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CT and SPECT image fusion using external fiducial
markers for detection of the sentinel lymph nodes in
breast cancer
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ABSTRACT

Object: Hybrid single-photon emission computed tomography/computed tomography, which is recently developed, is useful
for the sentinel node (SN) mapping in patients with breast cancer. However, this expensive new technology is only available
at limited hospitals. The purpose of this study was to assess the feasibility of software-based computed tomography (CT) and
single-photon emission tomography (SPECT) image fusion using external fiducial markers for visualization of SNs in breast
cancer.
Methods: Preoperative lymphoscintigraphy using 99mTc-phytate colloid was performed in 70 consecutive patients (mean age,
55.3 ± 11.8). Continually, SPECT and low-dose chest CT were performed using an 241Am-containing button as an external
fiducial marker attached to the skin surface of the patient’s chest wall. The acquired SPECT and CT images were rescaled,
interpolated, reformatted, and registered point-by-point on a workstation.
Results: SPECT detected SN sites, including axillar (n = 96) and internal mammary lesions (n = 7). On fused images, precise
overlap of hot spots shown at the corresponding lymph nodes on CT images was achieved in all but 2 cases. In cases with axillar
lesions, rendering the fused images into 3D volumes with accentuation of the pectoralis minor muscle was helpful for diagnosis
of SN locations in level II (n = 10). After surgery, all nodes were depicted as “hot nodes” on fused images, and 14 metastatic
nodes were confirmed by histological examination.
Conclusions: External fiducial-based coregistration of SPECT lymphoscintigraphic and CT images depicted the precise location
of SN drainage and may provide useful information for preoperative planning, without the need for hybrid SPECT/CT.
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1. INTRODUCTION

Presence of lymph node metastasis is a major factor in de-
termining the stage in patients with breast cancer.[1] It is,

therefore, of clinical importance to accurately identify all sen-
tinel nodes (SNs) before or during surgery in nonadvanced
cases and SN biopsy is now accepted as part of the standard
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management of breast cancer surgery.[2, 3] For SN biopsy,
lymphoscintigraphy has the potential to indicate them be-
fore surgery[4] and can reduce morbidity relative to that of
gamma probing alone.[5, 6] Although lymphoscintigraphy
using planar images can identify atypical drainage patterns
and identify SN sites, it provides limited spatial information
because the image is acquired in only two dimensions. Thus,
single-photon emission tomography (SPECT) might provide
more valuable information about SN locations. In particular,
SPECT has the ability to show the three-dimensional location
or depth of the node and the relationships with neighboring
structures. Moreover, fusion display of SPECT and chest X-
ray computed tomography (CT) might be the most powerful
tool for indicating SNs. Recent technology advancements
have led to the development of hybrid SPECT/CT.[7] Since its
introduction, hybrid SPECT/CT has been known as the most
reliable imaging technique for showing the exact locations
of SNs.[8] However, this new technology is only available
at a few hospitals because of the high cost of the instrumen-
tation. Thus, software-based coregistration of SPECT and
CT images is still considered to be useful and more cost
effective.

The purpose of this study was to assess the feasibility of
low-dose CT and SPECT image registration for visualization
of SNs in breast cancer, without the use of expensive hybrid
SPECT/CT.

2. METHOD
2.1 Patient examinations
This study had institutional review board approval, and all
patients gave written informed consent before commence-
ment.

On the day before surgery, SPECT of lymphoscintigraphy
and low-dose multidetector CT (MDCT) were performed in
70 consecutive women with invasive breast cancer (cT0-2),
with no clinical evidence of axillary lymph node metastases
(cN0) and no remote metastases (cM0). The mean age of the
patients was 55.3 ± 11.8 years.

2.2 SPECT of lymphoscintigraphy
A dose of 111 MBq 99mTc-phytate colloid was injected sub-
cutaneously adjacent to the tumor by breast surgeons. Three
hours after injection, the 3 fiducial markers were attached
to the patient’s skin surface at the jugular notch of the ster-
num and bilateral sides of the chest wall, which are located
10 cm below both axillas. This fiducial marker is 25 mm in
diameter, has a 3-mm thickened plastic bottom, and contains
3.7 MBq of 241Am. The SPECT acquisition of the chest was
performed by using a dual-head gamma camera (Symbia;
Siemens, Knoxville, TN) and a low-energy high-resolution

collimator. Thirty steps (20 sec/projection) were acquired
from each head over 360◦ of a 128 × 128 matrix with a
pixel size of 4.8 mm. The system was designed to operate
with 2 independent energy windows, which allows acqui-
sition of both 99mTc and 241Am photopeaks. 99mTc images
were obtained from the photopeak (140 keV ± 15%), and
241 Am images were obtained from the photopeak (60 keV ±
15%). Both sets of projections were reconstructed by using
the ordered subset expectation maximization algorithm (3
iterations, 1 subset) and Butterworth filtering (cutoff, 0.8
cycle/cm; order, 8).

