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January 27, 1984 American

College of
Deborah A. Boyik NuclearNuclear Regulatory Ccrinissim
Office of Nuclear Regulatory Research Physicians
U.S. Nuclear Regulatory Ccmnission , , ,

Washington, D.C. 20555 3,g, conny,,,,,

4,,nue.s w.

Washington. D.C.
Dear Ms. Boyik: 200w

(202) 8U 1135

Enclosed is a request that 99nEc-Pertechnetate be excepted
- frcm the requirenents of 10 CFR Part 35, paragraph 35.14
(b) (6) for performance of Dacryocystography. This
request is made pursuant to the Final Rule 10 CFR Part 35 P',7,g' ,,
as published in the Federal Register, v 48, No 25, Friday, , , , .

a-. car a~.

February 4, 1983 pp. 5217. The request has been generated ,,e .de w,

by various msnbers of the American College of Nuclear Physicians. 5'g%"d1" *-
Your attention and help are appreciated.

Secretary
pohn p. L,ndennen. M D.

g Se tows Mesourn

treasu e,e
e

$seven M Pensky, M D.
Chn a,.2 Illongr so

O'
''

/ L H.itorian
G. Jahrt ir, r. M.D. * *$',',, '","f* ,,,'" "-
Vice-Chairman Governnent Affairs Ccunittee
Liason, Nuclear Regulatory Ccmnission Board of Reseais

s. wa.am Ane M D.
| Oklahnma tns 06lahoma

E Dsure Melvin H. F#evadlech. M D.
Seiferdle. Asem Jersey

cc: Ralph Robir. son, M.D. '*'"' U,l" 'M m
E 9 ri cr Hilts, M.D.l

.. m e.,, ..Ft cert Mcnkin, M.D. = ra*'
Carol Lively marm d Mne,. M D.

liichael Payne ' ' ' " * " " ' ' " " "

Denne D. Past.a. M D-
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REQUEST FOR 'AIE USE OF 99trfTc-PERIECHNETATE.
-

' '

FOR DAQUOCYSIOGRAPHY
,

I.i General Information

A. Introductory r==mts
.

. This d~,mt represents a request for use of 99t@c-Pertsdistate
as a diagnostic radiopha-atical drug product in patients for''

gertain specific indications and presents specific dosage recan-
mandations for each of these indications.

.
This request applies to all marketed sources of 99trfrc-Peri.alistate '

! that have an approved New Drug Application for other diagnostic
purposes, e.g.: brain scan, blood flow studies, etc.

, Evidence &x:tanenting the SAFETY of 99t@c-Pertechnetate in the per-
formance of diagnostic tests known as Nuclear Dacryocystography in-'

; cludes:
,

1. The inclusion of this agent in the list of "well
established use list" for radiopharmaceuticals
. (21 CFR Section 310.503) for more invasive use by.' the intravenous route for brain and other organ
scannings.

,

.

2. The fact that this agent has been widely used in
*

patients in all age groqps for well over ten years,

.

without apparent safety problems.
1

3. No adverse reaction to any patient (adult or child)
has been doctanented in the scientific literature or
to the Adverse Reactions Registry of the Society of
Nuclear Medicine.

. 4. Review of adequately controlled studies in scientific.
i literature indicates not only absence of any adverse

effect,-but superiority over other nonwux: lear medicine'-

i- procedures-

. ,

5. Radiation dosimetry' estimation and calculation have
shown that the ab w had radiation doses are within the
accwpi.ed and conventional limits for diagnostic
radiologic and nuclear medicine prvcedures. (See

; Appendix).

- the evidence of EFFECTIVENESS of 99 ce@.rteciwetate for nuclear'
t.

dacryocysE g-Ay in patients of all ages is dev _mted by:,

:
'

1. The fact that this agent has been widely employed
in patients of all ages with tearing problem (epiphora).*

! There is virtually unanimous clinical acceptance of the
! diagnostic efficacy of the imaging procedures performed

with 99t@cPertechnetate.

.(1)
.
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2. Review of the' major scientific literature sub-
stantiating through adequately controlled clinical

~ tudies that the nuclear-dacryocystography is not- s
only effective, but superior to other diagnostic-

' ' modalities for the prcpwl indications.
j
.

The proposed DOSAGE RANGE for 99afic-Pertechnetate is based on:

1. . The scientific literature which specifically addresses -

the problem of the dose range to the critical organ,
.i.e.: the lens.

2. The review of the major scientific literature in-.

dicating that.99nfrc-Pertechnetate when employed
for these indications at doses within the ranges
to be pr W _ is safe and effective.

3. Retrospective clinical studies indicating that
images of satisfactory quality and statistical
ccuposition were obtainable in reasonable imaging

_

times when doses within this range were enployed.

B. Name of Drug

1. Generic Technetiun 99aficTartectretate

2. Trade: Pertechnetate Sodium Tc-99m and others

3. Chanical: Na 99afrc04 (Technetiun 99m Sodiun
Pertechnetate)

C. Pharmacologic Category

Diagnostic Radiopbamamutical Drug Product.

D. Proposed Indications

1. Nasolacrimal System Imaging

2. Functional Imaging of Tear Production and Drainage
,

E. M-= Form and Route of A&ninistration
_

. Sterile solution of sodiun-.pertsdistate administered as eye drop.

F. - Related Drugs

None -

II. Manufacturing Controls

This information is available in the approved New Drug Applications for
currently marketed productes. There are no known problems related to
manufacturing which would preclude their use as eye drop. ;

(2) .
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III. _ Phamnoology _
,

~ A. ' General Considerations
'

liowing an adninistration of 99nfrc-pauduetate as eye drop, the
agent mixes with tears within the conjunctival space. Within seconds
to minutes it leaves the conjunctival space and through the naso-
lacrimal drainage system it escapes into the inferior meatus of the
nose. During this process the agent passes through the canaliculi,
the lacrimal sac and the nasolacrimal duct. In the event of any
pathological or functional blockage of the drainage system there will
be a back flow resulting in tearing (epiphora), thereby the agent will
escape from the conjunctival space by natural tearing process.

Wtile the major part of the agent escapes within a few minutes by normal
drainage and. tearing, it has been docmented that there is see degree
of transconjunctival abm y tion with a fractional turnover rate of
0.015/ minute in nomal individuals, 0.021/ minute in patients without
any sac and 0.027/ minute in patients with inflamed conjunctivia due !
to chronic. dacryocystitis. ' Neglecting the relatively small trans- ;
corneal route of disappearance,' the values found for technetim dis ~
appearance could be regarded as representative for transecajunctival ;

' transport. The assunption was confirmed by correlating the activity in
the blood with the fractional turnover rate. Nonetheless,'the total
==v4== possible =M*=1 agent will remain below one thousandth of
that used in other routine diagnostic precedure, e.g.: brain scanning.

As the study takes only a few minutes to be empleted, at.tha termi-
nation of the study blowing the nose and washing the eyes uth tap
water has been found to clear 95% of the renaining radioactivity.

B. Radiation Dosimetry

calmilation of the radiation dose to lens for 99nfrc-Pertechnetate
in dacryocystography has been developed in se e detail. The results
indicate that the absorbed dose to the germinal epithellun of the
lens is 2.2 X 10-5 to 1.4 X 10-4 rad / Ci (5.9 X 10-12 to 3.8 X 10-11
Gy/Bq) of the agenti under normal physiological conditions. With
blockage of the lacrimal drainage apparatus, the dose to the lens
could increase to 4 X 10-3 rad / Ci (1 X 10 -9 Gy/Bq) . . The detail . i

method of calen1= tion can be seen in the Appendix. !
1

IV. Clinical Background !.

Technetiun 99ntrc-Peri.echistate has been widely employed for a ntuber of .

years for brain, salivary gland,-thyroid gland and other organ imaging.
In addition to these indications,dhe safety and effectiveness of this agent
-has also been well demonstrated by its widespread utilization in clinical
use for the diagnostic test of nuclear dacryocystography.

