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- REQUEST FOR THE USE OF 99nI'c-PERTECHNETATE

FOR DACRYOCYSTOGRAPHY

I. General Information

.‘.

Ix'n:r:t:dv.::tx:u.'y~ Caments
This document represents a request for use of 99mIc-Pertechnetate
as a diagnostic radiopharmaceutical drug product in patients for

certain specific indications and presents specific dosage recam-
mendations for each of these indications.

This request applies to all marketed sources of 99mTc-Pertechnetate
that have an approved New Drug Application for other diagnostic
purposes, e.g.: brain scan, blood flow studies, etc.

Evidence “ocumenting the SAFETY of 99mT'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 groups for well over ten years
without apparent safety problems.

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

4. Review of adequately controlled studies in scientific
literature indicates not only absence of any adverse
effect, but superiority over other non-nuclear medicine
procedures

5. Radiation dosimetry estimation and calculation have
shown that the absorbed radiation doses are within the
accepted and conventional limits for diagnostic
radiologic and nuclear medicine procedures. (See
Appendix) .

The evidence of EFFECTIVENESS of 99mfl'c-Pertechnetate for nuclear
dacryocystography in patients of all ages is documented 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 99nI'cPertechnetate.
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Review of the major scientific literature sub-
stantiating through adequately controlled clinical
studies that the nuclear-dacryocystography is not
only effective, but superior to other diagnostic
modalities for the proposed indications.

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

1.

-

The scientific literature which specifically addresses
the prablem of the dose range to the critical organ,
i.e.: the lens.

The review of the major scientific literature in-
dicating that 99mTc-Pertechnetate when amployed
for these indications at doses within the ranges
to be proposed is safe and effective.

Retrospective clinical studies indicating that
images of satisfactory quality and statistical
camposition were obtainable in reasonable imaging
times when doses within this range were employed.

Name of Drug

2.
3.

Generic: Technetium 99nTc-Pertechnetate
Trade: Pertechnetate Sodium Tc-99m and others

Chemical: Na 99nmI'c04 (Technetium 99m Sodium
Pertechnetate)

Pharmacologic Category

Diagnostic Radiopharmaceutical Drug Product.
Proposed Indications

1.
2.

Nasolacrimal System Imaging
Functional Imaging of Tear Production and Drainage

Dosage Form and Route of Administration

Sterile solution of sodium-pertechnetate administered as eye drop.

Related Drugs

None

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.
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III1.

v.

Pharmacology
A. 'General Considerations

Following an administration of 99mTc-pertechnetate 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 fram the conjunctival space by natural tearing process.

While the major part of the agent escapes within a few minutes by normal
drainage and tearing, it has been documented that there is same degree
of transconjunctival absorption with a fractional turnover rate of
0.015/minute in normal 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 technetium dis-
appearance could be regarded as representative for transccijunctival
transport. The assumption was confirmed by correlating th: activity in
the blood with the fractional turnover rate. Nonetheless, the total
maximum possible absorbec agent will remain below one thousandth of
that used in other routine diagnostic procedure, e.g.: brain scanning.

As the study takes only a few minutes to be camwpleted, at th: temmi-
nation of the study blowing the nose and washing the eyes with tap
water has been found to clear 95% of the remaining radioactivity.

B. Radiation Dosimetry

Calculation of the radiation dose to lens for 99mT'c-Pertechnetate
in dacryocystography has been developed in same detail. The results
indicate that the absorbed dose to the gemminal epithelium 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/Bg) of the agent 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/Bg). The detail
method of calculation can be seen in the Appendix.

Clinical Background

Technetium 99nTc-Pertechnetate has been widely employed for a number of
years for brain, salivary gland, thyroid gland and other organ imaging.

In addition to these indications, the 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 summary of selected literature reports documenting
the safety and effectiveness of 99mTc-Pertechnetate as a diagnostic
agent for radionuclide dacryocystography. These reports were selected
since they provide the most camprehensive data and represent the most
camplete and best controlled studies fram those available in the
literature, Copies of these selected literature reports and additional
listings of other published literature are provided in Appendix.
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1.

2.

Carlton, W.H., Trueblood, J.H., Rossamondo, R.M.: Clinical
evaluation of Microscintigraphy of the Lacrimal Drainage
Apparatus. J. Nucl. Med. 14: 89-92, 1973.

Lacrimal drainage was studied by sequential imaging ("micro-
scintigraphy”) of the orbit after 99mTc was placed in the eyes
of 62 patients. Specific criteria of normal drainage were dev-
eloped fram observations in 28 individuals. Thirty-four
epiphoric patients in several categories of lacrimal drainage
symptamology were studied. This technique of microscintigraphy
of the lacrimal apparatus was showm to be a valuable diagnostic
tool.

The gamma camera is a widely used diagnostic tool found in more
than 1,000 hospitals in the United States. Technetium-99m is

a relatively low-dose radioisotope and is extensively used. The
development of the micropinhole collimator extends these tools

for the use of the ophthalmologist. Microscintigraphy of the
lacrimal drainage system is inexpensive, safe, and easy for a
nuclear medicine department to perform without patient dis-
comfort. Knowledge of the type of cbstruction 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 normal lacrimal drainage. With this technique
there is no sampling from the cul de sac and no instrumentation of
the patient's canaliculi, thus essentially preserving the normal
physiological state.

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

A camparative study was run between conventional radiographic
cor.trast dacryocystogram and radioisotope scan of the lacrimal
drainage apparatus (henceforth called "nuclear dacryocystogram").
A total of 20 contrast dacryocystograms (DCG), 22 irrigations,
and 42 nuclear dacryocystograms (DCG) were performed in 21
patients having symptams of cbstruction in the lacrimal

drainage systam. The study revealed that there was a good
cofrelation 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 anatamic block, and ¢) it delivers far les radiation
dose to the lens and anterior chamber (4-6 millirads compared to
200~300 milirads delivered fram A-P skull X-ray).

