
OrganMIRD phantomi@&/S @His/S 14Cis/S @P@/S @S@/S @Ca@/S @Sr@/S@Â°VAdrenals15.514141414141414Kidneys284310310310310310310310Uver1

,8091 ,7801 .8001 ,8001 ,8001 ,8001 ,800I,800Lungs9991,0001,0001,0001,0001,0001,0001,000Marrow

(red)1 5001 ,500I ,6002,2801 .6001,7002,0002,300Other
tissue28,00028,00028,00028,00028,00028,00028,00028,000(muscle)Ovaries8.31110.91110.9111111Pancreas60100100100100100100100Spleen174178180180180180180180Testes3735353535353535Thyroid2020202020202020Total

body69,88070,00070,00070,00070,00070,00070,00070,000

TABLE 1
OrganMassesAssociatedwith MIRDNS Factors

OrganMass(grams)

The significanceof organ mass disparitycan be illUStrated
with the followingexample.Supposea therapeuticradiophar
maceuticaldemonstrateshomogeneousuptake in a 60-g tu
mor. In order to easilycalculatethe absorbeddose received
by the tumor from self-irradiationdue to particulate emis
sions, it would be tempting to use the â€œSâ€•factor (source =
target) for an organ of similar mass. In this example, one
mightchoosethe â€œSâ€•factorforself-irradiationofthe pancreas,
since MIRD Pamphlet No. 11 implies that this â€œSâ€•factor is
based on a pancreas mass of 60 g. Since this â€œ5â€•factor was
actually based on a pancreas mass of 100 g, however, the
absorbed dose thus calculated will be overestimated by 67%.
Similarly, absorbed doses from self-irradiation for masses
equivalent to ovaries, adrenals, kidneys, testes, and spleen will
be in error by +33%, â€”10%,+9%, â€”5%,and +3%, respec
tively.

In conclusion,the massesof severalorgansincorporatedin
MIRD â€œ5â€•factors differ from those listed for the MIRD
phantom. Use of â€œSâ€•factorsfor other purposes(e.g.,calcula
tion of self-dose to tumor) may result in substantial error if
improper organ mass is assumed.
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Model to Evaluate Ventricular Insufficiency Utilizing
First-Pass Radioventriculogram Component
Analysis

TO THE EDflOR.@ In the recent article published in Journal
of Nuclear Medicine, Philipe et al. presented a novel meth
odologyto detectand quantifyleftsidevalvularregurgitations
from SM-pass radioangiography data (1).

Their approach deconvolves the left ventricle radiohisto
gram via pulmonary input in their valvular patients, thus
obtaining unit impulse response functions (UIR) that are
multimodal, owing to the long transit time of components
associated with regurgitant flows. In order to quantif@ythe
degree of valve insufficiency Philipe et al. postulate that the
areas under the first two UIR components are proportional to
total and regurgitant flows, respectively.

I would like (1) to derive the above postulate in the model
correspondingto mitral or tricuspid valve insufficiency,and
obtain a new formula that enablesmore accurate regurgitant
flow estimates;(2) comment on fitting the curves prior to
deconvolution, and (3) discuss the limits of the method in
aortic and pulmonary regurgitation.

1. Suppose N0 indicator particles are injected proximally to
an insufficientvalve.In each contraction the ventricleejects
EF percent of its diastolic content, with part of EF ejected
irreversible forward (FF), and RF as the regurgitant fraction:
EF = FT + RF. Supposethat complete mixing of indicator
with blood occurs in the ventricular cavity prior to each
ventricular contraction. According to the number of ventric
ular passes N0 particles are discriminated in the following
groups:

N, =(FF/EF).N0 1pass@0regurgitaÃ¼ons

N2=(R/@).(FF/E@)N0 2passes,1regurgitation

@ =(RJ@/EF)@.(FF/EJ@)N03passes,2regurgitations

â€¢@k@(@J@/@J)'@'.(FF/E@)N0 k passes,(k-1)regurgitations

The firstpart ofEq. (1)iseasilycomprehendedifone imagines
all particles initially situated in the ventricle, then N1 = FF.

(1)
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(I + (1 â€”EF) + (1 â€”EF)2 + . . .). N0 = (geometric series) =
(@/@f@).N0.Obviously,if an identical result holds for each
part ofN0 that enters the ventricle in the succeeding diastoles,
then it holds for the sum Ne,,tOO,irrespectiveofthe tempo of
indicator ventricular input. The second part of Eq. (1) then
follows, by observing that the two-pass particles should first
regurgitateone time and are then ejected forward,the same
reasoning establishes the other parts ofEq. (1). The sum of all
components Ni equals the total number Ne,,as expected:@
Nk N0.(FF/EF).@1 (RF/EF)k@I N0.(FF/EF).(EF/FF) =
N0.