The following is a stunary of selected literature reports doctnenting
the safety and effectiveness of 99ntredertechnetate as a diagnostic-
agent for radionuclide dacryocystography. These reports were selected
since they provide the most %Jerisive data and represent the most
con 1plete and best controlled studies fra those available in the
literature, Copies of these selected literature reports and additional
listings of other published literature are provided in Appendix.

(3)
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1. Carlton, W.H., Trueblood, J.H., Rossmondo, R.M. : Clinical
evaluation of Microscintigraphy of the Iacrimal Drainage
Apparatus. J. Nucl. Med. 14: 89-92, 1973.'

' Lacrimal drainage was studied by sequential imaging (" micro-
'

scintigraphy") of the orbit after 99nfre was placed in the eyes
of 62 patients. Specific criteria of normal drainage were dev-
eloped fra observations in 28 individuals. Thirty-four
epiphoric patients in several categories of lacrimal drainage
synptomology were studied. This technique of microscintigraphy
of the lacrimal amaratus was shown to be a valuable diagnostic
tool.

.

The ganma cmera is a widely used diagnostic tool found in more
than 1,000 hospitals in the United States. Technetitm 99m is
a relatively low e se radioisotope and is extensively used. The
developnent of the micropinhole collimator extends these tools
for the use of the ophthalmologist. Microscintigraphy of the
lacrimal drainage systs is inexpensive, safe, and easy for a
nuclear medicine department to perform without patient dis-
omfort. Knowledge of the type of obstruction and location will
help in the selection of the best mode of medical or surgical
therapy. Microscintigraphy is valuable in assessing the
results. Microscintigraphy is the technique of choice to evaluate
the dynamics of nomal lacrimal drainage. With this technique
there is no sampling frm the cul de sac and no instrunentation of
the patient's canaliculi, thus essentially preserving the normal
physiological state.

2. Chadhuri, T.D., Saparoff, G.R., Dolan, K.D., Chadhuri, T.K.:
A Cmparitave Study of Contrast Dacryocystogram and Nuclear
Dacryocystogram. J. Nucl. Med. 16: 605-608, 1975.

A cmparative study was run between conventional radiographic
contrast dacryocystogram and radioisotope scan of the lacrimal
drainage apparatus (henceforth called " nuclear dacryocystogram").
A total of 20 oontrast dacryocystograms (DCG), 22 irrigations,
and 42 nuclear dacryocystograms (DCG) were performed in 21
patients having synptms of obstruction in the lacrirral
drainage systs. The study revealed that there was a good
correlation between these two diagnostic techniques and nuclear
DCG was, perhaps, superior to contrast DCG.*

It has been concluded in this report that the nuclear DCG is
superior to contrast DCG both in safety and efficacy because
a) it is an atraumatic procedure since no catheterization of
the duct is executed, b) it provides better diagnosis of fun-
ctional and anatcmic block, and c) it delivers far les radiation
dose to the lens and anterior chamber (4--6 millirads empared to
200-300 milirads delivered frm A-P skull X-ray).

3. Saparoff, C.R , Chadhuri, T.K., Chadhuri, T.D.,'Dolan, K.D.,
Christie, J.H.: Nuclear Lacrimal Scan vs Dacryocystography.
Tr. Am. Acad. Ophth. & Oto. 81: 566-574, 1976.

(4)



The lacrimal drainage systes of 78 eyes were studied by tech-
netim scanning at the University of Iowa and, of these, 25
were also subjected to conventional contrast dacryocystography.-

- 26 eyes were asynytmatic for epiphora and normal scans were-

' recorded on all of them. All of the remaining 52 synytmatic'

eyes had an abnormal lacrimal scan with either a presac or a
postsac bluW. In general, there was good correlation with
dacryocystography, with the exception of three cases of functional

- block which had a mmal dacryocystogram. Techneti m scanning '

should serve as a valuable tool-for diagnosing and localizing
lacrimal obstruction.

No adverse effect was noted in these studies. Efficacy over,

the other diagnostic modalities have been well documented.

4. Chaudhuri, T.K : Nuclear Dacryocystography. Appl. Radiol. 4:
127-129, 1975

Nuclear DCG has a good correlation with the conventional contrast
DCG. . 'Ihe former is perhaps superior to the latter because of its
several advantages: no trama to the patient since no catheter-
ization of the duct is executed; low radiation dose to the lens

(4-6 mrad); and better diagnosis of functional and anatmic
block. Nuclear DCG seems to be a reliable and accurate routine
screening procedure to evaluate suspected lacrimal block. '

No adverse effect was reported.

5. Chadhuri, T.D.: Technical Aspects of Nuclear Dacryocyst g aphy. .

Appl. Rad. 4: 184-187,'1975.

Realizing the widespread use of this diagnostic modality (Nuclear
DCG) the author addressed the technical aspects in details with t

the following senary. "A satisfactory nuclear DCG requires the
best possible magnification and resolution of different parts
of IIA. For best magnification, the subject's eye must be ,

positioned as close to the pinhole as possible. The best res-
olution is achieved by using the smallest possible pinhole.
Inprovising the use of an already existing pinhole collimator
provides satisfactory magnification and resolution of IIA at
econmical cost,"

6. ChadhurifT,K : Clinical Evaluation of Nuclear Dacryocystography.
J. C,1_ingNulc.Med 1:. 83-89,1976.

Using 99ntrc-sodim pertechnetaterthe radionuclide dacryocystogram
(DCG) was anployed to help detect obstruction in the lacrimal
drainage apparatusJ A total of 100 nuclear DCG's were performed
in 50. patients who were being studied because of epiphora (tearing).
The nuclear DCG was ocupared to the conventional roentgenographic
DCG or an irrigation study in each of these patients. The find-
ings in this report indicate that nuclear DCG is a reliable and

,

dependable method to diagnose and visualize obstruction in the
lacrimal drainage apparatus.

(5)
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A caparison was made between the contrast DCG (using X-ray)
and the Nuclear DCG (using 99n@c-Pertechnetate) as follows:

'
-

:- Contrast DCG Nuclear DCG' - ' '

l. Traunatic 1. Atraunatic
2. Nonghysiologic test 2. Physiologic test
3. ' Detects anatmical 3. . May detect anatmical site+ ' site of block t>f block
4. High radiation dose 4. Couparatively low radiation

to the lens dose to the lens
5. . Not =.Tlir=ble in 5. Applicable in inmediate

i=nadiate postoperative postoperative period
period-,

.7. Chaudhuri, T.K.: ~ A Versatile Way of Instilling 99n@c-Pertech-
notate' for Nuclear Dacryocystography. * J. Nucl. Biol. Med. 20:
84, 1976..

A micropipette systen has been described with which one can
get a broad spectrun of dose range to be adninistered as '

eye drops.

8. | Blankana, L.J., ScNeitzer, N.M.J., Beekhuis, H., Piers, D.A. :
Testing of Lacrimal Drainage With the Aid of a Genna-Ray
Bsnitting Radiopbamar=3tical (99nec04) . Docun. Ophth. 42,2:
~381-384, 1977.

99nec04 is an excellent and harmless indicator in tests of
the lacrimal, drainage systen. The detection instrunent
resolves the canaHr uli, the valves in the lacrimal sac, and
the anatmical results of a decryocystorhinostmy. The

' pictures are more easily read and are obtained under more
physiological conditions than those obtained with the ordinary
X-rays, where a radio opaque solution is injected into the
lacrimal sac. The latter method also causes more annoyance
to the patient. The velocity with t ich the radioactive substance
passes into the sac and fran there into the nose appears to
be a useable criterion to discern functional deficiencies.

No adverse reaction has been r w i.d.
9.- Baron, J., Hyams, S.W., Schwartz,-V.: Application of Nuclear

, Medicine in Ophthalmology. Docan. Ophth. 43,1: 151-154, 1977

. Diagnostic techniques using radioactive isotopes can be used
for the investigation of cerebral, orbital,-and intr e lme
tunors and for the dynanic study of tear flow. The value of
such techniques in the study of obstruction of the nasolacrymal
system (particularly partial and functional obstructions) has
been established and the possibility of using Tc99m clearance
fo the investigation of dry eyes is being investigated.

