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Accurate absorbed dose estimates in radionuclide therapy require
patient-specific dosimetry. In patient-based dosimetry, estimation
of absolute organ uptake is essential. The methods used should be
reasonably accurate as well as easy to perform in routine clinical
practice. One of the major sources of uncertainty in quantification of
organ or tumor activity from planar Â¡magesis the activity present in
the tissue surrounding the source. Methods: To estimate organ
activity as a function of organ-to-background activity concentration
ratio, a cylindrical phantom, filled with 5.6 liters of water was used to
simulate the abdomen of a patient. Two other cylinders of 150 ml
each, representing the kidneys, were each filled with 19 MBq 99mTc
and were positioned in the abdomen phantom. The phantom was
imaged with a dual-head gamma camera with the kidneys placed at
posterior depths of 1-, 5- and 10-cm at kidney-to-background
activity concentration ratios of infinity, 10:1, 5:1 and 2:1. The conju
gate view geometric mean counting method was used to quantify
activity. Five methods for background correction were applied: (1)
no correction; (2) conventional background correction (simple sub
traction of the background counting rate from the source region
counting rate); (3) Kojima method (background corrected for organ
thickness and depth); (4) Thomas method (analytical solution); and
(5) Buijs method (background corrected for organ and total-body
thickness). Results: Since the results were identical for both kid
neys, only the left kidney activity measurements are presented. The
accuracy of the five background correction methods is given as the
percentage difference between the actual and measured activity in
the left kidney. For Method 1, the percentage difference ranged from
-2% with an infinite kidney-to-background activity concentration
ratio to +413% with a 2:1 ratio. For Method 2, these values ranged
from -1% to -80%, for Method 3 from +11% to -18%, for
Method 4 from -2% to +120% and for Method 5 from -4% to
+39%. Conclusion: Even though quantitative SPECT is the most
rigorous method for activity quantification in conditions of low
organ-to-background activity concentration ratio, planar scintigraphy can be applied accurately if appropriate attention is paid to
background correction. Using relatively simple background subtrac
tion methods, the quantitative planar imaging technique can result in
reasonably accurate activity estimates (Methods 3 and 5). The use of
Kojima's method is preferable, especially at very low source-tobackground activity concentration ratios.
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JCjstimation of absolute organ activity for the purpose of
patient-based dosimetry in radionuclide therapy, particularly
radioimmunotherapy, is of growing interest. The measurement
of the biodistribution of radiopharmaceuticals and the use of
these data in the Medical Internal Radiation Dose schema (7,2)
provide the primary means to calculate absorbed doses from
internally deposited radionuclides.
A series of physical factors contribute to the difference
between measured activity and actual activity in source regions
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based on planar scintigraphy. Accurate estimation of the activity in
an organ from the measured counting rate requires correction for
the system calibration factor (measured counting rate per MBq),
attenuation, scatter, background activity, organ- and patient thick
ness and physical decay of the radionuclide used. Because
activity in surrounding organs and nonuniform distribution of
background may interfere with accurate quantification, SPECT
imaging has the potential to improve the accuracy of planar
imaging measurements (3-7). However, because of the timeconsuming and more complex nature of quantifying SPECT
image data, there is a need for a reasonably accurate and simple
quantification method based on planar imaging.
Several techniques for activity quantification of planar im
ages have been studied, most of them dealing with attenuation
and other corrections using the conjugate view counting method
(8-18). In situations with low target-to-background activity
concentration ratios, such as in radioimmunotargeting, accurate
background correction is very important. Different methods of
background correction have been described (9,19-20).
In this study, the accuracy of five different methods for
background correction is compared at various organ-to-back
ground activity concentration ratios.
MATERIALS AND METHODS
Phantom
A cylindrical phantom with an inner diameter of 21.5 cm was
filled with 5.6 liters of water to simulate the abdomen of a patient
(Fig. 1). The thickness of the acrylate (density: 1.18 g/cm3) cylinder
wall was 0.3 cm. The length of the large cylinder (H) was 18 cm (Fig.
IB). Two other cylinders with an inner diameter of 5.2 and an outer
diameter of 5.5 cm (t,,,), representing the kidneys, were each filled
with a solution of 19 MBq "Tc-pertechnetate in 150 ml water (Fig.
1A). The height of the water-level in the small phantoms was 7 cm (h;
Fig. IB). The thickness of the part of the large cylindrical phantom
that included the kidney cylinders (T) was 18.5 cm (Fig. 1A). The
kidneys were positioned in the abdomen phantom at three different
depths (d). The distances between the posterior kidney surface and
the posterior abdominal cylinder wall in these three positions were
approximately 1, 5 and 10 cm (Fig. IB). The axis between the
centers of the two kidney cylinders was parallel to the detector, and
the distance between the centers was 10.5 cm.
In some of the background correction methods described in this
study, the thickness of the source, measured in the direction
perpendicular to the gamma camera surface, must be known.
Because the shape of the cross section in a cylindrical phantom is
circular, the thickness would vary along the direction parallel to the
gamma camera surface. To get a constant (virtual) thickness along
the direction parallel to the gamma camera surface, an effective
thickness was calculated (t). This effective thickness was defined
as the height of a rectangle, which has a width equal to the diameter
of the cylinder and an area equal to the area of the circular cross
section of the small cylinder. The height ofthat rectangular is then:
'/4 7Ttm2/tm,where tm is the diameter of the small cylinders (5.5
cm). Thus, the effective thickness t is equal to 4.3 cm.
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FIGURE 1. Top (A) and side (B)
views of phantom with two kidney
cylinders inserted in large abdomen
cylinder. (A) T is thickness of part of
large cylindrical phantom that in
cludes kidney cylinders (18.5 cm),
and tm is diameter of small cylinder
(5.5 cm). (B) H is length of large
cylinder (18 cm), h is height of activ
ity-solution in small kidney cylinders
(7 cm) and d is depth of kidney
phantoms (1, 5 and 10 cm from
posterior wall of large cylinder).
Large cylinder was not filled to top
of cylinder to make it possible to stir
solution in cylinder after each new
addition of activity to reach uniform
distribution of activity in back
ground compartment.

