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from those of the five phantoms for which dose estimates are

Formulae were investigated for predicting the effective dose to
currently available.
children, per unit administered activity of various pediatrie radioInterestingly, in our DM SA studies, the use of a radiophar
pharmaceuticals, based only on the weight of the patient. Their
maceutical
schedule based on body surface area resulted in
influence on the uniformity of effective dose from total administered
values of effective dose per total administered activity that were
activity was also examined. Methods: The formulae were obtained
reasonably uniform, with a coefficient of variation (COV) less
from calculations of effective dose per unit administered activity
(mSv â€¢
MBq 1) for five anthropomorphic mathematical phantoms
than 10%, over the pediatrie age range 0-15 yr (2). The reason
for this "uniformity" is not immediately apparent, and our goal
applicable for newborn, 1-yr-, 5-yr-, 10-yr- and 15-yr-old children,
having body weights of 3.4,9.8,19,32 and 57 kg, respectively, using
was to investigate this finding, since the establishment of a
published biokinetic models. Results: In general, there was good
single effective dose value for a given radiopharmaceutical,
linear correlation between effective dose per unit administered
independent of age, would simplify the process of dose speci
fication. Our result for 99mTc-DMSA raises the possibility of a
activity and inverse weight but, for some radiopharmaceuticals,
logarithmic regression on weight provided a better fit to the data. An
similar observation with other radiopharmaceuticals and also of
administered activity schedule based on body surface area, used
the prospect of applying alternative radiopharmaceutical admin
with these formulae, resulted in reasonable uniformity of effective
istered activity schedules to improve the uniformity of pediatrie
dose for children of all ages, with varying degrees of uniformity for
effective dose values.
different radiopharmaceuticals (coefficient of variation (COV) up to
The purposes of this study were to:
20%). Individual activity schedules for separate radiopharmaceuti
cals gave best uniformity (COV < 7%) while a single general
1. Establish simple relationships for estimating effective
dose per unit administered activity (mSv â€¢
MBq " '), from
schedule, based on the mean results of the present study, yielded
acceptable uniformity (COV < 10%) over the pediatrie range.
a knowledge of body weight alone, for a selection of
Conclusion: Effective dose per unit administered activity (mSv â€¢
MBq 1) of pediatrie radiopharmaceuticals can be predicted from
pediatrie radiopharmaceuticals.
body weight alone by using simple formulae, and appropriately
choosing the administered activity schedule leads to similar values
of effective dose for children of all ages from a given radiopharmaceutical procedure.
Key Words: pediatrics; radiopharmaceuticals; dosimetry; effective
dose; activity schedule
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We have reported previously on studies of biodistribution and
kinetics of WmTc-DMSA in children having diagnostic scintigraphy in the investigation of renal impairment (1 ). The resulting
information was used to formulate a model for pediatrie
radiation dosimetry of this radiopharmaceutical (2 ). A notable
result of these studies was the good linear correlation between
effective dose per unit administered activity (mSv â€¢
MBq"')
and inverse body weight in children with normal renal function
(J). This result provides the basis of a simple means for
determining the effective dose per unit administered activity of
99mTc-DMSA from only a measurement of the patient's body
weight. It also has prompted us to investigate other pediatrie
radiopharmaceuticals
to see if a similar relationship applies.
Simple equations to predict dose values from body weight for
children of all ages and for a wide selection of radiopharma
ceuticals would be of value to nuclear medicine specialists
needing to estimate doses to children whose body weights differ
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2. Investigate the finding of similar values of effective dose
for 99mTc-DMSA over the pediatrie age range, when
administered activity is estimated from body surface area.
3. Examine the degree of uniformity of effective dose for
other commonly used pediatrie radiopharmaceuticals.
4. Suggest a single general equation for an administered
activity schedule giving good uniformity of effective dose
for the selection of radiopharmaceuticals
examined in
Item 2.
MATERIALS AND METHODS
The objectives of this exercise have been investigated using five
pediatrie mathematical anthropomorphic phantoms (4) that are
currently available for pediatrie dosimetry. For 99mTc-DMSA, the
biokinetic data obtained from our previous investigations (/ ) have
been used but, for the other radiopharmaceuticals, biokinetic data
have been taken from ICRP Publications 53 (5) and 62 (6). The
latter are derived mostly from studies on adults and have been
assumed, for want of the appropriate pediatrie data, to apply also to
children. If significant age-dependent differences are subsequently
found to modify this assumption, the following analysis would
require revision.
Pediatrie Phantoms
The five phantoms (4) representing the pediatrie ages 0, 1,5, 10
and 15 yr, have body weights of 3.4, 9.8, 19, 32 and 57 kg,
respectively. The mathematical description of organs in these
phantoms has permitted the derivation of specific absorbed frac
tions and "S" values [dose per unit cumulated activity (7)] for
source and target organ pairs for a large number of radiopharma
ceuticals.
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TABLE 1
Equations for Calculating Pediatrie Effective Dose per Unit Administered Activity (E/Ag mSv â€¢
MBq 1)for Various Radiopharmaceuticals

