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The purpose of our study was to compare the results of planar and
SPECT scintimammography for the detection of breast carcinoma.
In addition, our goal was to determine whether SPECT recon
structed with filtered backprojection (FBP) or with iterative algo
rithms (ISA) can improve the sensitivity and specificity of planar
scintimammography (SMM). Methods: One hundred thirteen pa
tients with suspicious physical examinations and/or mammography
underwent planar lateral and anterior breast imaging as well as
SPECT imaging after injection of ""Tc-sestamibi. We used a blind
evaluation, both separately and combined, for planar SMM, ISA-
SPECT and FBP-SPECT. Scintigraphic findings were correlated
with the final histopathological diagnoses. Results: The sensitivity of
planar SMM was 80% with a specificity of 83%. All ISA-SPECT
studies were of diagnostic quality, while FBP-SPECT was consid
ered nondiagnostic in 14 that were excluded for statistical calcula
tion. Sensitivity of ISA-SPECT and FBP-SPECT were 71% and
69%, respectively. Specificity was 70% for ISA-SPECT and 66% for
FBP-SPECT. Combined planar SMM plus ISA-SPECT sensitivity
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was 85% (81% for planar SMM plus FBP-SPECT) with a specificity

of 72%. Three carcinomas indeterminate on planar SMM were
correctly identified by combined planar SMM plus ISA-SPECT.
ISA-SPECT and FBP-SPECT provided additional information to

planar SMM with respect to localization of sestamibi uptake, tumor
extent, improved diagnostic certainty and detection of axillary
nodes in 40 and 14 patients, respectively. Conclusion: ISA recon
struction is the preferable approach to SPECT data. Combined with
planar SMM, ISA-SPECT can improve sensitivity. SPECT is useful in

cases of indeterminate and positive planar SMM.

Key Words: scintimammography; SPECT; breast imaging; breast
carcinoma
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Carcinoma of the breast is the most common invasive
malignancy in women and the second leading cause of cancer
death among women in the U.S. (1-3). Since early breast cancer
detection reduces mortality and allows breast-conserving surgi

cal therapy, much work has been done to improve early breast
cancer detection (4). The most succesful screening procedures
are breast examinations and mammography, but both have
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diagnostic limitations. Mammography, while the most effective
method with low cost and widespread availability, is less
reliable for detecting lesions in dense fibroglandular breasts (5).
It cannot always accurately differentiate between benign and
malignant lesions (6-8). To improve sensitivity and specificity
of mammography, several different methods such as ultra-
sonography, digital mammography with computer-aided analy
sis, MRI and PET of the breast have emerged as useful
complementary techniques (9-12). In addition, recent articles
report promising results for scintigraphy using 99mTc-sestamibi
for the diagnosis of breast carcinoma (13-20). Technetium-
99m-sestamibi scintimammography (SMM) has been reported
to have a high sensitivity (ranging from 79%-96%) as well as
a high specificity (ranging from 83%-94%) for the depiction of
breast carcinoma in selected populations. These studies have
been predominantly performed with high-resolution cameras
using the planar imaging technique. There are only a few
preliminary observations about the use of SPECT breast imag
ing (17,21). These authors conclude that SPECT imaging is
unable to improve diagnostic accuracy of planar SMM for the
detection of breast cancer. Although SPECT is reported to assist
in the interpretation of difficult planar images and to improve
lesion characterization, SPECT is not recommended for routine
clinical use (21). In the mentioned SPECT studies, filtered
backprojection (FBP) was used as a reconstruction technique.
Backprojection tends to obscure small lesions with low tracer
uptake in the presence of organs with high activity, a situation
that is very typical for SPECT SMM. In addition, a single-head
detector was used in one of the cited studies (21). The
technology of imaging systems has been developing rapidly and
new multiplicative iterative SPECT reconstruction techniques
(MISR) are now available (22-23). These techniques were
implemented as iterative algorithms (ISA) on Odyssey com
puter systems (Picker International, Cleveland, OH). ISA is
especially useful for the reconstruction of source distributions
with very different tracer uptakes.

The goal of our study was to evaluate the role of SPECT
performed with a modern dual-head imaging system and to
compare SPECT images reconstructed with different algorithms
with those of planar imaging.