Various kidney-to-background activity concentration ratios were
obtained by adding ''''"Tc-pertechnetate to the background (abdo
men cylinder), while keeping the activity in the kidneys constant.
Kidney-to-background activity concentration ratios of infinity (no
background activity) and approximately 10:1, 5:1 and 2:1 were
achieved. After the activity was uniformly distributed in the
various compartments, a sample of 2 ml was taken from each
kidney phantom at the start of the study; 2-ml samples were also
taken from the solution in the large cylinder for each of the
kidney-to-background activity concentration ratios. The purpose of
taking the initial 2-ml sample from the abdominal phantom (when
no background activity was present) was to ensure that the kidney
cylinders were not leaking activity. At the end of the imaging
study, 0.5 ml aliquots from each 2-ml-kidney and 2-ml-background
sample were measured in a well-counter and activity concentration
in cpm/g was calculated. Exact kidney-to-background activity
concentration ratios were determined by comparing the activity
concentration in the samples taken from the kidney cylinders with
the activity concentration in the samples taken from the abdominal
phantom for the four different background situations.
Imaging
The phantom was imaged with a dual-head gamma camera (MultiSPECT 2; Siemens, Hoffman Estates, IL) equipped with parallelhole, low-energy, high-resolution collimators connected to a computer
(ICON; Siemens). A symmetric 15% window was set at 140 keV. The
phantom was placed upright on the scanning table, and the detectors
were placed in vertical positions 180Â°
opposed to each other. For each
of the four kidney-to-background activity concentration ratios, the
kidneys were moved from the 1-cm to 5-cm to 10-cm depths.
Anterior and posterior static images were acquired during 5 min
and stored in a 256 X 256 matrix. For each of the two detectors, the
system calibration factor for WmTc was determined in counts per

FIGURE 2. Posterior image of
phantom at kidney-to-background
activity concentration ratio of 10:1.
Kidney cylinders are positioned at
depth of 5 cm from posterior wall of
large cylinder. Rectangular ROIs
used for kidneys and background
are shown.
Mf