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.
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The lacrimal drainage systems of 78 eyes were studied by tech-
netium scanning at the University of Iowa and, of these, 25
were also subjected to conventional contrast dacryocystography.
26 eyes were asymptamatic for epiphora and normal scans were

‘recorded on all of them. All of the remaining 52 symptamatic

eyes had an abnormal lacrimal scan with either a presac or a
postsac blockage. In general, there was good correlation with
dacryocystography, with the exception of three cases of functional
block which had a normal dacryocystogram. Technetium scanning
should serve as a valuable tool for diagnosing and localizing
lacrimal cbstruction.

No adverse effect was noted in these studies. Efficacy over
the other diagnostic modalities have been well documented.

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

Nuclear DCG has a good correlation with the conventional contrast
DCG. The fommer is perhaps superior to the latter because of its
several advantages: no trauma 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 anatomic
block. Nuclear DCG seems to be a reliable and accurate routine

screening procedure to evaluate suspected lacrimal block.
No adverse effect was reported.

Chadhuri, T.D.: Technical Aspects of Nuclear Dacryocystography.
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
the following sumary. "A satisfactory nuclear DCG requires the
best possible magnification and resolution of different parts

of LDA. 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.
Improvising the use of an already existing pinhole collimator
provides satisfactory magnification and resolution of LDA at
econamical cost."

Chadhuri, T.K.: Clinical Evaluation of Nuclear Dacryocystography.
J. €lin, Nucl, Med, 1: 83-89,1976.

Using 99nfTc-sodium pertechnetate, the radionuclide dacryocystogram
(DCG) was employed to help detect obstruction in the lacrimal
drainage apparatus. A total of 100 nuclear DCG's were performed
in 50 patients who were being studied because of epiphora (tearing).
The nuclear DCG was campared 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)



A camparison was made between the contrast DCG (using X-ray)
and the Nuclear DCG (using 99nTc -Pertechnetate) as follows:

Contrast DCG Nuclear DCG
Traumatic . Atraumatic
Nonphysiologic test . Physiologic test
Detects anatomical May detect anatamical site
site of block i block
High radiation dose . Comparatively low radiation
to the lens dose to the lens
5. Not applicable in - Applicable in immediate
imn:d:’ate postoperative postoperative period
per

Chaudhuri, T.K.: A Versatile Way cf Instilling 99mTI'c-Pertech-

mta;n for Nuclear Dacryocystography. J. Nucl. Biol. Med. 20:
84, 1976.

A micropipette system has been described with which one can
get a broad spectrum of dose range to be administered as
eye drops.

Blanksma, L.J., Schweitzer, N.M.J., Beekhuis, H., Piers, D.A.:
Testing of Lacrimal Drainage With the Aid of a Gamma-Ray

Emitting Radiopharmaceutical (99mI'c04). Docum. Ophth. 42,2:
381-384, 1977.

99mrc04 is an excellent and harmless indicator in tests of
the lacrimal drainage system. The detection instrument
resolves the canaliculi, the valves in the lacrimal sac, and
the anatomical results of a dacryocystorhinostamy. The
pictures are more easily read and are acbtained under more
physiological conditions than those cbtained with the
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 which the radicactive substance
pnmintotheucmdfranthereintomemappearsto
be a useable criterion to discern functional deficiencies.

No adverse reaction has been reported.

Baron, J., Hyams, S.W., Schwartz, V.: Application of Nuclear
Medicine in Ophthalmology. Docum. Ophth. 43, 1: 151-154, 1977,

Diagnostic techniques using radiocactive isotopes can be used
for the investigation of cerebral, orbital, -and intraocular
tunors and for the dynamic study of tear flow. The value of
such techniques in the study of abstruction of the nasolacrymal
system (particularly partial and functional cbstructions) has
been established and the possibility of using Tc99m clearance
fo the investigation of dry eyes is being investigated.

Amanat, L.A.,Wraight, E.P., Watson, P.G., Hawkins, T.D.:
Role of lacrimal Scintigraphy and Subtraction Macrodacryo-
cystography in the Management of Epiphora. Br, J. Ophth, 63:
511-519, 1979,
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11.

Fifty-one patients were investigated by subtraction macrodacryo-
Cystography (SMDCG, 103 systems) and by lacrimal scintigraphy
(LS, 105 systems). It was found that these investigatiors
canplemented each other and between them the precise site of
cbstruction in the lacrimal drainage apparatus could be deter-
mined in 80%. 'meradiat.imdougetotrulminmissig-
nificant, and it is therefore recamended 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 scintigraphy performed; c) if the site of the
abstruction is still uncertain, then and only then should \
SMUCG 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 cbstruction. 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 abstruction, we would recamend that after syringing the

tear duct lacrimal scintigraphy is performed. If doubt still

@s to the site of the cbstruction, then and only then

d macrodacryocystography be performed.

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

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

|

No adverse reaction was reported.

Labelling Review

It is recamended that Technetium 99mT'c-Pertechnetate be authorised for
use to image the nasolacrimal drainage system.

A. Dosage and Administration
For Nuclear Dacryocystography the 99mlc-Pertechnetate is administered

as eye drop. The suggested dose range is 100-250 uCi in one drop
for each eye for patients of all ages.

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)



apparatus, the dose to the lens could be increased to 4 X 103 rad/uCi.

(See Appendix for details). Washing of eyes at the termination of
study will reduce the radiation dose further.

V1. Overall evaulation and conclusions

The information presented in this request is sutmitted to document

the safety and effectiveness of Technetium 99nlc -Pertechnetate when used
for the indication of nasolacrimal drainage system imaging (dacryocysto-
graphy) . The evidence presented includes: 1) the fact that this U.S.
Pharmacopoeia radiopharmaceutical drug product is included in the list
of "well established” radiopharmaceuticals (21 CFR 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 employed in patients with ophthalmologic disorders with
tearing problem (epiphora) for well over ten years with general recog-
nition in the medical camunity 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 recammended, 99nfTc-Pertechnetate is a satisfactory
imaging agent for proposed indications.