MATERIALS AND METHODS

Patients
One hundred seventy-four patients (age range 22-81 yr; mean

age 51 yr) underwent a physical examination, mammography and
99mTc-sestamibi SMM between September 1994 and August 1995.

One hundred thirteen women in this group with abnormal or
indeterminate findings on physical examination and/or mammog
raphy had histolÃ³gica! confirmation of a lesion. We report our
results on this latter group. Physical examination and mammogra
phy were performed by an experienced radiologist/gynecologist 2
wk before SMM. Seventy-five patients had indeterminate mammo-
grams and/or clinical examinations, and the remaining 38 patients'

findings were suspicious for malignancy (i.e., skin retraction,
spiculated mass, clustered linear/branching microcalcifications).
Sixty-five patients had palpable and 48 patients had nonpalpable

lesions. One hundred twelve patients had histopathologic confir
mation by excisional biopsy, lumpectomy or mastectomy within 2
wk of SMM. In only one patient, the fine-needle aspiration
cytology result was used as the final diagnosis. Patients with
nonpalpable lesions had a prebiopsy localization procedure by
using a needle to inject blue dye.

TABLE 1
Interpretation Criteria for Separate Evaluation of Planar SMM and

SPECT (ISA/FBP)

Diagnosis Findings

Normal

Indeterminate

Suspicious
Nondiagnostic

Uptake not higher than background
Diffuse uptake with lower intensity than the upper

chest as seen in lateral projection (planar
SMM)/sagittal slice orientation (SPECT)

Diffuse uptake with comparable or higher
intensity than the upper chest as seen in lateral
projection/sagittal slice orientation

Focal uptake
Image quality does not allow a reliable diagnosis

(FBP-SPECT)

SMM = scintimammography; ISA = iterative SPECT algorithm; FBP =

filtered backprojection.

Methods

Data Acquisition and Processing
Planar SMM and SPECT were performed prospectively with a

dual-head camera system (Prism 2000, Picker International, Cleve
land, OH). High-resolution collimators (LEHR) were used. Patients
were in the prone position on a foam cushion installed over the
image table, which permitted the breast to hang freely. All 115
patients were injected with 20 mCi (740 MBq) 99mTc-sestamibi

into a venous catheter in an antecubital vein in the arm opposite to
the breast with the suspected lesion. Five minutes after injection,
10-min planar lateral images of both breasts were acquired simul
taneously. This was followed by a 10-min planar anterior image
with the patient remaining in the prone position. Planar images
were acquired with a matrix size of 256 X 256 pixels. Thirty to 60
min after injection, SPECT was performed. The matrix size of
SPECT was 128 X 128 pixels. Data were acquired by a 360Â°

rotation (180 projections, 20 sec/step). SPECT data were recon
structed twice, once using FBP and the second time using ISA with
eight iterations. In the FBP, a ramp filter was applied. To remove
noise, three-dimensional postfiltering (Butterworth, order 4, cutoff
frequency = 0.3 Nyquist) was performed for both techniques.
Transverse, sagittal and coronal slices with a slice thickness of one
pixel were obtained for both reconstruction techniques.

Image Interpretation
Planar and SPECT images were interpreted by two independent

experienced nuclear medicine physicians who were blind to the
results of previous diagnostic procedures and to the final his
topathologic diagnoses. Sestamibi uptake in planar and SPECT
images was visually evaluated separately.

The first-step analysis consisted of a separate evaluation of
planar SMM, ISA-SPECT and FBP-SPECT techniques. The crite
ria for the different scintigraphic diagnoses are outlined in Table 1.

The second-step analysis included interpreting planar images
combined with SPECT images. This approach was done twice for
ISA-SPECT and separately for FBP-SPECT. The diagnostic crite
ria for the combined analysis are shown in Table 2. The combina
tion of a suspicious or indeterminate planar SMM with a normal
SPECT did not occur. Cases with nondiagnostic SPECT were
interpreted according to their planar classification.

