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C. Riccardo Bellina and Riccardo Guzzardi

C.N.R. Clinical Physiology Laboratory, Pisa, ltaly

We describe the characteristics of the CAMIRD/III, a software package for the
calculation of radiation dose from internally distributed radionuclides. The work
concerns the preparation of a revised version of both CAMIRDY/II, which uses pres-
tored data of the specific absorbed-energy fraction, and MIRD-S, which uses the
precalculated “S” values. Some improvement in the dose computation has been
realized, for instance in the case of organs with walls. The software, written in
FORTRAN IV, runs on an IBM 370/168 computer.
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The computation of the radiation dose to a patient
after the administration of radioactive tracers is be-
coming increasingly important because it plays a
prominent role in the risk/benefit analyses when new
procedures are introduced. At the same time, the correct
calculation of the absorbed dose becomes more difficult,
owing to the complexity and the number of factors in-
volved.

The current method of calculation is one adopted by
the MIRD (Medical Internal Radiation Dose) Com-
mittee, which uses the well-known equation of R. Loe-
vinger et al. (/):

D(ri < rn) = An X Aidi(ry < ). (1

where D (rads) is the mean dose absorbed in the target
region, ry, from the cumulated activity, Ap, (uCi-hr) in
a source region, ry; A; (g-rad/uCi-hr) is the mean energy
emitted by the radionuclide per unit cumulated activity
for the i-th type of radiation emitted; and ®; (g~!) is the
specific absorbed-energy fraction (i.e., per unit mass)
for the target region.

The MIRD Committee has further simplified the
above equation, introducing the concept of the so-called
“S” factor: the mean dose absorbed in the target region
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per unit cumulated activity, expressed in rads/uCi-hr.
The values of “S™ have been calculated for almost all of
the emitters currently used in nuclear medicine.

In “S” are condensed all the physical parameters in-
volved in the absorbed-dose calculation, leaving only the
biological factors to be evaluated.

The equation now used thus becomes the following

(2):
D(ri < r1) = ApS(rc <) (rads). 2)

If the value of A}, cannot be computed mathematically
on the basis of the tracer kinetics, it may be determined
experimentally, by measuring at fixed time intervals the
activities in those organs having a relevant tracer con-
centration. By extrapolating to infinity the experimental
time-activity curve and integrating it, we find a value of
cumulated activity whose reliability depends on the
frequency and the accuracy of the measured data.

SOFTWARE IMPLEMENTATION: CAMIRD/II, MIRD-S,
AND CAMIRD/IN

The calculation of the total mean dose absorbed in a
target organ from the cumulated activities of various
source organs is a time-consuming procedure (see Ap-
pendix) and may lead to errors if it is performed man-
ually, whereas a computer program offers the advantage
of both standardization and speed of calculation.
Moreover it becomes easy to change input values (i.e.,
biological data).
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Two series of computer programs have recently been
written: CAMIRD/II and MIRD-S.

CAMIRD/I1 is the one designed by P. A. Feller (3);
its main program computes the absorbed dose in a target
organ by the use of Eq. 1 —i.e., by the Loevinger schema
in its more general form. In the computer’s disk memory
are stored all the physical parameters of the involved
radionuclides (4) and the values of the specific ab-
sorbed-energy fractions, just as they were calculated and
tabulated by W. S. Snyder (5).

The operator is asked, in conversational form, to enter
the names of the desired source organs (lungs, liver, etc.),
and their cumulated activities (Alum, Ajiver, €tc.), which
must be computed separately. The “S” values are com-
puted by the program separately for penetrating and
nonpenetrating radiations.

The second program is the MIRD-S, by P. F. Butler
et al. (6,7), which is based on Eq. 2. It starts with the
precalculated “S” values, stored in the computer’s disk
memory (22188 Kbytes are required for the 117 radi-
onuclides of Ref. 4), just as they were calculated by the
MIRD Committee and tabulated in Pamphlet No. 11
(2). Unlike CAMIRD//I1, this program works in batch
mode rather than in conversational form, and computes
the absorbed dose starting from the experimental mea-
surements of activity in the source organs, the cumulated
activity being calculated by integration of experimental
curve, as described above.