2.3 Low-dose CT
After SPECT scanning was completed, the patients were
moved to a CT room without detaching their radioisotope-
containing bottoms. The patients were repositioned on the
CT table and maintained the same arm position of SPECT
acquisition. The CT instrument was a 16-slice MDCT scan-
ner (Brightspeed Elite, GE Healthcare). The following CT
technical parameters were used: 120-kV peak energy, 30-80
mA tube electric current with automated radiation exposure
control, and 3.75-mm reconstruction thickness.

2.4 Image processing and registration
A schematic outline of the processing is shown in Figure 1.
Both SPECT and CT data sets were transferred to a work-
station (Ziostation2; Ziosoft Co., Tokyo, Japan), and images
were altered to give the same pixel size (4.8 mm) and resliced
using a matrix size of 128 × 128. Then, CT data were used as
the reference, and the 241 Am images were registered in three
dimensions to the chest CT by using fiducial markers that
enabled identification of 241Am images and CT images. Pro-
cess of registration were done semiautomatically but if there
were some gap in the two images, the SPECT images were
shifted cranio-caudally, left-right to match the CT images
manually.[9] Consequently, 99mTc images were registered to
the CT images because the 241 Am images and 99mTc images
data were acquired simultaneously, so their positions were
identical. The operation of registration and image fusion
was performed by nuclear medicine technologists who were
familiar with workstation processing. The fused SPECT and
CT images were also viewed by using two-dimensional or-
thogonal re-slicing in axial, sagittal, and coronal orientations.
Volume-rendered images were generated to localize SNs in
relation to anatomical structures.

2.5 Image analysis and evaluation
Finally, all SPECT, CT, and fused scans were reviewed by
a consensus of 2 experienced Japanese board-certified nu-
clear medicine physicians (10 and 24 years of experience,
respectively) who also had Japanese Board of Radiology cer-
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tifications and were blinded to any information about clinical
and radiologic data. All positive SNs on each image were
noted and described. The SN locations were categorized
as axillar (level I, II, III) and internal mammary lymphatic
basins.[10]

Figure 1. Flowchart of software-processing steps to
produce 3D image fusion of SPECT images of
lymphoscintigraphy with low-dose chest CT images

The accuracy of image coregistration of SN uptake on SPECT
images and lymph nodes on CT images were scored by using

2 categories (correct or fail). If the center of the SN uptake
deviated from the outer contour of the lymph node on the CT
image, the registration was evaluated as a failure; otherwise,
registration was judged to be correct.

Intraoperative gamma probe detection was used as the stan-
dard of reference. The number and the status of SNs were
recorded to identify the hot SNs visualized rate and the
concordance rate of SPECT, SPECT/CT fusion and gamma
probe detection. When evaluating methods for location of
hot SNs on SPECT, differentiation between level I and II
was highlighted. All SNs were assessed whether having
metastasis or not by routine pathology.

2.6 Statistical analysis
Data was entered into MS excel and statistically analyzed
by VassarStats software. The diagnostic performance was
expressed in terms of the sensitivity, specificity with 95%
confidence intervals and the sensitivities and specificities of
both SPECT alone and fuged image were calculated with
intraoperative gamma probe as the gold standard. The differ-
ences in the results between them were analyzed statistically
by using Fisher’s exact test. P values < .05 were considered
to indicate statistical significance.