A=

2168

Eq. 1

where A is the kidney activity in MBq, IA and IP are the anterior
and posterior view counting rates, respectively (cpm), T (cm) is the
thickness of the abdominal cylinder at the position of the kidney
cylinders (18.5 cm), ju.c (crrT1), is the effective total linear
attenuation coefficient (for the abdomen phantom an experimen
tally derived effective attenuation coefficient for WmTc of 0.143
cm"' was used), fis equal to (ju.ct/2)/sinh(ju,ct/2)and represents a
correction for the source region attenuation coefficient (/AC)and
source thickness (t) (i.e., source self-attenuation correction); it was
determined to be 0.98 and C is the system calibration factor
(counting rate per unit activity). The system calibration factor used
in this study (5540 cpm/MBq) was obtained by counting a known
activity of 99rnTcfor a fixed period of time in air using the same
camera, collimators and camera acquisition settings as for the
phantom study.
The effective linear attenuation coefficient was determined using
a transmission phantom consisting of a series of acrylic plates
(tissue-equivalent material) each with a diameter of 42 cm and a
thickness of 2-3 cm (density 1.18 g/cm3). A hollow circular
phantom 8.5 cm in diameter was filled with a solution of 30 MBq
99mTcto a height of 2.5 mm. Images of 5 min were acquired for the
source in air and then with consecutive thicknesses of tissueequivalent material in steps of 2 cm up to 23.6 cm. Transmission
factors were measured using an ROI size equal to the size of the
ROIs in the kidney phantom study. Curve fitting the resulting
transmission factor versus depth curve resulted in an attenuation
coefficient of 0.143 cm"1 (/xe) and a buildup factor of 1.07 (21).
For small ROI sizes, the buildup factor is small and was not used
in our analysis.
The following five methods of background correction were
applied to estimate the absolute kidney activity:
1. No background correction: Equation 1 is applied with mea
sured IA and Ip without correction for background activity.
2. Conventional background subtraction: The counting rate
measured in an adjacent ROI was subtracted from the
counting rate in the kidney ROI, according to:

minute (cpm)/MBq.
Analysis and Background Correction
On the posterior image with no background activity in the large
cylinder, a rectangular region of interst (ROI) (28 X 36 pixels) was
drawn manually around the left kidney, which was positioned at a
depth of 1 cm from the background surface of the large cylinder.
The same ROI was positioned on the right kidney and on the
background area beneath the left kidney. These ROIs were then
superimposed on the images with background activity (Fig. 2). The
measured ROI counting rates (cpm) were corrected for physical
decay.
To quantify the activity in the kidney cylinders, the conjugate
view counting method was used (9):

C'

and
uc,p-

Eq.2

where IA (IP) is the background corrected counting rate in the
anterior (posterior) kidney ROI, I'A (I'P) is the measured counting
rate in the anterior (posterior) kidney ROI and IBOA(IBOP)is the
counting rate in the anterior (posterior) background ROI. These IA
(Ip) counting rates are used in Equation 1. The activity in the
background ROI was expressed as cpm per pixel. This counting rate
was multiplied by the number of pixels in the kidney ROI and then
subtracted from the total counts in the kidney ROI.
3. Kojima Method: This method corrects for over-subtraction of
background activity by taking into account the size of the
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TABLE 1
Total Counts in Five-Minute Images

+ 2y2f3/f2 cosh [(/x2t2+ M3t3)/2]
+ 2y4f3/f4cosh [tat,

+

/2.

Eq. 6

Activity
The subscripts 2, 3 and 4 represent the anterior background region,
concentration
depth
kidney region and posterior background region, respectively. The
ratioInfinity10:15:12:1Posterior
(cm)1510151015101510Anterior
image19981630315755347399104810337791217281163305716691481788251334253333202683331846Posterior
image65648340001622455913012971057713898773181636316311661463417327567731209642984341

kidney and assuming a uniform background activity concen
tration (79):
IA = I'A - IBGAX CA, and
IP = I'p - IBGPx CP,

Eq. 3

where CA (CP) is the multiplication factor for the anterior (poste
rior) background counting rate, defined as:
-/Â«(T-d-t).- |-j _
'

