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The Medical Internal Radiation Dose (MIRD )
Committee of the Society of Nuclear Medicine
has developed basic equations for calculating
the radiation dose to a patient from a radio-
pharmaceutical. These equations are analyzed
and modified so that the dose to a specific or-
gan may be calculated when the radionuclide is
not uniformly distributed in the body. Without
the modifications, the dose to a target organ
may be overestimated because the amount of
radionuclide in the organ is included in the
equation twice.

The dose to a patient from a radiopharmaceutical
is usually calculated with the help of the equations
published by the Society’s Medical Internal Radia-
tion Dose (MIRD) Committee (/). When calcu-
lating the dose to an organ irradiated by activity in
that organ and in surrounding organs or the remain-
der of the body, care must be taken that the activity
in the target organ is not used twice in the calcula-
tion. To avoid this problem, Smith (2) suggested
a method which can be described by considering the
dose to the spleen when irradiated by activity in the
spleen and the total body.

= A, A,
D, = E 2Amn“’np + R EAd’(u—s)
+ [é%n:é:] 3A¢meTB). (1)

The meaning of the various symbols is given in
Table 1.

The first and second terms in Eq. 1 give the
nonpenetrating and penetrating radiation dose to the
spleen from activity located in the spleen. The last
term is meant to provide the dose to the spleen from
the remaining activity which is distributed through-
out the body but outside the spleen.

It is now recognized that the third term fails to
provide sufficient correction since the absorbed frac-
tion, ¢ «rn), is based on the uniform distribution
of the radionuclide in the total body including
spleen (3). Because the absorbed fraction depends
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on the geometry of the system, its magnitude is
greatly influenced by the activity in the spleen. What
is required is an absorbed fraction for spleen from
total body minus spleen, ¢« [rp_e;)- This fraction
is not available in the MIRD pamphlets (3). Using
available absorbed fractions, the proper dose equa-
tion would be

- A, *
D, = E 2Anp4’np + ?n_'. 2A¢‘ld—l)
+ 'Ar:]_:" 3A¢sern)s (2)

where A,* is the cumulated activity in the spleen in
excess of or less than the activity uniformly distrib-
uted throughout the body, A,,y, and can be either
a positive or a negative value. Thus,

Aa‘ = A’I‘B - Aunll‘- (3)

The total cumulated activity in the spleen is related
to the excess or deficit spleen activity as
A=A+ K 4

+ Mrs unif ( )

This equation assumes that the radionuclide is dis-
tributed uniformly according to the masses of the
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TABLE 1. EXPLANATION OF SYMBOLS

Symbol Definition

ol
&

Mean dose to o target organ, e.g., 6. = mean
dose to spleen (rads)

Cumulated activity (4Ci-hr)

Mass (gm)

Equilibrivm dose constant (gm-rad/uCi-hr)

Nonpenetrating radiation

Absorbed fraction, e.g., $np = absorbed frac-
tion for penetrating radiation; Pues =
absorbed fraction for penetrating radiation
to spleen from spleen

8 Total body

3 B3 »
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various organs (Fig. 1). Solving Eqgs. 3 and 4
for A,nie and A.* gives

Aunie = [WmT_BE:] [Ars — A,] (5)
and
A+ — mrpA, — msATB 6)

My — My

If Eq. 6 is multiplied by mrs/mrs, it may be fac-
tored to give

At = [——mTB ][As — M A’rn]' (7
My — Mg Mrp

Substituting for A, and Ag* into Eq. 2 gives

= A,
D, = _nT.ZA“"d’“"

Mrp A, Ars
+ [m'rn — ms][E o m—'rB]ZA‘#("-”

+ [m: = m,][A“ - A‘]EA«. crm. (8)

m,

The first term in Eq. 8 (exactly the same as in Eq.
1) gives the dose to the spleen from nonpenetrating
radiation. The second and third terms together give
the penetrating radiation dose to the spleen. The
third term is that part of the dose that results from
activity uniformly distributed throughout the body.
The second term provides the dose from excess (or
deficit) activity in the spleen.