It is opined that the evidence presented in this request clearly documents
the safety and effectiveness of Technetium 99nfTc-Pertechnetate for the

use of dacryocystography. The conditions for its use are adequately
described.

(8)
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CLINICAL EVALUATION OF MICROSCINTIGRAPHY
' CF THE LACRIMAL DRAINAGE APPARATUS

Wlliam

Laerimal drainace was studied by sequential
imaging (“microscintigraphy™) of the orbit
after **Te was placed in the eves of 62 patients.
Specifie criteria of normal drainage were de-
veloped from obsercations in 28 individuals.
Thirty-four epiphoric patients in several cate.
govies wf lacrimal drainage sym ptomology were
studied. This techniyue of microscintigraphy of
the lacrimal apparatus was shown to be a valu.
able diagnostic tonl,

Many mothods have been used to deotermine the
Froney of the lacrimal drainage apparatus in man,
soably the Juorescein dye test by Jones (7). dueryvo-
dstography  deserided by Cam Sell (). Miider
ad Demorest (3.4), and Francois and Neetens (£
3 the prossure transducer Joserided by Callahan,
Forbath. and Buosser (4). Recently, Rossomondo.
A A7) have preasad a procodure alled “micra.
walipeapin ™ o which 3 em IR o radinastive
Taddl 18 1 ow TOAREA e B
Wowih & oganime o Tab et imolve ne
«somiort to the ranent. Since the canalicu!l are
s imstrumienied 2ad the rudioactive material is
Sepended in 3 sicnle, butfered, normal saiine solu-
e thw naiural phusiologie dynamics of the drain.
i sysiem are maatained. The radiation dose to
S dens of the eve is about 2% of that received in

NG QTR $yse

2 anterioposterior radiograph. The purpose of this

H. Cerite=, Jon M. Truebloed, end Rcger M. Rossomondo

Hedicil Colleve of Georgia, Augusia, Georgia

PRFST 18 10 mpart on microsaintigraphy as a clinical
Ciagneae ool in the study of the lagrimal drainay.
system

MATERIALS aND METHODS

Apmervmanty 100 G of "™ Te was placed in
the ¢r2in the torm of 2 18- drop. The patient was
posaned in front of the gamma camera and record-
ng was Bogun appronimately X soc sfter the admin-
strzon of the drop. Twoesecond exposure frames
were recordad with a 28.mm camera for the first 20
SO0 20 S0ee28 enposure frames were recorded there-
alier. Afier the first Somun the patient was allowed to
rest and was repositioned for cach additienal frame
The £2ld of view of each sgintiphoto was appronis
matly from the middle of the cornea to the nasal
mid.ine. .

NORMIAL STUDILS

Nornal slbisets were asympromatic volumioers
W sy o emmal Jraingge problems, A
oF meinidut'v lndtudag 12 males 3n0 14

ML o R ages ranging from 21 to 3T, ware

» 0f 2 typieal sormal study can be seen in
Fig. 1. Scleted trames from the dynamie 38-mm

Ressines AL 28

Par papwecs

1972. original uccepred Sept. 28, 1972
cortiat Wiltam K. Carlton. Radiolugs

Depi. Mediss College of Georgia, Augusia, Ga. 30902

FIG. 1. Ne-mai wrvey of right ave. A shows redisnctive me.
WA dalibetes ever eve primanly in palpebrel fiure 4 e
e seminniretion of grop b thaws redieachivity Ryl seen en.

Volume 14, Number 2 16

ferirg s ot 10 e € ahewy rgeieectinily firs! seen @t Bottem of
feiRiEcr =3l vet 01 18 sec D inows compiete lgerimel droinage
fyvem autiined of 43 sec
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CARLTON, TRUEBLCOD. AND ROSSOMONTO

FIG. 2. 4opecent obsrruction of gt eve i* A recicactivity
A Byt seen everng soc of 11 sec B hews 1o Bled out @t 4)

e
wen g! Bettem of guct of approrimeenly L min

41 35 min (C) duct beging filling D s~0es rodioectiviy few

FIG. 3. apeorent soitreztion of 'he ‘el eve in 82 0er oig

woman with ia'! eve pein erd intermitigs! epizo'e In A radie
ottive materig! iy Argt seen n sac &' 14 see Aler 2 =ir B reaie-

recording system are preeented. After admunistra.
ton the radivactive material is seen to spread rap-
Wiy over the eye, eollesting in the palpobral fiseure
(Fig. 1A). Thy neat frame Jdepicis the radicactive
miering the lasrimal sae The time of

material Brst

ALY AN U AAT Is Y Paramdter W SR Bus b
SR N AN AUMGINRT o GRAMmiY ladtna! erainggy
somamites. The pest frame shows rol ongiive M.

twrial reaching tie botiom of the pascacrisnal Juet
and serves as the second point of referaned for meass
uring transit ame. The last frame veriios anatomie
Jefimuon and clearly dlustrates the longer inferior
and sborwer superior canalicull. The piuvaclegic clear
spave proviously repoited by Rmsomos=do. et al (7)
wodleany seen between the vertex o the canaliculi
and the lacrimal sae. The straight nasolacrimal dugt
is also seen in detail, The increased consity of the
last frame results from a Jata collection time of <0
se¢ rather than the Z-se¢ eaposure umias used in the
first three frames. .