bW~1
(mSvb0.2570.2270.0780.1190.1130.0820.1570.1470.3470.3960.3690.1380.7760.5170.529â€¢MBq
1)s.d.1.3E-031.1E-036.7E-049.3E-046.9E-045.9E-041.1E-031
d(mSvd0.7510.7680.7890.7900.6350.7900.7
aa0.006790.005100.001940.002870.00400.001930.003670.0061
=
=C0.1980.1750.06440.09830.07370.06730.12
Radiopharmaceutical""Tc-DMSA""Tc-MDP""Tc-DTPA""Tc-MAGS""Tc-HMPAO""Tc-colloids
periodage-depage-dep1

.5E-031
.7E-032.2E-042.9E-042.1Ehr2hrage-dep1

hr2hrage-depage-depage-depage-depage-depage-depage-depage-depE/AO
.OE-033.8E-032.2E-032.4E-039.6E-047.6E-031.7E-033.3E-03E/AO
10.009010.006830.007330.004180.01240.007770.0126+
(small)""Tc-colloids
(large)""Tc-pertechnetate(thyroid
blocked)""Tc-HIDA""Tc-MAA123I-MIBGBladdervoiding

age-dep â€¢
age-dependent model for voiding period (see text); s.d. = standard deviation of the mean paired differences between values of E/AQpredicted
by formula and estimated using the biokinetic model with MIRDOSE 3.

= câ€¢
w-d

Dose Estimation
For each phantom, organ dose estimates (niGy â€¢
MBq~') were
calculated using the source organ residence times, obtained from
the biokinetic model for each radiopharmaceutical, together with
the dose calculation program MIRDOSE 3 (Oak Ridge Institute for
Science and Education) which incorporates complete "S" value
data (#). Doses to the urinary bladder were estimated using the
dynamic bladder model (9 ) with the age-dependent voiding periods
recommended by the International Commission on Radiological
Protection (6); namely 2 hr for the newborn, 1- and 5-yr-olds, 3 hr
for the 10-yr-old and 3.5 hr for the 15-yr-old. For some radiopharmaceuticals, dose estimates also were made with bladder voiding
periods of 1 or 2 hr for all five phantoms. The resulting equivalent
doses to 24 target organs were used to estimate the value of E/A,,
mSv â€¢
MBq '. where E mSv is the effective dose resulting from an
administered activity of A,, MBq, for each phantom and radiophar
maceutical, using relevant tissue weighting factors (10). The dose
to the thymus was used as a surrogate for the dose to oesophagus
(//), which is not available, and colon dose was estimated from
0.57 â€¢
ULI dose + 0.43 â€¢
LLI dose (12), where ULI and LLI denote
upper and lower large intestine, respectively. Gonad dose was
calculated as the mean of the doses to the ovaries and testes.
In addition, the effective dose per total administered activity (E
mSv) was calculated from the amount of administered activity. The
latter was obtained from a formula, or "schedule," relating the
administered activity for a child to the standard adult activity (As
MBq) for a given radiopharmaceutical investigation, on the basis of
a suitable parameter such as relative body surface area. Since the
chosen value of As is likely to differ between nuclear medicine
departments, it is convenient to use the term "effective dose per
unit of adult activity" (E/AS) in the following analysis to permit
general application of the derived formulae.
Formulae for Predicting E/AQin Children
For all the radiopharmaccuticals investigated, the values of E/A,,
obtained for five phantoms were described mathematically in two
ways. Linear regression of E/A,, on inverse body weight (W-1)
gave equations of the general form:
E/A,, = a + b â€¢
W

