
with hemodynamically relevant carotid artery stenosis (>70%).
These effects, however, can be overlooked easily when using
standard ROI analysis that is not individually tailored. This
limitation becomes increasingly important as PET emerges as a
clinical tool and clinicians search for easy methods to interpret
PET studies for use in the clinical management of patients. In
patients with carotid artery disease, physicians cannot afford to
rely on computer-generated analysis programs alone but will
also be required to visually assess studies on a case-by-case
basis, since those patients who only demonstrate a visually
detectable area of decreased perfusion and corresponding ele
vated oxygen and/or glucose extraction fraction ipsilateral to
the carotid stenosis may still benefit from surgical intervention.
Therefore, multiparametric PET assessment of the hemody-
namic and metabolic status in patients with carotid stenosis
should always include both careful visual and standard ROI
analysis.
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Modeling of Fluorine-18-6-Fluoro-L-Dopa in Humans
Lindi Wahl and Claude Nahmias
Department of Nuclear Medicine, McMaster University Medical Centre Hamilton, Ontario, Canada

Fluorine-18-6-fluoro-L-Dopa (F-Dopa) has been used successfully
to evaluate striatal dopaminergic function in humans. The kinetic
analysis of F-Dopa studies, however, is confounded by the presence
of [18F]6-fluoro-3-O-methyl-L-Dopa (OMFD), the major metabolite of
F-Dopa formed in the periphery that crosses the blood-brain barrier.
We present results of compartimentai analysis in subjects in whom
we independently measured the kinetics of OMFD in the blood and
striatum, and used this knowledge to solve for the kinetics of
F-Dopa. Methods: The kinetics of F-Dopa in striatum were mea
sured with PET from 0 to 150 min after an intravenous bolus injection
of tracer in four normal subjects and two patients suffering from
Parkinson's disease. On a separate occasion, the kinetics of OMFD

were determined in the plasma and striatum of the same individuals.
The measured OMFD kinetics of each individual allowed us to
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reduce the number of compartments and rate constants which have
to be solved for any compartmental analysis of the kinetics of
F-Dopa. Results: A two-compartmental, three rate-constant model
was sufficient to describe the time course of F-Dopa and its
metabolites in the striatum. The rate constant (k21)representing the
decarboxylation rate of F-Dopa was 0.0124 min"1 in the normal
subjects, and 0.0043 min"1 in the parkinsonian patients.

Conclusion: The data do not support the need to include a fourth
rate constant representing the egress of F-Dopamine and its me
tabolites. The forward transport rates for F-Dopa and OMFD from
plasma to striatum are very similar in humans.
Key Words: fluorine-18-F-Dopa; compartmental analysis;PET; do-
pamine metabolism; fluorine-18-OMFD

J NucÃMed 1996; 37:432-437

-Uopamine is a neurotransmitter in the central nervous system
found predominantly in the nigrostriatal neurons. Disturbances
in dopamine metabolism are a key feature in neuro-degenera-
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live disorders such as Parkinson's disease (1). Dopamine is

formed within neurons by the action of L-aromatic amino-acid
decarboxylase (AADC) on its immediate precursor 3,4 dihy-
droxy-phenylalanine (L-Dopa) (2). Dopamine is stored in
intraneuronal vesicles from which it is released when the nerve
cell fires. The major metabolites of dopamine, through the
action of monoamine oxidase (MAO) and catechol-O-methyl
transferase (COMT), respectively are dihydroxy-phenyl acetic
acid (DOPAC) and homovanillic acid (HVA); DOPAC itself
also acts as a substrate for COMT, producing HVA.

Although dopamine in the circulation does not cross the
blood-brain barrier (BBB), its immediate precursor, L-Dopa, is
carried into the brain by the large neutral amino acid (LNAA)
transport system. L-Dopa has been used successfully to relieve
the symptoms of Parkinson's disease (3) and is also a substrate

for COMT forming O-methyl-dopa (OMD). OMD, formed in
peripheral organs and the circulation, is able to cross the BBB
by the LNAA transport system (4).

