
e tracer 6-['8F] fluoro-L-dopa and positron emis
sion tomography have been used to visualize the intra
cerebral distribution of the neurotransmitter dopamine
in humans (1) and a reduced accumulation of 6-['8FJ
fluorodopamine has been demonstrated in the basal
ganglia of patients suffering from Parkinson's disease
(2,3). In the future 6-['8F] fluoro-L-dopa will probably
be used to measure intracerebraldoparninemetabolism
in a wide variety of patients particularly those with
extra pyramidal movement disorders or mental distur
bances such as schizophrenia. We have, therefore, esti
mated the radiation dose to man due to 6-['8F] fluoro
L-dopa. The estimation is based on the whole-body
distribution offluorine-18 (â€˜8F)in dogs which had been
given 6-['8F] fluoro-L-dopa, and the time-activity
curve of â€˜8Fin the blood and urine of humans who had
also received labeled dopa.

MATERIALS AND METHODS

Whole-bodydistribution of 6['@FJfluoro-L-dopa in dogs

Two mongreldogs (male, 17.3 kg; female, 21.7 kg) were
anesthetized with phenobarbital. Each was then given
â€œ-â€˜1mCi (37 MBq) 6-['8F] fluoro-L-dopa (181 mCi/mmol)
(4) intravenously.The dogswerekilled at 1and 2 hr, respec
lively, and dissected. Aliquots from each organ were weighed
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and assayed for â€˜8Fin a Na! (Tl) well-type scintillation
counter. An aliquot of the doseof 6-['8F] fluoro-L-dopawas
diluted in 11and usedas standard. All sampleswerecounted
in the same geometry. After correction for radioactive decay
the percentageof the doseper gram of tissuewascalculated.

Disappearanceof â€˜8Ffrom bloodandappearanceof â€˜8Fin
theurineof manafter ii'. 6-(â€•F]fluoro-L-dopa

Nine informed male volunteers (25â€”49yr) were studied.
Each was given 0.5 mCi 6-['8F] fluoro-L-dopa intravenously.
Samplesof venousbloodweretaken up to 1hr and urine was
collectedup to 6.5 hr. The â€˜8Fcontent of aliquots of whole
bloodwas measured.

Calculationof radiationdose

The method used to calculate the radiation doses is that
recommendedin International Committee on Radiological
Protection!CRP-30 and its supplements(5).

This method requires that the number of nuclear transfor
mations in each organ be calculated. For gamma rays each
organ then acts as a source for all other organs. Using the
energy absorbed per gram in a target organ per transforma
tion in a source organ (the specific effective energy), the
gamma dose to each organ can be calculated. For beta parti
des, the ICRP gives the fraction of the energy absorbed by
various target organs such as the gastrointestinal (GI) tract
and bonesurfaces from sourceorgans.

From Table 1 we see that the â€˜8Fis relatively uniformly
distributed throughout all organs and tissues with the excep
tion of the liver, spleen, and pituitary. From Table 2 we know
that one-half of the â€˜8Finjected collects in the bladder; the
other half is distributed throughout the body. For the pur
poses ofthe calculation it is assumed that this distribution was
achieved immediately after the administration of 6-
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The radiationdoseto the organsof the humanbodyafter an intravenousakninistrationof
@[18@]fiuoro-L-dopa was estimated using the recommendations of the International

Committeeon RadiologicalProtection(IcRP).Thebladderwall receivedthe hi@iestdose,
6.95E-10 Sv/Bq (2,600 n'wem/mCI),andas a consequencethe doseto the genitaliawas
1.6E-11Sv/Bq(60rrrem/mCI).Themajororgansreceivedadoseof5.66E-12to 1.87E-
11 Sv/Bq (20 to 60 mrem/mCi). The effective dose equivalent was eStimated at 5.39E-1 1
Sv/Bq (200 mrem/mCi).
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TABLE1Distribution
of i8@in the Tissues of Dogs After Intravenous
Injectionof 6-[1@F]Fluoro-L-DopaPercent

relativeconcentrationof@FintissueOrgantissue

11w2hrLiver

13167Spleen
11234Kidney
7365Muscle.

skeletal 5232Muscle,
smooth26Heart

5131Lung
5956Blood
3230Bone
1616Skin
3532Thymus
6554Adrenal
6659Pancreas
4333Testes

57Thyroid
5030Pituitary

283220Brain,
cortex 3845Brain,
striatum 6368Brain,thalamus

4134Brain,
cerebellum 61 5718F

intissue.cpmwt
of tissue,g.