'10 Amanat, L.A.f raight,* E P.,41stson, P.G.f41awkins,-T.D.:W,

Role of Lacrimal Scintigraphy and Subtraction Macrodacryo-
cystegr=;hy in the Managenent of Epiphora. Br. J., g th. 63:
511-519,-1979.

(6)
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Fifty-one patients wers investigated by cubtraction macrodacryo-
cystography (SMDCG,103 systms) and by lacrimal scintigraphy
(LS,105 systes) . It was found that these investigatiors-

cmp 1mented each other and between then the precise site of-

' obstruction in the lacrimal drainage apparatus could be deter-'

mined in 801. The radiation dosage to the lens in mDCG is sig-
nificant, and it is therefore r-nded that the patients with
lacrimal obstruction should: a) have lacrimal puncta dilated
with a probe to No.1 diameter and be forcibly syringed; b)
have lacrimal scintigral y performed; c) if the site of thet
obstruction is still uncertain, then and only then should N
fMDCG be performed.

.

No adverse reaction was reported. The radiation dose to the
lens in lacrimal scintigraphy depends to some extent on the
degree of retention of tracer in the conjunctival sac. It is
usually only a few millirads and does not exceed 20 millirads
even in severe obstruction. In contrast the radiation in the
area of the lens using the standard techniques of SMDCG, in which
the tube distance is very short, is about 2 rads; 200 rads to the
lens can produce cataractous changes. Because of this and of
the ability of lacrimal scintigraphy to detect the majority of
the obstruction, we would rem.end that after syringing the,

tear duct lacrimal scintigraphy is performed. If doubt still
remains as to the site of the obstruction, then and only then
should macrodacryocystography be performed.

11. Sorensen, T., Jensen, F.T.: Lacrimal Pathology Evaluated by
Dynamic Iacrimal Scintigraphy. Acta Ophth. 58: 597-607, 1980.

This study of pathological lacrimal systens dmonstrated the
usefulness and sensitivity of dynamic lacrimal scintigraphy
(dynamic use of ccmputer assisted ganma camera). The method
was very sensitive; even small lacrimal obstructions caused a
distinct change of the outflow curves. This technique emple-
ments other tests in lacrimal assessment especially in patients
with epiphora and non.al conventional tests.

No adverse reaction was reported.

V. Iabelling Review

It is reccmmended that Technetitm 99afic-Pertechnetate be authorised for
use to image the nasolacrimal drainage systan.

A. Dosage and Administration

For Nuclear Dacryocystography the 99ntrc-Pertechnetate is adninistered
as eye drop. The suggested dose range is 100-250 uCi in one drop. .

for each eye for patlents of all ages.

B.. Radiation Dosimetry

When used as an eye drop the results indicate that the absorged
dose to the germinal epithelium of lens is 2.2 X 10-5 rad /uci under
physiological conditions. With blockage at the lacrimal drainage

(7)
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appar:tus, the dose to the 1 ns could be increased to 4 X 10-3 rad /uci.
(See Appendix for details) . Washing of eyes at the temination of
study will reduce the radiation dose further.-

VI.' Overall'evaulation and conclusions

The information presented in this request is sutraitted to docment
the safety and effectiveness of Technetim 99nEc--Pertechnetate when used
for the indication of nasolacrimal drainage systs imaging (dacryocysto-
graphy). The evidence presented includes: 1) the fact that this U.S.
Phamavia radiophamaceutical drug product is included in the list
of "well established" radiopharmaceuticals (21 GR 310.503) for brain
imaging, salivary gland imaging, placental localization and blood pool
imaging; 2) the fact that this radiopharmaceutical drug product has
been widely anployed in patients with ophthalmologic disorders with
tearing probl e (epiphora) for well over ten years with general recog-
nition in the medical ccrnmunity that it is safe and effective; 3) a
detailed review of the adequately-controlled studies published in the
scientific literature concerning the safety and effectiveness of this
diagnostic procedure; and 4) radiation dosimetry studies which indicate
that at the doses r-nded, 99afic-Pertechnetate is a satisfactory
imaging agent for proposed indications.

It is opined that the evidence presented in this riquest clearly documents
the safety and effectiveness of Technetim 99nec-Pertechnetate for the
use of dacryocystography. The conditions for its use are adequately
described.

. .

e

I

(8)
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CLINI' CAL EDALUATION OF MICROSCINTIGRAPHY '4:

'

+as CF THE LACRIMAL DRAINAGE APPARATUS4.nJ .

'* .d.
W;lliam H. Cerito .1:n H. Truebloed. cnd Reger M. Rossomondo

., g.g
j.fc.!!c.:! CoHe:e of Georgia. Augnna. Georgia

.c..n -

~\
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t ,z recording system are presented. After adminis:rs. fu;ure pub!ication more exten>ive ds:s usin; com.
8 tien the radionethe material is seen :o .pread rap- pu:er.assi.ted imaging and digital analysis will be

idly eser the eye. ce!!eeting in the ps!p;bral tis.ure presented., .

4. :.
t Fi;. I A). The nest frame depicts the radiesethe

e%' ms:eri;.1 fir : entering the Iserims! sse The time of **M 4 5"f 8

, t. emry h;e :Se se i ene parameter w" ch S.; been The a' orm..! p;.tients stud:ed were individus.

*j c::0,en in an eate .tpt :o ;;;.n:i:y !;.er ..! drs:nage w! : s h. :.y of eMnie:.!!y igr.de:.a: ep:pher Th:
' . . d;.n.imie . the nes: f r. me hou r.:J.e:.e:h e ms. gr..;p of 32 ;Nerie presente.: u;:S a hh:or) c.e

.p ~1 tesi.d reaching the bo::Om ef the nase:.ierimst dae: 5.;nmal drainage sppsrstu >>m;:Omatology an.
jj and serse as the Second point of refereree for mess. u ere arb!:rarily dhided into three es:epories: srpar.
. , - using transit time. The 1s t frame verities ans:0mie er: ob true:!0n. injury, and fane:ioning and nor..

definition and elearly illu>trates the !Onger inferier fune:ioning po t.&eryocy>terhine*tomies.

Q and shorter >uperier ennaliculi. The ph' ielegic c!:sr Apparent obstructions. Figure shows a study ef
S . * pace presiou>ly reported by Ro>somo-Jo. et si m a 29. year.old white female with a several week his.

h"g h clear.y >een between the vertes of :he esnsliculi tory of in:ermi: tent epiphora a ceiated with tender.,

and the lacrimal sae. The straight na ofaerimal duet ne s and >uelling in the ares of the right lacrim:.
' N, is siso seen in detail. The increased Jen ity of the fons. This serie< of scintiphotos demonstrates :r

.

la>t frame re>ults from s Jats collection time of 40 apparent eb>: rue:ien in the sres of the vshe c:
p' 7: see rather than the :. nee esposure times used in the Krsuse. The transit time to the sse is 12 see. Th.

J tirst three frames. nasolscrimal duct transit time is approximately If-r

.' M From the>e initist studies of normal >ubjects the min which is considerably lenger than the normt.
t
h~ median transit time from administration of the radio. medisn.

) i setive material until the material renehed the lacrims! Fi;ure 3 shows a study of a 60. year old blad
t id sse was determined to be o see with a range frem 4 female with a 3. month history of ssgue left eye pai:

to 43 sec. With the present technique it was not and intermi: tent epiphors. A filling defcet in th:
j pessible to measure a time of less than 4 sec. The midpor:icn of the nasolserims! duct is obvious. Th.y

j? median transit time to the bottom of the nasolscrimal sa: transit time is 14 see and the duct transit tim.
i dact was 43 see with a rance of 4 to 3:3 sec. In a
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A COMPARATIVE STUDY OF

CONTRAST DACRYOCYSTOGRAM
.

