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The Code of Federal Regulations, title 10, part 35.75
(10CFR35.75), provides greater latitude and flexibility in the
dosing and management of outpatients treated with therapeutic
131 than did preceding regulations. Prescribing physicians should
consider applying these new regulations to enhance patient
convenience and lower the cost of managing appropriate outpa-
tients. Managed care organizations and third-party payers may
require that all eligible patients be treated as outpatients or that
justification for hospital admission be specifically documented. To
facilitate application of the code and guidelines, maximum 31|
doses for patients undergoing thyroid remnant ablation, therapy
for metastatic or recurrent thyroid cancer, or therapy for hyperthy-
roidism have been calculated and summarized in tables.
Methods: A model was developed that calculates the maximum
dose of 131] that may be dispensed to an outpatient. This model
complies with 10CFR35.75. The maximum dose is calculated as
a function of 5 variables: the occupancy factors for 3 periods after
dose administration, the fractional uptake of 131 by residual
thyroid tissue or metastasis, and the duration of constrained
activity. Occupancy factor, a key new concept in the regulatory
guidelines, is a physician estimate of the time that a treated
patient will be near the individual with whom the patient will spend
the most time after treatment. The model also considers 3
constants: the effective half-life of 1311 during the preequilibrium
period, and the effective half-lives of 13| in both the thyroidal
component and the extrathyroidal component during the equilib-
rium period. Tables for maximum allowable patient 13! doses
were derived on the basis of this model. Results: Through
dosing charts, maximum 31| therapy doses may easily be
calculated. Most outpatients undergoing thyroid remnant abla-
tion, therapy for metastatic or recurrent thyroid cancer, or therapy
for hyperthyroidism may be treated with 7400 MBq (200 mCi) 31|
or more. Conclusion: If the prescribing physician understands
the concept of occupancy factor and how to use the dosing
charts, our model facilitates application of and adherence to
10CFR35.75.
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The new Code of Federal Regulations, title 10, part 35.75
(10CFR35.75), provides greater latitude and flexibility in
the management of outpatients treated whith than did
preceding regulationsl). Prescribing physicians should
consider applying these new regulations to enhance patient
convenience and lower the cost of managing appropriate
outpatients. Managed care organizations and third-party
payers may require that all eligible patients be treated as
outpatients or that justification for hospital admission be
specifically documented.

The new regulations were promulgated to reflect a greater
sensitivity to realistic situations and provide greater physi-
cian flexibility in patient treatment while protecting the
public from exposure to unsafe levels of radiation. The
unique living situation of each patient, as well as his or her
ability to adopt a small set of social limitations for several
days, are the basis for determining the maximum prescrib-
able ¥l dose. Tables were derived to help physicians
determine the maximum dose,,§ that a patient may
receive for safe release to a structured outpatient environ-
ment.

Until recently, patients receiving more than 1100 MBq
(30 mCi) 31 required hospitalization. The new regulation
allows patients to be released as outpatients on the basis of
an estimate of the radiation dose to the person who will bear
the greatest exposure. The calculations are based on the
percentage offll uptake, the effective half-lives é#1, and
the occupancy factor (OF). OF is a physician estimate of the
patient’s proximity to people at home or in the community
during and after a period of constrained social interaction.
The physician estimates the time that the patient will be near
the person with whom the patient will spend the most time
after dose administration. Q calculations can be individu-
alized by allowing the prescribing physician to assign a
separate OF for each of 3 intervals after the administration of
the dose. These 3 intervals are the preequilibrium period
(first 8 h after dose administration) the constrained-activity
period (intentional constraint of patient’s social interaction
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after the preequilibrium period), and the unconstrainedtinical practice does not preclude alternative release criteria
activity period (the following infinite period). The prescrib-but is predicated on the new Nuclear Regulatory Commis-
ing physician assigns these OFs on the basis of the patiessitsn regulations, which are applicable in Nuclear Regulatory
lifestyle. Commission states only2). The use of this model or
Our model assumes that after ingestion!®#f, an 8-h alternative release criteria should be reviewed with the state
preequilibrium period exists during which little biologicregulatory agency in agreement states.
elimination of 31 occurs. The effective half-life of3} If the fractional uptake of iodine is known or estimated, if
during this period is considered constant, although sortiee OF values are assigned, and if a period of constrained
interpatient variability exists and is estimated to be 0.8 timgstient activity is defined, Qy can be determined from
the physical half-life, or 6.43 d2j. The estimate of the Table 1. Q,,x may also be calculated from an equation and
regulatory guide—that the effective half-life 6% during tables (Eq. 4; Tables 2 and 3) or derived from a single
the preequilibrium period is 0.8 times the physical half-life€quation (Eq. 5). These equations and tables are based, in
of 133 (0.8 X 8.04 = 6.432 d)—is not substantiated. Thepart, on approximations and assumptions used in the regula-
term “half-life” refers to an equilibrium status that obeystory guide and fully comply with 10CFR35.75. Although
first-order kinetics; thus, the term is not applicable to theonceptually similar to the regulatory guide, this model is
preequilibrium period of the model. However, most consefaore comprehensive.
vatively, if the effective half-life of34 during the preequilib-  Internal contamination of nonpatients is relevant in consid-
rium period were equal to its physical half-life, the calcuering whether a patient may be sent home. Although studies
lated Q.. Using Equation 1, would be reduced by less tha#ow that those exposed to patients receivifigtherapy
0.5%. Because this amount makes no practical differencelifgur relatively little internal radiation contamination and
dose calculations, the estimate of the regulatory guide that it may be overlooked when calculating the exposure of
used in this model for consistency. the unintended individual(4), patients should be told how
After the preequilibrium period, the remaininigy is internal contamination of others may occur. This is most
considered to be divided between the thyroidal compondRtportant during the first 2-3 d after treatment, when a
and the extrathyroidal component. The effective half-life dglatively high biologic clearance from the extrathyroidal
131 in each of these components is different. The effecti&@Mponent occurs. Patients should be told what constitutes
half-lives of!34 for thyroidal and extrathyroidal componentgnternal contamination and how to prevent it during the first
also vary from patient to patient but were assumed to [gor 3 d after treatment. These instructions should be specific
constant in this model and were assigned values of 7.3 dfdeach patient but should always include points such as
0.32 d, respectively23). The model was developed using'aving sole use of a bathroom, flushing the toilet twice, and
an effective'3} half-life of 7.3 d in the thyroidal component. Using disposable eating utensils.
The regulatory guide uses this value for post-thyroidectomy
patients but 5.2 d for hyperthyroid patients. The model us$\TERIALS AND METHODS
7.3 d for both post-thyroidectomy patients and hyperthyroid To derive the equation that is the basis for the model, exposure to
patients because appropriate doses for hyperthyroid patieftsindividual standing near a constant source of radiation is
are within the Qg values calculated using the 7.3-¢falculated:
effective half-life, which is more conservative. The 0.32-d E = TtQ/?, Eq. 1

