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Abstract

Background: This study was designed to explore the feasibility of replacing the conventional peri-/intratumoural
ultrasound (US)-guided technetium-99m albumin nanocolloid (99mTc-nanocolloid) administration by an injection of
the same tracer guided by a freehand single-photon emission computed tomography (SPECT) device in patients
with non-palpable breast cancer with an iodine-125 (125I) seed as tumour marker, who are scheduled for a sentinel
lymph node biopsy (SLNB). This approach aimed to decrease the workload of the radiology department, avoiding a
second US-guided procedure.

Methods: In ten patients, the implanted 125I seed was primarily localised using freehand SPECT and subsequently verified
by conventional US in order to inject the 99mTc-nanocolloid. The following 34 patients were injected using only
freehand SPECT localisation. In these patients, additional SPECT/CT was acquired to measure the distance
between the 99mTc-nanocolloid injection depot and the 125I seed. In retrospect, a group of 21 patients with
US-guided 99mTc-nanocolloid administrations was included as a control group.

Results: The depth difference measured by US and freehand SPECT in ten patients was 1.6 ± 1.6 mm. In the following
36 125I seeds (34 patients), the average difference between the 125I seed and the centre of the 99mTc-nanocolloid
injection depot was 10.9 ± 6.8 mm. In the retrospective study, the average distance between the 125I seed and the
centre of the 99mTc-nanocolloid injection depot as measured in SPECT/CT was 9.7 ± 6.5 mm and was not significantly
different compared to the freehand SPECT-guided group (two-sample Student's t test, p = 0.52).

Conclusion: We conclude that using freehand SPECT for 99mTc-nanocolloid administration in patients with
non-palpable breast cancer with previously implanted 125I seed is feasible. This technique may improve daily clinical
logistics, reducing the workload of the radiology department.
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Background
The use of mammographic screening in nationwide pro-
grams within western countries has led to an increase in
the number of women with non-palpable breast cancer le-
sions [1,2]. Currently, more than 25% of the radiological
suspicious breast lesions are considered clinically non-
palpable [3]. Accordingly, in many patients, accurate
pre- and intraoperative localisation of these non-palpable
lesions is important for adequate breast-conserving sur-
gery. At present, four different techniques are used to lo-
calise the tumour prior to excision: wire-, ultrasound
(US)-, carbon- and radio-guided (i.e. guided by a radio-
nuclide) localisation [3-5]. When lymph node involve-
ment is undetermined, these approaches are combined
with a sentinel lymph node (SLN) procedure [6,7].
At The Netherlands Cancer Institute, both radio-guided

occult lesion localisation (ROLL) with radioactive
technetium-99m albumin nanocolloid (99mTc-nanocol-
loid) and radioactive seed localisation (RSL) are used
for non-palpable breast tumour localisation during
surgery [8]. In the case of RSL, a 3.7 to 10.7 MBq
iodine-125 seed (125I) with a half-life time of 60 days is
preoperatively implanted into the malignancy using US
guidance in most cases. When the tumour was only
visible on mammography, placement of the 125I seed
was performed under stereotactic guidance. In our in-
stitute, the location of the 125I seed is always confirmed
by an additional mammogram at the day of implan-
tation. Recent studies show advantages when looking
at resection margins, duration of localisation and sur-
gical excision time for RSL or ROLL over wire-based
localisation [3,9-11]. At The Netherlands Cancer Insti-
tute, RSL is a standard procedure, and over 1,000 125I
seeds have been implanted since 2008.
In all patients scheduled for tumour excision, the pro-