AND NUCLEAR DACRYOCYSTOGRAM

,
Topen K. Choudhuri, Gerald R. Soporo% Kenneth D. Dolan, anci Tuhin K. Choudhuri.

Eastern Virginia Sfedical School and V.A. Hospital, Hampton, l'irginia
...

*

~

and University of Iowa Hospital, Iowa City, Iowan

A comparatice study seas run bersceen conven- g ;. - r*"
tional radiographic contrast dacryocystogram , 'y
and radioisotope scan of the lacrimal drainage j
opperatus (henceforth called " nuclear dacryo.

',
eystogram"). A total of 20 contrast decryocysto-
grams (DCC), 22 Irrigations, and 42 nuclear ' , ,

. :.
decryocystograms (DCG) were performed in 21 .c ?

,'pottents having symptoms of obstruction in the ng ..

B N il V. 4lacrimal drainage system. The study revealed
.

' '

? ".W.7.''l ,f. Y 'h..
.- -

that there was a good enrrelation betstren these . :.\
- b $' ' . .i ? .1k) /' ''two diagnostic techniques and nuclear DCC seas, '

%Li ~. % $ . ,j f
*

perhaps, superior to contrast DCG. ~ * *
:

Ei%=i. . k H ki\ _.
.

The conventional radiographic procedure called F IG L **;6*a '' Pa"*a' '* m'* d"'""*r"* n (^8
#***'"*" '''''"#*'"**dacryocystography (1) is at present the technique

of choice for evaluating obstruction in the Iscrimal
drainage apparatus. The purpose of this paper is to facts in the scintiscan. The ce!!imator used i- this
present a comparative study of contrast dacryocys' study was a 0.04-in. diam pinhele. This heb i . ge:-
togram (DCG) and a recen:!y introduced radioiso- ting higher magnification and resolution of :he dif-
tope or nuclear dacryocysiog-am (DCG) in order to ferent parts of the lacrimal drainage spie n su:h as
assess the diagnostic accuracy of the latter procedure. the canaticuli, the sac, and the nasolacr. mal duct.

bfATERIALS AND Ment 0DS Patients were properly positioned so that their eyes
were at the level of the pinhole. The distance be-*

A total of 21 patients having symptoms of block. tween the pinhole and the patient's eye va-ied be-
age in the lacrimal drainage apparatus were studied tween 0.5 to 3 in, depending on whether or no: one
using both contrast and nuclear DCGs. All pa;ients or both eyes were scanned. Following ins:illatien of
had nuclear studies bilaterally, a majority of them the radioisotope in the conjunctival sac, the patients'
had had unilateral contrast studies with a few having eyes were scanned sequentially at O. 5.10, and 15
bilateral contrast studies, and a small group had n min after instillation. Both Polaroid and conven-
contrast studies but had irrigation tests instead. Thus,

tional x. ray films were exposed. At the end of the
a total of 20 contrast DCGs and 42 nuclear DCGs

study, both contrast and nuclear studies were read
were performed in this group of patients.

independently by different phpicians, unbiased byAbout 200 Cl of '**Tc pertechnetate in 0.01-
the other study.

0.05 ml sterile normal saline vehicle was used as an
eye drop for each eye and the patient was immedi-
ately positioned upright in front of a scintillation Received Dec. 17, 1974: revision secepted Jai 10.19*4.

camera face (Fig.1). Care was taken not to spill . For reprints contact: Tapan K. Chsudhuri. .%: lear Medi.
cine. Eastern %retnis afedical School and V.A. Center,

technetium outside the eye because of resulting arti- Harnpton. Va. 23667.

Reprinted from the JOURNA!. OF NUCI. EAR MEDICINE,
July,1975, Volume 16, Number 7, Pages 605 608..
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i. REsULTs

FN54 N.7 -i y Twelve studies demonstrated obstructicn in the
k;,@;p'g$ d f.C a%i[ lacrimal drainage system in both contrast DCG and.

. .- w@ - nuclear DCG. Seven had unilateral obstruction; five
immemore Stran Oma had bilateral obstruction. Five patients underwent

dacryocystorhinostomy (DCR) and a postoperative
scan was also obtained in thit group of patients,

.h;[.5*I*.'# U.Y.Y...*s*;.D'.* #*~)."'Y.[,*; 5tudles on three of them demonstrated patency of
*

u., .e
ev at u a..

dacryocystorhinostomy while in two other patients,
postoperative DCG still revea!ed "no flow"indicat;ng

-- an unsuccessful operation which fitted well with the
results of the fluorescein dye test. Two studies were

g p.nyr- ".* O normsl in contrast DCG and irrigation but abnormal
7 in nuclear DCG (functional block). Two studies

D .
. .M[ i'

* ,, demonstrated anatomic discontinuity of canaliculus..,

- - ' *
L, * rat' b. . We willi. . strate studies of one patient from each

Ik ;[,
"T " .

,{$ group. Figure 2 represents a case with normal nu-@' '' ) clear DCG on left eye. Figure 3A, B, and C shows,

i obstruction on the right eve demonstrated in both-

') studies. Figure 4A and B depicts bilateral obstruction
''* '

.
.

I. - ' :'t ' demonstrated in both contrast and isotope studies.I.'' Q.Y ,)- Figure 5 is the study of a patient with functional

*

# *

..
.A - " ' " *

. block, i.e., normal contrast DCG but abnormal nu-
*

clear DCG on the left eye. Figure 6A represents the
preoperative contrast study showing obstruction on
the right eye distal to the sac. Fiau e 6B depicts the

L-R nuc! car studies demonstrating ''no flow" preopera-
* 2, , . %- tively and retum of flow postoperatively indicating, , , ,

uh '. . p successful surgery. Figure 7 represents the postopera-
-

iQ",sj.. d cg' tive sean of a patient who had DCR on the right,.
' '

a eye. The scan demonstrates "no flow" on the right
FIO. 3. p eye indicating unsuccessful surgery. THs patient con-

.> .. ,,s u .i c.c,..e o co .h ia, e n..,n,...

th.,i.....i .,. tinued to hase epiphera postoperatively and a fluores-,. s . .e e. s a.e. e .... ec.,.. e . ,,.. . .;c. . ..a.

.

e ..e e,. ei.., i;n ..,s al m Nn' ., o co ....i. = a*- .a

,'."cY'.,# ''*/.7;.',*! * '* " "'"' "*'' "'**' ''*"" ** '*" cein die test also discicsed failure of surgery indi-
caring good correlation with the isotope study. Fig-..

ute 8 represents the scan of a patient who had com-
r M" * ' "'' ' ~ plete transection of the right lower canalieutus due

*~r

hN
h[W

-'T to faceration resulting from a dog bite. Note the
~ L '.- ragged distribution of activity along the right lower

*

! -@ . ~~

0 g.A' h. ; ;( * ,* canaliculus while the right upper canaliculus and the
.% left upper and lower canaticuli have a smooth outlineIb.. V.1 .. '

of activity.
'

'

Discussion.

;,, - *.
. The procedure commonly employed at present to* '

diagnose blockage in the lacrimal drainage apparatus'e. ,.

a .92 l is radiographic contrast dacryocystography (DCG)
(1). The major disadvantage of this technique, how-

@. @
ever,is that the study requires catheterization of the
canaliculi thus traumatizing the patient..

Afore recently a radioisotopic method has been'

, ,, g, introduced (2). To date. however, there is no detail

FIG. 4. tai c... . oco e;ui.... a. r .e av. m;.i.i t.,,...)
report in the literature of a comparative study be.

i. 6a.e...n . m 4 ae.,'., ani.., oco .i.. e.....e . .. a. ... tween these two techniques to determine how theyv
u.. y s;. .. m a.. .u . compare in diagnostic accuracy. W.e have made ar

.
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F ,M ,,/. '. '' 7
Q~T 'p q-

. comparative study of these two diagnostic tests and
'W e .' Mf . . y o concluded that the isotope technique is superior to*' '

Gu vN x ray DCG.2 .;
$,st.Q, h- We would like to propose a nomenclature for the[. $,d ' '' y' /'t

h' 4& ..,%.4:? m r radioisotope procedure " nuclear dacryoc. ster-a-f' '? g ,t > N ' T' . @.M' O. ;[t phy" to conform with the style of namin; other nu.O L
8

[dd'I j,4 j / t ).. diegraphy, nuclear venography, nuclear angiography.
7 * '' ( M ' i.1 - clear medicine procedures such as riuclear angiocar-

h%,k . ' "'/
-

E, , .

