "mTc.pertechnetste injecid

.

Sfore and more ecrebro*pinal fluid (CSF) shunt tion for repeated examinations. In Berne, the Rickham
operations are being performed in patients with hydro. valve syntem is implanted routinely 1o facilitate later
cephalus, regardless of the etiology of the hydroce. functional examination.
phalus or the nge of the patient.This attemps,in efreet,
to rentore the CSF circulation, as far as its transfer into
the venous system is . concerned, wl.ereby the normal 3fethod
CSF pathways and the physiological resorption areas
are partially circumvented (Fig. 1) [3, 5, 7, 9,10,14]. Theoretically cach radioisotope which is nontoxic

For those patients in whom the function of the for intrathecal application, and has a scintigraphically
shunt is in doubt, an objective method of examining detectable gamma energy, can be used as long as the
the freedom of CSF flow is needed in order to discorer half life is short and the radiation exposure small.This~

an obstrut tion in time and, when necessary, to be able is especially important in children and infants. We use*

to undertake a revision of the system. The method "mTc. pertechnetate which has a short half. life (6 h), a

' presented here, which is based on the previously re. gamma quantum well suited for scintigraphy (140*

ported roethod of Bueno and coworkers [1], has proven kev), and, last but not least,is relatively inexpensive.
* itself in routine use. It can demonstrate the function of Its rapid diffusion into the brain, as well as into the
j

,; the shunt, as well as the morphology of both shunt and rest of the body, after intrathecal application is of no
!, ventricular systems. Theoretically there la no pos. importance because of the short duration of the usual,

{,. albility of damaging the shunt system or endangering examination (5-10 min). The czaminations are per.
,the patient; se have seen no complications from this formed with the Anger camera using the high resolu.

l

examination in our patients. There is no contraindica. I Nuclear Chicago Pho/ Gamma III HP.

h[
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tion collimator arid Polaroid nintiphotos made

| 150000 to 200000 tounts.i,

The silastic cap of the Rickham ventricnio,e '
id*

*

']|
'

- reservoir is punctured with a Sne nevdle. After a*] ;
tion of a small amount of CSF,1-5 mci "=Tc.' '

.'t- J ~ *_7 _
--- -

techneta1e in less than ! ml physiological 8 aline i-'
- -- - I jected. The first picture is taken immediately and |I'

'

f, second after an interval of about 2-5 min. Then, a-*~*- ~

pumping of the valve, more pictures are math '
' }Q~ ~ ~ follow the actidly flow. The persistence scope offi:

-: f

.f -|: .5 ,,_+
great advantage in positioning the patient and foll*

, ; g ing the activity flow. In the case of an occlu. tion pn'-

{ 'h
i mal or dittal to the valve, an attempt is made to-

% I block the cathetcr by f!nshing with physiological .%. ;; \
ii in The result is checked with a repeat esamination in 2
; .i

e!!
Pf

;''!
e.

.

k}i e
,| Fi; . I. S< he matic ilinsts tion of the Rickham ehnnt .

t<m. This consists of a strai ser.trienlar (proxin '
*

Spitz Hohcr valve is cor. ped re>ght
,.

catheter with a cup eha <rvoir on the outer ern!.;
**" ,

nected Lctu een this rc-ervoir e
I }f the venous (distal) catheter. The distal cnd of the vcn,

c atheter lies in the right atrium..

3.
I g;
*

1
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.i

il
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Fig. 2. Normally functioning V.A shunt. Here there is a good spontaneous flow which increases after purnping th.; ,
valve.% :
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M. Trick cf al.: Function:1 Evahiation of %ntriculo atrial and Ventriculo gwritoncal Shuute
. 6

or

,M. b ( Case Histories in Ihe distcl eetheter (upper right hund side of the fi;nire).
:. After pumping the veh e (louer row cf pictures) tin re is a

prompt flow of activity out of thelower rud of thedistal: g,,, y cat het er.-nr
f, (M.C. g (190G) 8290) (Fig. 2)This patient serves as an g,,, g

examplyof a normally functionmg shunt. In thin 65 year
.'.cr. old man with a massive eresorptive hydrocephalue there (M.S. d 1968) 3917) (Fig. 3) This patient had fallen

on his head (at 11 months of age, enstaining a pericialis a spontaneone flow of the activity in the proximal
the antheter and into the lateral ventricle after the injection fracture which was first disenosed 2 months later in the
an.

of 5 mci "*Te pertechnetste in the Rickham reservoir presence of a large subdurallematoma. fever and apathy
(upper icit hand side of the. figure). Somewhat later which progressed to coma. After operative removal of the.gg;#

to (about 5 min atter the injection) there is also activity seen hematoma, the cavity peraisted as the brain was unable to=
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Fig. 3: Normally functioning V.P shunt. This series demonstrates the spontaneous flow of activity in the shunt

from the enlarged ventricular system to a spread of activity within the peritoneal cavity
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' scintigraphically a normally functionin6 shunt. This sequence of scintiphotos shows theative