cedure is combined with sentinel lymph node biopsy
(SLNB) for regional staging of the disease. This staging
is of great significance for patient outcome, being a pre-
dictor of presence for further metastasis in the axillary
basin [12]. Clinical protocols for this procedure may vary
between institutes because the radiocolloid injection site
for SLNB is still a matter of controversy [13-17]. At The
Netherlands Cancer Institute, the 99mTc-nanocolloid for
SLNB in non-palpable breast cancer is preferably adminis-
tered intratumourally by US guidance, although, in clinical
practice, it turns out to be either peri- or intratumoural.
Peritumoural is defined as the area at least within a radius
of 10 mm to the tumour border. Intratumoural injections
can sometimes result in resistance of the tumour tissue
while administering the tracer; this is solved by small in-
jection volumes (<0.2 ml) and to slowly pull a little bit
back while administering the tracer. This peri- or intratu-
moural radiopharmacologic administration will result in
extra-axillary SLNs, which, in our institute, are included
for diagnosis [18]. Prior to surgery, the radiologist localises
the 125I seed by ultrasonic reflection of the titanium cap-
sule in order to place a needle into the tumour. Subse-
quently, a nuclear physician injects the 99mTc-nanocolloid
[19]. This can be a challenging intervention due to diffi-
culties in localising the 125I seed in pathological and ir-
regular breast tissue. Furthermore, the procedure requires
two medical specialists (e.g. a radiologist and a nuclear
physician) and a technologist. By avoiding this additional
US procedure, the workload of the radiology department
will be decreased.
Recently, a novel freehand single-photon emission com-

puted tomography (SPECT) system (declipse®SPECT, Sur-
gicEye GmbH, Munich, Germany) for three-dimensional
(3D) radio-guided imaging and navigation has been in-
troduced. This device combines a conventional gamma
probe with an optical tracking system. An algorithm
links the measured counts from the location of the
gamma probe in space and, accordingly, reconstructs a
3D visualisation [20,21]. The purpose of this study is to
validate 125I seed localisation guided by freehand SPECT
in patients with non-palpable breast cancer in order to
facilitate 99mTc-nanocolloid injections. The results of
this study could also serve as a proof of concept for use
of this specific radio-guided navigation technique in
other malignancies.

Methods
Patient population
Forty-four patients with a peri-/intratumoural 125I seed
(STM1251, Bard Brachytherapy, Inc., Carol Stream, IL,
USA) and scheduled for an SLN procedure were included.
The patients were included in consecutive order, and in-
clusion was based on availability of researchers, SPECT/
CT scanner and the freehand SPECT device. The study
protocol included a group of patients scheduled for both
US and freehand SPECT (group 1, n = 10) followed by a
second group of patients investigated with only the free-
hand SPECT probe (group 2, n = 34). The results of the
second group were compared with a control group of pa-
tients who had received injections guided by US (group 3,
n = 21). Experienced radiologists measured the tumour
size by means of MRI or mammography. The characteris-
tics of the groups are as follow:

Group 1: In ten patients in the period from October 2012
to December 2012, the location and depth of the 125I seed
were measured using both freehand SPECT and US.
The 99mTc-nanocolloid was injected exactly according
to the standard protocol based on US-guided injec-
tions, which is the technique of choice at the
Netherlands Cancer Institute. The standard protocol
means no additional SPECT/CT scan to limit additional
radiation exposure for patients.
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Group 2: In the period from December 2012 to April
2013, 34 patients were included. The location and depth
of the 125I seed were measured using freehand
SPECT followed by a freehand SPECT-guided
injection with 99mTc-nanocolloid. These 34 patients
received a SPECT/CT scan to measure the accuracy
of the 99mTc-nanocolloid injection location in relation
to the 125I seed.
Group 3: The control group was constituted
retrospectively by 21 consecutive patients who
underwent US-guided 99mTc-nanocolloid injection near
the 125I seed and a SPECT/CT in the period from April
2012 to March 2013. This means that only those patients
who had received a SPECT/CT in the context of a stan-
dard SLN procedure (i.e. non-visualisation of lymphatic
drainage or aberrant lymphatic drainage on the planar
imaging) were included. This group is selected to study
the US-guided injection depots of 99mTc-nanocolloid by
means of SPECT/CT without making additional SPECT/
CT scans.