# etc., g ,

We used a conventional Searle Radiographics p,n-i
* hole collimator with our specially designed and as-

,

sembled (.f) insert having an aperture diameter of- -

'

g , , 0.04 in. This way, one gets higher ma;nification and .

00,

- resoietion of eitrerent Paris of the iacrimai erainase
g system, namely the canaliculi, sac. and the naso-V

lacrimal ducts.
a 5 min 10 min It is dimcult to determine the T.a of tear drainage

because it varies so much from one patient to an-
FI G. 5. 4) c..ee..e oco (............i., .. iv. .i... other because of emotional factors, irritation to the

. . . .. . . , a.. .e e,. (. ... .. i.ei uni.., oco
6... ces . . i.o .,. mi.e. e. in. Iwe..

y.. ::: eye. and the pre-existing conjuctivitis, etc. However,
... ,. ,. .i e,. ;..

..- ,y .,.i whatever the variables are, one should visuahre ac-
'

tivity in the nose within 8-10 min. More than 13 min
indicates delayed drainage or blockage. We con-

' =.:, cluded this from our experience with 21 patients.-- --
r

. . . , . . ; - , . - We observed a good correlation between these two

(W '' ,, ' M, r ' Q,',Q (
..@4, - 4fi . Q4 techniques in a!! studies. In none of these cases did
''

we observe abnormal contrast DCG but normal nu-- -

- M
, e" - .r clear DCG. In two studies there was a discrepancy,.

A Ma s JP' f gggg[y, norm I Contrast DCG but abnormal nuclear.

[i;[i,"Q.- ,I ' 'i *

'DCG. The reason for this discrepancy is that the*

,,. 9 - '
'

- co :trast DCG is performed under muual injection
s- pressure while nuclear DCG is a physW;ic study

mimicking the normal state of tear drainage. With
contrast DCG. normal and extreme pathologic eb.

'

struction can be demonstrated. In functiona! block.
however, such as in abnormal " lacrimal pump' or. ,g

,
'

,

pa-tla! stenosis of the nasolacrimal duct where the.4 ;. s
,

system irrigates freely but does not permit free pas-'
,

P- - sage of tears under normal circumstances, the nuclear

5 10' 5' 10' DCG w uld be abnormal whereas the contrast DCG
.

s PRE OP POST OP * ". Mal nee t e la"er is Pehmed SM*
catheterization and under manual injection pressure.

FIG. 6. un e,.... 4.. ....,n oc o .n i., .., . vi..
Thus, contrast DCG which employs direct catheter-

i.e i.- , e. s ac. .. ,,ee . ,. . t. e .,. .i. . n. ,,. ,... . Ization of the canaliculi and injection under pressure
.e .. .,n.i.. .. . .... 4,,4, ci.. en e.
...e..u... >ac. .une....istu.o ,oco. ,,.. could create a false passage or open up phssiclob-ic.....p....,., .

ei u ... .... c. .ni...#.: ei... or anatomic blocks, thus erroneously imp!%ng nor.
.

O e
FIG. 7. p ne.oca .....i., u.. .e ...i.., e.i.. is .i. FIG.a. .. i.,.wi. coco

.n . ....u . ue.i . ,ci

.. e v...e.
p...... . ne n.e .,. .... pic. ...n, . .e ,apie ., ..s ... .e ,ci....n. n.4 ...... . . . ..n.. , e . e., ... .

ene.p......cr.tt.n er. . . ..,.. a .I
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mality. Nuclear DCG should obviate both these prob- cuted, (s) it provides better diagnosis of functional
lems. and anatomic block, and (C) it delivers smaller radi-

.The absorbed radiation dose to the lens in nuclear ation dose to the lens and anterior chamber.
DCG would range from 4-6 mrads compared with In conclusion, nuclear DCG should be a routine
200-300 mrads delivered from an anteroposterior * screening procedure to evaluate suspec:ed lacrimal
skull x ray.

, block preoperatively. A postoperative nuclear DCG
Nuclear DCG would also help the ophthalmologist would also be a valuable toolin assessing the success

decide whether or not dacryocystorhinostomy (DCR) of DCR.
should be performed in a patient with a suspected
lacrimal block. Thus, DCR is indicated if nuclear ACKNOWLEDGMENT
DCG shows evidence of obstruction, if the system

~

The authors wish to thank Paula S. Fyne and Darlene
does not irrigate, and if the patient remains sympto- Marshall for typing the manuscript. Thanks are also due to
matic. Larry C. Gaskins and I. W. Reeves for their belp with the

A temporary b' lock of the system by mucus plug, photography. ,
concretion, or other debris or a block due to anoma-

lous valve of Krause or valve of Taillefer in the naso- REFERENCES

lacrimal duct would ge undetected by either irriga- 1. Pstrit TH. Coin CG: Dacryocystorraphy. Audiol-

tion or contrast DCG. These types of anatomic block, Clia No"A Am 10: 129-142.1972
however, can often be detected by nuclear DCG.

Clu. . Canttow WH. TautaLooo JH. Rossowosco RM:
2

We, therefore, think nuclear DCG is superior to ncal evaluation of microscintigraphy of the lacrimal
drainare apparatus. / Nect Med 14: 89-92. 1973

contrast DCG because (A) it Is an atraumatic pro * J. CMauoosus Ts(: Technical aspects of nuclear decryo.
cedure since no catheterization of the duct is exe- cystography. Unput,.ded.

.

4

.

.

.
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TAPAN K. CHAUDHURI Nuclear physicians are at present frequently called upon by
ophthalmologists and plastic surgeons to diagnese and define
the site of obstruction in the lacrimal drainage a;:sa*atus 'LDM.
Thus the scintiscanning of LDA (nuclear dacry oc.stographp is
becoming more popular as a simpfe and teilamie diagnostic
toolfor the diagnosis of blockage in LDA.$cintiscans of several
varieties of blocks are illustrated to demonstra:e the useful-
ness of this nuclear medicine procedure.

.

|
NUCLEAM OACRYOCYSTOGRAM. '

@@@@@.

s s. oc= e== team

ANTInton .

Iigure t; $equentist scintograms ofleft eye showing norrnaldrainage of*

radioactove rear. One can Hsualiae the sac in the ommed;ste stan.and
the prosimal duct in 5. min stan. At 10 min stan, the radioactivny is
sten en theinferior meatus of the nose.

C tf 75 by Barrongton Publocatoons, Inc. Att riqMrs resesee. Repredet.
tion In whale or port without written ottmission is strsetts pronoboted,'
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A total of 25 p tixnts with symptoms of epiphora w:re re.
f rrred by c phthalmslogists a nd pt:stic surgions to cur nuclear
medicine laboratory for performing nuclear dacryocystogra.
phy (DCC). Allpatients had nuclear studies (a totalpf 50 nucle.,

;.|, tEMN@ i.'* g . ,;d.Me"S,. tion with con entionalradiographic contrast DCC. All nuclear
, .<. g , ar DCCs) bilaterally, and a majonty had simultaneous correla...