" Fig. 4. False negarged ventrieu ar system with epontaneous flow in the proximal and distal catheterso , , .
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'

niontbnd efter such a 1:ng period cf compics ion. Three fl c thyroid and$alivary gl2nds as a sign of an incompl.-i
-| re cs (middle row of ictures) there is uptake af the i otop.,

hter, beceu c cf hygrama fonnxtion and an in.
-

.O
l creene in the circmuferencrof the head, a Pu. lent.Heyer CSF obtruction distally. At the time of the mond c., g ,

|
4,i ventriculo abdominal CSF alumt was lierfonned. Seven amination, one dav later, and after flushine the ,%w,r.

I .s 'I j:
montha later the child imdcruent an emergeury ap

' ectomy becauae of acute appendicitis with loc. pend. with aspirated CSP (lowcal row of pictured, there'w .
dized

brompt demonstration of the proximal catheter and.eI. , petitonitis. At this :ime Ihe di :el cnd of the catheter was
|1i8g | ' obatructed by a fibrin clot. Thin was revi ed, but no C8F then cleared by flushing with physiological saline, n.

fore, a partly obstructed flow distally. This block we
,

| flow was observed durin the o ration. Fig. 3. hows the patient illustrates the fact that wiIth a proximal obatrurf shimt examination corri out t reewecksafteroperation tion, the appearance of a distal obstnietion is only .
. with spontancous N,1c;r flow into the petitoncal space. epication of tsme.) ,g Appendicitis is rare in t tua aFe Fronp, (16 montha), pe haps

), j to t,ic regarded here as a complicatson of the sentriculo. p,, gi
g peratoncal shunt opers eon.

s' J, (B.B. 4 (1972) 15597) (Fig. 7) In this 7 month al.
'llI infant a bilateral ventriculo. atrial ahimt operation ha..

j i* 3. Cear 2 been performed leccourc of a massive hydro halua o

|} I
b (B.ht. d 1927) 1667) (Fig. 4) This 44 vcar old man ungnain etiology. At the time of examination cre wer.

hj with low pre (s=ure hidrocephalus, a sequel of chronie no esgns of merca>ed intraersmal pressure although ther.!
! arachneiditis to year's previous!v, serves as an example was a decubitus ulcer caused by the venous catheter u.
j ;,* of a acintigraphically normally idnetioning shunt. He was the left yade of the neck. Afler fontanclie undum am
*| ': sent to us with ridia and sv'mptoms of increased intra. *Pplication of the a,notope only a very we, e ventncula

cranial pressure. Afscr injection the activity passed faceiv system was seen. Beesuse of t6c,dilut son cfrect it was no*

je I through the proximal as well as the dista1 catheter. Hof. Possible to diagnose the fimetional state of the shimi-

| ever. leccauac spontaneous emptying through the valve systcms. On t he next day the isot ope w as applied directI;'*

requin I a higher re aure than that present in the low. m the Rickham rescrvoir on the right side ( econd row n'*
e <

pictun+) and later also o Icit side (third and fourilmu of pinures).On he n,n sle,de there uasi preuurc hydrocep alus, new signs of increa<cd intra.-

ght si

' .!
| cranial prciaure had appeared. To avoid such falac nega. " nad of the activity through the proxu,a spontencon. .I tire results it is precssar,Y Ao register the CSF preuure ual cathete:

a{though only a partial demonstration of the CSF space u
.

.d
simultaneously with the s otoNvin such atients,which e n2Panson to the previoua ,examinatson (compare th.application. Thanks to

'1| t he low. resadre vahc used ao'

'| F practicaby rules out such complications, t$is is no longer see nd with the first row of pictures). nus, although tly1

q , ., ventneydar catheter was functionmg, the end was not u,

t an optimaltJ.
8d cated.The"poestson and an operative revision was mde8 *Te mpplication en she left side showed heav3

| 4I C88' # activity within a 3 x 7 cm area on the left side, as well a-
(H.H. i? (1944) 14230) (Fig. 5) This 29 year ohl w oman Ic's activity within the atypically configured, markedlyi 'i

;I was carmined because of mercasing somnolence. The dilated II.5 x 10 x to em ventricular system. Even aftri
' l Arst exemination (upper row of pictures) revealed an ob. repeated pumping of the valve, a distal flow could not b.

' J' struction of the distal catheter, seen as a pooling of the registered. The left venous catheter had become ob.
i* activity in the neck. There was good visualization of th, structed, apparently as a result of the decubitus ulecr.*

enlarged ventricles. The system was revised and the pn. Tlw mmplete shunt system on the left side was removed'

i

T tient did well for about six*wecks. At this time she became and ahe proximal end of the right sided shimt systew:
I, , r, I. sonmolent aFain and was referred for re cxnmination. P a,cca in a besier po ition. Afier removal of the -forcio.l

4 *, nis second examination (second, third and fourth rows cony", the ulect healed rapidly, and there was no in.
|j of pictures) proved the patency of the proximal and distal crease in the intracranial pregsure. Here, with this shuni
.; cathetera, wath flow of the activitv seen both opentone, examinat son, it was also pomble to diagnone the size and+

,
if cusly and after pumpin the valve.'Three mont ha later the fonn of the apparently multichambered ventricider sys.