The standard clinical SLN protocol
All patients who are to undergo a SLNB get a 99mTc-
nanocolloid (GE Healthcare, Eindhoven, The Netherlands)
injection of 140 MBq in 0.2 ml 1 day prior to surgery.
Five-minute static scintigraphic images are acquired from
the anterior and lateral sides 5 to 30 min and 2 to 3 h
post-injection, respectively. In case of non-visualisation or
aberrant lymphatic drainage, an additional SPECT/CT
scan is obtained. All SPECT/CT data are acquired
using a hybrid camera (Symbia T, Siemens, Erlangen,
Germany). The dual-head SPECT (128 × 128 matrix, 40
frames, 30 s/frame) is performed using 9° angular steps in
a 30-s time frame. For CT (130 kV, 40 mA, B30s kernel),
5-mm slices are obtained. Both attenuation and scatter
correction are applied.

Freehand SPECT acquisition and reconstruction
This method was based on combining counts measured
with a conventional gamma probe with data of the loca-
tion and orientation of the gamma probe using a reflect-
ive reference target attached to a specific site on the
probe. Through a calibration procedure, the relation be-
tween the gamma probe tip and the reference target was
determined [22]. To acquire an accurate 3D volume re-
construction from the count data, a surface scan was
made by hovering the probe over the area of interest in
three different orientations (e.g. x, y and z planes). The
system requires at least 1,500 measurements to accu-
rately create a 3D visualisation; in our protocol, we
adopted thus a minimum of 2,000 measurements in
three or more directions. This planar surface scanning
takes about 2 min, and the reconstruction of the volume
takes another 20 s. After the reconstruction, the optical
camera of the used system was combined with a radio-
activity map (Figure 1b). The window level was adjusted
by using a touch screen to set a visualisation threshold
similar to the ones used in conventional nuclear medicine
until the number of hot spots equals the number of 125I
seeds in situ. The 3D window enabled the best navigation
to the 125I seed (Figure 1c).
For patients of group 1, the perpendicular distance from

the skin to the 125I seed was determined with the freehand
SPECT, and the most intensive focus in the 3D recon-
struction was marked on the skin of the patient. Next, the
radiologist, who was blinded for the depth information,
localised the 125I seed with US and measured the per-
pendicular depth from the marked place on the skin to
the 125I seed. After which, he injected the 99mTc-nano-
colloid close to the 125I seed. To avoid breast tissue de-
formations, it is important that the patient does not
change position during the freehand SPECT and US
measurements.
For patients of group 2, the perpendicular depth to

the 125I seed, which was used for US-guided injections
as well, was measured per patient, and the optimal injec-
tion location was marked on the skin. The needle was
injected to the depth indicated by the freehand SPECT
(Figure 1c). Three hours after injection of the 99mTc-nano-
colloid, a SPECT/CT scan was obtained. Verification of
the 99mTc-nanocolloid injection relative to the 125I seed
was performed by comparing the 99mTc-nanocolloid depot
on the SPECT images to the location of the 125I seed on
the CT scan. The distance from the 125I seed to the centre
of the activity depot in the axial plane was measured. All
distances on SPECT/CT were once more determined by a
second independent blinded observer to study the limits
of agreement.

Statistics for data analysis
Continuous variables were represented by mean ± stan-
dard deviation (SD). Differences between the measured
depths of the 125I seed by freehand SPECT and US are
evaluated by Bland-Altman graphs. The limits of agree-
ment between the different observers were also evaluated
by Bland-Altman graphs. This results in mean difference
and 95% confidence interval (95% CI) [23].

Results
Group 1: US validation
The characteristics of all ten patients are outlined in
Table 1. The lesions were found on various locations in
the breast. The ten perpendicular measurements with
US and freehand SPECT of the 125I seed resulted in ab-
solute variations in the range from 0 to 5 mm. The ave-
rage difference in depth was 0.05 ± 2.4 mm (range −3.5 to
5 mm), and the absolute average was 1.6 ± 1.6 mm (range
0 to 5 mm). These data are displayed in a Bland-Altman



Figure 1 Freehand SPECT method. (a) Data acquisition using the freehand SPECT device; radioactivity is measured with the probe from
multiple directions. P is the probe, and in yellow, the detection beam of the probe. The orange cloud is an accumulation of the area where it is
measured. (b) The localisation of the 125I seed after reconstruction. The 125I seed reconstruction is projected over the optical image in purple. T is
the patient tracker. (c) 3D visualisation of the distance and direction of the probe tip to the 125I seed. (d) Injection of 99mTc-nanocolloid guided
by freehand SPECT. I is the tracer injection localisation.