*

. . ' ' . . kEE-$hNbi 3, DCCs were performed with "'"Tc. pertechnetate and a gam.- *

y3.E M.g ' #.kjd@ .4 !"Y!! MV.. . , ma camera usmg a 0.04-in.. diameter pinhole collimator. About
*

d. *;W ~ 'i.7M.4* Y.D4Wp,MrQ177-'A 0 '' O.the conjunctival sac after upright positioning of the patient in
*M 200,Ci of ""Tc pertechnetare in 0.01 mi eluate was instilled in

b*, .' DJ
.*!,k. 7**.D. .h.7. front of the gamma camera face to that the eyes were at the level

[[,Nah.. ,.[-,5 Nr') @; W.u;
wy-Q y 37

.k re? W';. 7." n g,.gSi of the pinhole. Sequential scintiphotos were obtained either
M.bhD

[.C g./.$v hSh *'

in Polaroids or in z. ray films. The conventional radiographic

+
- ~ 3 4; *

ih
N u *r.

, contrast DCCs were performed using standard technique.g'r- :

. g
~ ;,S

- Only a few studies revealed normal flow; the majority had
[ abnormal studies which fell into the following categories: (1)W b y.

h +$ f N h(* gyg'y3f
r . * , unilateral block; and (2) bilateral block. The most common site
.W v. of block was at the sac. duct junction. Only one typical enam.

.. .;i.hbe %s%/f M hu,'%3 '.'.' pie from each group is shown here as an illustrative case.

hsNh,: g' MM,,p*4,"'."T Tfig' 7f,4, h.- ,, h. y >vy. h>"M Figure 1 represents a normal study (05). Figure 2a demon.
u$ .

7 with the contrast DCG (Figure 2b). Figure 3a depicts the nucle.
r -p strates a block on OS (distal to the sac) which correlates we!!u

*

, #*ghg g ,.s -

. Figure 3b shows the same patient's contrast DCC, also reveal.
at DCC of a patient with bilateral block distal to the sacs..-

1 ' w,y J '
-^

ing bilateral block distal to the sac.

Discussion

One of the most common causes of epiphora (tearing) is
blockage in LD A. The presently available techniques to diag.
nose an obstraction in LDA are: (1) Irrigation; (2) fluorescein

fG/47/] U ,,%W'TVM.g dye test; (3) soosum saccharin test; and (a) dacryocystography.
"g g All of these procedures have one or more drawbacks,,,

- The idea of contrast DCC had its roots in a study by twing,'r- % - *

~ Yq . who first used a suspemion of besmuth subnitrate to demon.

T
"&) Cgs

g
~:' q .p. * ' 7i strate lacrimal abscess cavity. Milder and Demorest"later laid

% ./<f,
down the techniques and interpretation of normaland abnor.-

] @ sdu mal dacryocystograms. More recently, Pettit and Coin * made*

L. Myt9D.% g ~f a vivid resiew of this radiographic procedure for the diagnosis

[ [?),..;.T'. [ .h. ,{ I ib..f
<

8 0;j of lacrimal block. However, this study is traumatic to the pa.
. , ';, ~ a .g .- v.g .; .l , .6 tient, and pressure injection of the contrast dye mas lead to

*
. ... ., Wnvjr " " t r.pr r|. tW. aj tissue entravasation, possible iodine hypersensit.vity and non.

.'%
- * h, d functioning atonic sac. Finally, the test is not physiologic, and,? J*%

4

(%() wk, * sg - g
E the absorbed radiation dose to the lens (target organ)is high

'

#i S

(300 400 mrads per AP skull film)..

i '' t . 3 Rossomondo er af.' introduced a physiologic technique (lac..M ' f., rimal microscintigraphy) for studying LDA. Later on, Chaud.' h. { k' huri et al' ran a comparative study between conventional
;, .

y4 g. O. .,

5' '. y . , , " ' ] radiographic DCC and radioisotope DCC. They also coined
''

g..

, p . r. -
"

the term " nuclear dacryocystography."'"
,

, .. /. 3'- % f. Y.;..
.Y the success of turgery(dacryocystorhinostomy,etc.).The enact

. J This new procedure not only has the value of preoperative
. ';.* e. diagnosis of lacrimal block, but also is a useful toolin assessingr

-

g g g- ,
,

Ili definition of the site of block by scintiscan also helps the sur.

*
'

* *

3* $ S E * P.,*a . *W-, % @y>".

-..

- seoa io iele<* ihe rvae o' ivrierv <>oae, t=6e. caaal'colorhi-
f 'y;, . _ f. nostomy, dacryocystorhinostomy, etc.) to be performed in

M* 0~" * d f*

'. . $..f. N *
.A* the particular patient.

* {4
.

..f* f Temporary anatomical block of LDA', such as by mucus plug,r

...b .~ #.
. ,

. f q*.n[.,gi".w..hf [,, concretion, debris, anomalous valve of Krause or Valve of
N ". *

.' f'*1gp'. Taillefer, would be missed by contrast DCC because the pres.* + ,jf t
.

.. .- .

'a.: .aw t . .'

sure injsetion would open up such blocks; however, a nuclear
DCC would detect such abnormalities. Moreover, a function.
alor physiologic block (e g., malfunctioning of" lacrimal pump")

hgure .h al Nuc. ear DCC (both eyes) showing normal flow CD and would also go undetected by contrast DCC because this pro.
block 05 distal to the sac. 6) Contrast DCC of the same panent also cedure bypasses the " lacrimal pump."
showong block o stal to the sac (05).

35
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figure 3: al Nuclear DCC reveals b !ste. al block destalto the sac even
up to 30 min. bs Contrast DCC fA 9 and left lateral views) demonstrate
no flow of the dye dnstalto the sacs bilaterally.

.

Summary

Nuclear DCC has a good correlation with the conventional
contrast DCC. The former is perhaps superior to tFe latter
because ofits several advantages: (a) no trauria to the patient
since no catheterization of the duct is execute d,(bi tow radia.
tic,n dose to the lens (4-6 mrad); and (c) better diagnosis of
functional and anatomic block.' Nuclear DCC seems to be a
reliable and accurate routine screening procedure to evaluate
suspected lacrimal block.
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Radiation Absorbed Dose to the Lens in Dacryoscintigraphy with
, , , , , , . , , . , . ;

'gnt ang>.e.i *

| 99mTc0 -- 1start.a fter't ' ra*. *

,. 4o m.e :. .
.

O uneform t.e- 3

James $. Robertson. M.D., Ph.D. ManuelI.. Srown. M.D., and D. Michaet Colvard. M.D.8sio.s the tra o. .

. an avvage t - !
y p,,j g re,3

Calculations of the radiation dose lo the lens for "*Teoin dacryoscintigraphy are devel-

'

oped in some detail. The results indicate that the absorbed dose to the germinal epitheliumteen as ter4*n

of the lens is 2.2 X 10-8 to 1,4 X 10-4 rad / Ci (5.9 X 10-12 to 3.8 X 10-" Gy/Bq)
,

e in e"ea'*x" |

"*TcO4"' under physiological conditions. With blockage of the lacrimal d| rainage appara.
tus. the dose to the lens could increase to 8 X 10-8

._

rad /pCi(1 X 10-e cyfgq),
f P.esa rsaus: D.Agnost

c.onuclide studies. 2123L1299 * LensC rad otogy. Fa3. awl cose * Dos metry, easionoci.co e Eres Lact. mal grana and eset, re.

1 Radielegy 133047 75o. December 1979 *

s correspon:s *: .
s t36 Tlius. o.** *

'no S0 io o;* *i
MEteo3 for using "*TcO. ion in studies of the i .. . . . .; 4.. .
Iscrimal drainage apparatus was introduced by#

, 8:ssomondo et al. (1) and has been used by others (2- --.. i . . ....: . .i. . . ..
.- m *-

I In this procedure a drop of 50 to 200 pCi(1.85 to 7.4

tfb. h ,%
' ' ' ' ' * * ' * * "

W "*TcO4 is placed near the center of the cornea.
[ l'ar which lacrimal fluid flushes the tracer into the Q ,"I*T g,,...., ,,,

) Titage system. Some of the anatomical relationships '

| r".3)ved are shown in Figure 1A and the districution of 7. . '>' " % ,y .6-a

. Toactivity 1-5 minutes la:er is shown in Figure 18. It has E d .x.
,

|
i - s'

0

!911 stated that the radiatson dose to the lens for this - [/N
.