Thus CAMIRDY/II does not need the precalculated
values of “S”, and this is very important for calculating
the absorbed dose from radioactive tracers not yet con-
sidered by MIRD:; it is in conversational form and is
therefore easy to use; yet it requires the values of cu-
mulated activity, which must be calculated separately
for the various organs.

On the other hand, MIRD-S permits the calculation
of Ap, but it needs the precalculated values of “S”, and
can be used only in the batch mode.

Furthermore, if used under some special conditions,
both programs give incorrect results.

In fact, when the target organ is not itself considered
as a source organ, CAMIRDY/II omits from the calcu-
lation the nonpenetrating radiations emitted inside the
target organ due to the activity uniformly distributed in
the remainder of the body (see Appendix). For this
reason the dose is underestimated by an amount equal
to:

- ml
Arp Snp(t 1),
Mmep

3

where Ay is the cumulated activity in the remainder of
the body (8); m, and m,, are the masses of the target
organ and of the remainder of the body; and Spp(t «—t)
is the “S” value for the nonpenetrating radiations from
the target to itself.

On the other hand, the MIRD-S approach, using the
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tabulated “S” factors, automatically avoids this error
(see Appendix), because the “S” values from the total
body include both penetrating and nonpenetrating ra-
diations. When the target is an organ with walls, how-
ever, the dose is always overestimated by an amount
equal to:

A Lap. (see Appendix).
2mep

4

For example, if we use CAMIRD/11 to calculate the
dose to the testes after administration of 1 mCi of I-131
MAA, using the activity data supplied by Kaul et al. (9)
(source organs: liver and lungs), we obtain a value of 0.18
rads, which is 44% of the correct value of 0.41 rads, ob-
tained either with MIRD-S or Eq. A2 of the Appendix.

A calculation of the dose to the bladder, using
CAMIRDY/II and MIRD-S with the same input data as
in the above example, gives, respectively, 0.21 rads and
0.45 rads, which are 63.5% and 136% of the correct value
of 0.33 rads, obtained by Eq. A2 in the Appendix.

Finally these two programs provide very little pro-
tection against an operator’s mistake during data input,
and this can sometimes lead to a faulty result or force the
running of the program again,

Our laboratory has now developed a new FORTRAN
IV package, to be run on the IBM 370/168 system. This
package, named CAMIRDY/III; is a complete revision
of Feller’s CAMIRD/II and includes, as a subroutine,
the program TILDY, the MIRD-S subroutine that
computes the cumulated activity.

CAMIRD//III consists of: (a) four programs for the
user, which compute the absorbed dose, print all the
physical parameters of the desired nuclides, print in
tabular form the “S” values (penetrating and nonpene-
trating separately), and print the specific absorbed-
energy fractions for the various organs; (b) two programs
to introduce permanent data (i.e., nuclear decay pa-
rameters and specific absorbed fractions) into the
computer’s disk memory. These programs require ~~44
Kbytes for 117 radionuclides, and can easily be
updated.

In these programs all the previously described short-
comings have been eliminated; moreover, important
revisions of the computation schema have been added,
as, for example, the replacement of the cumulated ac-
tivity by the new concept, introduced by Loevinger (10),
of “residence time”, 7 (hours): 7y, = Ah/ administered
activity. Accordingly, the equation used is the fol-
lowing:

D(l'k - I‘h) = ThS(l‘k -« I‘h) (rads/pCi). (5)

Furthermore, the new SI units (gray, becquerel) (/1)
have been introduced in addition to the traditional ones
(rad, curie).

The use of these programs is conversational, except
for the possible input of organ and phantom counts (or
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TABLE 1. FILED RADIONUCLIDES
34 1c
150 18
43K °7Ga
SSe 81mgr
81Rp 82Rb
99m-|'c ARAIFY
1 13m|n 123|
125' 131|
133y 129Cg
198 Au 197Hg
203Hg 20 T

% injected activity) on punched cards, when the resi-
dence time is not available.

All programs check errors of internal compatibility
of both input names and numerical values (e.g., wrong
names, number of source organs exceeding maximum,
repetition of the same source organ, introducing the total
body in a list of source organs, etc.). Such errors are
immediately detected and the operator is asked to type
again.