Table 1 Patient information for US validation, patient information for SPECT/CT validation and retrospective
US-guided injections

Parameter Group 1, US validation
(n = 10) (SD, range)

Group 2, SPECT validation (n = 34)
(SD, range)

Group 3, retrospective US-guided
injections (n = 21) (SD, range)

Patient age (years) 51 (8.4, 42 to 66) 61.3 (12.1, 26 to 89) 59 (10.6, 42 to 86)

Tumour size (mm) 11.5 (3.1, 9 to 20) 17.1 (13.8, 3 to 60) 18.4 (13.1, 8 to 55)

Tumour type DCIS (n = 3), IDC (n = 6),
ILC (n = 1)

DCIS (n = 12), LCIS (n = 1), IDC (n = 14),
ILC (n = 4), unknown (n = 3)

DCIS (n = 14), LCIS (n = 4),
unknown (n = 3)

Number of 125I seeds 1 with 1 seed (30), with 2 seeds (4) 1

Location of 125I seeds 3 medial, 6 lateral, 1 central 7 medial, 22 lateral, 5 central 5 medial, 13 lateral, 3 central

Days after 125I seed implantation 30 (13, 12 to 56) 33.5 (23.3, 10 to 118) Not measured
125I seed depth by US (mm) 11.6 (6.4, 5 to 23) Not measured Not measured
125I seed depth by freehand SPECT (mm) 11.5 (6.6, 5 to 25) 15.3 (6.7, 8 to 35) Not measured

Difference in localisation or location (mm) Mean difference, 0.05
(2.4, −3.5 to 5)

Absolute mean difference, 1.6 (1.6, 0 to 5) 10.9 (6.8, 0 to 29)
(CT compared with SPECT)

9.7 (6.5, 2 to 30) (CT compared
with SPECT)

Irradical procedures 1/10 (focal irradical) 9/34 (focal irradical or irradical) 5/21 (focal irradical or irradical)

DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; LCIS, lobular carcinoma in situ.
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plot, which visualises the mean and the 1.96-time standard
deviation ranges [24] (Figure 2).

Group 2: SPECT/CT validation
The characteristics of all 34 patients are outlined in
Table 1. The patients had either one or two 125I seeds
implanted, and the tumours were located on various lo-
cations within the breast. The average distance from the
centre of the 99mTc-nanocolloid depot to the 125I seed
on SPECT/CT was 10.9 ± 6.8 mm (range 0 to 29 mm).
Retrospective analysis of the data showed a possible

relation between the number of measurements made by
the freehand SPECT and the distance between the 99mTc-
nanocolloid injection depot and the 125I seed. In ten injec-
tions, we noticed that the number of measurements was
more than the protocolled 2,000 to 2,500 but was 3,000 to
3,500 measurements at least. We evaluated the differences
to study whether a higher number of measurements will
result in more accurate injections. The ten injections with
more measurements resulted, after measuring the distance
between the 99mTc-nanocolloid injection depot and the 125I
seed, in a mean distance of 10.0 mm instead of 11.2 mm in
the other 26 injections.

Group 3: control group
In the retrospectively selected US-guided 99mTc-nanocol-
loid injections (patient group 3), the distance from the
depot to the 125I seed was 9.7 ± 6.5 mm (range 2 to 30
mm) on SPECT/CT. Comparison of the distance from the
Figure 2 Bland-Altman analysis for the distances in depth
measured with US probe and with the freehand SPECT. The
analysis indicates, with the black broken line, the average of the
measurements. The upper and lower red broken lines represent the
Bland-Altman limits within the 95% confidence interval.
depot to the 125I seed in the freehand SPECT- (group 2)
and US-guided injections (group 3) revealed no significant
difference (two-sample Student's t test, p = 0.52). This
means there is no difference in accuracy for US-guided
and freehand SPECT-guided injections. The mean diffe-
rence between the two observations in this setting was 0.5
mm (95% CI 2.9 to −3.5 mm); for freehand SPECT-guided
injections, the difference was 0.1 mm (95% CI −3.0 to 3.1
mm), and for the US-guided injections, the difference was
0.9 mm (95% CI −2.2 to 4.0 mm) (Figures 2 and 3). There
are images included in this work that illustrate the loca-
tion of the 125I seed and the 99mTc-nanocolloid depot by a
fusion of the SPECT signal and the CT scan (Figure 4).
In total, 65 peri-/intratumoural 99mTc-nanocolloid injec-