An analog of L-Dopa labeled with the positron emitter I8F,
[18F]6-fluoro-L-Dopa (F-Dopa), has been used successfully to

trace the dopaminergic pathway and to evaluate striatal dopam-
inergic function (5-7). Like L-Dopa, F-Dopa crosses the BBB,
is a substrate for AADC, is stored in neuronal vesicles as
F-Dopamine and is catabolized to F-DOPAC and F-HVA (8). A
number of researchers have attempted to derive values for the
activity of AADC during life, but any definitive method of
quantitative analysis is always confounded by the presence of
other labeled species, formed in the periphery, and able to cross
the BBB. F-Dopa is also a substrate for COMT forming
[18F]6-fiuoro-3-O-methyl-L-Dopa (OMFD) which contributes

to the radioactivity measured by the tomograph (9).
Compartmental models, which attempt to solve simulta

neously for the kinetics of F-Dopa and OMFD, have been
proposed by Huang et al. (10) and Kuwabara et al. (11). Both
groups use a single, reversible compartment to model the
kinetics of OMFD in the brain. Huang et al. (W) could not
uniquely determine the forward transport rate of OMFD from
blood to brain from a single striatal curve. They fixed this rate
constant to be 1.7 times greater than that of F-Dopa. Kuwabara
et al. (Il) fixed the forward transport rate of OMFD to be 2.3
times greater than that of F-Dopa; this proportion is based on
data that they obtained from rats ( 12 ). Recently, we reported the
distribution and kinetics of OMFD measured in the human brain
(13). The purpose of the present study was to examine the
F-Dopa model in normal and parkinsonian individuals in whom
we had also measured the time course of OMFD in blood and
brain. These studies should provide definitive values for the
activity of AADC as measured by the F-Dopa method.

METHODS

Tracer Preparation
F-Dopa and OMFD were synthesized in accordance to proce

dures previously described (13).

Scanning Procedure
Four normal male volunteers (aged 46, 20, 21 and 28 yr) and two

male patients suffering from Parkinson's disease (aged 53 and 60

yr) were studied by PET after informed consent had been obtained.
The controls had no history of recent medical illness, neurological
disorders or substance abuse. The two patients were suffering from
bilateral idiopathic Parkinson's disease lasting 3-5 yr duration.

Both were on levodopa treatment, which was discontinued the
evening before each examination. Each subject was studied twice
during 1 wk: once after injection of between 5 and 10 mCi OMFD
(specific activity: 2 Ci/mA/) and once after injection of between 5

and 10 mCi of F-Dopa (specific activity: 2 Ci/mM). The studies
were repeated in Subject 1 after a 6-mo interval. All subjects were
studied after an overnight fast. On no occasion were the subjects
pretreated with carbidopa.

Each subject was positioned in the scanner with his head
immobilized by a headholder that allowed the brain to be covered
by the axial field of view of the tomograph from the vertex to the
cerebellum. Subjects were asked not to move during the study and
were not spoken to for the duration of the examination. Low
ambient lights and background noise defined the environment.
Subjects' heads were positioned with respect to the orbito-meatal

line, and the positioning was reproducible within a few millimeters
on the two separate occasions.

Images were obtained with a tomograph that allowed simulta
neous examination of 31 overlapping slices. The axial field of view
was 10.8 cm and the spatial resolution was 6 mm (FWHM) in the
three spatial dimensions. Images were reconstructed using a Hann
filter with a cut-off frequency of 0.5. A 30-min transmission scan
using a 68Ge ring source was obtained before each study to correct

for attenuation.
After a bolus injection of either F-Dopa or OMFD, subjects were

scanned for 12 frames at 10 sec per frame, 6 frames at 30 sec per
frame and 29 frames at 300 sec per frame for a total of 2.5 hr. In
one subject, both studies were extended to 4 hr. Arterialized venous
blood samples (5-10 ml) were taken throughout each study
according to the following protocol: every 10 sec for the first 2
min; at 3, 4, 5, 7.5, 10, 12.5 and 15 min; at 20, 25, 30, 40, 50 and
60 min; at 75, 90, 105 and 120 min; and every 30 min thereafter.
These blood samples were kept in ice before being centrifuged in
a refrigerated centrifuge. Radioactivity in the plasma was counted
in a well-counter, which had been calibrated to the tomograph. All
samples were decay-corrected to the time of injection. These
counts were corrected for injected dose and expressed as a
percentage of injected counts per minute. The samples at 5, 10, 20,
60, 90 and 150 min were also assayed for tracer and other labeled
metabolites. The concentration of amino acids in the plasma was
measured before the start of each experiment and were within the
normal range.