The results of both diagnostic approaches, the separate (planar,
ISA-SPECT, FBP-SPECT) and the combined reading (planar plus
ISA-SPECT, planar plus FBP-SPECT) were compared and corre
lated with the final histopathologic diagnoses. In addition, the
results of the combined approaches were compared with the
diagnostic information provided by planar SMM and correlated
with histopathologic findings. Scintigraphic classifications of the
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TABLE 2
Diagnostic Criteria for Combined Image Reading

Diagnosis

Negative Indeterminato Positive

Normal planar SMM + normal SPECT
Normal planar SMM + indeterminate SPECT
Normal planar SMM + nondiagnostic SPECT

Indeterminate planar SMM + indeterminate SPECT
Normal planar SMM + suspicious SPECT
Indeterminate planar SMM + nondiagnostic SPECT

Suspicious planar SMM + suspicious SPECT
Indeterminate planar SMM + suspicious SPECT
Suspicious planar SMM + nondiagnostic SPECT

SSM = scintimammography; ISA = iterative SPECT algorithm; FBP = filtered backprojection.

two observers were identical except in these cases: (a) planar SMM
in one patient; (b) ISA-SPECT in three patients; (c) FBP-SPECT in
six patients; (d) planar SMM plus ISA-SPECT in one patient; and
(e) planar SMM plus FBP-SPECT in one patient. In these in
stances, a third nuclear medicine physician acted as a referee and
decided the scintigraphic classification.

Statistical Analysis
Sensitivity and specificity of the different approaches were

calculated. Statistical evaluation was performed using a chi-square
test. A p value < 0.05 was considered statistically significant. An
estimation of the sample size and the relative statistical power was
performed using nQuery Advisor (Statistical Solutions Ltd., Bos
ton, MA).

RESULTS
There were 59 patients with breast carcinoma in the follow

ing pTNM stages: (a) 11 carcinoma in situ; (b) 31 pTl (3 pTla,
9 pTlb, 19 pile); (c) 13 pT2; (d) 3 pT4; and (e) 1 recurrent
carcinoma with a diameter of 1 cm. The mean diameter of
infiltrative carcinomas was 18 mm. The smallest tumor was a
microscopic focus (diameter 1 mm) of a ductal carcinoma in
situ. The remaining 54 patients had these benign lesions: (a) 11
fibroadenomas; (b) 33 fibrocystic diseases; (c) 3 papillomato-
ses; (d) 1 acute mastitis; (e) 2 chronic mastitis; (f) 3 scars; and

(g) l intramammary lymph node. Table 3 summarizes the
results of all the imaging techniques with respect to their
pathologic findings.

In the group with breast carcinoma, planar SMM was
suspicious in 47 patients and normal in 7. In 5 patients with
carcinoma, planar SMM was indeterminate. Findings of ISA-
SPECT and FBP-SPECT were classified as suspicious in 42 and
34 patients, respectively. Three patients with breast carcinoma
had normal findings using ISA-SPECT. No patient with carci
noma had normal findings by FBP-SPECT. ISA-SPECT and
FBP-SPECT were classified as indeterminate in 14 and 15
patients with carcinoma, respectively.

In the group with benign lesions, planar SMM revealed
normal findings in 34 patients. In 9 patients with benign lesions,
planar SMM was suspicious. ISA-SPECT and FBP-SPECT

showed normal findings in 25 and 15 patients, respectively.
SPECT showed suspicious findings in 16 patients using ISA
and in 17 patients using FBP. In a total of 14 patients (10
carcinomas, 4 benign lesions), FBP-SPECT was considered

nondiagnostic due to the presence of significant artifacts.
The sensitivity and specificity of planar SMM and SPECT

are shown in Table 4. When we considered indeterminate
findings as negative, ISA-SPECT and FBP-SPECT revealed a

sensitivity of 71% and 69%, respectively. These values were

TABLE 3
Results of Planar SMM, ISA-SPECT, FBP-SPECT and Combined Evaluation Correlated with Histopathologic Diagnoses (n = 113)

Scintimammography(normal/indeterminate/suspicious)HistopathologyCarcinoma

Benign diseasesPlanar

SMM7/5/47

34/11/9ISA-SPECT3/14/4225/13/16FBP-SPECT0/15/34*1015/18/17*4Planar

plus
ISA-SPECT6/3/50

31/8/15Planar

plus
FBP-SPECT7/4/48T3-\mi&

*Nondiagnostic.

tCases with nondiagnostic SPECT were read according to planar SMM.

ISA = iterative SPECT algorithm; FBP = filtered backprojection.