tions were included in this study for analysis. The overall
sentinel node (SN) identification rate was 1.2 SNs/patient,
and 56/65 had SN visualisation on either lymphoscinti-
graphy or SPECT/CT. The intraoperative SN identifica-
tion rate was higher, thanks to prolongation of the time
interval (allowing further lymph drainage) and the use of
blue dye.

Discussion
This study demonstrates that peri-/intratumoural 99mTc-
nanocolloid injections using a freehand SPECT device
are feasible in patients with non-palpable breast cancer
marked with a 125I seed. The freehand SPECT is able to
localise the 125I seed and obtains navigation parameters
for subsequent SLN procedure-related tracer injection.
The manufacturer specified a spatial resolution of 5 mm
for the freehand SPECT, suggesting that this device was
appropriate for the intervention described in our study
[25]. Our results confirmed this by showing a mean dif-
ference of 1.6 ± 1.6 mm (range 0 to 5 mm) compared to
the conventional US technique. Additionally, it was con-
cluded that the concordance of freehand SPECT-guided
administrations compared to US-guided administrations
validated by means of SPECT/CT imaging was clinically
acceptable for the approach that we pursue. This study
was not designed to study a learning curve; we also did
not find a learning curve in this limited number of cases.
This might be the result of varying observers. However,
to use the freehand SPECT device, a training period is
required. The results of this study and the benefits of
using this technique seem to support the use of freehand
SPECT for 125I seed-guided radiocolloid injections in pa-
tients scheduled for SLNB and thereby enhance the lo-
gistics and workload of nuclear medicine and radiology
departments.

Image-guided injections
For SLNB, US-guided injections are commonly used to
deliver 99mTc-nanocolloid into or in the vicinity of the
tumour [19]. In cases where the 125I seed is not identifiable,



Figure 3 Bland-Altman analysis for the interobserver agreement between freehand SPECT-guided and US-guided injections. The
analysis indicates, with the black broken line, the average of the measurements. The upper and lower red broken lines represent the Bland-Altman
limits within the 95% confidence interval.
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a stereotaxic procedure is performed. The US-guided injec-
tions and the stereotaxic procedures have certain draw-
backs; first of all, the planning is more complicated because
there are two departments involved, and the time per pro-
cedure is variable (15 to 45 min). Furthermore, the locali-
sation of the 125I seed may be time consuming and requires
a radiologist. The injection using freehand SPECT is
straightforward and, as described in the present study,
clinically applicable. The procedure can be performed in
a nuclear medicine department, which does increase the
Figure 4 Axial SPECT/CT images. (a) The low-dose CT. (b) The
SPECT and CT images fused. (c) Close-up of the low-dose CT. (d)
The SPECT and CT images fused with the measurement of distance
from the centre of activity of the 99mTc-nanocolloid to the 125I seed;
the measured distance is 8 mm. The green lines indicate the same
position in the different images.
flexibility in planning. In our experience, the procedure
never exceeded 20 min, taking, in average, 10 to 15 min.
A second benefit is that this procedure may avoid po-
tential pitfalls in misjudging the identity of the 125I seed
and thereby an incorrect injection location of 99mTc-
nanocolloid in patients with other types of markers in
situ or calcifications in the breast. These other non-
radioactive markers do not affect the freehand SPECT
technique.
The radiocolloid injection site for SLNB is still a matter

of controversy [13,14,16,17]. The freehand SPECT method
as described in this study is only of clinical relevance for
tumour-related tracer administration. For injections in
the vicinity of the tumour, this technique is sufficient.
However, for injections in small lesions, this technique
requires more precision. This could be acquired with an
optically tracked needle integrated in the freehand
SPECT system. There are prototypes of needles or cath-
eters with optical tracking systems, enabling exact nee-
dle tip localisation and thereby possibly more accurate
injections [26]. For the 36 freehand SPECT-guided injec-
tions, we used 15-, 25-, 35-mm needles, and the depth
was determined on the basis of depth estimation.