Eq.

and log-log regression of E/A,, on W gave equations of the form:

Eq.2

In both cases, values of E/A,, predicted by the equations were
compared with values obtained by dose estimation as outlined
above, and the mean paired differences and standard deviations
were derived. The latter values were used to illustrate which type
of equation gave better estimates of E/A,, for different radiopharmaceuticals.
Radiopharmaceutical Schedule
The amount of radiopharmaceutical administered to a child (A,,
MBq) is calculated as a fraction of the standard adult activity (A0
= f â€¢
As). Values of f based on body surface area have been
published by the Pediatrie Task Group of the European Association
of Nuclear Medicine (13 ). In the pediatrie weight range, the values
of f can be related to a power function of body weight (W kg), and
regression analysis yields the formula: f = 0.0529 â€¢
W0714. This
formula closely fits the observed values in the weight range of the
pediatrie phantoms (3.4-57 kg), although it is unsatisfactory for
larger weights since it predicts a value of 1.0 at 61.4 kg. Thus
administered activities for children were estimated from:
Administered activity (A0) = 0.0529 â€¢
A, â€¢
W0.714

Eq.3

In the present study, theoretical consideration was also given to
alternative activity schedules of the general form A,, = k â€¢
As â€¢
Wd.
All figures and relevant regression equations were produced
using Fig.P software (Biosoft, Ferguson, MI).
RESULTS
Formulae to Derive E/A,, from Body Weight for Pediatrie
Radiopharmaceuticals
For each radiopharmaceutical investigated, the values of a
and b which satisfy Equation 1 and the values of c and d which
satisfy Equation 2 are given in Table 1. The mean paired
differences between E/A,, values predicted by these equations
for each of the five phantoms and values obtained directly by
dose estimation were not significant (p > 0.05 in all cases). The
standard deviations of the paired differences also are given in
Table 1 to show which of the two equations, 1 or 2, provides a
better fit to the data for a given radiopharmaceutical.
Some
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FIGURE 1. Equations of the form E/AQ= a + bW 1for various 99mTc-labeled
pediatrie radiopharmaceuticals (solid lines). Individual points represent dose
estimates for five pediatrie phantoms.

examples of the use of these equations with selected radiophar
maceuticals are shown in Figures I and 2.
Uniform Effective Dose from Technetium-99m-DMSA
We have shown previously from WmTc-DMSA studies in
children with normal renal function (7,2) that values of E/A,,
were linearly correlated with inverse body weight (3). The
results of the present study show that there was a similar linear
correlation for the five pediatrie phantoms (Fig. 3), using the
biokinetic model derived from the pediatrie study (2). The
regression equation is given by:
E/A,) = 0.00679 + 0.257 â€¢
W

Eq. 4

The relationship between effective dose per unit of adult
administered activity and body weight is obtained by combining
Equations 3 and 4:
E/AS = 0.000359â€¢W07U + 0.0136â€¢W"0286
Eq. 5
This is the equation of a shallow curve with a broad minimum
at 15.1 kg. The curve represented by this equation is shown in
Figure 4 (curve A) in relation to the estimated doses for the five
phantoms. Over the range of pediatrie body weight (3.4-57 kg)

