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Confidentiallty Notice
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Yviston of Radintogie 3¢
% Douglas Maynard, M.D.,
Wirector
dinkin 80 7160008 TO: Susan Starker
‘2z (910) 716-2029
FROM.  Robert L. Dixon, Ph.D. r e —
Robert L Dixoa, Ph.D. . 2//?
DATE:  Juiy 15, 1997
RE. Dose caleulation for Graves patient, ESRNERERT who received
10.5 mCr of I-131 instead of the prescribed 2.0 m(i of I-131 on
12/11/96.
Based on your 63% uptake measurement for this patient, the dose to the thyroid is
computed to be 40,400 rad compared to the 7700 rad you would have obtained
with 2 mCi, The dose to other major organs is estimated to be:
Bladder: 25 rad
Total body: 15 rad
Red marrow: 5.2 rad
I have attached my reference data
RLD:¢ere
cc: Melinda Bradshaw, SCDHEC
WAKE FOREST The Bowman Gray School of Medicine
R g

Muedical Cemter Boulevard » Winston-Salem, NC 271571088
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Radiation Dosimetry for the Adult Female and
Fetus from Iodine-131 Administration in

Hyperthyroidism

M.G. Stabin, E.E. Wawson, C.8. Mareus, and R.D Salk

Medical Sciences Division, Ok Ridge Associared Universittes, Oak Ridge. Tennessee and Nurlear Medicine Ouipationt

Clinic, Harbor-UCLA Medical Center Los Angeles, California

Through & atudy of the iodine kinaties ¢ 127 patients. we
have developed radigtion dose estimates ' major organs ang
Me fetus for patients with varying degress f hypertnyrokdism
We obgervad a negetive correlation ben. 2en maximum thy.
reld uptake and bidlogic half-time of lodine » ““e hyroid and
usad this corralation 1o predict the biciogis hait-time gt fixed
vasues of maximum hyroid uptske. Dose estimates o ha
Diadaer. Qonads. marrow, thyraid. uterus, end whoke body
were ashmated for maximum myroid Lplakes from 20% (1]
100%. Bladder doss vaned from 06 10 1,0 mGy/MBa ang
dose 10 the Uterus vaned from 0.036 1o 0063 mGy/MBg
under differorm model assumptcns, Dose estimates 1o the
fatus and fetal thyroid were APOrOTIMAT At aff stagas of
prognancy. Average fetal dose wes 8 maximum Letwsen 0
and 2 mo of pregnarcy, with the MAXIMUM ranging rom

048 mGy/MBq to 0.083 mGy/MBQ, depending on model
Assumptions. Some radietion risks for (rradiation of the ferus
and the 'stal thyroid are discussec.

J Nuc! Med 18971;32:808-813

R.miction dose estimates have been caleuloted for ey
thyroid individuals for several isotopes of {odie by a
MIRD Commitiee [ask Group (/). This document is very
useful for predicting the radiation daose 1o the thyroid and
other muajor organs from radiciodine administrations.
However, the diffarences in iodine metabolism in potiests
with Graves' disease wre not cousidersd in this model.
Although severa) authors (2-5) have estimated doses to
the thyroid and some other organs for selected groups of
pauents with Graves' disense, no comprehensive dosimetry
has been done as for the outhyroid case. As radiopharma-
ceuticals are sometimes accidenwslly or intentionally ad-
ministered to pregnant patients, dose estimates for the
embryo or fetus may be needed sccasionally for the preg-
nENt patient with Graves' disencs,

Rucerad Fo0. 27. 1943; revision anepmo Nov. ¢, 1990
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Using uptake ané retention data from patients tregled
ot the Harbor UCLA Medical Center, we have derived a
simple mode! that may be used to estimare the radiation
dase to the hyperthyroid patient from administration of
iodine-( 31 ("'1) We segregated the patients into groups
according W mazimum thyroid uptake which were dj-
vided further according to s2x and, in the case of fernales,
accordivg o age. Biologic kinencs were studied as 2 func.
ton of muximum thyroid uptake. Radiation doge esti-
mates were denved for the major organs of the body. The
radiation dose to the fetus was of specia) concer, as A
majority of hyperthyroid patients sre female and may be
of childbearing age. in radioiodine therapy studies, the
amount of radiciodine sdministered mey be so high that
the dose to the fetus from the urinary bladder and other
Omans may be apprecighle. The dose to the fetal thyroid,
which may begin to concentrarte jodide as cacly as the wanth
week of gestanon (7), may be extremely high, ay this tiny
Organ concentrates jodide that is available from the moth-
er's bloodstrastn ().