, ..r. terms
| |r*Csdure is approximately 4 mrad (0.04 mGy)if a half-life .~ . . . 7 ,.,.. .,;. f -

M
,! t'Imenute is assume:!(1) or simply (without stating the '

..

; len,mptionst as "approximately 10 milbrads"(0.1 mGyl
'

'
,

E but details of the dossmetry are not well documented. ^~4
, ,. ,d 4 ! .

* 'efollowing exposition Addresses this prcblem. g
0.gg.,g yi,ga..

' 'g * 4 Arxem ea e a:.:r'sn 2 or the secW : a Ni;e an.*,
:s r * s.:" e e *%,.., aMTCMY U.", Am SIOLOCv E f: m ; : :' e u . w .i a;. ar: ass t - m a c,,my .;

) Daeles and Erown (6) have gisen a detailed analysis of
c3 . ..si.:e e a ,.C. 3 : r. a:. ~- c:. n a c :: em mec:eno

| !P'vnodation and have teveewed data on the varrations of**lhape and position of the lens in various states of ac.
| A.traldamensions of the eye as a function of age. lf data. cach in: :.-

"r F.eference Man ire used (7), the adult human eyeball the anterior pctes of the lens and cornea varies t:etweena

I 1 a s;hercio having average sagittat. transverse and 3 and 4 mm The germ.nal area of the lens. wn:ch seems
,! ecat diameters of 24 4. 23 8. and 23 5 mm. respec. to ce the principal area involved in the production o' cat.' * - 4-

3,,,,,,,,,. : '#/. Tne to*al weight of both eyes is 15 g. The comea has aracts by ioncng racadon (6. 8). is locatec in the anterior

I e shape of a spherical segment with a surl3C# af ea of pee.ecuatorial region of the tens and in the adult f es 2-43 ,es,,n . ,

*)c n?.a radius of cutvature of 7.86 mm. And a specific rum below the surface of the eye. The lens is avascular Out
*

zi.2 g.,en e. .

uwn tons.oe .; ; p.ity of 1.076. Its thickness is acout 0.6 mm. The lens has t'een shown to nave me:abolic activity associated with
its epitheliallayer (9.101.

s a ticonvem semisolid body with a specific gravity of
The ra$ation dose from ra6cactivity introduced into they ' 09 1.121. Its weight iricreases with age from an av.

tear sy stem is strongly dependent on the turnoser rate ofn;f of 153 mg at 10-20 years to 258 mg at 80-90 years.
n

|S4 ar.teroposterior diameter of the lens increases from the lacrimal fluid. Tnis turnover rate and the eate of tear
*H secretion have been studied by several methods including

, k +mmat 20 years to 4.2 mm at 80 years. Its transversef.11 me rate of fluorescein d>e washout (11). iM Ine rate of5 2 ca:orial diameter is 9-10 mm. (The dimensions vary appearance and the concentration of descuamated cettsMrtty with visual accommodation.) The distance between
(12). and (c; the rate of csappearance of the "*TcC ~ son

L
4

' 8*tm the Nu: lear Medicine Secteon U S A . M L 8 i sad the Department et CommatmoiognD M C e. Ma.o Cl*CJomcat.on. Rocnes er. MN
*

'3 ** ''#
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.

fermly dis:ributed in a thin layer, such as the lacrimal f:. : e:|ualte
'

*

on the surface of the eye. is obtained by substitu:in;:*e I
- #g*r.*. areal concentration. A/S. for A in Equation 1 and ite- !

oachu*

Dose,
*

, '/, . . . . - __ -. - , % * grating the resulting function over the area of distribu :: - calcula-.,. *'
~L s;

} .,' = 4;
-

-- : . . . f
|sMose

'
, *

-

, dgG .- _ d, = 0.0012 ,S .s s6 7 rad / min C :f the b
*

| formly c
Three distributions of the source activity will be consi:- g :D the It

,

*
-

- ered. ..s ci-mir. .'

~~ 1)"*Tc on the corneal surface (Fig. 2). j iose rat
*

- F s 2. sooe:se contou s e e w::cs me sens for
t00 uce 13 7 ME:i *Tc uniformly es.rcutes on me 2)"*Tc in the lacrimal lake (Fig.1) and 3 X 10'
co est surrace are shown Trw curee s at me rct 36 "*Tc in the lacrimal drainage apparatus (Fig.11

i
t X 10"

me.ca:e the con eares m mesa m.n. Tne unes use Since the cornea and the sclera both have spherical sur- | Fesyn'me e e own to re's e irw resur s te e e actn.ity i ,e
use: n s'ac:ece Tne gra:at.ons en me :::.: a=is m.' faces, although wi:n dilferent radii. the integrations for tne - germinI
eca:e :re es:an:e from the correst su face in mii. firc two phases were achieved by regarding these su - g a. arrow*

meters faces as spherical segments. The !acrimal drainage ad i Dor?
paratus is far enough from the lens to be approximated as su-face l'

a disk source. I approxit |
For the spherical segments. Equation 2 was integ a:ed J radian). '

- (13b The average r:?rmal rate of tear flow is about 1.2 by taking the elements of surface area dS to be ci cles j radius o ;plimin with a furnover rate of about 16 ta / min (11). How- isodistant from the point of in:erest. The distance s. was ; in the gtj- ever. slight stimuli produce appreciable changes so that expressed in terms of the sphere radius R. the distance cf 1 whole t i
j the turnover rate may exceed 80'e/ min without being the point of interest from the center of the sphere sir.an: 7 X 10'
| noticed by the subject and may readily exceed 100' / min. the angle 'l be: ween the radius through the point of interes; near po

; <

'

| The turnover rate is decreased in certain disease states and the radius through the element of surface.Thus 1 6i q mir.
or as a ph;.siological result of advanced age (tal. 008*32. gy + n:_ m eg g

; .aratw.,

METHOD dS = 2 R sinIldIl teast 12
*

.

:istance
The radiation absctded dose is calcu!sted by first de- pgraung kuadon 2 between N Ms # = 0 and n = *

terminin; a point se.:rce dose-ra:e function. then inte- ; leads to the expression: . more frc
re cale

gra:ing his function e.e' the area cr volume of dis ribu* ion 0.0012 -t st?j ra:es r.;
of the ra : ::acer, aa: multipty9.g t,. the verdence

, ,

" ,'
,, gr l - cosi'i 5.0 i ''" Witime

:n :ne !..
where the nota:!cn s(?) indicates the distance s when

Ocse Rate Functien e:uals the upper limit ?. and s(0) indicates the distan:t
s ahen " = 0. This expression may be compared wi:h: hat

The "*Tc conversien electrons and Auger electrons for the dose rate along :ne asis of a disk source (17.1E : To o!-have maximal ranges of less than 1 mm in water and so
' "O*

were disregarded for these calculations. since the sensitive D, = 0'0012 A log,r + h
'

-
rad / min p. nree pt,

area of :he lens lies a:least 2 mm from :he surface of the r, h. . ,33 og .
f cornea (6). Doint-sou :e dose-rate da:a using values of the

where r is the rad..'s of the disk (r = R sin () and h tre :hysiolc
| , specific absorbed fra:: ion 'l' based on Table 6 of MIRD distance from Pio the center of the disk.For compens:n

~ is 6.25 r
Pamphlet No. 2 (15) and the dose-rate constant A for with the spherical segment formula. note that (r + h; = { on the c

L

2

""Tc from f.11RD Pamphlet No.10 (16) were used. Within stp l . but stol > h. For off-axis points. the use of the dise. :n the 13.
the distance range of in:erest. the absorbed dose rates are approximation permi:s use of the further simplification ths: . :he lens
very closely fitted by the following equation. which will be
used as the point source dose-rate function: ~

the isodose curves are ellipses with their foci at the encs
of the disk's diameter (17). p1 X 3

dt . point sourceb= 0.0012AlsP 8 rad / min (1)
eun g to m spMal upm sw. W m

a . . 7. e .w values of Il that cause the isodistant circles to intersect:ne -

where D is the radiation absorbed dose rate in rad / min. P boundary of tne segment, the integration using 2 R be- ;
is the point of interest. A is activity in pCi. and s is the comes inappro:riate. Instead, the circular arc 2tR was if the co
distance frcm the source to Pin mm. used. where 'l' is a solid angle derived by using :he cosis, *reased

law for spherical triangles and which expresses the at: | bree ph

Dose Rafes subtended within the segment boundary. For these cases.
. 50'_ bed +Equation 2 is not readily integrated in closed form, an: : 10 G

The dose rate at any point of interest from "*Tc uni. numerical integration was used. Incremental values of 8' . i . 's blocki
-
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wel13 0.02. 0.05. or 0.1 radian were selec:ed as needed
achiev3 three-pfa:e accuracy. " ~ " * * '" .