FIGURE 3. Linear correlation between E/AQand inverse body weight for five
pediatrie phantoms using a biokinetic model established for "Tc-DMSA
studies in children. The solid line represents the regression equation and
individual points represent dose estimates for the phantoms.

the predicted value of E varies between 0.00876 â€¢
As and
0.0108 â€¢
As mSv with a mean value of 0.0097 (Â±0.0009) â€¢
As
mSv compared with directly estimated values of 0.0095
(Â±0.0006) â€¢
AsmSv.
Equation 4, however, overestimates the dose for the heaviest
phantom (Figs. 3 and 4), and an alternative approach is to
perform log-log regression of E/A0 on W (Fig. 5). For the
9mTc-DMSA data, this results in the expression:
E/A0 = 0.198-W

Eq. 6

which, when combined with Equation 3, gives:
= 0.0105-W~Â°'037

Eq.7

for which the coefficient of variation of E/AS is only Â±4.1% of
the mean over the weight range 3.4 to 57 kg (Fig. 4, curve B).
Thus, both Equations 5 and 7 lead us to expect the reasonable
uniformity of the value of E observed in our pediatrie 99mTcstudies.
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FIGURE 2. Equations of the form E/A,, = cV\Td for various "Tc-labeled

FIGURE 4. The relationship between E/ft^ (effective dose per unit of adult
administered activity) and body weight for ""Tc-DMSA.
Individual points

pediatrie radiopharmaceuticals (solid lines). Individual points represent dose
estimates for five pediatrie phantoms.

represent dose estimates for five phantoms using a schedule based on body
surface area. For explanation of curves A and B, see text.
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when the age-dependent bladder voiding periods are taken into
account. The bladder voiding model specifies stepwise incre
ments in the voiding period which leads to marked increases in
bladder wall dose at certain ages. For these radiopharmaceuti
cals, which result in large doses to bladder wall, this is reflected
in similar irregular increases in effective dose, despite the
relatively low weighting factor for bladder wall. The application
of a constant voiding period of 1 or 2 hr for all phantoms is seen
to reduce the COV to less than 10% in these cases.
Individual Activity Schedules for Different Rudiophamiaceuticals. As previously stated, the use of an activity schedule
given by A,, = f â€¢
As = k â€¢
Wd â€¢
As in conjunction with equations
of the form E/A,, = c â€¢
W~d would lead theoretically to constant

I
E/A. = 0 198 W
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values of E/AS = c â€¢
k. For each radiopharmaceutical, values of
c are given in Table 1 and values of k were found from k = f â€¢
W~d by putting f = 0.93 for the 57-kg phantom, which is the
WEIGHT (W kg)

FIGURE 5. Log-log correlation between E/A,, and body weight tor five
pediatrie phantoms using a biokinetic model established for ""Tc-DMSA
studies in children. The solid line represents the regression equation and
individual points represent dose estimates for the phantoms.

It is evident from Equation 6 that if an administered activity
schedule of the form A,, = k â€¢
As â€¢
W0751 was applied for
99mTc-DMSA instead of the surface area Equation 3, a theoret
ically constant E/AS value of 0.198 â€¢
k mSv would result. This
possibility is examined in the next section.
E/A,, Values for Various Administered Activity Schedules

Activity Schedule Based on Surface Area. Mean values of
E/AS, obtained for the five phantoms, are given in Table 2 for
a variety of radiopharmaceuticals
routinely used in pediatrie
nuclear medicine. These values were estimated using the
administered activity schedule based on body surface area (Eq.
3). The coefficient of variation (COV %) of the five values is
also given to allow intercomparison of the relative uniformity of
E/AS for different radiopharmaceuticals. Whereas some of the
radiopharmaceuticals, including WmTc-DMSA, show COV val
ues of less than 10%, others exhibit wider variation with COV
values of up to 20%. In particular, the WmTc-labeled renal
radiopharmaceuticals,