METHODS

Thytowd uptake and biclogie half-time messurements were
made an 127 patients trented for hyperthyroidism a1 1he Harbor
UCLA Medical Cepter. No distnction was made between those
with Graves' die2atc and those with hot nodules, but the majorily
had Graves' disease. Mont upukss and biologie halfstimes were
measured with ‘1, although some measurements were made
with "P1 Uptakes werr measured a1 elther 2 or ¢ hr, and then ot
24, 48, and 72 hr. No dats on urine clesrance or \otal-body
elenton were obtained,

The thyroid biologie half-times were determined for all patients
through liaear regression analysic of the log-transformed daw
The biologic half-times were pletied versus maximure parcent
uptike (rather than 2d-hr uptake, 35 the maximum may occur
much eartier than 24 hr ln pacienss who are sevecely hypacthyrold)
to sec \f the biologie helf-time varied with higher maximum
percent upioke. The patlens were than wpregs s i0l0 groups of
maximum thyroid uptoke of 20%-10%. 2I0R-40%, 0%
50%. >50%-60%, >60%.-70%. »>70%-80%, >80%-90%, and
390%., The patients were Nurther sagrepated by sex, and then the
females were segregatad iuto wwe groups (thesc of 2g¢ lewy than
43 yr and those aged 45 yr or more) to sex whether or ot 4 clear

The Joumal of Nuclear Medicine + Vol 32 + No. § + May 1991
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£ = Myrasd uptake half-time 2 9 v, and 2 - thyrod uptaxs hall-
ime 8.1 hr

rotal-body biologic half-times were usad gs input in7o the
dynamic bladder mode! (//).

Tabls 3 shoswe the radiation doses to the fetus for max-
imum thyroid uptakes of 20%, 60%, and 100% and for
both thyroid uptaks diologic half-times. These values are
plotted as a2 function of stage of gestation 1n Figures 2 and
3. The figures clearly show the slight increase dunng the
first month, a3 the growth of the fetus causes o higher
fracuon of the photon energy emitted frotn activity in the
blsdder to be absorbexi, and e steady decrease after this, as
the increase 10 fetal mass affsets the increass in absorbed
fraction. The figures also shaw that 2 higher thyroid uptake
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TARLE 2 ) (e A T o ————
Ragiation Dose Extmates for 'l in e Hypenhyrod - '
PateNt” 45 3 FUnction of MBXmum Thyroid Uptake — |
Fotimuted ractanon coes s ]
imBymMba -
Grgen 20" «0' a0’ 80' 100" b
Pisdasr ' 10 0.85 070 080 060 |
2 o094 o072 089 08 i
Ovarles 1 0082 003 X028 0027 0020 i
2 0047 0045 0048 €048 0.042 . |
Aed marrow 1 0082 010 0.12 0.15 0.14 AR
2 o007 o012 K 0.18 015 J
Teostes 1 Q026 0.02¢ ‘ 0.021 0.021 . "
2 003 0037 003 00 0035 |
T 1 @0 %0 240 1140 FIGURE 2. Average whcietody d0se o 1he fetws ¥t all stages
P i P, D0, L | T P 0 O ey for fionie whth gsimum fhyrele uptaiss of J5%
$ 0000 0088 0088 0052 068 . and and a thyrod uptuke halttime of 2.9 ¢,
Tom! boay 1 8w g;g %3 g':: g:; results 10 & lower radiaton dose 1o the fetus, as more of
the jodine is held up in the thyreid and decays before
g - reaching the urinary bladder. Radiation dose estimates foi
Mg M‘“"‘““ . ) the fewal thyroid bave been estimated by Watson (3) and

Elsasser et al. (/5). Watson assumed s consuant biologic
baif-time in the infant's thyroid, while Elsagser e1 gl as-
sumed that the biclogic half-ime increased with gestn-
tiona) age. Watson's esumates of fotal thyrowd dose per
unjt activity administered to the mother were: month 3,
260 mGy/MBa; month 4, 550 mCy/MBq, month 5, 640
mGy/MBq; month 6, 1200 mGy/MBq; month 7, 810
mGy/MBq; month 8. 620 mGy/MBq, month 9, 430
mCy/MBq. Elgasser et al. estimated the fetal thyreid dose
pet unlt actvity administered 10 the mother to be: month
3, 43 mGy/MBq; month ¢, 220 mGy/MBq; month 5, 370
mGy/MBa, month 6, 840 mGy/MBa; month 7. 620
mGy/MBq, menth 8, 520 mGy/MBq; month 9, 430
mGy/MBq. [n both seta of estimared, the maximurm thy-
roid dose per unit activity given to the mother s s¢on tn
month & This 1s the nme at which the fetal thyroud

e —

" Ahdarbed doce 10 N8 Miue per LNt sctivity adrmnisieenc to the mother
! Mummum hyrodd uptake (*A).

TABLE 3
Radlation Dose Eatimates for the Fetus a1 Al Stages o Pregaancy from Adminigtration of '*'l te the Mothwr
Estmated radiguon dose (MGy/MBG)*
Age dodd 0%’ 100%'
(me) Ty ™ 2.9 T w6t Te29mw Tv) @ 6.1 hr Tuy=29n T =01
AL

1 0.0885 0.083 0.052 0.072 0.048 0.07M
2 0.044 0,088 0.03¢ 0.043 €.033 0.042
k] 2.036 0.06% 0.032 0.045 0.030 0.0489
“ 0.026 0.u42 0.024 0.03% 0.023 0.027
5 0 021 0.032 0.8 0.028 2.017 0.030
€ 0.016 0029 0.016 0.026 0018 0.027
7 0,018 0.027 0.018 0.024 0.014 0.025
& 0,016 0.026 0.014 0.024 0.014 0.025
S 0014 0.02¢ 0.018 0.e22 0012 0.023

_ Y4 & the casumadt thyroig biotogic heif-tme for ugtaks.
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