value is from the regulatory guide. We acknowledge that this ) - o
ere E= unintended exposure (millisieverts) to individuals other

value varies from patient to patient and may be prolongedt an the patientl” — exposure rate constant ffil — (2.2 R x

hypothyroid patients because of decreased gastrointestipC:F\n P(mCi X h) (5) = (0.0528 mSv< mA)/(mCi X d) (assuming
motility and reduced glomerular filtration rate. An effectivg 5~ 19 msy @), t = duration of exposure (days), © activity

half-life of 0.32 d is used for consistency. (millicuries), and r= distance from source (meters).

In addition to the 3 constants, the model comprises the|n clinical practice, the calculation of exposure to individuals in
following 5 variables: the fractional thyroi#! uptake, the
duration of the period of constrained social activity, and the

OFs for the 3 periods (the preequilibrium, QFhe con- TABLE 1
strained, OE and the unconstrained, QJ A function of Qnmax
the 3 constants and 5 variables is derived that calculates the OF, = 0.125 OF, = 0.25

maximum prescribable dose that, in compliance with

10CFR35.75, will limit exposure of any other individual to &

mSv or less per patient releag. ( 0.0 557 342 406 278
Application of this model allows a physician to easily %-2° 376 264 300 224

. . . 0.75 228 181 198 162

implement treatment plans for outpatients usitigtherapy

doses greater than 1100 MBqg (30 mCi). The tables and—

equatlons prOVIde the Iega"y requ”'ed documentatlon andvalues are in millicuries for fractional Uptake of 0.05 and 2-d periOd

criteria for discharge of the patient. The use of this model fif constrained activity. 1 mCi = 37 MBg.

OF, OF,=025 OF,=050 OF,=0.25 OF,=0.50
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TABLE 2 effective half-life of 131 assumes that the rate éf1 loss is

Exposure per Millicurie During Constrained Period proportional to the amount of®Y remaining or is equal to a
first-order rate constant times the amount®f remaining. If the
Fractional Duration of constraint (d) rate constant representing the biologic loss!®f and the rate
uptake 1 2 3 4 5 6 7 constant representifig! physical decay are added, the sum equals

the effective rate constant{f, which represents total loss from
005 0022 0027 0029 0031 0033 0034 0035 N ORRE S IIEIE fk SR BOEE ST B e o
0.10 0.023 0.030 0.035 0.038 0.042 0.045 0.047 10 phy .
015 0025 0.034 0040 0046 0051 0055 0059 Lhe reciprocals of the hal-lives, 14f = 1/Thio + 1/Tpn, Where
0.20 0.026 0.037 0.045 0.053 0.059 0.066 0.071 Teff = the effective half-life, Tio = the b|0|Og|C half-life, and
0.25 0.028 0.041 0.051 0.060 0.068 0.076 0.083 Tony = the physical half-life. The effective half-life represents the
0.30 0.029 0.044 0.056 0.067 0.077 0.087 0.095 half-life of 3% within the body and is a function of both biologic
0.35 0.030 0.048 0.062 0.075 0.086 0.097 0.107 elimination and physical decay.
0.40 0.032 0.051 0.067 0.082 0.095 0.107 0.118 Three different effective half-lives are used in the model: the
045 0033 0055 0073 0.089 0.104 0.118 0.130  preequilibrium (T), thyroidal (Ty,), and extrathyroidal (I compo-
0.50 0.035 0.058 0.078 0.097 0.113 0.128 0.142 nent half-lives. The model assumes that after ingestiott*fa
8:22 8:8;3 8:822 8:823 gj(l)i' 812? 8:123 8:122 prequilibri_um period of one-third day (8 h)_exists d_uring \{vhich
little biologic loss of34 occurs @). The effective half-life during