-e -

jDose Rates from H"'Tc onane Comes: For these ~
ilcula: ions the values A = 7.9 mm. S = 130 mm . and f'* '

s' 488 10.64 radians were used. Figure 2 shows me
-

< d.

E:( [;, *~~
- One curves for this phase superimposed on a drawing

, .'

' he horizontal se ion thro' gh the eye. For *Tc uni- /* ' s: -

\U
l *\

- *
~ rmly distribu*ec on me corneal marface, the dose rates / ~"- W 5

.,

1helens range Detween 2 X 10 5 and 5 X 10-s rad / ;- t-

' F*-

Civnin)(5 X 10-' to 14 X 10-:2 Gy/|Bq. mind. with the
,

5 ,N
1se rate 13 the germinal epithelium of the lens being about

.
.

* ':-
. ,, -

.1 X 10''' to 3.5 X 10-srad/(uCi mini (8 X 10-': to 9.5 ' 4
10-': GyllBq min]). Since bo:h me lens and the source 1*

1*

] i symm,etrical about the optic axis. the dose rate to the Fig. 3 tsocose contou s intersecting the sens fc *:3 uCi
ftrminal epithelium of the lens is uniform within fairly '3'EC' DC 'm laen na4ake are shon nm-n es amegg rigSt indicate the :cse ra:e in mra$ min. t
)

Dose Rates from "*T: in the Lacrimal Lake: The
stace of the lacrimal lake iFig.1) was assumed to se s

.proximmec by a spherical segment with ;,' = 14' (0.24 1AJEHA

.$ans, cetrespondirq to an area of 28 mm2 when the g W phy
, $us of the sclera M = 12.2 mm. As shown in Figure 3. pearance by physical decay only (half-life 6.03 !v.). :he :Lgraph3
:he germinal epi: helium of :he lens and in the lens as a masimum absorted dose to the near point of the ters from i a:ompan

, yole, these assumptions lead :o dose rates ranging from n'"Tc in the sac of the lacrimal drainage appara:us is 4.02
| amera a:

x 10-3 rad!pCi t1.09 x 10-5 Gy/Bq) "*Tc a: minis. :enfirme:X 10-5 rad /(gCi min)(19 x 10-4 Gy/lBq mind for the
ten ed.tar points to 8 X 10-e radttuCi min)(2.2 X 10-': Gy/ a;es onI>

i:tminh or less for the more d!stant points, !
n. (35.5

Dose Ratis from "'"Tc on the LacrimalCrainage Ap. CONC .USION -nrors 15
rams: As ind:ca:ed in Figure 1. these structures are a: ,,,gope.

sst 12 mm from the limbus and thus are about the same For the usual administered doses of 100-152 gCi :elevision
l'acce fr:m the nearest point of :he lens and 20 mm or 63.7-5.5 f.isq)""Tc in dacryoscintigra;hy. :hese I:al:u- A more

. :re from the distant po;nts. The ::ose rates for :his range tatiens indicate that in norma ^t subjects the rac a::en ao- me sub e.l
e ca!:ulated from Equaticn 4. t.' sing r = 5 mm. me dose Drted dose to the medial portion of the germir.a! acetr.e. inges c'8

,,3m e, n, ,,,,s is 0.014-0.021 rad (0.14-0.21 rr 3. . V..:h ins facr-es range frem 2.9 X 10-8 :c 7.7 X 10-e ra1 taci-
97.8 q 10- 3 to 21 X 10-,2 Gr 15;.m:n', f:r " Tc n.7 ,,,, ;gg . .,n, ,g. .g. g.tnge am a s. Me . pd

,
, . '*

Se lacnmal sac. ,.,3,.., . ,. e:::al ::se is C.402-C 603 rac 4 n-E * 2
, G,. Tne c0%3 a:erallens is 50 mm or mcre ' : i 9e
Im. mat sa: and receives a dese of 0.025-C.037 racAbsotDea Ocses t0 75 0 37 mG.a wi:n com;:!ete blockage. and a r e; g.: e Theq-

.0 obtain the radiation absorted dose it is ne:essary dose in normal suote:ts. 'M int 9'
*now the residence tir te i for :ne act;vity in etich of the y,.jecir

te phases. As has been indica *ed the overall turnover ;.i a , o..

t of the lacrimal fluid varies wi:hin wide limits. For a
REFERENCcS 1.000 mr

.tiologicai turnover rate of 163../ min (11). the total i 3 rota:in-
t Rossemecco Rt.t Carr.on WR Trueotood .M. e: a': a reai.25 min. Assuming that the time is divided intc 1 min. "*:ho cf esa!ua:.ngiscrimatcrama;e ArchOphthalmoi88:522.!!5. *

, ,p;ey e.,

'he corries.1 min. in the lacrimal lake, and 1.25 min. ""[,' Evalu c
En:ei *E. snees WC. erow n M

-*elaciimal system, the total dose to the near point of
.

Twe ette::s of ra::: e s:> 'ne pM t,

flensb en ::.e r.aseta:nma: spiem as e.atuates cy cacry osv.te; a:m.. Fa-
o.otog.11s:373-261. Aug 1975 :endation

3 Sa:aroff GR. Cnaschuri TK. Chauchuri T. et at N.:!w ta:- ",nc pl.,.. -
* X 3.5) + (1 X 7 0) + (4.25 X 0 77)| X 10-s teaman vs caeryoco:ogra:hr Trees Arn Aca:ophthat .:co a~ MW'

y;o st:566 574..h.i-Aug 1976= 1.4 X 10-' rad /pCi "'"Tc :i a sDe.,
4 Crauerw TK: C:enical evau: ion or nuclea =a: ye:S s:> - rom meIor 3.8 X 10-" Gy/BG "'"Tc)- 8'''"' Ci.n nuemeo ts3.naus ms

.5 Chau:nuri TK: Tecnnical asx:ts of nucie :::r :,-
t

e cens ant for the rate of lacrimal fluid turnover is in. CUICE8% ^#2' E88**"C#'8 # #'#- "*

6 Chades MW. Erown N' csnens:Ons of :ne human e.e te esas:tased t) 100's/ min. and the residence time for the $ ip,gn,.to ras.s: :n :rc:e: ton Png Me Ect 20:202-212. f.ta' 1975te chases is divided in the same proportions, the ab. 7 in:erna:4na:C mmissononRacologeaipro:ectic : Fe::t . 3,. gne u . !

=

...ed dos) is reduced to 2.2 X 10-5 rad /pCi (5.9 X s' the task g cup on reference man. ICAP Puol. No. 23. Aew YCra. .,,,,,e r. ,,:*:

' Gy/Bqt if, however, the lacrimal drainage system Pergamon Press is75 p.,$ , w

:Wed. the absorbed dose is increased. Using disap-
Manna C. 0 5 een .,E. Lens ep' hei.at ceit croi.fe a: s a .3 g t gg 1. a8-

. :;r s v
m.graten in esciaton ca::.rac:s. Rao.at Res to:1-11. May 1563 |
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