TABLE 4
Sensitivity and Specificity of Planar SMM, ISA-SPECT, FBP-SPECT and Combined Evaluation

ScintimammographySensitivity

(%)
Specificity (%)Planar80 83ISA-SPECT71

1
70*FBP-SPECT69*T 66*Â«Planar

plus
ISA-SPECT85T

72fPlanar

plus
FBP-SPECT81Â«

70Â«

â€¢Nondiagnosticcases excluded.

tCases with nondiagnostic SPECT were read according to planar SMM.
*p = not significant compared with planar SMM.
Â§p< 0.05 compared with planar SMM.

ISA = iterative SPECT algorithm; FBP = filtered backprojection.
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FIGURE 1. Recurrent breast carcinoma
with a diameter of 1 cm. (A) Planar lateral
SMM was indeterminate, demonstrating
area of diffuse uptake in upper breast
next to nipple. ISA-SPECT correctly iden

tified carcinoma by focal sestamibi up
take, which was clearly shown in trans
verse (B), sagittal (C) and coronal (D) slice
orientations.

low compared to planar SMM, which had a sensitivity of 80%.
The difference, however, was not statistically significant (ISA-
SPECT: p = 0.28, FBP-SPECT: p = 0.22). Specificity was
70% for ISA-SPECT and 66% for FBP-SPECT, respectively.
Planar SMM exhibited a specificity of 83%, which was high
compared to both SPECT evaluations. The difference was
statistically significant compared to FBP-SPECT (p = 0.04) but
not compared to ISA-SPECT (p = 0.11). The results of
FBP-SPECT may be biased since all findings classified as
nondiagnostic were excluded.

Sensitivity of ISA-SPECT and FBP-SPECT increased signif
icantly (p < 0.01) to 95% and 100%, respectively, if indeter
minate findings were considered positive. Specificity, however,
dropped significantly (p < 0.01 ) to 46% and 37%, respectively.
Sensitivity and specificity of planar SMM using this approach
were 88% and 63%, respectively. The increase in sensitivity
was not significant compared to the approach that considered
indeterminate findings as negative (p = 0.21). However, the
loss in specificity was statistically significant (p < 0.05).

Tables 3 and 4 summarize the results of the planar SMM
interpretation combined with ISA-SPECT and FBP-SPECT.
There were three more carcinomas correctly identified using
planar SMM and ISA-SPECT together. These three carcinomas
with suspicious findings from ISA-SPECT had indeterminate
planar SMM. One of these cases is shown in Figure 1. The
combination of planar SMM and FBP-SPECT identified only
one of those three carcinomas. On the other hand, 6 of 11
patients with benign disorders who were classified as indeter
minate with planar SMM were considered suspicious with the
combination planar SMM plus ISA-SPECT. The combination
of planar SMM plus FBP-SPECT misinterpreted seven benign
diseases as suspicious, and these were classified as indetermi
nate by planar SMM alone. One patient with breast carcinoma
and three patients with benign diseases were classified as
normal with planar SMM, but they were classified ultimately as
indeterminate using planar SMM plus ISA-SPECT. For planar

D

3?**

SMM plus FBP-SPECT, three patients with benign disorders
classified as negative by planar SMM were classified as
indeterminate using the combined approach.

Considering indeterminate findings as negative, the combi
nation of planar SMM with ISA-SPECT and FBP-SPECT
revealed a sensitivity of 85% and 81%, respectively, which was
slightly higher than the 80% sensitivity achieved by planar
SMM alone. These differences, however, were statistically not
significant (planar SMM plus ISA-SPECT: p = 0.47, planar
SMM plus FBP-SPECT: p = 0.82) compared to planar SMM.
Specificity of planar SMM plus ISA-SPECT and planar SMM
plus FBP-SPECT was 72% and 70%, respectively, which was
lower than the specificity of planar SMM alone (83%). Again,
differences were statistically not significant (planar SMM plus
ISA-SPECT: p = 0.16, planar SMM plus FBP-SPECT: p =
0.11) compared to planar SMM. The results of planar SMM
plus FBP-SPECT may be biased since interpretation of cases
with nondiagnostic FBP-SPECT were determined by planar
SMM only.

Rating indeterminate findings as positive increased sensitiv
ity of planar SMM plus ISA-SPECT from 85% to 90% (from
81% to 88% for planar SMM plus FBP-SPECT). The increase
of sensitivity was not statistically significant (planar SMM plus
ISA-SPECT: p = 0.41, planar SMM plus FBP-SPECT: p =
0.31). Specificity decreased from 72% (ISA) and 70% (FBP) to
57%. The difference was not statistically significant (p = 0.11
and p = 0.16, respectively).