Regions of interest (ROIs) were identified on the F-Dopa studies
with reference to a standard neuroanatomical atlas (14) and defined
interactively around the left striatum and the right striatum at the
most appropriate level. These ROIs were then transferred to the
OMFD studies. The area of each region was on average 5.5 cm2.

The time course of radioactivity was calculated for each region
expressed in counts per second per pixel. These counts were also
corrected for dose injected and expressed in the same units as the
plasma counts (fraction of cpm injected per ml) using the calibra
tion factor between the well-counter and the tomograph. This was
done so that tissue and blood data could be expressed in the same
units and comparisons of the time course of radioactivity made
between subjects (as in Figs. 3 and 4).

Metabolite Analysis
Fluorine-18-labeled metabolites of F-Dopa and OMFD in

plasma were analyzed according to the method of McLellan et al.
(75). This method measures the fraction of radioactivity in plasma
associated with F-Dopa, OMFD or other labeled metabolites.
Before and after each run, authentic F-Dopa and OMFD were
mixed with plasma and run through the separation system. Recov
ery of these standards was better than 96%.

Data Analysis
OMFD Kinetics. The model used to describe the kinetics of

OMFD in the striatum of each subject comprised a single, revers
ible compartment (Fig. 1) (73). The impulse response of this model
was convolved with the plasma time-activity curve and compared

F-DOPAKINETICSIN HUMANBRAINâ€¢Wahl and Nahmias 433



FIGURE 1. Compartmental model for describing the kinetics of OMFD and
those of F-Dopa.

to the time course of radioactivity in each striatal region in each
individual. Weighted least squares optimization of the rate con
stants was performed using an implementation of the Nelder-
Meade simplex algorithm (16,17). This analysis determines the
forward and backward transport kinetics for OMFD in each of the
individual subjects.

F-Dopa Kinetics. The model used to describe the kinetics of
F-Dopa in the striatum of each subject requires that the time course
of radioactivity in the plasma due to F-Dopa alone be determined.
The total radioactivity in plasma after F-Dopa is injected due to
changing proportions of F-Dopa, OMFD and other metabolites of
F-Dopa. The time course of F-Dopa in the plasma was determined
using the approach of Chan et al. (18). The ratio of total
metabolites of F-Dopa-to-F-Dopa alone was measured at six time
points and the straight line relating these ratios to time (Fig. 2A)
was used to calculate the amount of radioactivity at any time point
that was due to F-Dopa alone. The time course of OMFD in the
plasma was based on a model similar to that of Huang et al. (79),
and used the measured proportion of OMFD relative to total
radioactivity in the plasma at six different time points (Fig. 2B).

The time course of activity in the striatum due to OMFD alone

was calculated by convolving the time course of OMFD in blood
(Fig. 2C) with the impulse response of the OMFD model using the
rate constants that had been measured independently in each
subject. This contribution was then subtracted point-by-point from
the total observed radioactivity to arrive at the time course of
radioactivity in the striatum due to F-Dopa, F-Dopamine and the
products of F-Dopamine metabolism (Fig. 4).

Using the time course of radioactivity due to F-Dopa alone in the
plasma as an input function, and the time course of radioactivity
due to F-Dopa, F-Dopamine and the products of F-Dopamine
metabolism in the striatum as an output function, a compartmental
analysis procedure was implemented. Progressively more complex
models (Fig. 1) were solved and evaluated by an F-test (20).
Weighted least squares optimization of the rate constants was
performed using an implementation of the Nelder-Meade simplex
algorithm (16,17).

Because it has been suggested that a rate constant representing
the washout of products of metabolism from the field of view, k32
(70) or k9D (77), is needed, we explicitly included this parameter

(k32, Fig. 1) in a second stage of our analysis.

