
doses and state-of-the-artnuclearcamerascombinedwith the skill
of necessarilywell trainedtechnologistsandphysicians.

It wouldbe a shameif the dogmaof the 20-mCidose would
discourage a part of our community from utilizing simultaneous
functionandperfusionassessment,a uniqueapproachofimaging
coronary artery disease by nuclear medicine.
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REPLY:EsquerrÃ©and Coca raise severalsignificantissues in
their comments regarding first-pass radionucide angiography
(FPRNA) using single-crystal gamma cameras. Foremost of their
concernsis the issueof the appropriatedose of @Tc.Bothour
group (1) and Nichols et al. (2) have suggested that a 20-mCi (740
Mbq) dose is necessary to provide consistently reliable count
ratesduringFPRNAonasingle-crystalsystem.Wealsoadhereto
thatrecommendationevenwhenusingthemulticiystalcamerato
avoid suboptimalclinicalresults.EsquerrÃ©and Coca are con
cemed that such a recommendation Will inhibit the application of
FPRNA during same-day sestamibi protocols where one dose
mustbe 10mCi(370MBq).Theysuggestthat,intheirexperience,
FPRNA can be reliably performed with 10-ma injections and
average count rates ofapproximately halfthose reported by Gal et
al. (1) and Nichols et al. (2) in previous studies using single.
crystal systems.

Theappropriatedosefora first-passstudydependson several
factors, includingthe sensitivityof the camera-computersystem,
the collimation,the acquisitionmatrix,the body habitusof the
subject,the numberofsinus beats availableforanalysisduringthe
left ventricular phase, the range of statistical reliability that
the operatoris willingto acceptandthe objectiveof the study.
EsquerrÃ©and Coca do not provide enough information in their
letter for us to assess those variables in theirdata. They reportan
averageof2.7â€”1.3kctsatend-diastoleintherepresentativecycle.
Thestatisticalerrorinthemeasurementofleftventricularejection
fraction(LVEF) increasesas both the counts and the LVEF
decrease. At 2.7 kcts, the error in an LVEF that is 0.50 is Â±0.05,
whereasthe errorin an LVEF of 0.30 is Â±0.10(3). Whenthe
LVEF is in the normal range, the exact identificationof the
end-diastolicpeaks and end-systolic troughsbecomes less critical
andthe countrateis muchmoreforgiving.Whenthe LVEFis
low, smallerrorsin the calculationof end-diastolicandend-sys
tolic counts make much largerdifferencesin the calculated
LVEF. Fortunately, at low LVEFs, the chambers are usually
largeandtherearefrequentlymorebeatsforanalysis,so thereare
usually adequate count statistics. Clinically, however, it is the
measurementof intermediaterangeLVEFs that is so critical

prognostically, because survival is fairly stable at LVEFs above
0.50 and consistentlypoor at LVEFs less than 0.30. Prognosis
varies dramatically, however, when the LVEF is in the range of
0.35â€”0.50(4).Oneofthe examplesgivenby EsquerrÃ©andCocaof
a patientwith an intermediaterangeLVEF and only 1.53 kcts at
end-diastoleis importantsinceit pointsout howvery low count
rates can occur despite the best intentionsof the operator. The
error in the calculated LVEF of 0.38 was 0.06 LVEF units. In
otherwords,thetrueLVEFcouldhavebeen0.32â€”0.44,whichis
clinically unacceptable. The prognosis of a 0.32 LVEF is much
differentthan that of a 0.44LVEF.

Theobjectiveof thestudyis alsoimportantindeterminingthe
necessary count rate and dose. When performed adjunctively with
perfusionimaging,somecliniciansareonlyinterestedinobtaining
the prognostic informationcontained in the LVEF. For that pur
pose, itmaynotbe mandatoryto gettheabsolutelyhighestcount
ratespossible.Fordiagnosticquality,however,in regionalwall
motionassessment,thecountraterequirementis higherthanthat
forthe measurementof LVEFalone.We routinelyuse collima
tion that provides an acceptable compromise between count rate
andspatialresolutionso thatwe mayanalyzeregionalwallmotion
confidently.Parametricimageanalysisis also highlydependent
uponthecountdensityof thedata.

Thecountdensityis alsolowerwhentheacquisitionmatrixis
64 x 64 as is so typical ofFPRNA on many single-crystal systems.
Unfortunately, at the average count rate of 2.7 kcts recorded by
EsquerrÃ©and Coca on a 64 x 64 matrix,one shouldexpect
suboptimaland occasionally uninterpretableend-systolic images
dueto the low countdensitiesperpixel.Thatproblemhasbeen
ourexperienceandourmainconcernWithlow-doseFPRNAon
both single- and multicrystal systems and we never use a matrix
largerthan32 x 32.

In making recommendations for the general application of
FPRNA, we have always believed that if it is important enough to
do the study, it is equallyimportantto ensure adequatestatistics.
Wehaveno doubtthatthe 10-mCistudywill frequentlybe tech
nically acceptable when all conditions (patient size, camera, col
limator,acquisitionmatrix,bolus and numberof beats) are favor
able. Unfortunately,thereare too manyinstanceswherethose
conditionsarenotmetandthedatabecomemarginalatbestand
frequentlyunacceptable.Thehigherdosestudycanaccommodate
a largerpatient,feweravailablebeats,a delayedbolusandeven
somewhathigherresolutioncollimation.