Figure 2. Typical images from a 59-year-old woman with right breast cancer. Fused SPECT and CT images depicting 2
uptake regions of 99mTc-colloid in the left axillar basins (upper panel). Three-dimensional volume-rendering CT images,
which highlight the pectoralis minor muscle (purple colored), and SPECT fusion images clearly show drainage of
99mTc-colloid to the left level I (white arrow) and II (white arrowhead) axillar basins (lower panel)

3. RESULTS

One hundred and five SN sites were detected by SPECT
alone among all patients. There were 98 axillar lesions as-

sessed as level I (n = 84) and II (n = 14) by SPECT alone. On
the fused images, precise overlap of hot spots in the axillar
basins (n = 96) of the corresponding lymph nodes on the CT
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images was achieved in all but 2 patients. The fused images
depicted hot spots in the internal mammary basins (n = 7) for
LNs that were not swollen on the CT images. In the patients
with axillar lesions, rendering of the fused images into 3D
volumes with accentuation of the pectoralis minor muscle
was helpful for differentiation between level I (n = 86) and
II (n = 10) SN locations (see Figure 2). The sensitivity and
specificity of SPECT only were 93% and 80%, respectively
but those of fused images were 97% and 100%, respectively.
There was a significant difference in the diagnostic perfor-
mance for identifying SN locations between SPECT only
and fused images (P < .01).

After surgery, 14 metastatic nodes (13.6%) were confirmed
by histological examination, and all nodes were depicted as
“hot nodes” on the fused images

4. DISCUSSION
In this study, we proposed an inexpensive method that uses
external radioactive fiducials for coregistration and fusion of
separately acquired SPECT and CT images. In our protocol,
we only use three small 241Am-containing buttons for image
coregistration. The success rate of image coregistration was
quite high and only failed in two cases. Most hospitals have
gamma cameras that are capable of SPECT and diagnostic
X-ray CT separately, so this technique might be suitable for
routine examinations without any major difficulties.

The resulting fused SPECT and CT images can depict SNs
in an anatomical landscape and provide a helpful roadmap
for breast surgeons. Planar lymphoscintigraphic images can
show the direction of its placement and roughly estimate the
depth by performing an additional orthogonal scan, but it is
hard to determine the distance from the skin to the deeper
SNs. SPECT/CT can provide information on the anatomical
context and depth of SNs more clearly. Multidetector CT
is capable of producing high-resolution 3D-volume datasets
that allow a multitude of viewing formats and more com-
plex images, such as external and internal 3D renderings that
allow surgeons to virtually observe anatomical structures.
In this study, we proposed viewing SN uptake on 3D CT
images, which colors and highlights the pectoralis minor
muscle. The lateral border of this muscle is a landmark for
distinguishing between level I and II SN locations. This
information is important for breast surgeons who perform
SN biopsies. In particular, advance knowledge of the depth
of SNs and surrounding structures would enable surgeons to
avoid unnecessary tissue destruction during operations.[11]

Thus, 3D-rendered fused images appear to have potential for

presurgical planning of SN lymphadenectomies. Especially,
highlighting of the pectoralis minor muscle can be useful.

There were some limitations in our study. First, misalign-
ment of image fusion occurred in 2 cases (2.9%). In both
cases, the SNs were located at the lateral region of level I on
the CT image, and the fused image depicted hot nodes on
the muscle structure. This tendency indicated that the iden-
tical body position could not be reproduced on the SPECT
and CT images, which occurred because the patients could
not hold their arms at the same position in both examina-
tions. We thought combination of external fiducial markers
and an individualized vacuum mattress woul be effective to
avoid such misregistration. Further investigations are neces-
sary to add for maintaining the same arm position in both
SPECT and CT.[12] Second, we estimated that there was an
additional radiation exposure of approximately 2.8 mSv per
session (0.5 mSv of 241Am for 30 min during equipping and
approximately 2.3 mSv from low-dose CT acquisition). This
additional exposure was estimated to be approximately 1/10
of the exposure during routine diagnostic CT scanning of the
chest and abdomen. For SN mapping only, a fully clinical CT
study is not necessary. Thus, this level of radiation exposure
might be a permissible dose for patients. Another limitation
is the extra processing time required for image registration,
which takes approximately 30 minutes by well-trained tech-
nicians. Nevertheless, information about the 3D distribution
of the SNs does not appear to be obtainable from any other
examination, so this approach should be incorporated into a
clinical workflow.

5. CONCLUSION

External radioactive fiducial-based coregistration of SPECT
images of lymphoscintigraphy and CT images depicted the
precise location of SN drainage and provided useful infor-
mation for preoperative planning, without the use of hybrid
SPECT/CT, which is an advantage because not all institutions
can afford SPECT/CT instrumentation.
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