DTPA and MAG3. show large variation

value given by the surface area schedule (13). Since the
equations for E/A,, do not fit the estimated dose data perfectly,
there is some variation about the predicted constant value.
However, as shown in Table 2, the application of individual
activity schedules specific for each radiopharmaceutical leads
to the lowest variation, with COV values generally less than
7%.
Application of a Single Universal Administered Activity
Schedule

It would be a distinct advantage to have a single administered
activity schedule common to all radiopharmaceuticals.
The
mean value of d in our studies (Table 1) was 0.795, which
requires a value of k = 0.0374 to give an f value of 0.93 for the
57-kg phantom. We have explored the effect of this alternative
single activity schedule (A,, = 0.0374 â€¢
As â€¢
W0795) on the
variation of effective dose for all the radiopharmaceuticals
considered. The results are given in Table 2 and show that the
overall effect was to limit the value of COV to about 10% or
less.
DISCUSSION

Together with image quality, radiation dosimetry is one of
the major considerations in pediatrie radioscintigraphy. It is of
interest that our studies of radiation dosimetry of WmTc-DMSA

TABLE 2
Mean Values of Effective Dose per MBq of Adult Administered Activity (E/As mSv) for Various Radiopharmaceuticals
Using Different Administered Activity Schedules
(mSv)
(COV)Individual
mean
voiding
area
Radiopharmaceutical"Tc-DMSA"Tc-MDP"Tc-DTPA99mTc-MAG3"Tc-HMPAO""Tc-colloids
periodage-depage-dep1 schedule0.0095

hr2hrage-dep1

schedule0.0088

(6.2)0.0080
(4.6)0.0073
(9.2)0.0028
(6.7)0.0025
(8.8)0.0042
(3.0)0.0038
(8.7)0.0049(16.2)0.0029(9.1)0.0055
(2.9)0.0026

schedule0.0084
(6.8)0.0071
(7.4)0.0025(3.1)0.0037
(3.0)0.0026(3.1)0.0049

hr2hrage-depage-depage-depage-depage-depage-depage-depage-depSurface
(3.0)0.0049(3.1)0.0110(4.4)0.0107(3.2)0.0106(2.6)0.0051
(9.0)0.0066(19.4)0.0124(10.1)0.0128(13.9)0.0124(12.0)0.0053(6.1)0.0244(18.3)0.0164(14.2)0
(3.2)0.0110(4.5)0.0113(5.3)0.0109(3.

(small)""Tc-colloids
(large)"Tc-pertechnetate
blocked)""Tc-HIDA""Tc-MAA123I-MIBGBladder
(thyroid