From these initial studies of normal subjocts the
mudian transit time from administration of the radio-
active material until the material reached the lacrimal
sa¢ was Jetermined 1o be 6 sec with 3 range from 4
o 43 see. With the present technigue it was not
pussible 1o measure a time of iess than 4 sec. The
median transit time to the bottom of the nasolacrimal
Juct was 43 see with a range of 4 to 323 sec. In 2

17

active meteriol is Fral seen g bettem of duc! end first suggestion ¢
w gvet epaeers € shoss fong delect in midper
hen ol Aoso acrimel dut! cesrly 1een @1 4 M,

fuiure publication more extensive data using com-
puter-assisted imuging and digital analysis will be
resented

ANNORMAL STUDICS

cranl cutionts studicd were individusis
) waat epNiphery. T

P o X opoerls prosentes with 3 sty ¢
weriial Jdrainage apparatus sdaplematalogy  an
were arbiiranily dinided into threg categories: appar
oru obstruction, injury, and fandtiening and nor
functioning postedigrvoeystochiaostomics,

Apparent obstructions, Figure 2 shows a study ¢
a 29-year-old white female with a several week his
wory of iniermitient epiphora isseciated with ender
ness and swelling in the area of the right lacrime
fossa. This seriese of seintiphotos demonstratos 2
apparent obsiruciion in the area of the valve o
Krause. The transit time to the sa¢ is 12 see. Th
nasolacrimal duct transit time is approximately I
min which is considerably longer than the norms
maedian.

Figure 3 shows a study of 2 60-ycar-old biaci
female with a J-month history of vague left eye pac
and intermittent epiphora. A filling defect in th
udportion of the nasolacrimal duct is obvious. Th.
sac transit ume is 14 sec and the duct transit um.
is 2 min.

of shimisilly migna
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COMMENTS

The gamma camera is @ widel used diagnosiic
ol found in more than 1,000 hospitals in the
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United States. Technetium-99m is a roiatin 2y lows
dowe radioisotope and is estensively used. The de-
velopment of the micropirhole svilimator extends
these tools for the use of the ophthalmaelogist. Miero.
scintigraphy of the lasrimal Jrainage svsiem s ine
evpenmsive, safe, and casy for a nudlvar mediiae
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assessing the rosulis

Microscintigraphy is the technique of chowe to
evaluate the dynamics o normal laerimial drainage
With this technique there is no sampling from the
cul de sad and no instrumentation of the patient’s
canalicuii, thus ossentially prosenving the normal
physiologicul state.
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A COMPARATIVE STUDY OF

CONTRAST DACRYOCYSTOGRAM
AND NUCLEAR DACRYOCYSTOGRAM

Topan K. Chaudhuri, Gerald R. Soparoff, Kenneth D. Dolan, and Tuhin K. Choudhuri
Eastern Virginia Medical School and V A. Hospital, Hampton, Virginia

A comparative study was run betwoeen conven-
tional 1adiographic contrast dacrvocystogram
and radioisolope scan of the lacrimal drainage
epparatus (henceforth called “nuclear dacryo-
eystogram™ ). A total of 20 contrast decryocysto-
grams (DCG), 22 irrigations, and 42 nuclear
dacryocystograms (DCG ) were performed in 21
patients having symptoms of obstruction in the
lacrimal dreoinage system. The study revealed
that there was a good correlation between these
two diagnostic techniques and nuclear DCG was,
perhaps, superior to contrast DCG.

The conventional radiographic procedure called
dacryocystography (/) is at present the technique
of choice for evaluating obstruction in the lacrimal
drainage apparatus. The purpose of this paper is to
present a comparative study of contrast dacrvocys-
togram (DCG) and a recen:ly introduced radioiso-
tope or nuclear dacryocystogram (DCG) in order to
assess the diagnostic accuracy of the latter procedure.

MATERIALS AND METHODS

A total of 21 patients having symptoms of block-
age in the lacrimal drainage apparatus were studied
using both contrast and nuclear DCGs. All pa.ients
bad nuclear studies bilaterally, a majority of them
had had unilaterai contrast studies with a few having
bilateral contrast studies, and a small group had no
contrast studies but had irrigation tests instead. Thus,
a total of 20 contrast DCGs and 42 nuclear DCGs
were performed in this group of patients.

About 200 uCi of "™=Tc-pertechnetate in 0.01-
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
camera face (Fig. 1). Care was taken not to spill
technetium outside the eye because of resulting arti-

and University of lowa Hospital, lowa City, lowa

FIG. 1. Position of porient for nucienr docryeyrograpty (A)
Coilimator bave: (B) pinhole invert

facts in the scintiscan. The collimator usec ir tnis
study was a 0.04-in. diam pinhole. This he ps i gote
ting higher magnification and resolution of he dif-
ferent parts of the lacrimal drainage system suih as
the canaliculi, the sac, and the nasolacrmal Juct
Patients were properly positioned so that their eyes
were at the level of the pinhole The distance be-
tween the pinhole and the patient’s eve varied be-
tween 0.5 10 3 in. depending on whether or n0: one
or both eves were scanned. Following ins:illation of
the radioisotope in the conjunctival sac. the patients’
eyes were scanned sequenually at 0, 5, 10, and 1§
min after instillation. Both Polaroid and conven-
tional x-ray films were exposed. At the end of the
study, both contrast and nuclear studies were read
independently by different physicians usbiased by
the other study.
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FIG. 2. Anterior nuclesr OCG on left aye showing nermai flow
Note viwwelization of wo¢ in immediote wan ond guc! in subse.
Quent scens

FIG. 3. (A) Contrast DCG ihawing obirruction (herisentel o
fow) on righ! eye dirlel to glated soc (Curved arrow painty te con
res! dye slong lid margin (B) Nucleor DCG reveeis ne flow on
Fght aye divtal 10 10c wp e 1S min Nowe normel grainage on left
ore () o some time

-

PIG. 4. (a) Contrant DCO sincioses ne © sw of dye divial (errows)
1o sae bilaterally () Anteriar nucloar DCG oite demeniiraias ne oc.
Hwity divtal o seer bilaterally
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RESULTS

Twelve studies demonstrated obstruction in the
lacrimal drainage system in both contrast DCG and
nuclear DCG. Seven had unilateral obstruction; five
had bilateral obstruction. Five patients underwent
dacryocystorhinostomy (DCR) and a postoperative
scan was also obtained in thic group of patients.
Studies on three of them demonstrated patency of
dacryocystorhinostomy while in two other patients,
posioperative DCG still revealed “no flow" indicating
an unsuccessful operation which firted well with the
results of the fAluorescein dye test. Two studies were
normal in contrast DCG and irrigation but abnormal
in nuclear DCG (functional block). Two studies
demonstrated anatomic discontinuity of canaliculus.