0.65 0.039 0.069 0.095 0.119 0.140 0.160 0.178 . e . . . .
0.70 0.040 0.072 0.100 0.126 0.149 0.170 0.190 this periodis estimated to be 0.8 times the physical half-lif&f

0.75 0.042 0.076 0.106 0.133 0.158 0.181 0.202 or (08)(804): 6.432d 2) In Equation l, when Q decreases as a
0.80 0.043 0.079 0.111 0.141 0.167 0.191 0.213 function of time, the product Q< t is replaced by the integral
0.85 0.044 0.082 0.117 0.148 0.176 0.202 0.225 fOtQt dt. In the preequilibrium period for this example, this integral
090 0046 0086 0122 0155 0185 0212 0237 s x [ x e (N2NOHENL and equals 0.3274FmCi-
0.95 0.047 0.089 0.128 0.162 0.194 0.223 0.249 W P . _—
1.00 0.049 0093 0133 0170 0203 0.233 0.261 day)_. Q (mCl) is the .|n|t|al patient dos_e._ Substltu_tlng 0.3274 Q
(mCi-day) into Equation 1 and normalizing to unit distance=(r
1 m), K (mSv/mCi) = I'(0.327)Q/r? = (0.0528)(0.327)@12 =

0.00 0.021 0.023 0.024 0.024 0.024 0.024 0.024

Values are in mSv/mCi and are derived from the equation Ec =  0.0173 mSv/mCi, where E£= preequilibrium exposure (mSv/
[0.537U(1 — 70%95¢) + 0.0236(1 — U)(1 — e"2%C)], where E. = mCi),I" = 0.0528 (mSwx m?)/(mCi X d), and Q = initial dose.
exposure during constrained period, U = fractional uptake of %I, and Preequilibrium exposure calculates the dose an individual would

C = period of constrained activity. 1 mCi = 37 MBg.

daily contact with a patient who has receivéd therapy becomes TABLE 3
more complex ). The reason is 4-fold: the biodistribution B Exposure per Millicurie During Unconstrained Period
varies among patients, the activity within the patient decreases ty
physical decay and biologic elimination, the patient’s socialFractional
activity is intentionally constrained for a predetermined period, and uptake 1 2 3 4 5 6 7
the distance between an individual and the patient varies over time. 0003 0 0 0 0 0 0
These concerns are addressed in the model_ on the _ba5|s ofy 05 0.027 0.023 0.020 0.018 0.017 0.015 0.014
assumed therld iodine uptake, effective half-lives, perlod of 0.10 0.051 0.045 0.040 0.037 0.033 0.030 0.028
constrained activity after the preequilibrium period, and OF values. .15 0.076 0.067 0.061 0.055 0.050 0.046 0.041
Each of these concerns is addressed separately in the following 0.20 0.100 0.089 0.081 0.073 0.067 0.061 0.055

Duration of constraint (d)

sections. 0.25 0.124 0.111 0.101 0.092 0.083 0.076 0.069
Cm 0.30 0.149 0.133 0.121 0.110 0.100 0.091 0.083
Thyroid | Uptake 0.35 0.173 0.156 0.141 0.129 0.117 0.106 0.097

The fractional uptake oY by thyroid or thyroidlike tissue in 0.40 0.197 0.178 0.162 0.147 0.134 0.121 0.110
the neck is easily measured. When iodine-avid thyroid metastatic 0.45 0.221 0.200 0.182 0.165 0.150 0.137 0.124
lesions occur outside the thyroid bed, the measurement of frac- 0.50 0.246 0.222 0.202 0.184 0.167 0.152 0.138
tional iodine uptake becomes difficult and, at times, may be only 0.55 ~ 0.270 0.244 0.222 0.202 0.184 0.167 0.152
roughly estimated. Most patients with a history of thyroid carci- 8-2(5) g-gig g-;g; 8-;25 gzgg 8523 gigg 8-125
noma present seeking either ablation of only a small, postoperative ~ ‘ : : ) ) ) :
remnant of normal thyroid tissue or treatment of a small mass of 0:70 g:gg? 82; 8:;32 8;% 8:;23 8:2;2 8:;23
Iocglly rt_ecurrentdlsease.These patle_nts may be treated e'mplrlcallyol80 0.391 0355 0323 0294 0267 0243 0221
as if their uptake were 0.05 (5%). Patients who present with larger ggs 9416 0378 0343 0.312 0.284 0.258 0.235
amounts of residual thyroid tissue or a relatively large mass of g.gg 0.440 0.400 0.363 0.331 0.301 0.273 0.249
iodine-avid recurrent thyroid carcinoma will require determination 0.95 0.464 0.422 0.384 0.349 0.317 0.289 0.262
of fractional iodine uptake before treatment. Fractional uptake 1.00 0.488 0.444 0.404 0.367 0.334 0.304 0.276
measurements are also required when treating hyperthyroidism

with a dosage greater than 1100 MBq (30 meH). Values are in mSv/mCi and are derived from the equation E,. =