Beyond the final scintigraphic interpretation concerning the
primary tumor, ISA-SPECT and FBP-SPECT provided impor
tant additional information in 40 and 14 patients, respectively.
Localization of pathologic sestamibi uptake was provided in 28
patients with ISA-SPECT and in 9 patients with FBP-SPECT.
In all of these patients, the localization (medial/lateral) of the
tumor in planar SMM was impossible due to superimposition of
heart or background activity in the planar anterior image (Fig.
2). In 4 patients, either ISA-SPECT or FBP-SPECT enabled
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RGURE 2. Ductal Â¡nfiltrativecarcinoma
(pT1c). (A) Planar anterior SMM could not
localize faint focal sestamibi accumula
tion seen on planar lateral image (B) due
to superimposition of heart and back
ground activity. ISA-SPECT demon
strated lesion more clearly as shown in
transverse (C), sagittal (D) and coronal (E)
slice orientations. Exact localization of
tumor was possible only by SPECT.

improved assessment of the extent of the tumor compared to
planar images (Fig. 3). In the case of faint focal uptake in planar
SMM, ISA-SPECT and FBP-SPECT demonstrated the lesion
more clearly in 4 patients and 1 patient, respectively. Axillary
lymph node mÃ©tastaseswere present in 17 patients with breast
carcinoma. Focal axillary uptake was noted in 7 of these
patients with planar SMM, in 11 with ISA-SPECT and in 6 with
FBP-SPECT (Fig. 4). False-positive axillary uptake was seen in
2 patients with planar SMM, in 4 patients with ISA-SPECT and
in 7 patients with FBP-SPECT.

DISCUSSION
The positive predictive value of mammography for the

detection of breast carcinoma is only 15%-30% for nonpalpable
malignancy and 22% for palpable carcinoma (24-25). Because
of the high number of benign lesions from biopsies resulting
from mammographie findings, the use of other complementary
techniques may provide additional information on which to
base the therapeutic decision. Recent studies suggest a promis
ing clinical role for 99mTc-sestamibi SMM to aid in the
detection of breast carcinoma (13-20). These studies were

performed using a planar technique and there are only few
preliminary reports focusing on the use of SPECT in the
detection of breast abnormalities (17,21). The authors of these
studies conclude that, although some improvement in lesion
detection was noticed, tomographic imaging of the breast did
not render significant improvement in breast lesion detection. It
may be assumed that technical aspects (e.g., imaging device,
reconstruction technique) account for the unfavorable results. In

contrast with other studies using either a single-head camera
system (21) or filtered backprojection as the reconstruction
technique (17), we opted to use a dual-headed camera and to
perform different reconstruction methods. We compared planar
SMM with the results of the more commonly used method of
SPECT reconstruction, FBP, as well with iterative recon
structed slices.

The data comparing SPECT images obtained by FBP with the
corresponding images obtained with iterative reconstruction,
revealed that ISA-SPECT is superior to FBP-SPECT with a
higher specificity (70% versus 66%) without compromising the
sensitivity (71% versus 69%). The results of FBP-SPECT
compared to ISA-SPECT are less impressive. For example, in
14 patients we observed significant reconstruction artifacts
using FBP-SPECT. This group was considered nondiagnostic
and was excluded from our study. The calculated results might
even be overestimated for FBP-SPECT. In contrast, ISA-
SPECT images were diagnostic in all patients. Low count
statistics within the breasts and very high activity in organs,
such as the heart and liver, included in the reconstruction
volume caused artifacts using the FBP technique. These arti
facts that are typical and inherent to FBP manifested in
scattered stripes overlying the breast. By iterative methods, no
such systematic image artifacts are produced. In addition,
FBP-SPECT generally resulted in marked inhomogenities of
the uptake within the breast. Postfiltering of iterative recon
structed slices is not necessary. However, to minimize the
influence of filtering, the same Butterworth filter was applied
for both SPECT approaches. Another technical consideration is,
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FIGURE 3. Ductal infiltrativecarcinoma (pT1b) on basis of extended (3-cm) carcinoma in situ. (A) Planar lateral SMM demonstrated focal sestamibi uptake
that could not be delineated from chest wall. Additional transverse (B, E), sagittal (C, F) and coronal (D, G) SPECT slices enabled improved assessment of
tumor extent and localization. Diagnostic quality of ISA-SPECT (B-D) was superior due to significant reconstruction artifacts of FBP-SPECT (E-G).

that for SPECT rotation, the detectors are relatively distant from
the breasts, which may explain why both SPECT approaches
could not reach the diagnostic accuracy of planar SMM (sen
sitivity = 80%, specificity = 83%).