(5.9)0.0194(5.6)0.0140(6.6)0.0171

(4.9)Average
age-dep = age-dependent model for voiding period (see text); COV = coefficient of variation (% of mean).
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in children with normal renal function (1,2) show that the
application of an administered activity schedule designed to
maintain image quality leads also to a reasonable uniformity of
effective dose. The schedule is based on relative body surface
area and has its foundation in the requirement to maintain a
standard density of photons per unit organ area in imaging
procedures (14). Administered activity derived from this sched
ule can be related to a power function of body weight over the
pediatrie weight range. We have shown previously for 94mTcDMSA that the combination of such a function with the
effective dose per unit administered activity (E/A0), expressed
as a linear function of inverse body weight, leads to reasonable
uniformity of effective dose per total administered activity (E)
over the pediatrie weight range. The linear correlation between
E/A,, and inverse body weight is in large part due to the inverse
relationship between absorbed dose and mass, together with the
linear relationships between organ weight and body weight for
some body organs (4). This is an oversimplification, however,
and the dependence of internal dosimetry on other factors
explains the variable success of the inverse body weight
relationship for different radiopharmaceuticals.
There is a
tendency for this relationship to overestimate E/A,, for the
largest phantom (57 kg) and, in the present study, we have
examined the use of power functions of W to describe the
observed values of E/A,,. For some of the radiopharmaceuticals,
these functions provide a better fit to the data. Both types of
equations, for which the appropriate parameters are given in
Table 1, offer a simple means of estimating E/A,, for any value
of W and are of particular value for children with body weights
differing from those of the five representative phantoms. These
results were dependent on the application of a single biokinetic
model (2) for children of all ages. In our pediatrie studies with
99rnTc-DMSA, this was feasible because little evidence of
age-dependency of biokinetics was observed (/) and, apart
from minor age-dependent modifications in a few cases, the
dose estimates for the other radiopharmaceuticals have been
based on single biokinetic models derived from studies in
adults.
For various reasons, the ability of these equations to fit the
measured data varies for different radiopharmaceuticals.
For
example, dose estimates for radiopharmaceuticals used to in
vestigate renal function are to a large extent dependent on the
bladder voiding period, since normally there is rapid excretion
of the radiopharmaceutical
through the renal system. The
bladder wall dose, therefore, contributes a large proportion of
the effective dose and, as a result, the age-dependent voiding
periods used for children of different ages produce artificially
discontinuous effects on the relationships between E/A,, and W.
For this reason, the dose estimates for these radiopharmaceuti
cals have been recalculated using values of 1 and 2 hr as the
bladder voiding period for all phantoms. This modification has
a marked effect on the spread of E/AS values. For example, for
WmTc-labeled DTPA and MAG3, the coefficient of variation of
E/AS values was roughly halved to values more in keeping with
those for non-renal radiopharmaceuticals. On the grounds that,
in diagnostic studies with renal radiopharmaceuticals, patients
are normally encouraged to pass urine early after the end of the
study, the consideration of shorter voiding periods has practical
significance.
Our results on various radiopharmaceuticals substantiate our
earlier finding with WmTc-DMSA that the use of an activity
schedule based on body surface area leads to a fairly uniform
value of E/AS over the pediatrie range. However, doses for
smaller children are usually higher than the mean and this
imposes a limit on the degree of uniformity of dose that can be
1986
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FIGURE 6. Comparison of fractional administered activity values (Ao/AJ for a
radiopharmaceutical schedule based on surface area with an alternative
schedule based on mean values for various radiopharmaceuticals observed
in the present study.

achieved. Typically, our observations show coefficients of
variation of up to 20% for some radiopharmaceuticals. There is
an advantage, in this respect, in using an individual activity
schedule for each radiopharmaceutical. This practice reduced
COV values to less than 7% for the examples considered. The
application of individual schedules, however, is probably im
practical and we have examined the potential value of a single
schedule, for all the radiopharmaceuticals examined, based on
the average value of d observed in our series. This value (0.795)
is larger than that of the surface area schedule (0.714) and
implies relatively lower administered activities for smaller
children if the f value for the 57-kg phantom is normalized at
0.93, according to published data (13), as indicated in Figure 6.
The reduction in administered activity offsets the tendency for
higher dose values at smaller body weights observed with the
surface area schedule. This activity schedule predicts a COV
value of about 10% or less.
The requirement to maintain adequate diagnostic image
quality is of greater importance than the potential consequences
of radiation effects at this level of dose. Higher activities may
be administered for this reason, irrespective of radiation dose,
and this is most likely in smaller children. The administered
activity schedule derived from average data observed in the
present study is suggested as an aid to determining a uniform
effective dose in the absence of such measures.
CONCLUSION