We will [, strate studies of one patient from each
group. Figure 2 represents a case with normal nu-
clear DCG on left eve. Figure 3A, B, and C shows
obstruction on the right eve demonstrated in both
studies. Figure 4A and B depicts bilateral obstruction
demonstrated in both contrast and isotope studies.
Figure 5 is the study of a patient with functional
block. i.e., normal contrast DCG but abnormal nu-
clear DCG on the left eve. Figure 6A represents the
preoperative contrast study showing obstruction on
the right eye distal to the sac. Firure 6B depicts the
nuclear studies demonsirating “no flow™ preopera-
tively and return of flow postoperztively indicating
successful surgery. Figure 7 represents the postopera-
tive scan of a patient who had DCR on the right
eye. The scan demonstrates “no flow” on the right
eve indicating unsuccessful surgery. This patien: con-
tinued :0 have epiphcra postoperative!s and a fluores-
cein dic test also disclosed failure of surgery indi-
cating good correlation with the isotope study Fig-
ure 8 represents the scan of a patient who had com-
plete transection of the right lower canaliculus due
to laceration resulting from a dog bite. Note the
ragged distribution of activity along the right lower
canaliculus while the right upper canaliculus and the
left upper and lower canaliculi have a smooth outline
of activity.

DISCUSSION

The procedure commonly employed at present to
diagnose blockage in the lacrimal drainage apparatus
is radiographic contrast dacryocystography (DCG)
(7). The major disadvantage of this technique, how-
ever, is that the study requires catheterization of the
canaliculi thus traumatizing the patient.

More recently a radioisotopic method has been
introduced (2). To date, however. there is no detail
report in the literature of a comparative study be-
tween these two techniques to determine how they
compare in diagnostic accuracy We have made a
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comparative study of these two diagnostic tests and
concluded that the isotope technique is supenor to
x-ray DCG.

We would like to propose a nomenclature for the
racioisotope procecure—"nuclear dacrrocisicgra-
phy™ to conform with the style of naming other nu-
clear medicine procedures such as nuclear angiocar-
diography, nuclear venography, nuclear angiography,
etc.

We used a conventional Searle Radiographics pin-
hole collimator with our specially designed and as-
sembled (J3) insert having an aperture diameter of
0.04 ia. This way, one gets higher magnification and
resolution of different parts of the lacrimal drainage
system, namely the canaliculi, sac. and the naso-
lacrimal ducts.

It is difficult to determine the T, . of tear drainage
because it varies so much from one patient to 2n-
other because of emotional factors, irritation to the
eye. and the pre-existing conjuctivitis, etc. However,
whatever the variables are, one should visualize ac-
tivity in the nose within 8~10 min. More than 19 min
incicates delayed drainage or blockage We con-
cluded this from our experience with 21 patients.

We observed a good correlation between these two
techniques in all studies. In none of these cases did
we observe abnormal contrast DCG but normal nu-
clear DCG. In two studies there was a discrepancy,
namely, normal contrast DCG but abnormal nuclear
DCG. The reason for this discrepancy is that the
contrast DCG is performed under mauaual injection
pressure while nuclear DCG is a physic'nzic study
mimicking the normal state of tear drainage With
contrast DCG. normal and extreme pathologi: cb-
struction can be demonstrated. In functional block,
however, such as in abnormal “lacrimal pump” or
partial stenosis of the nasclacrimal duct where the
sysiem irrigates freely but does not permit free pas-
sage of tears under normal sircumstances, the nuclear
DCG would be abnormal whereas the contrast DCC
would be normal since the latter is performed with
catheterization and under manual injection pressure,
Thus. contrast DCG which employs direct catheter-
ization of the canaliculi and injection under pressure
could create a false passage or open up physiclogic
or anatomic blocks, thus erroneously implying nor-

FIG. B. anterior nwcionr DEG ot § min of patiant wha had com.
plate transection of tight lower conalicuive resuiting frem dog biie
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mality. Nuclear DCG should obviate both these prob-
lems.

The absorbed radiation dose to the lens in nuclear
DCG would range from 4-6 mrads compared with
200-300 mrads delivered from an anteroposterior
skull x-ray.

Nuclear DCG would also help the ophthalmologist
decide whether or not dacryocystorhinostomy (DCR)
should be performed in & patient with a suspected
lacrimal block. Thus, DCR is indicated if nuclear
DCG shows evidence of obstruction, if the system
does not irrigate, and if the patient remains sympto-
matic.

A temporary block of the system by mucus plug.
concretion, or other debris or a block due to anoma-
lous valve of Krause or valve of Taillefer in the naso-
lacrimal duct would gc undetected by either irrga-
tion or contrast DCG. These types of anatomic block,
however, can often be detected by nuclear DCG.

We, therefore, think nuclear DCG is supenor 10
contrast DCG because (a) it is an atraumatic pro-
cedure since no catheterization of the duct is exe-

23

cuted, (B) it provides better diagnosis of functional
and anatomic block, and (c) it delivers smaller radi-
ation dose (o the lens and anterior chamber.