Since m;<<mrp,

Mrp _ 70,000
meg — m, 70,000 — 176

Therefore, Eq. 8 can be simplified to

B, — A A, _ Am
Do = m, 2abnr + [ms T mep

= 1.0025 ~ 1.

] EM(M—A)

+ [A—“n:—A'] 3A¢ s «1B)- (9)

Because myp/(myp — m,) is very nearly equal to 1
for most body organs, Eq. 9 will usually be ade-
quate for dose calculations.

When the activity in surrounding organs contrib-
utes greatly to the target organ’s dose, the more gen-
eral Eq. 10 should be used.

.
D =Dy, + kz Dp* (tex) + Dp* (t 18), (10)

=g
where D,, is the nonpenetrating radiation dose to
the target organ from itself and is the same as

in Egs. 1, 2, 8 and 9. The second term,

t
3 D,*ex), provides the penetrating radiation
k=a
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FIG. 1. Graphical concept of dose terms used when only tar-
get organ and total body are dered in calculating the dose:
(A) cumulated activity in total body, Ars = C X mrs; (B) cumu-
lated activity in spleen; (C) “excess' activity in spleen and activity
uniformly distributed in total body.

dose to the target organ from “excess” activity in
itself and the other body organs (k = a,b,c ... t).
Excess activity is defined as the activity in the source
organ in excess or deficit of that uniformly distrib-
uted throughout the body (Fig. 2). The value of
—Dp‘(t(—k) is

At
Dp* (tex) = —— A (tek)
me

1
— R[Ak _

my

Arem] zA‘f’(N—k)a (11)

rem

where

t t
Arem = ATB — 3 Ak and Myem = My — 3 my.
k=a k=a
Inspection of Fig. 2 reveals that A,,¢/mpp =
Arem/Mypem if One assumes that the remainder of the
activity, A,em, is distributed according to the ratio
of my/m;en. When more information on actual dis-
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FIG. 2. Graphical concept of dose terms used when target
organ, other source organs, and total body are considered in calcu-
lating the dose: (A) cumulated activity in total body; (B) cumulated
activity in source organs; (C) total activity in spleen, “‘excess™ activ-
ity in kidney, ‘‘deficit” activity in liver, remainder activity, Arem.

tributions becomes available, it may be necessary to
use a ratio of “spaces” or “pools.”

The third term in Eq. 10, Dy* 18, gives the
dose to the target organ from activity uniformly dis-
tributed throughout the body.

Dp‘(k—TB) =

Aunlf
3A
m, é (tTR)

Arem
= —nr:]—'l? m—"m] 3A¢tern)- (12)
By substitution, Eq. 10 becomes

— — t
Dt = an + 2 ‘L[Ak e n:n—k Arem] 2A¢(t<—k)

k=a mt
Arem
—T::;(—'m em)zAWu-'rB)- (13)

This equation will reduce to Eq. 8 or its approxi-
mation, Eq. 9, when only the activity in one organ
and in the total body is considered.

+
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Blau (4) and Snyder (5) have pointed out that
the absorbed fraction for ¢ irem) can be obtained
from published absorbed fractions by using the fol-
lowing relationship:

M
@ (terem) = —'4’(«—1‘3)
ml?lll
me
— Pty — — ‘¢(t<—-k>!’
M Mg
where

t
Arem = ATB —_ ZAk and Myem — M — Emk.
k=a
Thus the general dose equation may also be written
as

= _A A
D‘ preeng H:EAnp¢np + IEI.HT: 2A¢(t1—k)
Arem
+ m. 2A¢(terem)- (14)

Roedler, et al (6) recently arrived at an equivalent
equation by using a slightly different logic path.

SUMMARY

These equations are merely refinements in the
way the basic MIRD dose equations are to be used.
The choice of which equation to use (8, 9, 13,
or 14) will depend upon the form in which the
raw data are available. The accuracy of the dose
estimates will be no better than the biological and
physical data used for the calculations.
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