Formulae are presented for estimating values of effective
dose per unit of administered activity (E/A0 mSv â€¢
MBq^1)
from body weight for a selection of radiopharmaceuticals
commonly used in pediatrie nuclear medicine.
The finding of a reasonably uniform value of effective dose
(E) per total administered activity (A0) of 99mTc-DMSA to
children of different ages, observed using a radiopharmaceutical
schedule based on body surface area, is shown by the combi
nation of formulae describing the relationships of both E/A,, and
Aâ€žwith body weight.
Other pediatrie radiopharmaceuticals also exhibit this char
acteristic to a greater or lesser extent than WmTc-DMSA, and
the degree of uniformity can be optimized by the use of activity
schedules specific for individual radiopharmaceuticals.
On the basis of the average data from the present investiga-
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tion, a single universal administered activity schedule is sug
gested that would lead to good uniformity of effective dose over
the pediatrie range (COV < 10%) for the radiopharmaceuticals
examined. This is provisional on there being no significant
age-dependent properties that invalidate the application of a
common biokinetic model for dose calculation of a given
radiopharmaceutical.
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Optimization of the Scintigraphic Segmental
Anatomy of the Lungs
John S. Magnussen, Peter Chicco, Amanda W. Palmer, Douglas W. Mackey, Michael Magee, I. Provan C. Murray,
George Bautovich, Kevin Allman, Geoffrey Storey and Hans Van der Wall
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Royal Prince Alfred Hospital, Sydney, New South Wales, Australia

Accurate and reproducible reporting of lung scintigraphy is predi
cated on a sound knowledge of the segmental anatomy of the lungs.
A limited amount of hard data exists about the true segmental
anatomy of the lungs. A virtual model of human lungs was created
using a CT-based dataset and a Monte Carlo simulation technique
to examine the optimal projections for the visualization of each
segment in the lungs. Methods: Segmental anatomy of the lungs
was modeled using CT, cadaveric lungs and standard anatomical
texts. The emission, scatter and attenuation of photons was mod
eled within these virtual lungs and the surrounding tissues. Single
segmental lesions were created in eight projections and submitted
for blinded reporting to four experienced nuclear medicine physi
cians to obtain the best views for each segment. Results: The
anterior and posterior oblique projections yielded the best views for
10 of 18 segments, with the laterals contributing four views, the
anterior contributing two views and the posterior contributing one
view. The majority of basal segments (six of nine) were best seen in
the anterior and posterior oblique projections. Conclusion: This
model overcomes the major problems associated with experimen
tation in the normal human and has the potential to provide answers
to the major problems of scatter, attenuation and "shine-through" in
lung scintigraphy.
Key Words: pulmonary embolism; lung scintigraphy; segmental
anatomy; Monte Carlo simulation
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Virtually all endeavors to investigate the scintigraphic diagno
sis of pulmonary embolism, such as the PIOPED (1,2) trial, are
predicated on the recognition of the segmental anatomy of the
lungs. Although this area has been investigated in several early
papers, the efforts have been on the basis of phantoms of the
lobar anatomy of the lungs (3,4), or arbitrary assignments have
been made on the basis of the concave or triangular defects at
the periphery of the lung (5). More recently, the issue has been
investigated in the normal human lung (6) using scintigraphic
techniques. This first prospective attempt to define the scinti
graphic segmental anatomy of the lung suffered, however, from
the inherent limitations of radiation exposure to normal volun
teers and the acquisition of limited projections.
Much of an instructive nature has been written from a "post
hoc" point of view, that is, typical segmental defects are
recognized after the diagnosis has been made (7). Given the
paucity of hard data and implicit restrictions in any prospective
human studies, we sought to define a model of the segmental
anatomy of the lungs in terms of the best available data from
published anatomic studies, CT of the major lobar fissures and
injection of the segmental bronchi of cadaveric lungs (#). A
Monte Carlo simulation package was used to generate photons
in these "virtual" lungs, allowing the creation and manipulation
of segmental defects. To determine the optimal views for the
various segments in the experimental model, it was assumed
that the "standard" lung scan contains eight projections.
MATERIALS

AND METHODS

The original phantom (9) was based on CT data from a supine
man of a height of 178 cm and weighing 70 kg who was chosen for
SEGMENTAL
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