Effective Half-Lives [0.537Ue~0-095C + 0.0236(1 — U)e~2%C], where E,. = exposure

The term “half-life” implies first-order kinetics; the rate of during unconstrained period, U = fractional uptake of 13|, and C =
' riod of constrained activity. 1 mCi = 37 MBq.

decay is proportional to the amount of substance remaining. The
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receive if that person werl m from the patient for the entire 8 hE . = (Enue) + Eeue) = €Xposure during the unconstrained period,
after initial dosing, or 0.0173 £(mSv). The activity remaining and:
within the patient 88 h would be Qe [n2(3)(0-8)8.0491= 0.965 Q.

After this preequilibrium 8-h component, the model is repre-
sented by a bicomponent system: the thyroidal component aag \/qjues
the e_xtrathyr0|dal com_poner_u. The effective half-life'f in th_e OF is a conservative physician-estimate of the fraction of time
thyroidal ‘?O”‘F’O”G“t 1S e_s,tlma_ted to be 7.3 d, and that in trff‘?at an individual is near the patient. OF, as used in the regulatory
e_xtrathyr0|dal component_ IS eSt'mateq _to be 0.3_2,'G)(V_Vhen the guide, is part of a model that assumes a person isreltime from
bicomponent model begins, the activity remaining is 0.965 Qe patient or far from the patient. The radiation exposure a person
Each component is cc_)ns_ld_ered separately. . . receives fron#3Y activity in the patient varies as the inverse of the

The exposure an |_nd|V|duaI would receive fror_n _th_e tr_'yro'_daéquare of the person’s distance from the patient. For facilitation of
component by remaingnl m irom the patient for an infinite time is exposure estimates, the distance from the patient is considered to
En(mSv) = 0-9GTUQJrZL e 2Tl dt = 0.537UQ, where  pe 1 m orinfinite, and OF should conservatively estimate the
Ewn = exposure from the thyroidal component0.537UQ (MSV),  fraction of time that the distance is “1 m.” During the period of
U = the fractional thyroid uptake dfY, Ty, = 7.3 d, and r= 1 m.  constrained activity, an QRf 0.25 is considered conservative. In
Similarly, the exposure from the extrathyroidal component, igther words, the person who is most with the patient is estimated to
which Te = 0.32.d, is & (mSv) = 0.0236(1— U)Qo. be no more tha1 m from the patient no more than 25% of the time
and to not be in the presence of the patient for the remaining time. If
3(gF is used as a criterion for patient discharge, the patient must

E=(E +E +Ey. Eq. 2

Period of Constrained Social Activity
This model considers the patient’s social interactions to
intentionally constrained for a time after the preequilibrium perio . . S . L
assigned for the constrained period if the patient maintains a

This period of constrained activity is usually grt d for patients dent dist ; h | | ' q ;
undergoing thyroid remnant ablation or therapy for local recyPruaent distance irom others, sieeps ajone in a room, does no
avel by airplane or mass transportation, does not travel on a

rence of thyroid cancer. Little iodine-avid tissue exists in the§5

patients, and their extrathyroidal iodine clears relatively quickl)p.rOIonngd automobile trip W'th others,_and _drlnks plenty of fluids.
However, longer periods of constrained activity may be mo n OF of 0.125 may be used if the patient lives alone and has few

appropriate in certain cases when the fractional uptak'bis visitors. In either case, the patient should receive detailed, personal-
higher ized instructions aboud#l excretion and contamination pertaining

Exposure from the thyroidal and extrathyroidal components §8| thﬁ Iving sguatl?n and shkouldla(ljso rslce_lve ;he_namef and
divided into the period of constrained activity and the 1‘ollowing§e ephone number of a person knowledgeable in radiation safety.

infinite period of unconstrained activity. One minus the fraction OgSSection 8.39 of the regulatory guide suggests that 3D 75

the dose taken up by thyroid tissue is the remainder of the dose rassigned to all patients during the preequilibrium period. This

the fraction not taken up by thyroid tissue. If the period of Con’t_akes into account the patient’s transportation home after dosing.

strained activity (C), in days, is consideregy&= 0.537UQ(L — The patient may be near other individuals during the trip, which
e 2Ty = 53’7UQ)(1 o e 00959 = eyposure from the MY last several hours. The regulatory guide assumes that a patient

thyroidal component during the period of constrained activity, ana/)ends G_Sf thﬁ:'m h aftertc_105|? 1;“ from 1 or more ;plelgu?I_?.h
Eo = 0.0236(1— U)Qq(1 — e [(n2CrTd) = 0,0236(1— U)Qy(L — e consider this assumption to be very conservative, but it has