< [t patient again develo the same clinical pict ure and was tem.
,i esamined for the th rd time. This examination (last row

'
.

' |} of pict ures) revented an occlusion of ahe proximal cetheter.
*

| ai seen scintigraphically as a failure to visualise the ventri.
}' cular system. There was free passage of the activity Results"'

,I :hrough the distal eatheter. This patient, seen three times|p[p Ii with the name clinical syndrome twice with an obstruction
1I in the shunt. system and once without, demonstrates the Between January 1970 and May 1973 23 shunti .

t
: ,| .t problems involved in diagnosing ihe fimetion of ihe shunt exammations were carried out m, 17 patients. The

.
,

j t h on the basis of the clinical picture alone. oldest patient was 67 years, the youngest 7 months.
'

E ,

'
- In 9 examinations the shunt system functioned

]i Ccas J completely normally. The clinical symptomatology,

i; | (W.R. 9 1918) 7118) (Fig. 6) This 52 year old patient was then relegated to other causes and the patient
had imdergo(ne two operations for an aneurysm of the spared the operative shunt revis)on. In contrast are

'

*
,

3 '

l a severe organic mental syndrome. In spite of 1he implan. system could be Proven. A proximal obstruction wa-
middle cerebral artery with resulting hydrocephahis and the 14 instances in which an obstruction in the shunt

.

I,

'
tation of a shunt as a palliative mesmre, the patient
developed signs of increased intracranial pre +sure. At the seen 10 times, suociated with a complete dista -

,

. h@!| Arst examination (first and second rows of pictures) there struction in one case, a partial distal obstruction in 3
,

js was no retrograde spread of the activity in the proximal patients, and an undisturbed Bow In the venous cathe.' catheter or the ventricular system. De distal, flow was
b seen only to the level of the carotid bifurcation. Aftec ter in the remaining 6. A distal obstruction was seen
,

pumping the valve six times (pictura upper right) there 8ta.mes,in which half were poss.bly . duced throngh ai m
'! - .I 6* i

is only a pooling of the activity at this level. After 120 min simultaneously ex.tstmg proximal occlusa,on.
,
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' g} Fig. 5. Follow-up examinations in a patient with a V.A shunt. The first examination in this series demonstratas
the patency of the ventricular catheter and a block of the venous catheter (seen as a pooling of the activity)in the.

| D neck. The second examination, six weeks later, shows a normally functioning shunt with good visualization of the
*1''.' enlarged ventricules, the proximal and the distal catheters. Three rnonths later the patient developed an ob.

.'. struction of the ventricular catheter, seen in the last examination as a failure to visualize the ventricles. (The
1- *' activity depots" seen here are markers in the neck or head: --=)
h ,-

i t.:

.h .

| 1 Con d - 'rt a 9 5 0-

|

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _. . _ _ - _ _ - _ _ _ _ _ .._ _ _ . _ . - - _ _-



i
," ,. .

,- ISO M. Tsick et cf.: Fametional Evaluation of Wntriculo atrial and hiriculo.}.critoncal Shunts
'

.
8

, ..
-

I
.

.

.i -
'

*! first examination
< .- . ,

-

. . -
'

. . :. ; . . .... . .
-

:--s .. ;.
<

g. -. n1

. ,P+ >

,. *^

f-: { :
.

1

.k'\. I
'

*

|
*

! $ I gb, ..

l O
.I. *%. . ~.. ...

i ;.Q. , 5.1.: ) L
.-

g
'

l _ . , ..- . . ..

|:
;!

I i . .; .A

P " W=W~.e '
;' t..,.

.:.i
-| .4 J;3-

. :.| i* - o-: <3
.

> .. .4

. ?. . . . .gh: 120, p.s..
,

;
+

} ' .' &(f.1i.g. c:
'

<.. ;-

.

C;|
,e . tL . ' 'R . '

.

' -

\-ce: p. :
|;;. !,
.

- .a
Ti

second exomination-.; s,

f .

- .. =

T.:.R.e ~ w,b.
~. - ..~ ,

. 2 W.vfr.:L.. s

;: , - p p a.~4
,

. . . .

| .:-4.i.- h%.~;.x - -t- Ci:. , .*-

|i . , '.g3: .e - f,.sr n 5

.p|'
M=.$p.- - ' h--

u - a.

.

k ',$w|~
.

i R '

c
.