RESULTS
Figure 3 shows the striatal time-activity curves obtained in a

normal subject (Fig. 3A) and a parkinsonian patient (Fig. 3B)
after the injection of OMFD. The measured OMFD striatal
curves were fitted well by a one-compartment, two-rate con
stant model. In the normal subjects, the forward transport rate
constant for OMFD from plasma to striatal tissue was 0.0441 mlmin"1 g~', the reverse transport rate constant was 0.0425
min"1. In the parkinsonian patients, these rates were 0.0439 ml

min g and 0.0422 min , respectively (Table 1).
We observed the same significant linear relation between the

ratio of total metabolites of F-Dopa-to-F-Dopa alone (Fig. 2A)
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FIGURE 2. (A) Plot of the radioactivityratio [totalmetabolites to F-Dopa] at different times after an injectionof F-Dopa in a normal subject. Closed circles are
data from the chemical separation; the solid line represents the results from the linear regression analysis. (B) Plot of OMFD (% of total plasma radioactivity)
at different times after an injection of F-Dopa in a normal subject. Closed circles are data from the chemical separation; the solid line is the result of the fitting.
(C) Plot of the time course of total 18Fradioactivity in plasma after an injection of F-Dopa in a normal subject (solid line). The curve for F-Dopa was calculated

from the results of the analysis shown in (A). The curve for OMFD was calculated from the results of the analysis shown in (B).
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FIGURE 3. Time course of radioactivityin
the striatum of a normal subject (A) and a
parkinsonian patient (B) after an OMFD
injection. Solid line represents the results
from the compartmental analysis.
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TABLE 1
Transport Kinetics of OMFD*

Right striatum Left striatum

[ml min 1 g 1] [min 1] [ml min 1 g 1] [min 1]

Subject1aSubject
1bSubject

2Subject
3Subject
4MeanPatient

1Patient
2Mean0.0512(1.08)0.0399(1.13)0.0355(1.08)0.0342(1.06)0.0563(1.26)0.0434(1.12)0.0415(1.45)0.0465(1.26)0.0440(1.35)0.0484(1.12)0.0374(1.33)0.0435(1.17)0.0293(1.33)0.0577(1.33)0.0432(1.26)0.0413(1.60)0.0429(1.38)0.0421

(1.49)0.0498(1.15)0.0403(1.65)0.0365(1.01)0.0333(1.09)0.0639(1.16)0.0448(1.21)0.0433(1.46)0.0444(1.29)0.0438(1.37)0.0456(1.21)0.0353(1.73)0.0410(1.10)0.0304(1.32)0.0573(1.23)0.0419(1.32)0.0459(1.59)0.0390(1.44)0.0424(1.51)

'Standard deviation (%) of the rate constants estimated from the system

covariance matrix

as Chan et al. (Â¡8,21). Our calculated regression coefficientranged from 0.951 to 0.997; the slope ranged from 0.049 min"1
to 0.118 min"1.

Figure 4 shows the striatal time-activity curves obtained in a
normal subject (Fig. 4A) and a parkinsonian patient (Fig. 4B)
after the injection of F-Dopa. The time course of striatal OMFD
and that of F-Dopa, F-Dopamine and its metabolites are also
shown in Figure 4. The curve representing the time course of
F-Dopa and its metabolites was fitted well by a two-compart
ment, three-rate constant model. In the normal subjects, K10
was 0.0403 ml min"1 g"1; ko, was 0.0342 min"1; and k21 was
0.0124 min"1 (Table 2). The ratio of the forward transport rate

constant for OMFD to that for F-Dopa was 1.12 (Table 2). The
inclusion of a fourth rate constant in the analysis of the five
studies in the control individuals did not significantly improve
the fit (i.e., F value with (1,40) degrees of freedom was in all
studies smaller than the threshold value of 4.08 for p < 0.05).
When k32 is included in the analysis, its values were small and
poorly determined as shown by their relatively large standard
deviation (Table 3). The two 4-hr studies confirmed these
conclusions: there was no significant improvement to the fits, as
assessed by the F test, when k32 was included explicitly in the
analysis (Table 4).

In the parkinsonian patients, a two-compartment, three-rate
constant model fitted well the time course of F-Dopa and its
metabolites in the striatum (Table 5). The ratio of the forward
transport constant for OMFD to that for F-Dopa was 0.91. The
inclusion of a fourth rate constant in the analysis did not
significantly improve the fit (F value with (1,40) degrees of
freedom was in the four cases analyzed smaller than the
threshold value of 4.08 for p < 0.05).