Optimisation of freehand SPECT
There are several possibilities to explain the observed
distance deviation between the 99mTc-nanocolloid injec-
tion depot and the 125I seed on SPECT/CT. First, the use
of older (weaker in radioactivity) 125I seeds may give sig-
nificantly less signal, which influences the image quality.
Another explanation could be the fact that the freehand
SPECT device indicates a depth and a direction, which are
marked on the skin. The nuclear physician had to inject
exactly similar to this direction, or else larger deviations in
deeper injections would logically be the result. Further
analysis of the relation of depth and inaccuracy hinted to
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a relation, where an increase in depth results in more in-
accurate injections (correlation of 0.58) (Figure 5). When
only the 125I seeds with a depth of <26 mm are taken into
consideration (25/36 125I seeds), the average distance be-
tween the 99mTc-nanocolloid injection depot and the 125I
seed is 8.2 mm (SD 5.1 mm, range 0 to 20 mm) This is
less than the average distance measured on the SPECT/
CT scans for all US-guided injections (group 2).
The retrospective evaluation of the accuracy in ten in-

jections with higher number of measurements demon-
strated a mean distance of 10.0 mm instead of 11.2 mm in
the first 26 injections; this suggests a favourable relation
to obtain more measurements. With these small numbers,
this is not a significant conclusion. Nevertheless, we rec-
ommend using higher number of measurements, because
more data for the calculations would logically result in
more accurate reconstructions and could, for example,
compensate the weak signal of older 125I seeds. An ad-
ditional source of error in the evaluation might be the
registration between CT and SPECT and the slice thick-
ness of the CT images. These factors can have both posi-
tive and negative impacts on the evaluation but have to be
considered when looking at the standard deviation of the
results.
In the present study, freehand SPECT reconstruction

was based on settings used for standard intraoperative
procedures. In theory, it is possible to increase the num-
ber of iterations or reduce the voxel size. The standard
number of iterations for reconstruction is 20; experimen-
tal settings where the number of iterations rises up to 100
iterations can result in more accurate localisations but
may drastically increase the reconstruction time. The
voxel size is also variable; this can be reduced from 5-
to 2-mm voxels. Experimental setups will be required
in the future to evaluate which are the optimal settings
Figure 5 Distance vs. depth. Distance from 125I seed to the centre
of the 99mTc-nanocolloid activity versus the depth of 125I seed from
the skin.
for specific applications. This study also demonstrates
potential use of freehand SPECT for intraoperative 125I
seed localisation since accurate navigation to the radio-
active tumour marker is enabled. Furthermore, the mar-
gins of breast cancer specimens relative to the 125I seed
could be determined ex vivo as predictor for surgical mar-
gins. A prospective study to investigate this assumption is
currently in preparation.

Conclusion
Peri-/intratumoural 99mTc-nanocolloid injection for
SLN mapping using freehand SPECT in patients with
non-palpable breast tumours and implanted 125I seeds
for tumour excision is feasible. This approach may become
a reliable alternative for US-guided 99mTc-nanocolloid in-
jections, alleviating daily/clinical logistics in both nuclear
medicine and radiology departments.

Competing interests
This work was performed in the framework of the Eurostar's project ‘E!7103,
real-time fhSPECT’. The authors declare that they have open access. This
article is distributed under the terms of the Creative Commons Attribution
Non-Commercial License which permits any non-commercial use, distribution,
and reproduction in any medium, provided the original author(s) and source
are credited.

Authors' contributions
BP drafted the manuscript, substantially contributed to the conception and
design of the study, and acquired, analysed and interpreted the data. LWV
substantially contributed to the conception and design of the study and
revised the manuscript critically for important intellectual content. DH and
OB substantially contributed to the conception and design of the study and
acquired clinical data. MVP drafted and revised the manuscript critically for
important intellectual content. MS and RVO approved the final manuscript
for submission and publication and revised the article critically for important
intellectual content. All authors read and approved the final manuscript.