- . : it under special circumstances.
e 2089 = exposure from the extrathyroidal component during thder! . . :
period of constrained activity. If the prescribing physician believes that a lower OF may be

The exposure to a specific individual after the period ppropriate for the preequilibrium period, assigning the same OF to
e preequilibrium period as is assigned to the constrained equilib-

constrained activity until complete decay is calculated as follow: iod b ble. E | tient i
Enue) = 0.537UQe 0-095¢ = exposure from thyroidal componentrlum period may be reasonable. For example, a patient may five
ly a short distance from the treatment facility and may drive

after the period of constrained activity until complete decay, arﬂd1 : . L
ome alone. If the patient requires a larger dose than the living

= 0.0236(1— U)Que 298C = exposure from extrathyroidal
Eewo) ( )Q b y f‘éonditions would allow if he or she were to return home immedi-

component after the period of constrained activity until comple ) L S :
decay. The fractional thyroid uptake B# can be measured beforeately, the patient may be hospitalized for the preequilibrium period.
‘Bhis short hospitalization makes possible a larger allowable dose,

treatment; it is assumed to be 0.05 for thyroid remnant ablatiob, b ioned | ; ided that th
provided that thyroidectomy is nearly complet. ( ecause (_),Fmay € assigned a vaiue of zero provided that the
person with whom the patient will spend the most time after

Total Exposure discharge is not in contact with the patient during the hospitaliza-
Because the effective half-lives %4 in the 2 components, tion. If the patient is alone, will return home alone, and will remain

thyroidal and extrathyroidal, are considerably different, the potealone for the first 8 h, an OF of zero (F 0) may be appropriate

tial exposure to specific individuals is very much a function of thas well.

dose biodistribution within the patient, or, more specifically, the For the period of constrained activity, most patients can be

fractional thyroid uptake. The total exposure (millisieverts) reassigned an Qfof 0.25. An OF; of 0.5 is usually appropriate for

ceived by a person who spends 100% of his or her time with thedividuals who sleep together. The assignment of, @, and

patient comprises 5 components: the preequilibrium compone@t,c must be based on the living conditions of the specific patient.

the thyroidal and extrathyroidal components during the periods of The application of appropriate OFs to the components of

constraint and of unconstraint, and the thyroidal and extrathyroidafiuation 2 gives rise to:

components after the period of constraint, oF=EE, + E) + _ _ _

Ee) + Etnue) + Eewey When terms are combined, E= 0.0173 E = ORE, + ORE + ORuEuc Enax = Qnaf =

mSv, E = (Ein() + Eec) = €xposure during the constrained period, Qma{OFE, + OFE; + OF,E,J). EQ.3

ollow specific instructions. For example, an OF of 0.25 may be

THERAPEUTIC 134 IN OUTPATIENTS * Coover et al. 1871



If Enaxis set at 5 mSy, which is the new regulatory maximum fg
unintended exposure to any individual, then 5 mS®Q,., (MCi)
[OF,(0.0173)+ OFE; + OF,E.J (mSv/ImCi),

Quax = 5/[OF,(0.0173)+ OF.E, + OF,E.J, or:
Quax = 5/[OF,(0.0173)+ OF,(0.537U(1— e 00959 +
0.0236(1 U)(1 — e 2%89) +
OF,(0.537Ue %995 1 0.0236(1—U)e2%89].

=

Eq. 4

Eq.5

Relative Activity

In this model, the maximum allowabi4 dose that may be
administered to an outpatient is a function of 5 variables. Three
these variables are QFOF, and OF, which should be assigned
on the basis of the patient’s lifestyle (constrained and uncoj
strained). The fourth variable, the fractional uptake®f in
thyroid tissue or metastatic lesions, should be measured
estimated. A fractional uptake of 0.05 may be assigned to po
thyroidectomy patients provided that the thyroidectomy was nea
complete. The fifth variable is the time after the preequilibriurFIGURE 1. 31| ablation. Relative activity remaining in patient is
period that the patient’s lifestyle will be constrained, that is, thelotted as function of time.
constrained portion of the equilibrium period. Once these param-
eters have been established, the maximum allowable dose may be
found in Table 1, calculated using Equation 4 and Tables 2 and 34P23, and Qa = 5/(OF,(0.0173)+ ORE; + OF,E,) =
calculated directly using Equation 5:,Q = 5/[OF,(0.0173)+  5/((0.75)(0.0173)+ (0.125)(0.027)+ (0.5)(0.023))= 6700
OF,(0.537U(1 — e790%9 + 0.0236(1 - U)(1 — e2%9) + MBq (180 mCi).