DISCUSSION
A compartmental model which explicitly accounts for the

contribution of OMFD was first proposed by Huang et al. (22)
to study dopa decarboxylase activity in humans. The analysis
was further refined by this group when Huang et al. (IO)
measured the kinetics of F-Dopa in striatum and cerebellum.
They defined the time course of the arterial plasma concentra
tions of the tracer and its metabolites by biochemical assay. A
two-compartment, three-rate constant model was used to de
scribe the time course of radioactivity in the plasma. This
approach was used to separate the contributions of F-Dopa and
OMFD from the total plasma radioactivity. These contributions
were then used as feeds to separate compartmental models
which describe the kinetics of F-Dopa and OMFD in the
striatum and cerebellum. This approach resulted in a two-
compartment, six-rate constant model for the striatum. In the
solution of the striatal compartmental model, one rate constant
could not be uniquely determined and therefore the ratio of two
rate constants had to be constrained (10).

Another approach was proposed by Gjedde et al. (23) and
further studied by Kuwabara et al. (11). A two-compartment,
two-parameter model was first analyzed by a graphical tech
nique to determine the coefficient of methylation in the plasma
and the loss of OMFD from the plasma. These values were used
to construct the time course of F-Dopa and OMFD in plasma. A
two-compartment, five-parameter model of an extrastriatal
region of the brain was then solved by regression. The number
of parameters was reduced to three by assuming: the ratio of the
BBB clearance of F-Dopa to that of OMFD is constant for all
subjects and equal to a value previously determined in the rat
(12)', this same ratio also applies to transport from the brain to

the blood. A three-compartment, seven-parameter model for the
striatum was similarly reduced to three parameters by making
the above assumptions, plus the additional assumptions: the
F-Dopa partition volume is equal in the two regions of the
brain; and there is negligible methylation of F-Dopa in brain
tissue. Dopa decarboxylase activity was measured by this
method in 10 regions of the brain in six healthy volunteers (23).

We chose to independently measure the transport kinetics of
OMFD across the BBB in a number of individuals, and to use
these experimentally measured values to determine the kinetics
of F-Dopa in the same individuals.

The rates of forward transport of OMFD and F-Dopa from
plasma to striatal tissue are very similar in normal subjects and
in subjects suffering from Parkinson's disease. The ratio of

these forward rates is therefore close to unity. This is not
surprising because both molecules are transported into the brain
by the large neutral amino acid transport mechanism. Our
experimental results do not support the constraint introduced by
Huang et al. (70) who acknowledge that their model is
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FIGURE 4. Time course of radioactivityin
the striatum of a normal subject (A) and a
parkinsonian patient (B) after an F-Dopa
injection. Time course for OMFD was
obtained by convolving the observed
time course of OMFD in plasma (Fig. 2C)
with the model parameters measured
independently (Fig. 3).
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TABLE 2
Transport Kinetics of F-Dopa in Striatum in Normal Subjects

TABLE 5
Transport Kinetics of F-Dopa in Striatum in Parkinsonian Patients*

Subject
no.1a

1b
23

4
MeanKin[ml

min 1 g1]0.0388(1.66)

0.0323(1.27)
0.0378(1.14)
0.0227(1.43)
0.0698(1.07)
0.0403(1.31)KOI

[min'1]0.0218(2.45)

0.0194(1.97)
0.0566(1.51)
0.021 1 (2.63)
0.0522(1.58)
0.0342 (2.03)k21

[min-1]0.0067

(5.69)
0.0067 (4.72)
0.0166(2.10)
0.0122(4.59)
0.0196(2.15)
0.0124 (3.85)K10(OMFD)K10(F-Dopa)0.98

1.25
0.90
1.59
0.87
1.12

TABLE 3
Transport Kinetics of F-Dopa in Striatum in Normal Subjects*

Subject
no.la

1b
2
3
4KIO[ml

min"1g'1]0.0371

(1.71)
0.0357(1.16)
0.0400(1.07)
0.0213(1.50)
0.0682(1.10)KOI[min

1]0.0224(3.12)

0.0290(1.99)
0.0684(1.49)
0.0206 (3.36)
0.0494(1.59)fe

[min~1]0.0155(6.54)