IwouldcertainlynotdissuadeEsquerrÃ©andCocafrompursu
inglow-doseFPRNAintheirlaboratory,buttheonusis on them
to proveto the imagingcommunitythatthe low-dose,first-pass
study, especiallywhen acquired on a single-crystalsystem, is
consistently clinically reliable both at rest and during exercise.
Those of us interested in first-pass studies would welcome a
manuscriptfromEsquerrÃ©andCocathatdocumentstheirexpe
rience.
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Dosimetric Models and S Factors for Radiation
Doses to the Bladder Wall in Children Receiving
Therapeutic Iodine-131-MIBG

TO THE EDITOR With the introduction of [131ljmetaiodoben
zylguanidine(MIBG)therapyfor the treatmentof neuroblastoma,
thereis a need for accurateestimationof radiationdose to the
urinal)r bladder in children. Bladder dosimetry is of particular
importance when MIBG therapy is part of a combined modality
treatment, either in combination with total body external beam
irradiation(1)orchemotherapyagents(2)whereadditivedamage
to the bladdercouldbecomeclinicallysignificant.Publishedin
formationon bladderdoses from[â€˜311]MIBGis relativelyscarce
(3), but there are at least two publications which focus on bladder
dosimetry in children (4,5), each using a different calculation
method. We evaluated these publications in view of our initial
experiencewith the new MIRDurodynamicmodelsincethe 04
inal publicationshad errors(6,7). The exercise raises doubts
about the certainty of S factors previously used in children.

In the United Kingdom Children's Cancer Study Group
(UKCcSG) publication(4), data on urinary output of radionu
cides werecollectedby measuringwhole-bodyradioactivitybe
fore and after voiding in five noncatheterized patients who had
received therapeutic [â€˜31I]MIBG.All five patients had been hy
drated(3 liter/rn2for at least 24 hr)and hadvoided frequently
(eveiy 1â€”5hr). No patients exceeded 10.4 yr of age. Cumulative
activity in the bladder was taken to be the sum of the products of
the activityin eachvoid andthe meanresidencetime,the latter
being one-half the time between voids.

Dose to the bladder wall was then determined from the product
of cumulatedactivityandthe appropriateS factor(doseperunit
cumulatedactivityfrombladdercontentsto surfaceof bladder

TABLEI
Comparisonof S Factors

wall) at each age; the S factor was obtained from Report 73 of the
NationalCouncilon RadiationProtectionandMeasurements(8).
Theestimatedradiationdosesto thebladderwallperunitadmin
isteredactivityof 131!rangedfrom2.2â€”5.3mGy/MBq.

Theapproachusedby a TaskGroupof theInternationalCom
mission on Radiological Protection(ICRP)(5)was different in that
cumulatedactivityin the bladderwas derivedfrom a mathemat
icalmodelin which the rate of renal excretionof MIBGis deter
mined from the whole-body retention curve, which is described
byaseriesofexponentialfunctions.Theintewalbetweenvoidsis
takento be constant(3.5hr)andthe samefor all ages. A fixed
averagebladdercontentis used,i.e., themodeldoesnotallowfor
bladderifiling,but allowanceis made for variationof bladder
contentswithage:200mlforadultsand152,97, 61and31mlfor
15-, 10-, 5- and 1-yr-old children, respectively. The Task Group
derivedS factorsforfinaldosecalculationsandestimateddosesto
thebladderwall rangedfrom0.73mGy/MBqat age 15yr to 3.3
mGy/MBq at age 1 yr.

Although the UKC@SG patients were hydrated, there ap
peared to be reasonablecorrespondencebetween these two sets
of dose estimates, consideringthe differencesin methodology. We
havebeeninvestigatingthe applicationof thenew MIRDurody
namic model (corrected version) (6,7) in children. This model
allows for bladder expansion, permits choice of urine flow, void
time and initialbladder contents. Ourwork has brought to light
substantial discrepancies between the S factors employed by the
NCRP(8) and ICRP(5). Althoughthe factors in the latter report
arenot explicitlycalculated,it is possiblefor themto be deter
mined through back calculation by dividing the estimated dose per
unit activity (mGy/MBq) by the cumulated activity in the bladder
(MBq.hr), an expression for which is given in the report. The
calculation requires whole-body clearance to be expressed as a
sumof exponentialcomponents.Twocomponentsofwhole-body
clearance of MIBO are identified in the ICRP report and apply to
all age groups, namely, 36% with a biological half-period of 3 hr
and63%withabiologicalhalf-periodof 33.6hr.AllMIBOexcre
tionis takentooccurbytherenalroute.Ourmeanretentioncuwe
in sevenchildrenwas similar.Thetwo componentswere57.5%
witha half-periodof 9 hrand42.5%witha half-periodof 51.1hr.

ICRPS factorsderivedin this way for differentages are com
paredwiththosetabulatedintheNCRPreport(8) (Table1).Our
own S factors for the nonpenetrating component of 1311radiation
calculatedby standardmethods(9) andusingtheICRPvaluesfor
averagebladdercontentsat differentagesare alsoincluded.These
comparisonsshow the NCRPS factorsto be greaterthanthe
others.In the NCRPreport,no informationis givenforbladder
contentvolumeatdifferentages,buttheywouldneedtobe much

TABLE2
BladderWaIlDose (mGy/MBq)at DifferentAges

Newbornâ€”21.05â€”I1.944.811.8051.003.220.92100.650.58150.430.37AdUltt0.350.28

13.302.330.44*51.701.990.52101.101.330.79150.731

.210.87Adult0.590.961.11
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