Percent relative concentration = X10018F

injected,cpmbody
weight, g

18Fin UrinTABLE
2

0 of Man After lntravenous Injection of6-[18F]Fluoro-L-DopaInterval

overwhichurinewas
collectedSubject(hr)%

doseâ€˜8Frecovered10-23920â€”24130â€”2.54340â€”34850â€”34860â€”3.55070â€”45080â€”3

3â€”3.5

3.5â€”6.545

9

5

For the liverand the spleenwhichhave the same effective
decay constant

I 0.693 0.693
@@=iiox6o+6ox6o=2@98Xl0@4s_I,

where the number of transformations are 159 and 15.9, re
spectively. For the rest of the body the effective decay con
slant is based solely on the physical decay of â€˜8Fand is 1.05 X
iOâ€”@sâ€”Iso that the number of transformations is 4,260. For
the bladder the initial activityis0.5 Bqper unit administered.
Until the bladder is emptied the effective decay constant is
due to â€˜8Fdecay. Assumingthat 80%of the bladder activity
was voidedat 2 hr the number of transformations that took
place in the bladder is 2,980.

When the number of transformationsin each sourceorgan
is multiplied by the specific effective energy the gamma dose
to each target organ is obtained. To use the total body as a
source rather than the rest of the body, the formulation
described in ICRP-30, Appendix 1, was used for the number
of transformationsoccurringin each organ.

Specific effective energy is the product of the specific
absorbed fraction, given in ICRP-23, in MeV the energy of
the radiation (0.511 MeV), the yieldof the radiation (1.94),
the quality factor (1) and 1.6X l0@Â°to convertMeV/g toil
kg.

To calculate the beta dose to each organ the average beta
energy of â€˜8Fwas taken to be 0.244 MeV (ICRP-2). For the
wholebody the beta dose is givenby:

4,260@ 0.244 X 1.6 X 10b0 2.38 X 1012 Sv.
70,000

Becausethe liverand spleenhaveconcentrationsgreater than
average, an additional beta dose must be calculated due to
this excess; it amounts to 9.98 X l0'@ Sv for each organ.

The pituitary also has a higher than averageconcentration
of'8F. It receives1.22X 10 Sv.

The beta dose to the bladder wall due to transformations
that took place in the urine in the bladder amounts to 5.68 X
lOb0 Sv. The model used in this calculation was the same as
that recommended by !CRP-30 for the case of the GI tract.

Table 3summarizesthe resultsofall the precedingcalcula

[18Fjfluoro-L-dopa. However, Table 1 shows that radioactiv
ity in the liver and spleen actually fell with a half-time of â€œ1
hr and so it was assumed that the instantaneous concentration
in these organs wouldhavebeen twicethat measuredat 1hr.
In other words,the initialt@oncentrationof â€˜8Fin the liverand
spleen was four times that in the other organs.

To calculate the quantity of radioactivity initially in each
organ we let m(i) be the weight of organ i and c the average
concentrationof â€˜8Fwithin the body [excludingliver,spleen
and bladder (Tables 1, 2)]. Then, because only half of the
doseof â€˜8Fis retained, for a lBq injection,

0.5 = 4c m(liver) + 4c m(spleen) + c m(rest of body)
= 4c 1800 + 4c 180 + c(70,000 â€” 1,800 â€” 180)

C = 6.58 X l06 Bq/g.