, . .. .h '.'5%'*

.| y y.,-i 1 .i - gQ .
'4 y

.g ~ r.-.3 , ; 6.,._. c- - .)I i, , ' '.% : .- g6
~ ' ' '

..,.ge = . _ e ,,. .
5 ' ; Wi::.rM'i:- 1

.

,i si f*.".?-"
I..

. 16.12.70i ' ' ,.

'.i '

. ' . ..\,

.:
1 Fig. 6. Obstruction of the proximal and distal catheters.The first examination shon flow of activity only to the

level of the carotid bifurcation; there is no visualization of the ventricular catheter. In the scintiphoto taken 120.: ,
** '

min after injection there is uptake of the radioactivity in the thyroid and salivary glands as proof of a rtial
! *! pateney of the distal catheter. The second examiriation, performed after flushing the system with aspirate CSF.
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of the activity). The second row of pictures comes from the examination
I after injection of the isotope into the Rickham reservoir on the right side: here there is s ntaneous flow in the

distal catheter but demonstration of on1 a small part of the ventricular system. The thi and fourth rows of1 13the pictures show the injection on the left si e with partist demonstration of th'e ventricle and no visualization of the
"O venous cathetera rtial j .
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152 M. Frick es al.: Functional Es ahmtion cf Ventriculo af rial and Ventriculo peritoucal Shnnte s< .,g
.

Discussion ti:n cf the permer.bility cf pmlenz valves, evaluation
of a new uctbod engiogr ;>hypcintigraphy. Sym..

Without exaggeration it may be stated that the f j'g"$d II '" Q'S ir I [2
'' P

ventriculotatrial shunt rai cd the thernp,s of hydro- 2. Carringt on. K.W.: Vent rienfo.i
. 's

rcuous shunt using ahe
cephqlus into a new, hopeful 4 tate [4]. As a practical Holter valve as a treatment of hydrocephalus. J.-

addition Rickham constructed a ventriculostomy re. Mich. med. Soc. 58, 373 - 376 (1959) -

. 3. Curtner H.: 67. Nat urfoincher.Ver ammhmg II. Teil,
servoir (M.g.1). By puncturing th.is rnervoir CSF can 2. Hulite. p.146. L0 beck 1895
be rernoved for examination, prnsure can be measured. 4. Ccrlach J.H., Jenson, P.: PAdiatriache Neurochirur.

gie, p 2DG-339. Stist part: Thieme 19G7 ,antibiotics may be injectcd [8, I !). In order to evaluate
the fimetion of a ventriculo. venous drainage "=Tc. 3 3"F"{'am. F.D., 3,Intaon. D.D., Alexander E. 3r., ,

hhs123 - 143 (18[4s)
xp..crII.kpertechnetate can be injected into fiae rescrroir re.

~ ' h li . iropat
'

*
.

pcatedly and without any risk. There is a broad 8

'spectrum for these "=Tc.pertechnetnte innetion tests, 6. Jenson. H.P., Anwlor. L.V.: Ycntriculo.Aurikulo<to.
as was demonstrated with the above mentioned cases, mic ,tur Beh,mdhmg des Hydrocephalne. Neurochi. |rurgia (Stuttc.) 4. 09 - 113 (1961)
Tab)e I gives a surve3 on the problems [2. 6,12,13,153 7. Mundinper, F., Au!aut M.. Bouchard, G.: Die cerdisle '

which might be within the scope of this itshnique. Impul facquenzme,anng dea "J. Hippuran, eine neuc !8

There is no other method similarily useful in giving 3fethode zur Passageprufung s entrienlo.at rialer 8

.

data on functional disturbanceti as Eell as on anatomi. Shimte ima die ventrikulure Re,orptionsprnhm; zur
Differentiahlingnose der Hvdrocephali. Acta neuro.

cal st ructures. chir. (Wien) 2. 272-2s0 (10G3|1964)
8. Ouunaya. A.K.. Subcutancona re-crvoir and pump

Table 1. Complications urn erith P. 4 shue.rs for utnile mecc.a to ventricular cerebro spinal fluid.
Ennect 19G3 II,983-984

1. Obstruction - Thrombosis of the catheter * 9. Payr. E.: Ober Ventrikchhainagen bei Hydroccpha.
- Kinking of the catheter * his. Verh. disch. Gen. Chir. 40, 515 - 535 119111 t

- Separation of the velve from the cathe. 10. Pudenz. R. A., Ruwell, F.E., Hurd. A.H., Skclden. I
t echnique forter* C. H. : Vent rienloanriculossomy a *

'

- Lenking of the catheter enused by dam. shimting cesebrospinal finid into the right auricle. J.*

* 'mec sustained during operation Nem osurg. 14, 171 - 179 (1957)s

.Tarrowing of the catheter by scar 11. Rickham, P.P., Penn I. A.: The place of the sentri.
tissueb culo tomy rcscrvoir in the treatment of myclomenin.

- Thrombosis of the internal jugular vein porcles and hydrocephains. Develop. Med. Child.
or the superior vena cavat Nem olog. 7, 290-301 (10G5).