OF,((0.537Ue%995C + 0.0236(1— U)e 2% In case 2, a 29-y-old woman presents for ablation of
remnant thyroid tissue. She is single and lives with her
6-y-old daughter. Her daughter attends sdi®b per day.
The patient will be dosed early Monday morning. She lives
near the hospital and will provide her own transportation
ﬁ'ome, where she will remain alone for the following 8 h. She
and her daughter sleep in separate bedrooms. Her living

ecécl)rqlditions will be such that the following OF values are

o
=

>
T

2

2.5

1.5
Time (days)

or
St-
ly

RESULTS

Thyroid Remnant Ablation

13 Q,,ax is easily calculated on the basis of the patient
assigned OF OF, and OF,, the duration of constrained
activity, and fractional thyroid uptake &% (Table 1, Tables
2and 3and Eqg. 4, or Eq. 5). Patients who have undergon

uneventful thyroidectomy may be assigned an uptake
0.05 as a conservative estima®). (If more than the usual
amount of residual thyroid tissue may remain in the ne
(e.g., if surgery was difficult or if the thyroid-stimulating
hormone is< 20 plU/mL), iodine uptake should be mea
sured and the patient’s, @ should be based on this uptak

a function of time (Fig. 1). Thé&* burden is rapidly cleared

in thyroid ablation patients with low thyroid uptake. Rela
tive activity is also plotted as a function of both uptake an

time (Fig. 2). The character of the time—activity curv
changes with changes in uptake.

In case 1, a 45-y-old man who underwent an unevent
thyroidectomy for papillary thyroid carcinoma presents f

g
%

ablation of remnant thyroid tissue. He lives approximately

%?propriate: OF = 0.0, Ok = 0.25, and O = 0.25. A
period of constraint®? d isassigned. Because QF OF,,

Cekssignment of a period of constraint is mathematically

uhnecessary; however, a period of constraint stresses to the
patient that his or her behavior during the ffid d is

important in limiting exposure to others. What is,£for

S,
value. In our model, the patient’s iodine burden is plotted ZrS]ese conditions?

Fractional uptake is 0.05. Using Table 1,£= 15,000
MBg (406 mCi), and 406/5= 3000 MBg (81 mCi). We
'rqerz]commend dividing Q. by 5 if OF values pertain to a
child 8 y old or less or to a pregnant woman. Using Tables 2
and 3 and Equation 4,.E 0.027, E. = 0.023, and Qax =
(OR,(0.0173)+ OFE. + OF,E,o) = 5/(0+ 0.25(0.027 1
.25(0.023))= 14,800 MBg (400 mCi), and 400/5 3000

Bg (80 mCi).

400 km (250 mi) from the treatment facility and will beTherapy for Hyperthyroidism

driving home with his wife. He lives alone with her. They Thyroid iodine uptake should be measured on all hyperthy-

will sleep in separate rooms for the following 2 nights. Theoid patients beforé3l| therapy, especially if the required

period of constraint will be 2 d, beginrar8 h after dosing. dose may exceed 1100 MBq (30 mCi). Hyperthyroid

Their living conditions will be such that OF values may b@atients rarely require doses exceeding 1100 MBq (30 mCi).

assigned as follows: QF= 0.75, Ok = 0.125, and O = However, if a patient does require more than 1100 MBq (30

0.5. What is Q. for these conditions? mCi) 139, Q.axmay be found using the tables and equations.
A fractional uptake of 0.05 is assumed in post-thyroide®esidual3y activity is plotted as a function of time if

tomy patients. Using Table 1,,Q = 6700 MBq (181 mCi). thyroid iodine uptake is 0.35 (Fig. 3).

Using Tables 2 and 3 and Equation 4, £ 0.027, E. In case 3, a 73-y-old woman was treated with 1100 MBq
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0, . .
(days) % Uptake functions of both time and percentage up-
take.

(30 mCi) 139 for toxic multinodular goite 1 y previously. Table 1 is not used, because fractional uptake is 0.92.
She remains clinically and chemically hyperthyroidal, akJsing Tables 2 and 3 and Equation 4, and rounding
though 31 uptake is only 0.20. She lives with only herfractional uptake up to 0.95,.E 0.089, E. = 0.422, and
husband, and they usually sleep in the same bed. The pat@ptx, = 5/(0OFK(0.0173) + OFRE, + OFEy)

agrees to a 2-day period of constraint during which she w8l((0.25)(0.0173) + (0.125)(0.089) + (0.25)(0.422)) =
sleep alone. The patient’s living conditions justify use of th#500 MBqg (41 mCi). This dose far exceeds the most
following OF values: OF = 0.25, Ok = 0.25, and Of, = appropriate dose this patient should receive. This example is

0.5. What is Qfor these conditions? included to emphasize that these equations and tables set
Table 1 is not used, because fractional uptake is 0.2@pper limits allowable in dosing outpatients witbil; the
Using Tables 2 and 3 and Equation 4, € 0.037, E. = equation and tables do not necessarily determine the most

0.089, and Q. = 5/(0F,(0.0173)+ OFE. + OF,E.,) = appropriate dose.
. . . . + (0. . =
f/ll(B(g (2853(2]83_73% (0.25)(0.037)+ (0.5)(0.089))= 3200 Treatment of Recurrence

In case 4, a 25-y-old woman with Graves' disease presentsTreatment of a recurrence of thyroid carcinoma is similar
for 131 treatment. Her3 thyroid uptake is 0.92, and the © thyroid bed ablation, in that the fractional uptake by
gland is estimated to weigh 50 g. She is single and livédetastases is usually less than 0.05. In the rare case of a

alone. She resides only a short distance from the hospital dfFtional uptake that is expected to possibly exceed 0.05,

will be driven home by her mother. She can fulfill requirel® estimation should be based on the appearance of the

ments for the following OF values: QF= 0.25, OF — total-body’4 scan.