In conclusion, nuclear DCG should be a routine

“screening procedure to evaluate suspecied lacrimal

block preoperatively. A postoperative nuclear DCG
would also be a valuable tool in assessing the success
of DCR.
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Nuclear

Dacryocystography

TAPAN K. CHAUDHURI

Nuclear physicians are at present {requently called upon by
ophthalmologists and plastic surgeons to diagncse and define
the site of obstruction in the lacrimal drainage agaaratys 'LDA)
Thus the scintiscanning of LDA (nuclear dacryoc.stography' is
becoming more popular as a simple and reiladie diagnostic
too! for the diaginosis of blockage in LDA. Scintiscans of several
varieties of blocks are illustrated to demonstraie the useful-
ness of this nuclear medicine procedure

r
NUCLEAR DACRYOCYSTOGRAM

eeed

Figure 1 Sequential scintigrams of left eye showing normal drainage of
radioactive tear. One can visualize the sac in the immed.ate scan, and
the proximal duct in S.min scan. At 10-min scan, the radioactivity iy
seen in the inferior meaius of the nose

1 20me

ANTERIOR
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Figure 2 3) Nuc.ear DCC (both eyes) showing normal tlow OO and
block OF distal (0 the sac. b) Contrast DCC of the same patient also
showing block @ stal to the sac (0$)

35

A total of 25 patients with symptoms of epiphora were re-
ferred by ophthaimologists and plastic surgeons 1o our nuclear
medicine laboratory for performing nuclear dacryocystogra-
phy (DCC). All patients had nuclear studies (a total pf 50 nucle-
ar DCCs) bilaterally, and a majority had simultaneous correla-
tion with conventional radiographic contrast DCC. All nuclear
DCCs were performed with *™Tc.pertechnetate and a gam-
mMa camera using a 0.04-in -diameter pinhole collimator. About
200 uCi of ™ Tc-pertechnetate in 0.01 mi eluate was instilled in
the conjunctival sac after upright positioning of the patient in
front of the gamma camera face so that the eyes were at the level
ol the pinhole. Sequential scintiphotos were obtained either
in Polaroids or in x-ray films The conventional radiographic
contrast DCGs were performed using standard technigue.

Only a few studies revealed normal flow; the majority had
abnormal studies which fell into the following categories (1)
unilateral block, and (2) bilateral block. The most common site
of block was at the sac-duct junction. Only one typical exam-
ple from each group is shown here as an illustrative case.

Figure 1 represents a normal study (OS). Figure 2a demon-
strates a block on OS (distal to the sac) which correlates well
with he contrast DCC (Figure 2b). Figure 3a depicts the nucle-
& DCGC of a pavent with bilateral block distal 1o the sacs.
Figure 3b shows the same patient’s contrast DCG, also reveal-
ing bilateral block distal to the sac

Discussion

One of the most common causes of epiphora (tearing) is
blockage in LDA. The presently available techniques 1o diag-
nose an obstruction in LDA are: (1) irrigation; (2) fluorescein
dye test; (3) soaium saccharin test; and (4) dacryocystography.
All of these procedures have one or more drawbacks,

The idea of contrast DCG had its roots in a study by Ewing,'
who first used a suspension of bismuth subnitrate to demon-
strate lacrimal abscess cavity. Milder and Demorest®? later laid
down the techniques and interpretation of normal and abnor-
mal dacryocystograms. More recently, Pettit and Coin® made
a vivid review of this radingraphic procedure for the diagnosis
of lacrimal block. However, this study s traumatic to the pa-
tent, and pressure injection of the contras! oye may lead 1o
tissue extravasation, possible iodine hypersensit.vity and non-
functioning atonic sac Finally, the test is not physiologic, and
the absorbed radiation dose 1o the lens (target organ) is high
(300-400 mrads per AP skull film).

Rossomondo et al *introduced a physiologic technique (lac-
rimal microscintigraphy) for studying LDA. Later on, Chaud-
huri et al* ran a comparative study between conventional
radiogiaphic DCC and radioisotope DCG. They also coined
the term “nuclear dacryocystography.”

This new procedure not only has the value of preoperative
diagnosis of lacrimal block, but also is a useful tool in assessing
the success of surgery (dacrvocystorhinostomy, etc.). The exact
definition of the site of block by scintiscan also helps the sur-
geon 1o select the type of surgery (Jones tube, Canaliculorhi-
nostomy, dacryocystorhinostomy, etc.) to be performed in
the particular patient

Temporary anatomical block of LDA, such as by mucus plug,
concretion, debris, anomalous valve of Krause or Valve of
Taillefer, would be missed by contrast DCC because the pres-
sure injection 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 ™)
would also go undetected by contrast DCC because this pro-
cedure bypasses the “lacrimal pump.”
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Figure 3 a) Nuclear DCC reveals b lateral block distal to the sac even
up 10 30 min b) Contrast DCC (AP and left lateral views) demonstrate
no flow of the dye distal 1o the sacs bilaterally

Summary

Nuclear DCC has a good correlation with the conventional
contrast DCC. The former is perhaps superior too the latter
because of its several advantages (a) no trauria to the patient
since no catheterization of the duct is executed (b ‘ow radia-
tion dose to the lens (46 mrad); and (c) better Jiagnosis 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 DOSIMETRY
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Radiation Absorbed Dose 1o the Lens in Dacryoscintigraphy with
b “mTCO‘- ’

James S. Robertson, M.D.. Ph.D.. Manue! L. Brown MD. and D Michae! Colvard, M.D.?

Calculations of the radiation dose 1o the lens
oped in some detail. The resulls indicate that

tor **™T¢0,~ in dacryoscintigraphy are devel-
ihe absorbed dose 10 the germinal epithelium

of the lens is 2.2 X 107% 10 1.4 x 10~4 rac/uCi (5.9 x 107" 40 38 x 10~ Gy/Bg)
¥¥™Tc0," under physioclogical conditions. ~With blockage of the lacrimal drainage appara-
tus. the dose 10 the lens could increase 1o § x 107% vad/uCi(1 X 10~* Gy/8q).