2. Delaved wound healinge 12. Riechert T., Hemmer, R.: Die Behandhmg des Hy. I

13. Sas er. M. P.: T,1ed. Welt 1, 771 - 776 (1903)drocephalua. 3'

3. Slipping of the catheter out of the atrimu and into the cnt neulovenous shunt m the treatment
mu.pcreor vena cava or internal 'nF'dar vein of hydrocephalus. The Har ey CushmF Society, San

e
J

4. her lerte frequent complications Fradeiwo. Calif.1960
Damage to the right atrium'

. . 14. Spitz, E.B.: Neurosurgerv in the prevention of exo.
- Endocarditis (uanally as a reanit of cp1acenua)' genous ment al retardatiori. Pediatr. Clin. North Ame. }
- Postoperative subdurn1 hygroma or hematoma rica 6,1215-1235 (1959) j

c

15. Spitz, E.B.: Critical anal.s sis of the ventricido vas. ia These com fications well demonstrated by this enlar shunt in the ::catment of hydrocephalus. Har.,

hod'sa well demonstrated Tv this method. vcy Cushing Society, Mexico City'1961 ,b se Ic
'

e The.e not demonstrated by this method.
J. A. Kinser, M.D.
Dept. of Nucicar Medicine-

Central Radiology Institute
Refuences University of Berne and Inselspital

CH.3010 berne
1. Bueno, A.F., Yague, R.C., Romero, J.L., Berrocal, Switzerland >

J.O.: Application of the anger camera in the evalua.
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FORM NRC.313M U.S. NUCLE AR REGULATORY COMMISSION
* "3 Approved:

APPLICATION FOR MATERIALS LICENSE - MEDICAL G AO R05'O
10 CF R 35

|NST R UCTIONS - Como ete items I throvoh M i! this a an initialapp!* cation or sa apolocation for rene~ar of a license. Use sus'plementalsheetss

ewhere necessary. Item M rnust be completed on all asy,hcatens and sipsed. Retain one copy. Sabmit originaland one copy of entore
aoolocaten to I Dirretor,0ffecr of Nuclear Materials Safety and safeguards. U.S. Nuclear Regulatory Commission. Wash ngton. D C.
MS$5. Upon aptwovalof this application, the applicant evillreceive a Materio s License. An IVRC Materials Liceme is issuedin accord-r

ante emeth the generalrequirements containedin Totfr 10. Code of federal Regulations. Part 30. and the Licenser is subs ct to Tork 10e

Code of federal Regulations. Parts 19. 20 and 35 and the ticense fre ptorision o! Totte r0. Code of federal Regulations. Part t70 Tr.e
Scense fee category af.oukt be stated m item M and the approsviate fer enclosed.

1.a. NAME AND MAIL 1NG ADDRESS OF APPLICANT (institution, 1.tk STREET ADDRESS (ES) AT WHICH R ADIOACTIVE MATERf AL
tirm, clinic, physician, etc) INCLUDE ZIP CODE WILL BE USE D (if different from 1,4) INCLUDE ZIP CODE

Alexian Bros'. Medical Center (Same)
800 Biesterfield Rd.
Elk Grove Villa e

DdDEl ][0007
IL 6

TE LEPHONE NO.: ARE 3 g e- ' g g

2. PERSON TO CONTACT REGARDING THIS APPLICATION 3. THIS IS AN APPLICATION FOR: (Check apptppr/areitem)
*

James PetersOn * O NEW LICENSE
tm O AMENDMENT TO UCENSE NO.
c. @ RENEWAL OF UCENSE NO. 12-12979-01

TE LEPHONE NO.: ARE A CODE ( 312) 2R2 16R0

4. INDIVIDUAL USERS (Name indoviduals who will use or directly 5.R ADIATION SAFETY OFFICER (RSO:IName o.'per.r. aesirated
supervise use of radioactive material. Complete Supplements A and B as radoarion safety officer. If other than indovioualuser. somplete resu-
for each individual.} me of training amiesperience as in Sus.plement A.)

See attached M:dhi Behinfar, M.D.

6.s RADIOACTIVE MATERIAL FOR MEDICAL USE .
_

MAXIMUM MARK MAXIMUM
ITEMS POSSESSION ITEMS POSSESSIONADDITION AL IT EMS: DE SI R E D LIMITSRADIOACTIVE MATERIAL DESIRED LIMITS

LtSTED iN: "X" (In millicuro'es] X" (In millicuriesi
' "