The whole package is available through the Biomed-
ical Computing Technology Information Center
(BCTIC) of Oak Ridge, and contains data for calcu-
lating the absorbed dose from 22 radionuclides of med-
ical interest (Table 1). The physical data for other ra-
dionuclides (4) can easily be added, via item (b), men-
tioned above.
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APPENDIX

Considering the “‘source organs” as those organs for which the
tracer behavior has been mathematically described (9) or for which
a certain number of activity-versus-time values have been mea-
sured, the total mean dose to an organ (the “target”) results from
the sum of three components (8): (a) dose due to nonpenetrating
radiations emitted by the target itself; (b) dose due to penetrating
radiations emitted by the target and by the source organs; and (c)
dose due to penetrating radiation emitted by the rest of the body
(whose cumulated activity is taken as the total-body value minus
that for the source organs). The dose is therefore defined by the
following equation:

- - v -
D = ASnpt— 1) + & ASy(t +s) + AgSp(t < rb),  (Al)
s=s)

where t is the target organ, s is the source organ, rb is the remainder
of the body, S, and S,p are the “S™ values for penetrating and
nonpenetrating radiations.

In order to use this equation, one must consider the target organ
itself as a source organ. But it happens very often that the exact
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value of the target’s cumulated activity (A}) is unknown—e.g.,
when targets are gonads or bone marrow. In such a case the target
is not included among the source organs, but is part of the re-
mainder of the body. It follows that if the foregoing equation is,
nevertheless, used without the first term (e.g., setting A, = 0, as
in CAMIRDY/11), the nonpenetrating radiations will not be in-
cluded in the calculation. This produces an underestimate of the
dose, because a fraction of the activity considered as uniformly
distributed in the remainder of the body is contained in the target
organ, proportionate to its mass. This activity causes absorption
of nonpenetrating radiation, from the target itself, whose contri-
bution to the total dose depends on the kind of tracer. .

The contribution from the penetrating radiations emitted by the
target, which otherwise is usually very low, remains always in-
cluded in Eq. A1, because it passes automatically from the second
to the third term.

Thus, when the target is not specifically considered as a source,
Eq. Al needs to be transformed as follows:

- Sa o
Di= At Syt — 1) + 3 ASp(t—s)
mrp s=s)

+ ASp(t < 1b), (A2)
where m and m,;, are the masses of the target organ and of the
remainder of the body.

Equations A1 and A2 can be used only when S values are
available separately for penetrating and nonpenetrating radiations
(i.e., Spand Spp as in CAMIRD/III).

On the other hand, when the “S” values tabulated by the MIRD
Committee are used (as for instance in MIRD-S), we must con-
sider that S = S, + Spp, in which case the total mean dose to the
target must be calculated only by the following equation (6):

D= L AS(t+s) + AS(t < rb) (A3)
H
where the “S” values are now total “S” values.

We can demonstrate that even the use of Eq. A3 leads to the
same results as are obtained by Eq. Al or Eq. A2; but this, as we
will explain, is true only if the target is not an organ with walls.

Case 1. Let us take the case in which we would use Eq. Al1—i.c.,
when the target is itself considered as a source. Equation A3 may
then be written as:

D= 3 AS(t—s)+ AnS(t — rb)
s$=g)
Since (12) S =S, + Sy, when r, = 1y = t, or when ry, = tb(total
body), or when ry = tb; and since S = S, when r, = s (S, being
0); Eq. A3a is equivalent to the following:

(A3a)

D= 3 ASp(t—3) + ASap(t 1) + ApS(t + rb)

§=5)

(A3b)
Comparing Eq. A3b with Eq. A1, we can see that both give the
same result only if we can demonstrate that:
Arbs(l «rb) = Arbsp(l «—rb)
i.e., if S(t « rb) = Sp(t «rb)

According to Ref. (8):
t
Sp(t+1b) = TS (1 th) — ¥ XS, (t—s) (Ad)
My s=s; Mrp
and considering that S = S, + S, or S = S, as described
above:

S(t+rb) = T2 S (1 + tb) + TS, (1~ tb)
Mep Mep

t. m, m
= X —Sp(t+s) ——Sp(t+1) (AS)
s=g; Mrp Mep
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Since (2) Spp(rx +— 1) = A..pd:',,p(rk <= rn), and Ppp(ry + tb)
= 1 /myp, the second term of Eq. AS is equal to:
_‘bsnp(l,__tb)=m3ﬁ2=é'.‘2 (A6)
My Mep Mip  Mep

At this point we must distinguish two cases.
(a) When the target is not an organ with walls. (If r, =, = t
(2): Pop(t <= 1) = 1/m,.) The 4th term of Eq. AS then becomes:

m, A A
My mep My My

(A7a)

In this case the second and fourth terms of Eq. AS (as revalued in
Eqgs. A6 and A7a) vanish, since:

Mg (1 tb) — g (1) = Dne_Bm_
Mep Mmrp Mep  Mep

For this reason Eqs. A4 and A5 are equivalent, and therefore Egs.
A3 and Al yield the same result.

(b) When the target is an organ with walls. (Even if rp and ry
are in the same organ (2): ry, = contents, ry = walls, and Bpp(r+—
rn) = 1/2my). The fourth term of Eq. AS then becomes:

A
__‘_Snp(l@‘)=ﬂ_£2=ﬁﬂ (A7b)
Mrp myp2mp  2mgyp

In this case the second and fourth terms of Eq. AS (as revalued in
Eqgs. A6 and A7b) do not vanish, in which case:

A A A
T G (1 1h) = LS (te—t) = 22 Snp _ Snp
My Mep My, 2Mpp  2mgp

For this reason Eqs. A4 and A5 are not equivalent and:

S(t < rb) = Sp(t «rb) +ﬁ"-.
2my

i.e, AS(t < rb) = ApSy(t «rb) + A 2A

Mry

Therefore Eq. A3, compared with Eq. A1, overestimates the dose
by an amount equal to:

Ao
2myy

>
ks
c

Case 2. On the other hand let us take the case in which we would
use Eq. A2—i.c., when the target organ is part of the remainder
of the body. Eq. A3 may be written as:

— Sn - -
D= 3 ASp(t+s) + ApS(t < rb)

s=s)

(A3c)

Comparing Eq. A3c with Eq. A2, we can sce that Eqs. A3 and
A2 yicld the same result only if we can demonstrate that:

- - - m
ArS(t+—rb) = /\rl)sp(l «—rb) + Arbm_l snp(l —t)
rb

m
i.e., if S(1+= rb) = Sp(t +- rb) + — Syp(t+1)
My
Then:
(a) when the target is not an organ with walls, according to Eq.
AT7a, we should have:

A
=S,(t—rb) + ="E;or
My

(b) when the target is an organ with walls, according to Eq.
A7b, we should have:

S(t+rb)

=s,,(t<~rb)+ﬁ?—.
2mp

S(t < rb)

But in both cases:
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S(t+rb) = T Sp(t«——tb) + Tib Snp(t «—tb)
Mrp Mep

-2 D s (A%)
s=s) M¢p

which, according to Eq. A6, may be written as

S(t + rb) = TS (t « tb) 48w _ & Ds Sp(t +s)
Mrp Mep  s=5; Mrp

(A8a)

and

Splt —1b) = %’ Sp(t—tb) — 3* 2

rb s=5) Mrp

Comparing Eq. A8a with Eq. A9, we can see that either in case
(a) or in case (b) we have:

Sp(t +rb) + Bop
My

S(t«<rb) =

Therefore Eqs. A3 and A2 yield the same result only when the
target is not an organ with walls; otherwise Eq. A3 will overesti-
mate the dose by an amount equal to:

(ﬁE =A " AP_
Mrp Zmr 2my

In conclusion, in the computation of an absorbed dose with the
CAMIRDY/II, we must always consider the target organ as a
source organ, even when the exact value of its cumulated activity
is not known. This value must then be estimated as:

- - m
A =Ap
Mep

On the other hand, if the target organ is one with walls, and one
is using either MIRD-S or doing a manual calculation with the “S”
values tabulated by MIRD, the result for total dose must always
be reduced by an amount:

- A
Arp—E
2""rb
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