In evaluating planar SMM combined with SPECT, we found
a sensitivity of 85% for planar SMM plus ISA-SPECT and of
81% for planar SMM plus FBP-SPECT. Although the combi
nation of planar SMM and SPECT slightly improved the results
of planar imaging alone, the difference based on these results
may be not that significant in clinical practice. We note the
results of planar SMM plus FBP-SPECT might be overesti
mated since, in case of nondiagnostic FBP-SPECT, the inter
pretation of the combined approach was determined by planar
SMM only. For the evaluation of planar SMM plus ISA-
SPECT, we found that three carcinomas correctly identified by
planar SMM plus ISA-SPECT combination had indeterminate
planar SMM. One carcinoma was classified as normal in planar
SMM and as indeterminate using the planar SMM plus ISA-
SPECT combination. This case did not affect the sensitivity
since all indeterminate findings were counted as negative.
ISA-SPECT, in cases of indeterminate planar SMM, improves
the sensitivity. Specificity, however, declines from 83% using
planar SMM alone to 72% with planar plus ISA-SPECT and
finally to 70% with planar SMM plus FBP-SPECT. In the group
of indeterminate planar SMM, the additional interpretation of
planar SMM plus ISA-SPECT yielded six more false-positive
diagnoses.

Our results were achieved by classifying indeterminate find
ings of planar SMM and SPECT as negative for carcinoma. The
method's sensitivity could be increased significantly (88% for

planar SMM, 95% for ISA-SPECT and 90% for the combined
evaluation) by considering indeterminate findings as positive.
However, this is combined with a decline of specificity to 63%

for planar SMM, 46% for ISA-SPECT and 57% for the
combined evaluation. This approach is not useful for the clinical
routine.

One potential drawback of our study may be the number of
cases sampled for statistical analysis. Critical evaluation shows
that the relative statistical power of all nonsignificant results we
mentioned may be too low (<50%) to rule out the null
hypothesis of each comparison (e.g., the null hypothesis that
SPECT does not differ in sensitivity or specificity from planar
SMM). A sample size of 300-1000 would be required to
provide definite proof depending on the calculated p value.

ISA-SPECT compared to FBP-SPECT provided additional
diagnostic information concerning the localization and exten
sion of the tumors as well as the presence of axillary lymph
node mÃ©tastases.Concerning the former, planar anterior SMM
failed to delineate a focal uptake with low intensity in 28
patients probably a result of superimposition of cardiac or
background activity. Thus, we were unable to localize the
carcinomas on the anterior view. These patients had clear focal
uptake on the SPECT images enabling visualization in different
slice orientations. Three-dimensional imaging with SPECT is a
promising technique for prebiopsy tumor localization. Such a
technique was developed by Mena and Khalkhali et al. (26-27).

SPECT enabled improved assessment of the tumor extension
compared to planar images in four patients. In another four
patients, diagnostic certainty was improved with ISA-SPECT.
In these cases, only faint focal uptake was noted with planar
SMM.

Axillary lymph node mÃ©tastaseswere detected in 7 of 17
patients using planar SMM and in 11 of 17 patients with the
addition of SPECT using an iterative reconstruction algorithm.
However, false-positive interpretations occurred in 2 patients
with planar SMM and in 4 patients using ISA-SPECT.
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FIGURE 4. Axillary lymph node mÃ©tasta
ses. ISA-SPECT (A = transverse, B =
sagittal, C = coronal slice orientations)
clearly demonstrated high intense focal
sestamibi accumulation. This finding was
also displayed on transverse (D), sagittal
(E) and coronal (F) slices of FBP-SPECT.
Image quality of FBP-SPECT is inferior
compared to ISA-SPECT.

A disadvantage of SPECT versus planar SMM is the addi
tional imaging time required. Older patients and women with
conditions that impair their ability to lie quietly are more
difficult to image. In addition, performance of ISA requires
more sophisticated computers and software that may not be
available. Reconstruction time for ISA (depending on hardware,
software and imaging parameters) is longer when compared to
FBP.