IODINE-131 AS lODIDE FOR TREATMENT
10 CFR 31.11 FOR IN VITRO STUDIES

X 0.240 OF HYFERTHYROIDISM X 200

10 CFR 35.100, SCHEDULE A, GROUP | AS NEEDED PHOSPHORUS-32 AS SOLUBLE PHOSPH ATE
X FOR TREAT MENT OF POLYCYTHEMIA

VERA. LEUKEMIA AND BONE METASTASES
10 CFR 35.100, SCHEDULE A, GROUP 11 AS NEEDEO

PHOSPHORUS-32 AS COLLOIDAL CHROMIC-
PHOSFH ATE FOR INTRACAVITARY TREAT-

10 CF R 35.100. SCHE DU LE A, GR OUP 111 MENT OF MALIGNANT E FFUSIONS.
X 2.000 ~

GOLo.im AS COLLOID FOR INTRA.
. CAVITARY TREATMENT OF MALIGNANT

10 CFR 35.1C% SCHEDULE A, GR OUP IV AS NEE DE D E F FUSIONS.
~

IODINE 131 AS lODIDC FOR TREATMENT
10 CFR 35.100. SCHEDULE A, GROUP V AS NEEDED OF THYROID CARCINOMA X 200

XENON 133 AS GASOR GASIN SALINE FOR
10 CFR 35.100, SCHEDULE A, GROUP VI BLOOD FLOW STUDIES AND PULMONARY X 500

FUNCTION STUDIES.

6.b. RADIOACTIVE MATERIAL FOR USES NOT LISTED IN ITEM 6.a. t>ealcasources up to3mCius,dfor
calibration arctf reference standards are authorised unaer Section 35.14fd),10 CfR Part 3S, and NEED NOT BE LisTEDJ

CHEMICAL MAXIMUM NUMBER
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bc MAA As needed LaVeen Shunt Patency
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2g, thder the.

aplin exception, 4J '.. apply for pemission to use Ncxinn Brothers Medical Ce t
-

,, .
i.e

- st6mit the following support data.. pertechnetate for radionuclide cystography.Tc-MM for laVeen Shunt Patency Test andn er also wishes g"_'T
,

-

In support of this request, we c-
'1#cen Shunt Patency Test, . - - - - -

--,.

Descr,iption of the procedures:
.

o
.

5-10mC of "Tc-MW is injected
.

lar
30,ge field of view ganna camera,into the peritoneal cavity.40

2 hours, post-injection may also be taken50 and 60 minutes after injectionmultiple imges are taken at 10, 20
Using a

Delayed images taken Ih or,
.

Purpose and benefits:
.

A LaVeen Shunt is

It runs from the peritoneal cavity along thsurgically inserted in patients with intractabl
ascites.
into the jugular vein, e
of ascitic fluid in hhen functioning properly e chest wall and

successful initial implant, it has been demon tby disease process.to the venous . system that'has o,therwise been blo k dit provides drainage
-

hhen there is reaccumulation of fluid aftce
of the cases

it is due to shunt malfunction.s rated that in 5 to 81
er a

of the cases,are managed dictatically
...

H e remaining majority.of the shunt without resorting to another surgery
b'

De test allows for evaluation
.

,-

Justification for exception: . --

product labeling is 1We believe that the fact that the proc de ure i

executed but rarely us)ed procedure that it has been)ne procedure is new,s not included on theand 2 it is a simply
Radiation Dose: overlooked. -

*
.

In ene hour, assuming a functioning shunt
y.

in the lu .

We cssume'ng, otherwise we assume its staying in the peritencal c, the activity should accumulatea 10 mC dose.

From the MIRD Pamphlet No.~ 11, Sfads/ C h]y.avit
Source organs - u-r are:Target organs Peritoneal cavity

Lung
Total body .

Gonads 2.2 x 10-5
.

--

' Lung 1.0 x 10:5 2.0 x 10-6.

.

Peritoneal cavity 5.6 x 10 7 8.2 x 10-8
.

3.8 x 10-5 5.2 x 10-5Note: 5.7 x 10~ 7
Gonadal values refers to ovaries (test

es would be less)Peritoneal cavity values are average of st
omach, SI, ULI and LLI values.Multiplying these values times 104

pc x 6.03 hrs.
Activity in Cavity

1.44 yields dose in rads h-
I'

-

Total body in Lung'

Gonads 1.9 rads
Lung 0.9 rads 0.17 rids
Peritoneal cavity 0.05 rads 0.007 rads

3.3 rads 4.5 rads ., a
' *"

.049 rads ' .
4

-

.y

- - - -- . - , . - - - - . - , - - . - - - . . . , - . . _ _ - . . - . - , . . . , . - - . . . . _ . . , - - - - - , - - - . - - . - - . .
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.

These doses are comparable to those delivered in other studies and are
- clinically justifiable.

r -
, ,

Protection:
.

.Our staff will observe routine clinical procedures assuring their own
safety.

.
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Radionuclide Cvstography

Description of Pmcedures:

A Foley catheter is inserted in the bladder and a sample of urine is
collected for urinalysis. We catheter is then connected to a bottle of
normal sg*ine with a rubber hose and as a free flow of saline is established,Various
1 mC of Tc pertechnetate isinjected through the rubber hose.
images are taken during filling and voiding of the bladder, and stored on

-

Collection ofcomputer for analysis of vesicoureteral reflux parameters.
urine to allow calculation of residual volume during the voiding sequence'

is necessary.