CA=1

1CP= 1 -

-

Eq.4

The second term in each of these equations is the correction for the
background counting rate equivalent to the volume of the kidney at
depth d from the background surface to the posterior aspect of the
kidney, t is the effective thickness of the kidney, T is the thickness
of the abdomen phantom and //,â€žis the narrow beam linear
attenuation coefficient (equal to 0.15 cm"1 for 99mTc). The
correction factors CA and CP were calculated using a BASIC
program with the appropriate values of d (i.e., 1, 5 and 10 cm), t
(effective) = 4.3 cm and T = 18.5 cm. These IA (IP) counting rates
determined from Equations 3 and 4 are used in Equation 1.
4. Thomas Method: Quantification using the conjugate view
counting method in combination with an analytical method
for background correction was applied (9):
A=

UP

1/2,

Eq.5

Equation 1 was multiplied by k(y), where k(y) is the background
correction factor defined as:
k(y) = {1 + (72f3/f2)2+ (
+ 2y2y4(f |/f2f4) cosh

+ 2/u3t3+

IP = I'p â€”I

BGP F,

where IA, I'A, IBOAand IP, I'P and IBOPare the same as in Equation
2. F is the fraction of the total background activity IBGAto be
subtracted from the measured activity in the source organ ROI, I'A
(I'p) and is defined as:

and

1 -e"

individual f-factors are as previously defined according to (/u.jtj/2)/
sinh(/ijtj/2), while y2 = A2/A3 and y4 = A4/A3 represent the ratios
of the activity in the adjacent regions to that in the source volume.
The value of the factor k(y) thus depends on the organ-tobackground activity concentration ratio, thickness of the source
organ, thicknesses of the background volumes anterior and poste
rior to the kidneys and the attenuation coefficients for tissue layers
with different densities. The k(y) factors were calculated for all
three positions of the kidney in the abdomen phantom, thus for
three pairs of background thicknesses and for the four kidney-tobackground activity concentration ratios (infinity, 10:1, 5:1 and
2:1) using a software program written in BASIC.
5. Buijs Method: A simple, geometrically based subtraction
technique was applied to correct for over-subtraction of
background activity, as a consequence of the volume occu
pied by the organ (20):
IA = I'A - IBGAX F, and
Eq.7

F = 1 - (t/T),

Eq. 8

where t is the thickness of the source organ and T is the thickness
of the abdomen cylinder through the source ROI. In this study, t is
the effective diameter of the kidney (4.3 cm) and T is 18.5 cm.
Therefore, F was calculated to be 0.76 (1- [4.3/18.5]). The IA (IP)
counting rates determined from Equations 7 and 8 are used in
Equation 1.
RESULTS
Because the results for both kidney cylinders were virtually
identical, only results for the left kidney are presented here. The
measured activity in the left kidney at the start of the phantom
study was 19.3 MBq 99mTc. The actual activity concentration
ratios between the left kidney and the background (abdominal
volume) were 10.1:1, 5.01:1 and 2.15:1, respectively. The total
counts per 5-min image are presented in Table 1. The maximum
counting rate found during the measurements was 11.3 kcps;
therefore, dead time did not play a role.
The exact depths of the kidneys and the related background
correction factors for the Kojima method are presented in Table
2. The correction factors were calculated using Equation 4.
The Thomas k(y) background correction factors were calcu
lated for the three different kidney depths and for the four
kidney-to-background activity concentration ratios (Table 3).

TABLE 2
Background Correction Factors at Different Depths (Kojima Method)
betweenkidney
Distance
posteriorabdomen(cm)1510Kidneyanteriordepth(cm)12.68.63.6Kidney
and
posteriordepth(cm)1.65.610.6Backgroundcorrection
factor(anterior)CA0.920.860.71Backgroundcorrection
factor(posterior)Cp0.610.780.89
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TABLE 3
k(y) for Background Correction (Thomas Method)
Kidney-to-background
activity concentration
ratio posterior depth
(cm)