If general requirements of stationary and linear indicator
ventricular kinetics are satisfied, it can be shown (2) that the
area under the indicator ventricle time-number curve (a)
equals the product of the total indicator input (N@) and the
mean transit time of indicator particles through ventricular
cavity (MTF):

a = N@.MTT.

In regurgitation,N@N0sinceeach particlerenewalis the new
count. In terms of the numbers N1definedabove:N@=@2k.
Nk, where the partition coefficientk standsfor the number of
particle renewals in the ventricle. Summing the above series:
N@= (FF/EF) N0@ k.(RF/EF)@' /@j@N0(@ r.(RF/
EF)r).(@ s.(RF/EF)@) = (geometric series product) = (EF/
FF).N@,NO.

Suppose that the renewal of the particle in the ventricle
after each systolic regurgitation is not guaranteed in the suc
ceedingdiastole, but on averagelasts longer. Then the yen
tricular radiohistogram could be made up of the components
that are successively broader as the number of regurgitations
increases.In other words,N@is partitioned in the following
components:

CI - L N@= N,, 0thregurgitation

C2 â€”N0â€”N,@ N0.(RF/EF) 1stregurgitation (3)

9 â€”N,,â€”(N1+ N2) N0.(RF/EF)@ 2ndregurgitation

C,,â€”N0â€”(N1+N2+... +Nk-1)@No.

(RF/EF)Ic' kth regurgitation

The first component C1is made up of the particlesthat did
not regurgitateyet:it thus comprisesthe singletransitparticles
and all multipletransit particlesduring their first transit. The
component C2consistsofthe particlesthat regurgitatefor the
first time: excluding the single transit particles, it comprises
all multiple transit particles during their second transit, or first
regurgitation. The succeeding components C@present the
number of indicator particlesin the ventriclein higherorder
regtirgitations. The sum of all components C@must equal the
total indicator input N@: (@= N0 (RF/EF@ = N0 (EF/FF) =
N@.

Denote by a4the iiâ€•component radiohistogram area. Using
the number-areatheorem expressedin Eq. (2) one finds:

a2/aI = RF/EF.

This concludes the derivation of the postulate of Philippe
Ct al. (1). Alternatively, one may use the total radiohistogram

area a to arrive at the same goal:

(a â€”a,)/a = RF/EF. (5)

Equation (5) enables a more accurate RF/EF assessment since
it obviates the need for part-by-partfit to determine the area
a2, which is an uncertain procedure at noise levels typical for
the first-passstudies(3).

2. As documented by Philippe et al. in Figure 2B of their
article (1), the longer transit time components are present
even on the originalradiohistogramof insufficientventricles,
and are pmnouncedon UIR obtainedby deconvolution.This
implies that avoiding recirculationby replacingthe original
curveswithunimodalmodelsprior the deconvolution,asdone
by Philippe et al. may have unfavorable results. Still, the
deconvolution procedure is exactly valid if recirculation data
of both LV and pulmonary curves are taken in account.

I reemphasizethat an insufficient ventricle radiohistogram
can sustain multimodality subject to quantitation only if the

(2) renewal ofeach regurgitant volume is extended in time. This
may be the case in mitral or tricuspid insufficiencywhen,
followingrapid ventricularemptyingthe regurgitantparticles
dissolve in large, weakly contracting atria. This agrees with
the successfuldemonstration of the method of Philippe et al.
in the experimental model where the atria is an elastic balloon
of 20-40 ml and the ventricleis the pump of 20 ml in end
diastole.

3. In aortic and pulmonary insufficiency the regurgitant
flow completelyreturns to the ventricle in the same cycle,
whereit mixeswith the residualsystolicvolumeand it is not
possible to distinguish between an insufficient and competent,
but slowly emptying ventricle. It should be appreciatedin this
context that the data sampling frequency used in the study of
Phillipe Ct al. allow monitoring of the changes from cycle to
cycle, not within the cycle.

In conclusion,althoughPhiuipeet al. proposetheir method
for the left side; i.e., mitral and aortic regurgitations,the
principlesof their methodologycan also be derived in the
modelof mitral and tricuspidregurgitation.
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REPLY: We thank EteroviÃ©for his interest in our work. We
appreciate his comments and the elegant mathematic deriva
tion of the regurgitationquantitation formula.

In his comments, RF does not represent the regurgitant
(4) fraction but the regurgitant ejection fraction. the usual defi

nition for RF is the ratio of the regurgitantstroke volume by
the total stroke volume.

We do not, however, see the purpose of the formula 5
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