0.0179(3.43)
0.0231 (1.99)
0.0200 (5.36)
0.0189(2.23)KÃ®2[min"1]0.0047

(8.67)
0.0037 (6.45)
0.0019(10.2)
0.0018(17.4)
0.0000 (700)

Mean 0.0405(1.31) 0.0380(2.31) 0.0191(3.91) 0.0024(148)

â€¢Resultsof the 2-hr experiments with k32included explicitly in the analysis.

over-determined. Our experimental results in humans also

demonstrate that the ratio of the forward rate constants of
OMFD and F-Dopa is quite different from that measured in the
rat, thereby invalidating one of the assumptions made by
Kuwabara et al. (//) in their analysis.

The data in normal subjects and in parkinsonian patients do
not support the need to include a rate constant to account for the
disappearance of the acid metabolites of F-Dopa, as postulated
by Huang et al. (IO) and Kuwabara et al. (11). Extending the
period of observation to 4 hr, and thereby increasing the
likelihood of observing this effect, clearly indicates that there is
no justification for the inclusion of additional rate constants. It
is interesting to note the agreement between our value for k2,(0.0124 min"1) and that found by Huang et al. (70) when they
set k32 explicitly to zero (0.0124 min"').

CONCLUSION
The forward transport rates for F-Dopa and OMFD from

plasma to striata! tissue are very similar in humans. A simple
two-compartment, three-rate constant model is adequate to

TABLE 4
Transport Kinetics of F-Dopa in Striatum in Normal Subjects*

no. [ml min 'g '] [min 1] [min"1] [min 1]

1a 0.0364(1.49) 0.0201(2.16)0.0068(3.63) O
0.0372(1.52) 0.0217(2.22)0.0081(3.59) 0.0006(34.5)

[F = 1.03,(1,51), ns]
1b 0.0320(1.19) 0.0191(1.78)0.0067(2.99) 0

0.0336(1.19) 0.0229(1.84) 0.0106(2.89) 0.0015(9.73)
[F = 0.33,(1,51), ns]

Patientno.1Right

striatumLeft
striatum2Right

striatumLeft
striatumMean[ml

min 1 g1]0.0440(2.13)0.0443(1.78)0.0594(1.80)0.0500(3.31)0.0494

(2.25)[min

1] [min^0.0246

(2.70) 0.0036(9.62)0.0234
(2.44) 0.0047(7.37)0.0389(2.18)0.0056(5.32)0.0256(4.15)0.0035(15.8)0.0281

(2.86) 0.0043 (9.52)K10(OMFD)K10(F-Dopa)1.061.000.700.870.91

â€¢Resultsof the4-hr experimentswith k32includedexplicitlyin the analysis.

'Standard deviation(%)of the rate constantsestimatedfrom the system

covariancematrix.

describe the time course of F-Dopa, and its metabolites, in the
striatum. These observations will considerably simplify any
compartmental analysis for F-Dopa kinetics.
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Evaluation of Lung Ventilation and Alveolar
Permeability in Cirrhosis
Chia-Hung Kao, Chih-Kua Huang, Shih-Chuan Tsai, Shyh-Jen Wang and Gran-Hum Chen

Department of Nuclear Medicine and Division of Gastroenterologe, Taichung Veterans General Hospital, Taiwan,
Republic of China