Infinity

15101

10:1

5:1

2:1

0.761
0.781
0.770.630.640.630.420.440.43

The relation between estimated activity in the left kidney and
the kidney-to-background activity concentration ratio was dif
ferent for the five methods of background correction (Fig. 3).
When no background activity was present, the difference
between the estimated activity in the left kidney and the actual
activity for all five background correction methods at all three
positions of the kidney cylinders ranged from â€”4to + 1%
(Table 4). If no background correction was applied, overestimation from 77% for the kidney-to-background
activity con
centration ratio of 10:1, up to 413% in the case of the lowest
kidney-to-background
activity concentration ratio of 2:1 was
found (Table 4). Conventional background subtraction resulted
in an underestimation of the actual activity, ranging from -22%
to -80% with decreasing kidney-to-background
activity con
centration ratios. For the Kojima method, the differences in
estimated activity and actual activity varied from -18% to
+11 %. Using the Thomas method, the activity was overesti
mated, gradually increasing with decreasing kidney-to-back
ground activity concentration ratios, to a difference of 120%
between the estimated activity and the actual activity at the 2:1
ratio. For the Buijs method, the differences in estimated activity
and actual activity ranged from +2% to +39%. The overall
differences between kidney activity estimated from the phan
tom measurements and the actual activity in the kidney ranged
from -80% to +413% (Table 4).
DISCUSSION
Biodistribution data for radiopharmaceuticals within the body
and specific organs may be obtained from planar scintillation
camera views using the conjugate view geometric mean tech
nique. The accuracy of this method will be greatest for

infinity

10:1

Kidney-to-background

5:1

2:1

activity concentration ratio

FIGURE 3. Percent of actual activity in left kidney at depth of 1 cm from
background surface to posterior aspect of kidney, as function of kidney-tobackground activity concentration ratio, for all five methods of background
correction.

2170

radiopharmaceuticals distributed in a single organ or isolated
organs that do not overlap in the planar projection. However, in
most nuclear medicine examinations, background activity will
be present in adjacent tissues. For planar gamma camera
imaging, subtraction of background activity present in sur
rounding tissue from activity measured in the organ of interest
is routinely performed. Background subtraction is required to
allow accurate estimation of the organ activity or for compar
isons of relative activity uptakes or retentions between tissues.
The adequacy of background subtraction is especially important
for the accurate estimation of the activity in the red marrow
(22,23), since red marrow is the dose-limiting toxicity in most,
if not all, radionuclide therapy and radioimmunotherapy.
This phantom study was performed to determine the optimal
method of background correction. The accuracy of the absolute
activity determination in the kidney phantom was evaluated
using five different methods of background correction and
planar imaging, for three different organ depths and four
organ-to-background
activity concentration ratios: infinity
(meaning no activity in the background at all), 10:1,5:1 and2:l.
Two kidney inserts were used to simulate the clinical situation
where cross scatter between activity in the kidneys may occur.
The results were virtually identical for both kidneys; therefore,
only the results for the left kidney were presented.
As all images were uniformly acquired for 5 min each, the
counting statistics will differ between the images at different
source-to-background activity concentration ratios (achieved by
adding different amounts of activity to the abdominal phantom).
This may somewhat affect the results due to the statistical
uncertainties (i.e., noise) in the resulting images. However, if
fixed counts per image would have been acquired, the results
could also be affected since most of the counts will come from
the background as the background activity is raised and the
image acquisition time is shortened. As the acquisition time is
shortened for the same number of counts, the statistical uncer
tainty in the counting rate (defined as the square root of the
number of counts divided by the acquisition time) will increase.
So, irrespective of the methods used to acquire the data, some
statistical uncertainty would result.
Application of the conjugate-view method to actual patients
generally involves some sort of transmission imaging for
estimation of the attenuation term. In this phantom-study, the
attenuation coefficient (ju,e) was estimated by transmission
measurements in a tissue-equivalent phantom using the same
camera, collimators and camera acquisition parameters as in the
kidney-phantom study.
In the absence of background activity, the difference between
the estimated activity in the left kidney and the actual activity
for all five background correction methods at all three positions
of the kidney cylinders, was highly accurate and ranged from
-4% to +1% (Table 4). These results indicate that the method
of attenuation correction applied in this study is reliable and
yields accurate results in a zero-background situation.
Obviously, in the presence of background activity, back
ground correction must be performed (Table 4). The most
common method used for background correction is to subtract
the counts in a selected background ROI from the counts in the
ROI drawn over the organ of interest (representing the sum of
activity in the organ and in the surrounding background). Such
a conventional background correction method leads inevitably
to an over-correction since the volume of the organ of interest
is not considered, thus leading to a large underestimation of the
true activity in the organ. In our phantom model, the underes
timation rose with increasing background activity from 22% to
80%.
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TABLE 4
Percentage Difference Between Estimated and Actual Activity in Left Kidney