! Purpose and Benefits:

Ris test allows the quantitation of functional reflex parameters, bladder
volume at which reflux occurs, measurement of actual arount of reflux into
the upper tracts, calculation of drainage time of reflux after voiding, and
residual urine wlume.

Justification and Exception:

We believe that the fact that the procedure is not included on the product
labeling is because 1) the procedure is new, and 2) it is a simply executed,
but rarely used pit >cedure that has been overlooked. Significant reduction in
radiation dose to the patient over conventional x-ray examinations (which

-

deliver m rads to even rads) is achieved using this test.

Radiation Ibse:

for the totag body is 1.9 x 10 , for the gonads ig 6 x 10~hads/pC-h1 mC of pertechnetate' the bladder is assumed. S;
- and blad er,

Bis calculates (multiplying by 10 pC) to a dose ofis 1.6 x 10' .
2 mR/hr rads to the total body, 6 mR/hr to gonads, and 160 mR/hr to the

;

bladder when the bladder is filled. Average times that the bladder is filled
has been reported in the literature and total dose to the bladder has been,

estimated at 5 to 30 mR. %ese doses are comparable to other nuclear diagnostic
studies and we feel are justifiable.

:

Protection:

Since this pmcedure involves the transfer of radioactive saline and
collection of radioactive urine, technologists will be instructed to place%cy will wear
disposable covers on the floor and cart around the patient.After the study, the area will be surveyed for contami-lab coats and gloves.-
nation and decontaminated if necessary. Contaminated gowns will be stored

.

a
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in our'Ifot Lab for 10 half lives before being sent to the laundry.
Contaminated trash will similarly be stored for decay before disposal,4

as is our policy concerning radioactive waste.
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Gnsitivity, par. DACRYOCYSTOGRAPHY

5e lesions, care '

John W. Keyes, Jr. |
13 oxillary and

Billary images.
Make marker Principle

hns), the iliac
7 sulfur colloid Blockage of the normal pathway of drainage of tears from the eye into the naso-

g pharynx and resultant epiphora is a fairly common opthalmologic problem. Due to the
| small size of the nasolacrimal drainage apparatus, determination of the exact site of

blockage is difficult. Nevenheless, determination of the site of obstmetion is imponant
as this determines the type of therapy which will be implemented. It is possible to

m too far from image the flow of tears through the nasolacrimal drainage system by placing a drop of
mit in entry of radioactive fluid in the eye and taking a series of sequential images of the resulting

radioactivity distribution using a gamma camera and a high-resolution, pinhole colli-
mator. *Ihe technique is simple, safe, and much more physiologic than other techniques
for studying the patency of the nasolacrimal drainage system.

hv metastasis. Indications
e addition to
estrated. The test is indicated in any patient with epiphora and suspected obstruction of the

nasolacrimal drainage system. It is also useful in evaluating patients who have had prior
surgical procedures to relieve obstruction without success.

Limitations

The test has no significant limitations. The amount of radioactivity used is so small
that even the usual relative contraindications of pregnancy and lactation need not be
considered. The test does require a gamma camera with a special, high-resolution, pin-
hole collimator.

Radiopharmaceutical and Absorbed Dose

'

Technetium-99m pertechnetate
100 to 200 Ci instilled into the eye
Emissions: 140 kev gamma
Dosimetry: lens 0.02 rad /100 uCi (unobstructed flow)

~ 0.5 rad /100 uCi (obstructed flow)

Patient Preparation

None.

. Procedure
1

1. The Technetium-99m penechnetate should be diluted in sterile, pyrogenfree, buf-
I fered physiologic saline solution to a concentration of 4 to 6 mci /ml. One drop of

_

this diluted solution is placed in the eye (on the conjunctiva near lateral canthus)
with a 23-gauge needle. Imaging begins immediately.

2. This study requires a gamma camera with a special, high-resolutior., micrepinhole
collimator. A pinhole insert with an aperture size of approximately 1 mm is required
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I
to successfully perform the study. Such inserts are commercially available from a !
number of sources and are interchangeable with the standard 4- to 5-mm aperture {insert found in the conventional gamma camera, pinhole collimator. *

3. Use a gamma camera with a high-resolution, pinhole collimator (see step 2 above)
and a 20% window centered a't 140 kev.