0.125, OF, = 0.25. She will maintain a constrained lifestyle " @€ 5, @ 36-y-old \_Nglman who was previously treated
for 2 d. What is Q.. for these conditions? with 4600 MBq (125 mCi}34 now presents with metastases

to lung and bon€é3Y uptake by the metastases is assumed to
be less than 0.05 after examination of tiéd total-body
scan. The patient lives at home with her husband. She lives

1.0~ ; ' ' ' only a short distance from the hospital at which she will
receive 134 treatment, and she will drive herself home
0.8- - immediately after treatment. She is well known to the
%‘ 33 prescribing physician, who believes she is reliable. She
B o6- ! ] agrees to follow parameters appropriate for assignment of an
< 7 OF; of 0.125 fa 2 d of constrained activity. Her living
.2 : conditions will be such that the following OF values are
% 04r 3 7 appropriate: OF = 0.25 and Of; = 0.5. What is Q for
x 3 these conditions?
02 . Using Table 1, Q. = 9800 MBq (264 mCi). Using
3 Tables 2 and 3 and Equation 4, £ 0.027, E. = 0.023, and
0 ! | ! ! Qmax = 5/(OFR,(0.0173) + OFRE. + OF,Ey)

o 05 1 16 2 25 3 | 5/((0.25)(0.0173) (0.125)(0.027)+ (0.5)(0.023))= 9600
Time (days) MBq (260 mCi).

In case 6, a 33-y-old woman with a history of papillary

FIGURE 3. 13| hyperthyroidism therapy. Relative activity re- thyroid carcinoma treated by thyroidectomy and 5600 MBq

maining in patient is plotted as function of time. (150 mCi) 139 ablation of remnant thyroid tissue recently
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underwent a total-body scan using 74 MBq (2 mE&i). A Conditions for Immediate Patient Release
small area of increased uptake in the neck was noted, whichMaximum permissible doses for various levels ‘8f
was consistent with recurrence. She returns in 2 wk¥br thyroid uptake and OFs are provided in Table 1 and may be
therapy. She lives with her husband and 4-y-old son. Shelculated using Equation 4 and Tables 2 and 3 or using
will sleep alone for the first 2 nights and will follow otherEquation 5. Most patients receiving more than 1100 MBq
constraints such that the following OF values are approprig@® mCi) 131 may be released immediately if the following
for her husband: QF= 0.25, OF = 0.25, and OF, = 0.5. conditions are met. First, the unintentional exposure of any
Her son will live at his grandparent’s home and have niadividual other than the patient may not exceed 5 mSv per
contact with his mother for a time after treatment. WhgtQ release (1 mSy if the individual is pregnant erd y old or
for her will limit her husband’s exposure to 5 mSv? less). Second, the patient must receive both verbal and
Fractional uptake is 0.05. Using Table 1,,£0= 8300 written instructions, and the instructions must be explained
MBq (224 mCi). Using Tables 2 and 3 and Equation 4=E to the patient. The physician should be reasonably certain
0.027, K. = 0.023, and Q.« = 5/(OF,(0.0173)+ OFE; + that these instructions can and will be followed (patients
OF,E.J = 5/((0.25)(0.0173)- (0.25)(0.027)+ (0.5)(0.023))=  receiving more than 260 MBq [7 mCi] but less than 1100

8200 MBq (221 mCi). MBqg [30 mCi] 31 should receive at least verbal instruc-
tions). Third, a record documenting justification of the
DISCUSSION assigned OFs and the effective half-lives used in exposure

The equations and tables provide a means of justifying tﬁglgulat|ons must be maintainedrf8 y after the date of
release of patients treated with relatively high dose&f patient release. Fourth, state law may preclude the use of OF

while conforming to the new 10CFR35.75. This will facili-in determining release criteria. State-imposed nuclear regu-

tate greater patient convenience and reduce hospital Cdg{gons should be reviewed before implementation of release

while maintaining a high level of radiation safety toCriteria based on OF.

members of the community. The equations and tables are
ahppropriate for almost all patients requiring high-dé%¥¢ ~,ncLusioN
therapy. "

Paggnts with a large metastatic load with a high affinit The use of the equations and tables can facilitate calcula-