CONCLUSION
ISA-SPECT is the preferable approach to reconstruct SPECT

breast imaging data. This method, however, does not improve
diagnostic accuracy of planar scintimammography for the
detection of breast carcinoma if the SPECT images are evalu
ated without planar images. The combination of planar SMM
plus ISA-SPECT has the potential to improve the sensitivity of
planar scintimammography. If planar SMM is negative, the
routine use of SPECT is questionable. SPECT imaging contrib
utes unique information for localizing and determining the
extent of tumors when there are positive planar scintimammo-
graphic findings.
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Quantitative Imaging of Iodine-131 Distributions
in Brain Tumors with Pinhole SPECT:
A Phantom Study
Mark F. Smith, David R. Gilland, R. Edward Coleman and Ronald J. Jaszczak
Departments of Radiologi' and Biomedicai Engineering, Duke University Medical Center, Durham, North Carolina

A method of quantitatively imaging 131Idistributions in brain tumors

from intratumoral administration of activity was developed and
investigated using pinhole SPECT of brain tumor phantoms.
Methods: PinholeSPECT sensitivityand resolutionwere character
ized using 131Ipoint-source acquisitions with high-resolution lead
(1.4-mm diameter aperture) and tungsten (1.0-mm diameter aper

ture) pinhole inserts. SPECT scans were obtained from brain tumor
phantoms in a water-filled cylinder. The tumor phantoms consisted
of spheres filled with an 131Isolution to model intratumoral admin

istration of radiolabeled monoclonal antibodies. Two spheres were
20.5 and 97 ml, and two other concentric spheres modeled a tumor
with a high-activity shell (71.5 ml) and a low-activity core (21 ml). The
collimator focal length was 16 cm and the distance from the pinhole
to the center of rotation was 13 cm. The filtered backprojection
reconstruction algorithm incorporated scatter and attenuation com
pensation. SPECT tumor activities and concentrations were esti
mated using scaling factors from reference point-source scans.

Results: System sensitivitiesfor point sources at the center of
rotation were 28.4 cts/sec"1 MBq 1 (lead insert) and 13.6 cts/
sec"1 MBq 1 (tungsten insert). SPECT resolutions (FWHM) at the

center of rotation were 8.1-11.9 mm (lead) and 6.7-10.3 mm

(tungsten). Total tumor activity estimates from SPECT were within
17% of the true activities. SPECT activity concentration estimates in
small regions of interest (ROIs) averaged -20% for the 20.5-ml
sphere, -11 % for the 97-ml sphere, -39% for the shell and +20%
for the core of the shell-core phantom. Activity spillover due to

limited spatial resolution and the tails of the system response
functions biased the estimates. The shell-to-core activity concentra

tion ratio of 4.1 was better estimated with the tungsten insert (2.3)
than with the lead insert (1.9) due to better resolution. Conclusion:
Pinhole SPECT is a promising technique for imaging and quantifying
total 131Iactivity in regions the size of brain tumors. Relative errors

were greater for activity concentration estimates in small ROIs than
for total activity estimates.
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J-he administration of I3ll-labeled monoclonal antibodies is a

promising strategy for the treatment of malignant tumors (1,2).
With intratumoral administration of activity, antibody uptake in the
tumor is markedly increased relative to intravenous administration
(3,4). High resolution SPECT imaging will allow the time-
dependent three-dimensional accumulation of 131I radiolabeled

antibody in the tumors to be followed and will permit better
evaluation of tumor dosimetry (5). In Phase I studies of 131I

radioimmunotherapy at Duke University Medical Center, Durham,
NC (6,7), 1850-3700 MBq (50-100 mCi) I3II have been admin

istered directly into cystic brain tumors or postoperative resection
cavities and intrathecally. We are investigating clinically practical

central
ray

axis of rotation

tumor
phantom

water-filled
cylinder

Al support (1.3 cm) +
Pb shielding (3.2 cm)

interchangeable
pinhole insert

scintillation crystal

FIGURE 1. Diagram of the pinhole apparatus mounted on one head of a
Trionix Triad gamma camera. Also shown is the position of the water-filled
cylinder for the SPECT acquisitions and an off-center tumor phantom

position.
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