4. The patient should be positioned sitting with the collimator between I and th in. Principle
from the lacrimal sac.

S. Beginning immediately after instillation of the radiopharmaceutical, obtain sequen- 1
Phosphorus

tial 2- to 4-sec images of the inner canthus of the eye for 40 see and then a series and will loca

of three to five 40-see images. More delayed images may be necessary in some to be the nuc

patients with slow filling of the nasolacrimal drainage apparatus. of tests forloi
| Since Phospl

Interpretation tances of mor
development

In the normal individual, radioactivity collects siong the palpebral fissures and drains agnosis of e)

medially into the lacrimal sac within 5 to 10 sec. Over the next 30 to 40 see good s ble to placc

filling of the canaliculi, the nasolacrimal sac, and the nasolacrimal duct to its outlet in
the nasal cavity occurs. The canaliculi, the nasolacrimal sac, and the nasolacrimal duct Indications
are usually well-defined on the longer-duration, later images. Abnormalities consist of,

'

obvious obstruction and lack of filling in any of these structures and/or prolongation The proce-

of clearance time through the nasolacrimal drainage apparatus beyond 5 min. ocular tumor

Limitations

The proce
few millime:

The proce.

small mass i
Studies sl-

as the presci

Radiopharr

Pho3 phon

500 Ci
Emissiom
Dosimetr'

Patient Pre

None oth
vary depeni

| Procedure
!
| 1. Adminis

~

2. Special i'

are avai

- _ - _ .



f~ *

- .
_ ~

.

104 CRC Stanual of Nuclear biedicine Procedures
/ a

LE VEEN SHUNT PATENCY l 2./- -

,.

Roger P. Bowers 1 3
U

'

I
Principle

The Le Veen peritoneo-venous shunt consists of a subcutaneous tube running from
the peritoneal cavity to a large central vein such as the intemal or extemal jugular. A
one-way valve allows finw of ascitetirom4hc peritnneal cavity to the vennus system _ q

only when intraperitoneal pressure exceeds intrathoracic venous pressure by I to 3 cm
'

'o'TH 0. When Technetium-99m sulfur colloid is injected into the peritoneal cavity it
2

is absorbed very slowly and it can be used'to trace the flow of ascites through the shunt.
If there is any flow of ascites into the venous system, the Technetium-99m sulfur colloid
will be taken up by the reticuloendothelial system and will be detected as activity in g
the liver.

Indications ir <

This procedure will diagnose shunt malfunction such as blockage by clot or valve
failure. Thus, other causes of intractibility can be considered when shunt is shown to g, '
be patent or surgical revision planned when shunt is nonfunctional.

Limitations st .

vi ,
The tracer must distribute through the peritoneal cavity and not be restricted from tt ,-

shunt inlet by being localized in a loculation. Patient cooperation is important since n
performance of breathing techniques affects pumping action. s:

L-
Radiopharmaceutical and Absorbed Dose t!

Technetium-99m sulfur colloid
3 mci administered via intraperitoneal injection
Emissions: 140 kev gamma
Dosimetry: Total body 0.019 rad / mci
(Worse case) Testes 0.019 rad / mci

Ovaries 0.023 rad / mci
Liver 0.34 rad / mci-

Spleen 0.21 rad / mci
Marrow (red) 0.027 rad / mci

Patient Preparation

None other than the preparation appropriate to the intraperitonerl injection.

Procedure

1. Prep the patient's abdomen with Betadine @ prior to local anesthetization with li-
docaine. Use a 23-gauge spinal needle to inject the dose into the peritoneal cavity.
An attached three-way stopcock is used to flush the dose with normal saline.

1
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2. Use a wide. field-of-view gamma camera with a low energy, medium-resolution,
parallel-hdle collimator and a 20% window centered at 140 kev.

3. Image'the patient in the anterior projection in a supine position.
a. Immediately after administration of the radiopharmaceutical monitor the right

anterior chest with the gamma camera persistence scope. If activity is seen ac-
cumulate 250 K counts oyer the chest.

'

b. Image the lower abdomen for 1000 K counts or maximum of 10 min to document
i

distribution in peritoneal cavity.
'

c. Image the upper abdomen for 1000 K counts to check accumulation in liver. I

d. Repect at 1,3, and 6 hr to evaluate activity in the liver. An abdominal binder
'

may be used to increase abdominal pressure prior to imaging.
c. If no activity is seen at 6 hr, inject 500 Ci of Technetium-99m sulfur colloid

intravenously to document location of liver.1.

.

Notn *

'

|
After the spinal needle is placed a small amount of ascitic fluid is aspirated to ensure

{
intraperitoneal placement. Standard breathing exercises routinely prescribed to promote

,

l

pumping action should be performed.

| Interpretation
- ,

|
Visualization of the shunt tube and heart followed by liver activity indicates a patent

{shunt. Absence of activity in the liver indicates that the ascitic fluid did not reach the '

venous system. This absence of activity in the liver may appear as a filling defect in
the peritoneal fluid. This may be verified as liver by the intravenous injection of Tech--

netium-99m sulfur colloid at 6 hr. Sulfur colloid is absorbed slowly by the lymphatic
system of the peritoneal cavity. Thus a small amount of activity may reach the liver -

late by this method. Accumulation of activity in abdominal lymph nodes will be a clue
that this process is occurring at a sufficient rate to confuse interpretation.
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