MOEs TERuE  Diagnostic ragiology radianon dose « Dosimerry . razionucide » Eyes + Lacrimal glang and cuc:. ra-

Sionuclide siudies. 2(23) 1299 » Lens
Radiology 133:747.780. December 197§

METHOD for using **"TcO,~ ion n studies of the

lacrimal Granage apparatus was inroduced by
¥:450mondo et a/ (1) and has Seen used by others (2-
! In s procedure a drop of 5010200 uCi(185107 4
V82 %™Tc0," is placed near the center of the cornea.
& which lacrimal fivid flushes the fracer ino the
Tirage sysiem Some of the anatomical relationships
Folved are shown in Figure 1A, ang the distrigution of
Woactvity 1-§ minutes later i1 shown in Figure 18 1t has
41 slalec that the raciation dose (0 the iens for this
Telure is approximately 4 rvad (0 04 mGy) if a hall-ite
*1minute s assumes (1) or $imply (without stating the
Eiumptions) as approximately 10 millrags (0.1 mGy)
. butdetails of the dosimetry are not well documented
“etollowing exzosition addresses this proviem

ANATOMY aNS P\ SIOLOC

“havles an2 Brown (6) have §'ven a deiailed analvsis of
"4 $hape and position of the lens in various states of ac-
~MMOGalon and have reviewed data on the varanons of
443l dimensions of the eye as a function of age It gata
 Relerence Man ve used (7). the acult human eyebail
Y1 5Eher0ic having average sagitial transverse. and
47cal gameters of 24 4 238 and 235 mm. respec-
“4's The 10l weight of both eves is 15 § The cornea has
"¢ shape of a spherical segment with a surface area of
“Tem® aracius of curvature of 7 86 mm. ang aspecitic
Fiaty of 1076 s thiekness is about 0 6 mm The lens
14 biconvex semisolid body with a specilic gravity of
T2 s weight increases with age from an av.
"¢ 0l 153 mg at 10-20 years 10 258 mg at 80-90 years
"4 arteroposterior diameter of the lens increases from
<Emmat 20 years 10 4 2 mm at 80 years Its iransverse
7 #aional gameter 18 9-10 mm (The dimensions vary
* iy with visual accommodation ) The distance between
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Ihe anterior poies of the lens anc cornea varies beiveen
Jancdmm The germing area of the lens. wh 2> seems
10 D€ the crincipal area n.oived in the proc.ction of cat-
ATACIS Dy Onizing radiation (8. B). is locatec in the antenor
pre-equatorial region of the lens and in the adui: les 2-4
MM delow the surface of the eye The lens is avascular dut
138 teen shown 10 have me:anolic ACUvily associaies with
IS epithenal layer (9 10)

The raciaiion cose from racioactivity introguces o the
lear sysiem s sirongly Sesendent or ‘he turnover rate of
the Iacrimal luie Tris turnover rate and the rate of 1ear
Secretion have been studied Dy several methogs INCluging
(11 7he rate of Nluorescein dye washou! (11). (&) the rate of
Appearance ana the concentration of desquamates cells
(12). and (¢) the rate of Cisagpearance of the 9 TeC. " on
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Fig 2 Isoc:se contours INt@rSETING he iang 1or
100 wCi(3 7 MEZ) *™™ Te uniformiy Bis rioute? on the
Cor=e2l surtace are shown The rumbe's at the rignt
NC.Cale the Cose rates N Mval min Tre uniis use”
we'eChoser1orelse Ihe resul's I t™e activity level
USEZ N DracuCe Tre Gracalions on the 20.2 avis in
OCale ire Gisiarie rom Ihe Correal sur'ace inm
me'ars

(13) The average rarmal rate of tear flow is about 1.2
plimin with a turnover rate of about 165 /min (11). How-
ever. shight smuli procuce appreziable changes so that
the turnover rate may exceed 80°: /min without be ng
noticed By the subject and may reacily exceed 100°, /min
The turnover rate is decreased in cer'ain disease siates
Or as a ph, siclogical result of advanced age (14

s

JMETHOD

Jose-raie funzuon, the
r the area cr volume of ¢

ol -~ - o

Dcs

The **™7¢ conversic~ elecirons ans Auger elecrons
have maximal ranges of less than 1 mm in water anc so
were Cisrecarded for these calculations. since the sensitive
area of the lens lies 2: leas! 2 mm from the surface of the
cornea (€' Poini-sour e Zose-rate caiz using values of the
specific absorbed !rz:tion ‘| basez on Tahle 6 of MIRD
Pamphiet No. 2 (15) anc the dose-rate constant . for
$E™TC trom IMIRD Pamahiet No. 10 (16) v.ere used \vithin
the cisiance range of interest. the zbsorbed cose rates are
very Closely litted by the following equation, which will be
used as the point-source dose-rate function

ODP point source) = 0 0012A4/s? rad/min 1
'l 4 ¢/

2 . 7n o o 4

where D is the raciation absorbed cose rate in rac/min. P

A

IS the point of interest. A is activity in uCi. ane s is the
gdisiance from the source 10 P in mm

Dose Rates

The dose rate at any point of interest from **™Tc uni-
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formiy disiributed in a thin layer. such as the lacrival . 3
On the surface of the eye, is obtained by sudbstituting =8

real concentration, A/S, for A in Equation 1 an4d 1'e
raiing the resulting function over the area of disirid. ==

Three distributions of the source activity will be consiz

red

1) *¥7T¢ on the cornea! surface (Fig. 2).

2) ¥9™T¢ in the lacrimal lake (Fig. 1), and

3) ¥¥™T¢ in the lacrimal drainage apparatus (Fig. 1)
Since the cornea and the sclera both have spherical sur-
faces. although with dilferent radii, the integrations for tn2
first two phases w.ere achieved by regarding these su*-
faces as spherical segments The !acrimal drainage &;-
paratus is far encugh from the lens 10 be approximates &s
Cisk source
For the spherical segments, Equation 2 was integraie:
Dy taking the elements of surface area dS to be crcles
Isodistant from the point of interest. The distance s, was
expressed in terms of the sphere racius R, the distance ¢!
the point of interest from the center of the sphere .\ F a2
the angle !/ between the radius hrough the point of intere:
and the radius through the element of surface. Thus

a

-

= A1+ F

-

s - 2 cos’!y and

dS = 27R% sinfl g/l

uation 2 between the limits // = 0 anc¢ /
>

A Dression

sistance s whar
per limit . an ‘ cates the distznzs
This express v be compared with ha
f a disk source (17 .1¢
).0012A