The initial activity in the liver is

4X 1800Xc4.74X l02Bq;

the initial activity in the spleenis

4X l8OXc=4.74X l03Bq;

and the rest of the bodycontains

(70,000 â€”1,800 â€”180)c 0.448 Bq.

Knowingthe initial injectedactivityineach tissueor organ,
the numberof transformationsthat take placein the organ for
the initially injected activity of 1 Bq can be calculated.
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Estimation of the RedTABLE
3

lationDoseto VariousOrgansof the HumanBodyAfter I
Administrationof @[i8,]Fluoro-L-DopantravenousTotal

doseinsievertsperBqTargetSource

organTotalBladderorgancontents

LIverSpieenbodySumBladder

wall6.89E-10 8.83E-153.30E-166.78E-126.95E-10Stomach
wall5.18E-13 4.74E-142.47E-146.71E-127.30E-12Smallintestine4.23E-12

3.97E-143.48E-157.17E-121.14E-11Upperlargemntestmne3.85E-12
6.45E-143.51E-157.13E-121.IIE-11Lower

largeintestine1.15E-11 8.17E-151.76E-157.19E-121.87E-11Kidney6.27E-13
9.41E-142.14E-146.65E-127.39E-12Uver4.60E-13
1.64E-122.69E-156.60E-128.71E-12Lungs7.77E-14
6.OOE-145.52E-156.16E-126.30E-12Muscle2.89E-12
2.81E-143.70E-155.89E-128.81E-12Ovaries1.02E-11
4.76E-152.70E-156.50E-121.67E-11Pancreas4.20E-13
1.21E-134.89E-146.57E-127.16E-12Skeleton9.56E-13
1.85E-141.93E-156.02E-127.OOE-12Red

marrow2.04E-12 2.71E-142.85E-156.39E-128.46E-12Skin1.06E-12
1.52E-141.59E-154.59E-125.66E-12Spleen3.67E-13
2.51E-141.33E-126.72E-128.44E-12Testes8.24E-12
2.86E-152.41E-166.95E-121.52E-11Thymus5.18E-14
3.39E-141.20E-156.07E-126.15E-12Thyroid1.54E-14
4.61E-153.72E-165.87E-125.89E-12Pituitary1.54E-14
4.61E-153.72E-161.56E-111.5Th-ilUterus2.41E-ll
l.ilE-l4l.17E-156.59E-l23.07E-ilTotalbody3.03E-l2
4.28E-l44.25E-155.89E-128.97E-i2Total

doseinrrwempermCiTargetSource

organTotalBladderorgancontents

LiverSpleenbodySumBladder

wall2,548 00252,573Stomachwall2
002527Small

intestine16 002742Upper
largeintestine14 002641Lower
largeintestine43 002769Kidney2

002527Liver2
602432Lungs0
002323Muscleii
002233Ovaries38
002462Pancreas2
002427Skeleton4
002226Redmarrow8
002431Skin4
001721Spleen1
052531Testes31
002656Thymus0
002223Thyroid0
002222Pftuftary0
005858Uterus89
0024113Totalbodyii
0 02233

tions. It gives the sum of the beta and gamma doses to each HE@ W1 H1,
organ or tissue. whereWr isa weightingfactor representingthe proportionof

In order to compare the risk due to irradiation from an the stochasticrisk resultingfromirradiation of tissueT to the
injection of 6-['8F]fluoro-L-dopa the concept of the effective total risk when the whole body is uniformly irradiated and Hr
dose equivalent was used. ICRP defines the effective dose is the mean dose equivalent to tissue T. By this formulation
equivalent doses are placed on a common risk scale whether the dose is

Volume 26 â€¢Number 8 â€¢August 1985 933



0
0
-a

La.
0

E
Luz
0
z
Lu
U)
0
0
0
Lu

C)
Lu
-5z
La.
0

non-uniform or uniform. As suggested in ICRP-42, the
weighting factors for gonads, breast, red bone marrow, lung,
thyroid and bone surfaces are assigned their standard
weights. A weight of 0.06 is assigned to the remaining five
organs receiving the maximum dose. The dose to the breast is
taken to be the dose to muscle, and the dose to the gonads is
the higher of the dose to the testes and ovaries. Based on the
results of Table 3