Acknowledgements
We would like to thank our clinical partners from the Radiology Department
for their support and the additional measurements. Also, our
acknowledgements to the technical staff of the Department of Nuclear
Medicine for the SPECT/CT acquisition.

Author details
1MIRA Institute for Biomedical Technology and Technical Medicine,
University of Twente, Enschede 7500 AE, The Netherlands. 2Department of
Nuclear Medicine, The Netherlands Cancer Institute, Antoni van
Leeuwenhoek Hospital, Amsterdam 1066 CX, The Netherlands. 3Department
of Surgical Oncology, The Netherlands Cancer Institute, Antoni van
Leeuwenhoek Hospital, Amsterdam 1066 CX, The Netherlands.

Received: 22 January 2014 Accepted: 27 March 2014
Published: 3 May 2014

References
1. Bleyer A, Welch HG: Effect of three decades of screening mammography

on breast-cancer incidence. N Engl J Med 2012, 367:1998–2005.
2. Liebregts ME, van Riet YE, Nieuwenhuijzen GP, Rutten HJT, Duijm LEM,

Voogd AC: Patterns and determinants of surgical management of screen
detected breast cancer in the South-East Netherlands. Breast 2013,
22:713–717.

3. Sajid MS, Parampalli U, Haider Z, Bonomi R: Comparison of radioguided
occult lesion localization (ROLL) and wire localization for non-palpable
breast cancers: a meta-analysis. J Surg Oncol 2012, 105:852–858.



Pouw et al. EJNMMI Research 2014, 4:19 Page 8 of 8
http://www.ejnmmires.com/content/4/1/19
4. Postma EL, Witkamp AJ, van den Bosch MA, Verkooijen HM, van
Hillegersberg R: Localization of nonpalpable breast lesions. Expert Rev
Anticancer Ther 2011, 11:1295–1302.

5. Fusco R, Petrillo A, Catalano O, Sansone M, Granata V, Filice S, D'Aiuto M,
Pankhurst Q, Douek M: Procedures for location of non-palpable breast
lesions: a systematic review for the radiologist. Breast Cancer 2012.
doi:10.1007/s12282-012-0427-1.

6. Kuijt GP, van de Poll-Franse LV, Voogd C, Nieuwenhuijzen GP, Roumen RMH:
Survival after negative sentinel lymph node biopsy in breast cancer at
least equivalent to after negative extensive axillary dissection. Eur J Surg
Oncol 2007, 33:832–837.

7. Krag DN, Anderson SJ, Julian TB, Brown AM, Harlow SP, Costantino JP,
Ashikaga T, Weaver DL, Mamounas EP, Jalovec LM, Frazier TG, Noyes RD,
Robidoux A, Scarth HMC, Wolmark N: Sentinel-lymph-node resection
compared with conventional axillary-lymph-node dissection in clinically
node-negative patients with breast cancer: overall survival findings from
the NSABP B-32 randomised phase 3 trial. Lancet Oncol 2010, 11:927–933.

8. Tanis PJ, Deurloo EE, Valdés Olmos RA, Rutgers EJ, Nieweg OE, Besnard APE,
Kroon BBR: Single intralesional tracer dose for radio-guided excision of
clinically occult breast cancer and sentinel node. Ann Surg Oncol 2001,
8:850–855.

9. Van Esser S, Hobbelink MGG, Peeters PHM, Buskens E, van der Ploeg IM,
Mali WPTHM, Borel Rinkes IHM, Hillegersberg R: The efficacy of ‘radio
guided occult lesion localization’ (ROLL) versus ‘wire-guided localization’
(WGL) in breast conserving surgery for non-palpable breast cancer: a
randomized clinical trial - ROLL study. BMC Surg 2008, 8:9.

10. Jakub JW, Gray RJ, Degnim AC, Boughey JC, Gardner M, Cox CE: Current
status of radioactive seed for localization of non palpable breast lesions.
Am J Surg 2010, 199:522–528.