/ 15 s

for iodine present somewhat of a problem because tHan Of the **4 Qmalx_ that may be adm|n|sFeredhto an
required dose is high and the thyroidal component is largetPatient. Patlentb ving dc;)ndétlons dletelrmlne 'IE e most
In such a patient, a relatively large iodine burden will b@PPropriate OF to be used for dose calculation. Temporary
retained for a relatively long period. The actual fractiondl®dification of a patients lifestyle may allow reassignment
uptake of iodine may also be difficult to estimate wheff OF H(_ance, thg W|_|||ngness and ability of the patient to
metastases are widespread. Unfortunately, the period [gfPorarily modify lifestyle maylallgw thﬁl prescribing
constrained activity will be quite long in these patients ipnysician more Iaytude in dose se ect|on_w II € mz{?taénlng
treated as outpatients. Similarly, their hospital stay could &ehourt]patlent s_ettmg. The usl,e of qﬁprop_rlatiy mof e OFfS
fairly prolonged while they await unconstrained-releasi't the eqt;gtlr?ns ?éqd kt1ab es will justity the safe use o
criteria. Fortunately, these patients are encountered inffl2Propriate high-dosef therapy in most outpatients.

quently. We believe they should be managed on a case-by-
case basis. APPENDIX A
Limitations Maximum Dosages of 31| for Outpatients

The entries in the tables_ should n_ot b‘? interpolated, 1. Determine or estimate the fractional uptake'®f (may be
because they do not follow a linear relationship. If an uptake  45sumed to be 0.05 in most cases).
value is between those provided in the tables, the morez. Establish the duration of the period of constrained activity (is
conservative value should be used. generally assigned a value of 2 d).

Doses calculated using the equations and tables are th8. Immediately after dose administration, 3 distinct time periods
maximums that outpatients may receive. The most appropri- are considered: the preequilibrium period (fBs after dose
ate dose for a given patient should be determined by the administration), the period of constrained activity (duration
prescribing physician. The tables and equations are for ©f physician-imposed constrained activity after preequilib-
determining whether the appropriate dose may be used in an "um period), and the following period of unconstrained
outpatient setting. activity. . .

The equations and tables were derived from assumptionsf" Assign OF, OF;, and Of, or the fraction of time that the

. . person most with the patient is actually with the patient for
in the regulatory guide?). Qavalues may be calculated by each of the 3 periods.

other methods, and other methods may be especially reg rind the maximum dose in Table 1 as a function of, GF,,
quired in unusual circumstances such as renal failure or  and OF,, where the fractional uptake is less than or equal to
other conditions that may increase the effective half-life of  0.05 and the period of constrained activity is 2 d, or find the
the extrathyroidal component. maximum dose using Tables 2 and 3 and Equation 4.
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APPENDIX B T: time of exposure (days).
Glossary R: distance from source (meters).
I exposure rate constant, (0.0528 m&wm?)/(MCi X d),
U:  percentage thyroity uptake. for 131,
OF: occupancy factor.
OF,: occupancy factor durling the preeqU|!|br|um perlod. ACKNOWLEDGMENTS
OF.: occupancy factor during the constrained period. ) .
OF,s occupancy factor during the unconstrained period. .The authors thank Stephen McGluwe, PhD, Richard Mc-
C: duration of period of constrained activity (days) K|n|ey, and David Everhardt for review and comments and
Q:  activity (millicuries). Diane Voelker for assistance with manuscript preparation.
Qmax mMaximum allowable dose that can be given to an
outpatient. REFERENCES
Qo initial dose. 1. The Code of Federal Regulations: title 10 t 35, medical f
. - X . The Code of Federal Regulations: title 10, energy; part 35, medical use o
T'. eﬁeCtl_ve half “_fe' . byproduct material; section 75, release of individuals containing radiopharmaceuti-
Ty effective half-life, preequilibrium component. cals or permanent implantSed Regist1997;62:4133.
Ty effective half-life, thyroidal component. 2. U.S. Nuclear Regulatory Commission Regulatory Guide 8.39: Release of Patients
Te effective half-life, extrathyroidal component. Administered Radioactive Materialg/ashington, DC: Office of Nuclear Regula-
. : : [T ory Research; 1997:14-19.
E: unintended eXpﬁsure recelved by anindividual secomjasr.ytlnternational Commission on Radiological Protection. ICRP publication 53:
to gxposure tothe patlen_t._ . o radiation dose to patients from radiopharmaceuticets: ICRP.1988;18:261.
Ep: unintended exposure (millisieverts), preequilibrium coms. The Code of Federal Regulations: title 10, criteria for the release of individuals
ponent. administered radioactive materifled Regist1997;62:4122-4123.
Eth: unintended exposure (miIIisieverts), thyroidal compo5- Radlolgglcal Health HandbooKWashington, DC: U.S. Department of Health,
nent Education, and Welfare; 1970:135.
. o . . 6. Precautions in the Management of Patients Who Have Received Therapeutic
Ee: unintended exposure (millisieverts), extrathyroidal com- amounts of RadionuclideBethesda, MD: National Council on Radiation Protec-

ponent. tion and Measurements; 1970. NCRP report no. 37.
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