Activity
concentration
depth
background
background
ratioInfinity10:15:12:1Posterior
(cm)1510151015101510No
correction1-2-1887781171168166396400413Conventional
correction-1-4-3-22-22-24-54-35-56-80-75ndKojima
method-1-4-2-5-4-6-172-18411-11Thomas
method1-2-1423840717168108118120Buijs
method0-4-272271433939

nd = not determined.

The no-background-correction
method and the conventional
method for background correction do not correct for source
volume, in contrast to the Kojima, Thomas and Buijs methods.
Kojima's background correction method corrects for source
volume (19) and was originally used with the depth-indepen
dent buildup factor method (DIBF) for attenuation correction
(19,21,24,25). However, in this study, the geometric mean
method (Eq. 1) was used for attenuation correction, instead of
the DIBF method, in combination with Kojima's background

one-time estimation of the broad beam (effective) attenuation
coefficient (/u,e,cm"1) must be calculated from phantom-based

correction method for estimating the organ activity. This
modified Kojima method is easy to perform and provides
reliable results if organ thickness, derived from CT images or
from anatomical atlas data, are available and patients' thickness

However, both methods yield results of estimated activity that
are reasonably accurate and reliable for use in routine clinical
practice.
Finally, it must be stated that the results of any phantombased study represent a best-case scenario. Phantom-based
studies of radionuclide quantitation, including the current study,
generally have limitations, including the inability to accurately
simulate the irregularity and nonuniformity of background
activities and the irregular sizes, shapes, compositions and,
therefore, linear attenuation coefficients of source and nonsource regions. In patient studies, less accurate activity estima
tions may result due to variations in background activity
concentrations, the size of the ROIs used in the data analysis,
variations in and inaccurate estimates of body thickness, organ
thicknesses and organ depths.

is measured as well (Table 4; Fig. 3). Recently, Kojima et al.
(26) refined their method for quantitative planar imaging using
a combination of a transmission image and a conjugate view
emission image. The triple-energy window method for scatter
correction of the emission and transmission images was used.
Applying this method to their kidney phantom, they found
differences of less than 5% between the estimated and actual
activity for source-to-background activity concentration ratios
from 40:1-5:1. These results are better than the results of our
study using their earlier described method (19), where differ
ences of 5% and 17% for source-to-background activity con
centration ratios of 10:1 and 5:1, respectively, were found.
Thomas' method does not use a background subtraction
technique but introduces a multiplication factor k(7) for back
ground correction, in combination with Equation 1. The results
of Thomas' method were not very accurate, with a maximum
difference of 120% between estimated and actual activity in the
kidney at a kidney-to-background activity concentration ratio of
2:1. This may be explained by the fact that this method does not
correct for scatter, since the formula for k(y) was derived under
the condition of narrow-beam geometry. The method may,
therefore, be inadequate for low organ-to-background activity
concentration ratios, since as the background activity is in
creased, more scatter radiation will be present in the source
ROI. This analytical method is not based on the measurement of
actual background activity, but needs a priori global knowledge
of the source-to-background activity concentration ratio. This
may be a disadvantage.
The Buijs method also requires a correction factor for the
source volume. This factor is simply the ratio between the
source thickness and the patient thickness (27). To use this
method for quantitative organ uptake in clinical practice, a

transmission curve measurements, for each combination of
radionuclide, window settings, collimator and camera.
For all five methods of background correction, the differ
ences between estimated and actual activity in the kidney varied
only slightly with source depth.
At low kidney-to-background
activity concentration ratios
(2:1), Kojima's method is more accurate than Buijs' method.