This study sought to evaluate lung ventilation and alveolar perme
ability (AP) in patients with cirrhosis of the liver. Methods: Pulmonary
function in 29 patients with cirrhosis was measured by ""Tc-DTPA
aerosol inhalation lung scintigraphy, using commercial lung radio-
aerosol delivery units. Equilibrium lung ventilation images were
visually interpreted according to the presence or absence of inho-
mogeneous distribution, inverted base-to-apex gradient and seg
mentai defects. Degree of AP damage to the upper, middle, lower
and total right lung was expressed as the slopes of the time-activity
curves from dynamic lung images. The patients were classified into
three groups, according to cirrhotic severity, using the modified
Child's classification (A = good; B = fair; C = poor). Twelve healthy
nonsmokers (2 women, 10 men; 42-75 yr old) formed the control
group, and all had normal chest radiographie and pulmonary func
tion test results. Results: None of the 29 patients had significantly
abnormal lung ventilation findings, but 13 had reduced lung ventila
tion in the basilar lung zone. The incidence of lung ventilation
abnormalities was 20% (3 of 15), 50% (3 of 6) and 88% (7 of 8) in
patients with nil, slight-to-moderate and moderate-to-severe as-
cites, respectively (p < 0.05 for nil versus moderate-to-severe
ascites). The AP studies showed higher time-activity curve slopes for
patients with cirrhosis than for normal control subjects. The slopes
for the right total lung showed no significant differences among the
three groups; however, those for right upper and right lower lung
showed significant differences between some subgroups. In addi
tion, albumin and bilirubin levels showed no significant correlation
with slope values in cirrhotic patients. Conclusion: Although lung
ventilation is normal in most patients with cirrhosis of the liver (16
[55%] of 29 in the present study), the disease can predispose
patients to AP damage; however, the degree of damage is not
related to cirrhotic severity.

Key Words: cirrhosis;lung ventilation;alveolar permeability
J NucÃMed 1996; 37:437-441

impairment of pulmonary function has long been associated
with severe hepatic disease (1,2); however, the physiological
mechanism of impairment has not been completely elucidated.
In recent years there has been an increase in the use of
WmTc-DTPA radioaerosols for clinical investigations. Aerosols
have replaced radioactive gases, such as KlmKr and 133Xe, at

some centers. Technetium-99m-DTPA radioaerosols, generated
by a jet nebulizer, are inexpensive, readily available and have

Received Jan. 11, 1995; revision accepted Jun. 17, 1995.
For correspondence or reprints contact: Chia-Hung Kao, MD, Department of Nuclear

Medicine, Taichung Veterans General Hospital. 160 Taichung Harbor Road. Section 3,
Taichung 40705, Taiwan, Republic of China.

good scintigraphic quality. Technetium-99m-DTPA radioaero
sols have been used to visualize lung ventilation (3-5) and to
evaluate alveolar permeability (AP) (6-10) in various diseases.
The present study sought to evaluate 99mTc-DTPA radioaerosol

lung scintigraphic changes in lung ventilation and AP in
patients with cirrhosis of the liver.

MATERIALS AND METHODS

Patients
Twenty-nine patients (3 women, 26 men; aged 36-75 yr) with

cirrhosis of the liver secondary to chronic hepatitis were included
in the study. The patients were classified into three groups
according to severity of liver cirrhosis, using the modified Child's

classification, which takes into account encephalopathy, ascites,
bilirubin and albumin levels, prothrombin index and prothrombin
time: class A = good; class B = fair; class C = poor (11 ). The AP
of patients with cirrhosis was compared with that of 12 normal
control subjects (2 women, 10 men; 42-75 yr old). No control

subject had a history of smoking, and all chest radiographie
findings and pulmonary function test results were normal (Table 1).

Radioaerosol Inhalation Lung Scintigraphy
Technetium-99m was chelated to DTPA by introducing 50 mCi

pertechnetate into a vial containing 20 mg DTPA and 2.2 mg tin
chloride. Technetium-99m-DTPA was prepared no more than 1 hr
before use, and 99mTc-DTPA radioaerosol was generated by a

commercial lung aerosol delivery unit that contained 20 mCi
""'Tc-DTPA in 2 ml saline. Radioaerosol droplet size was mea

sured by an inertial impactor. The mass median aerodynamic
diameter of the ggmTc-DTPA radioaerosol was smaller than 1 p.m.

with an oxygen air flow rate of 7 liters/min. All subjects were
studied in the supine position, and they inhaled for 2 min from the
aerosol delivery unit until the total radioactivity was more than
200,000 counts by normal tidal breathing. Data were collected for
another 30 min by means of a large-field computerized gamma
camera over the posterior view that included the entire chest. The
data were acquired as a series of 30 consecutive frames of 1-min
duration each in a 64 X 64 matrix with word mode.

Data Analysis
Lung Ventilation. After background correction, the first image in

the series was selected as the equilibrium lung ventilation image.
Two independent observers judged the lung ventilation images
according to established criteria (12,13). which included the
presence or absence of inhomogeneous distribution, inverted base-
to-apex gradient, segmental defects and basilar hypoventilation.
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