HE (0.25)(ovanies)+ (0.15) muscle+
(0.l2)(red bone marrow) +
(0. 12)(lung) + (0.03)(thyroid) +
(0.03)bone surfaces + (0.06) bladder wall +
(0.06)(uterus) + (0.06)(pituitary) +
(0.06)(lower large intestine) +
(0.06)(small intestine)

= 5.39 X 10's Sv per Bq intake.

In non SI units this corresponds to 200 mrem per mCi intake,
i.e., 1 mCi 6-['8F]fluoro-L-dopa results in the same detriment
to an individual as a uniform whole-body irradiation dose of
200mrem.

DISCUSSION

In any estimate of radiation dosimetry certain as
sumptions have to be made. In the present case it is
assumed that, except for spleen, liver, and bladder the
effective half-life of 6-['8F] fluoro-L-dopa in the whole
body is the physical half-life of â€˜8F,1.83 hr. It is further
assumed that the bladder is emptied after 2 hr, at which
time 80% of the radioactivity passing through it will be
eliminated. It is also assumed that the whole-body dis
tnibution of â€˜8Fat 1 hr represents that which would
have occurred at zero time. The rapid removal of â€˜8F
from the blood, Fig. 1, supports the last assumption.

The radiation dose to the bladder is ten times greater
than that received by any other organ or tissue. Howev

FIGURE 1
Disappearance of â€˜8Ffrom blood of
humans after i.v. administration of 6-
[18@] fluoro-t-dopa
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en, this irradiation can be reduced considerably by hay
ing the patient adequately hydrated and ensuring that
he voids as soon as possible after the injection. There
after, the amount of â€˜8Fexcreted through the kidneys is
small and will contribute little to the overall irradiation
received by the bladder.

It will be noted from Table 3 that after the bladder
the genitalia receive the biggest dose of irradiation.
Most of this is due to gamma irradiation from the
bladder and can be reduced by minimizing the amount
of radioactive urine retained during the first 2 hr of a
study. Compared to 2-['8F] fluoro-2-deoxy-D-glucose
(6) the radiation dose to most organs per mCi of 6-['8F]
fluono-L-dopa injected is less. This is probably because
a half rather than only a quarter of the â€˜8Fgiven is
excreted in the urine during the first 2 hr of a study.
Because ofthis differential excretion the radiation dose
to the bladder from 6-['8F] fluoro-L-dopa exceeds that
from 2-['8F]fluoro-2-deoxy-D-glucose.

Finally, the effective dose equivalent (EDE) was
calculated to be 5.39 X 10â€• Sv/Bq(200 mrern/mCi).
When a tomograph of efficiency similar to that built at
this institution (7) is used good quality images of the
basal ganglia are obtained in 5â€”10mm 1 hr after an i.v.
injection of 2 mCi (74 MBq) 6-['8F]fluoro-L-dopa. In
other words, a single measurement of intracerebnal
dopamine metabolism will give the radiation dose simi
lan to thelirnit recommended for the general public, 500
rnrem, and one-tenth that advised for radiation work
ens. Our estimate of the irradiation dose is falsely high
because it does not take the short biological half-life of
6-['8F]fluoro-L-dopa into account. It would thus be
considered reasonable to repeat a study in any 1 yr and
to neglect small increases in the dose of irradiation that
might accrue from pharmacological manipulations
that alter the distribution and retention of dopa or its

934 Harvey,Firnau,andGarnett TheJournalof NuclearMedicine



metabolites. We recognize that comparisons with dose
limitations designed for radiation workers is not recom
mended for medical exposures but we believe that 6-
[â€˜8F]fluoro-L-dopa will be used widely as a tracer in
clinical research with volunteers and, therefore, doses
have been put in context.
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