CONCLUSION

This phantom study shows that the use of the Kojima or Buijs
methods for background correction, combined with quantitative
planar imaging, provides more accurate results for the estima
tion of actual activity in an organ, compared with methods
without background subtraction or with conventional back
ground correction. The use of Kojima's method is preferable,
especially at very low source-to-background activity concentra
tion ratios.
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Technetium-99m-Labeled Liposomes to Image
Experimental Colitis in Rabbits: Comparison with
Technetium-99m-HMPAO-Granulocytes and
Technetium-99m-HYNIC-IgG
Els Th.M. Dams, Wim J.G. Oyen, Otto C. Boerman, Gert Storm, Peter Laverman, Emile B. Koenders,
Jos W.M. van der Meer and Frans H.M. Corstens
Departments of Nuclear Medicine and Internal Medicine, University Hospital Nijmegen; and Utrecht Institute for
Pharmaceutical Sciences, Department of Pharmaceutics, Utrecht University, The Netherlands

Scintigraphic techniques are routinely used for the evaluation of the
extent and severity of inflammatory bowel disease. Currently, the
radiopharmaceutical of choice is ""Tc-hexamethyl
propyleneamine oxime (HMPAO)-leukocytes. We studied the imaging potential of
two recently developed 99rnTc-labeled agents, polyethylene glycol
(PEG)-coated liposomes and hydrazinonicotinate (HYNIC) IgG, in a
rabbit model of acute colitis, and compared them with that of
""Tc-labeled,
granulocyte-enriched (>90%), white blood cells.

For liposomes, the CI further increased during 24-hr postinjection to
6.56 Â±0.84,8.50 Â±0.53 and 10.61 Â±1.34, respectively. The CI for the
other two agents did not change significantly with time. Conclusion:
In this rabbit model, 99mTc-labeled granulocytes, IgG and liposomes
all rapidly visualized colonie inflammation. Granulocytes and lipo
somes showed the highest CI. Technetium-99m-labeled PEG-liposomes may be an attractive alternative for labeled leukocytes to
image inflammatory bowel disease, because they can be prepared
off the shelf and no handling of blood is required.

Methods: Acute colitis was induced in rabbits by retrograde instil
Keywords: colitis;liposomes;immunoglobulin;granulocytes;white
lation of trinitrobenzene sulfonic acid. After 48 hr, 37 MBq of each
blood cells; inflammation; inflammatory bowel disease; imaging;
radiopharmaceutical was administered intravenously. Gamma cam
technetium-99m
era images were taken at 0, 1, 2, 4, 10 and 24 hr. At 4 and 24 hr
postinjection, groups of rabbits were killed, and the uptake of the J NucÃ-Med 1998; 39:2172-2178
radiolabel in the dissected tissues was determined. For each af
fected 5-cm segment, the colitis index (CI, affected-to-normalÃ„cintigraphic techniques have shown to be useful for evalu
colon-uptake ratio) was calculated and correlated to the macroating
inflammatory bowel disease, providing a rapid and effec
scopically scored severity of inflammation. Results: All three agents
tive method to assess extent and severity of the disease (1,2).
visualized the colitis lesions within 1 hr postinjection. The CI corre
Several radiopharmaceuticals
are available, of which the la
lated with the severity of the abnormalities. With increasing severity,
the CI at 4 hr postinjection for liposomes was 3.89 Â±0.73, 4.41 Â± beled leukocytes are currently considered to be the most
and 99mTc0.47 and 5.76 Â±0.65; for IgG 1.67 Â±0.08, 3.92 Â±0.44 and 6.14 Â± suitable agents (3-5). Imaging with "'in-labeled
0.65; and for granulocytes 2.90 Â±0.09,6.15 Â±0.96 and 9.36 Â±3.35.
hexamethyl propylenamine oxime (HMPAO)-labeled
leuko
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cytes have both shown very good correlation with radiology,
histology and endoscopy in patients with active inflammatory
bowel disease (7,2). Compared with ' "in, 99mTc clearly has the
advantage of a more favorable radiation dosimetry, better image
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