—— e | P
CSQ

ragd/min
re .

where ris the rad. 's of the cisk (r = A siny)and hire
distance from 710 the center of the ¢isk. For comparisz-
with the spherical segment formula, note that (12 + A% =
Siv)°. but 510) > A, For off-axis points. the use of the s
approximation permits use of the further simplification tre:
the 15000se Curves are elipses with their f0Ci at the encs
of the disk's diameter (17)

Return'ng 10 the spherical segment source, for thoss
values of I/ that cause the 1s0cistant circles 10 inersec: 'na
bouncary of tne segment, the integration using 2 F be.
comes inapprogriate. Instead, the circular arc 2V’ R was
usec. where \I' is a solid angle derived by using *he cosine
law for spherical triangles and which expresses the a¢-
sudbtended within the segment boundary. For these cases
Equation 2 is not readily integrated in closed form g==
numerical INtegralion was used. Incremental values of
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13 RapiaTion Agsomsed Dose 1o THE LENS

#al10 0.02. 0.05. or 0 1 racian were selec:ed 3s needed
achieve three-place accuracy

Dose Rates trom **"Tc on ine Cornea: For these
iculations e values A = 7.2 mm, § = 130 mm". ang
= 48° (0 84 racian) were used Figure 2 show:s the
S«25€ Curves for this phase si.Derimposec on a draving
the horizonial section thiough the eye For >~ Te uni-
rmly Cisiridutec on the corneal <rface. the dose rates
the lens range between 2 X 1¢ 5 ang 5 X 10~% rag/
Cemin) (S X 10™'? 10 14 X 10~ "2 Gy/|Bgmin)). with the
e rale 1o the germina! epithelium of the lens being adout
X 107210 3.5 X 107* rag/(sCi-min) (8 X 10~ ' 10 9 §
107'2 Gy/|Bg-min|). Since both the lens and the source
tsymmeirical about the optic axis. the dose rate 1o the
¥minal epithelium of the Iens is uniform within fairly
¥row limits.

Dose Rates from **™T: in ihe Lacrimal Lake: Tre
#lace ! the lacrimal iake (Fiz 1) was assumed 10 ne
‘oximatec Oy a spherical segment with . = 14° (024
280). CCIr@SRONCING 10 an area of 28 mm? when the
Jus of the sciera A = 12.2 mm. As shown in Figure 3.
Me germinal epithelium of :he lens and in the lens as a
- ie, these assumiptions lead 1o dose rates ranging from
A 10™% rad/(u:Cismin) (10 X 10~ 3 Gy’ [Bg-mir|) for the

@ poinis 10 8 X 107% rad. (uCi-min) (2.2 X 10=2 Gy/
:gmin|) or less for the more ¢'stant points

Dose Rates from **™T¢ in the Lacrimal Crainage Ap-
Faius. AsinZicaiel in Figure 1. these structures are a:
1112 mm from the limbus and thus are 2bout the same
fance from the nearest point of the lens and 20 mm or
Jefhom the cisiant ponts The =ose rates ‘or this range
#Caltulates from Equation < Using 7 = § mm . ihe dose
wrange frem 28 X 107¢ 12 77 X 107¢ 154 (0 Cie
WTEN 10710 21 X 1077 3, 'I2ymin | far #mTe
= lacrima! sac

Absoroeo Doses

"o obtain the radiation adsor=a< does it 1S necessary
*Mow ine resicence time T 1or 1ne activity in each of the
#2phases As has bean ingica‘es. the overall turnover
‘2 of the lacrimal fluid varies within wigde limits. For a
-5i0l0gical turnover rate of 16°. /min (11), the to1al =
£25min. Assuring that the time is divided into 1 min
e correa. 1 min_ in the lacrimal lake. and 4 25 min
“elaciimal system. the total dose 10 the near point of
tiens is

‘X35)+ (1 X 7.0)+(4.25X% 0.77)] X 10-8
= 1.3 X 107 rag/uCi *™1¢
{or 3.8 X 10~"' Gy/Bg **"T¢).

Teconsiant for the rate of lacrimal fuid turnover is in-
2560 10 100°: /min.. and the residence time for the
* Dhases is Civided in the same proportions. the ab-
‘180 dose is reduced 10 2.2 X 10~% rad/uCi (5.9 X
" Gy/Bq). . however. the lacrimal drainage system
“3hed. the absorbed cose is increasec. Using gisap-
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7 o fadie ® _ \
1 ‘\' ’
:
Fig 3 i1socose contours nlersecting the lens fc- *I3 uCi

3.7 MBS *FVTE i the lacrima’ iake are shown Nemzes at e
rghtIngicate the zose rate in mrad min

pearance Dy physical cecay only (hait-life 6.03 - ). the
Mavimum absortec Cose 1o the near point of the ‘e~s f=am
*¥™T¢ in the sac of the lacrimal Crainage appara:us 's £.02
X 1072 rad/uCi (1.09 X 10~° Gy/Bg) *™Tc a=minis.
tered

CONCLUSION

For the usual acministered doses of 100-122 .Ci
137-550MBg) % Tz in cacryoscintigraghy. these zaisu-
Iahens ingicate tha! in normal subjects the rac z* 3n 25-
$Or-#C cose 10 the meial portion of the germira’ ez re-
hum of ihe lens is € 015-0.021rad (0 14-0 21/ 3. V. *n

sTIee TIoChage o' ihe i3l M2l Cainage apsact.s. tne
Frie Matirelrenial 2080 18 £.302-C €03 ras 2 528 23
"3.0 The it aateral lens s 20 mm or MEee ‘1= e
it mal saC and recewves a dese of 0.025-C J3iT raz

W 25037 mG,i wih comziete Dlochage. andarz; g zle

COS2 in NOrmMal sudjests
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