11. Donker M, Drukker CA, Valdés Olmos RA, Rutgers EJT, Loo CE, Sonke GS,
Wesseling J, Alderliesten T, Vrancken Peeters MJTFD: Guiding breast-conserving
surgery in patients after neoadjuvant systemic therapy for breast cancer: a
comparison of radioactive seed localization with the ROLL technique.
Ann Surg Oncol 2013, 20:2569–2575.

12. Wang Z, Wu L-C, Chen J-Q: Sentinel lymph node biopsy compared with
axillary lymph node dissection in early breast cancer: a meta-analysis.
Breast Cancer Res Treat 2011, 129:675–689.

13. Klimberg VS, Rubio IT, Henry R, Cowan C, Colvert M, Korourian S: Subareolar
versus peritumoral injection for location of the sentinel lymph node.
Ann Surg 1999, 229:860–864. discussion 864–5.

14. Chagpar A, Martin RC, Chao C, Wong SL, Edwards MJ, Tuttle T, McMasters
KM: Validation of subareolar and periareolar injection techniques for
breast sentinel lymph node biopsy. Arch Surg 2004, 139:614–618.
discussion 618–620.

15. Lin KM, Patel TH, Ray A, Ota M, Jacobs L, Kuvshinoff B, Chung M, Watson M,
Ota DM: Intradermal radioisotope is superior to peritumoral blue dye or
radioisotope in identifying breast cancer sentinel nodes. J Am Coll Surg
2004, 199:561–656.

16. Brouwer OR, Vermeeren L, van der Ploeg IMC, Valdés Olmos RA, Loo CE,
Pereira-Bouda LM, Smit F, Neijenhuis P, Vrouenraets BC, Sivro-Prndelj F,
Jap-a-Joe SM, Borgstein PJ, Rutgers EJ, Oldenburg HSA: Lymphoscintigraphy
and SPECT/CT in multicentric and multifocal breast cancer: does each
tumour have a separate drainage pattern? Results of a Dutch multicentre
study (MULTISENT). Eur J Nucl Med Mol Imaging 2012, 39:1137–1143.

17. Pesek S, Ashikaga T, Krag LE, Krag D: The false-negative rate of sentinel
node biopsy in patients with breast cancer: a meta-analysis. World J Surg
2012, 36:2239–2251.

18. Estourgie SH, Nieweg OE, Olmos RAV, Rutgers EJT, Kroon BBR: Lymphatic
drainage patterns from the breast. Ann Surg 2004, 239:232–237.

19. Gobardhan PD, Madsen EVE, van Dalen T, Perre CI, Bongers V:
Ultrasound-guided sentinel node procedure for nonpalpable breast
carcinoma. Nucl Med Commun 2012, 33:80–83.

20. Rieger A, Saeckl J, Belloni B, Hein R, Okur A, Scheidhauer K, Wendler T, Traub J,
Friess H, Martignoni ME: First experiences with navigated radio-guided
surgery using freehand SPECT. Case Rep Oncol 2011, 4:420–425.

21. Valdés Olmos RA, Vidal-Sicart S, Nieweg OE: Technological innovation in
the sentinel node procedure: towards 3-D intraoperative imaging. Eur J
Nucl Med Mol Imaging 2010, 37:1449–1451.

22. Brouwer OR, Buckle T, Bunschoten A, Kuil J, Vahrmeijer AL, Wendler T,
Valdés-Olmos RA, van der Poel HG, van Leeuwen FW: Image navigation as
a means to expand the boundaries of fluorescence-guided surgery.
Phys Med Biol 2012, 57:3123–3136.

23. Bland JM, Altman DG: Comparing methods of measurement: why
plotting difference against standard method is misleading. Lancet 1995,
346:1085–1087.

24. Hamilton C, Stamey J: Using Bland-Altman to assess agreement between
two medical devices–don't forget the confidence intervals! J Clin Monit
Comput 2007, 21:331–333.

25. Traub J, Wendler T: [http://www.surgiceye.com/en/declipseSPECT/
openSurgery.html, 05–2014]. SurgicEye. GmbH.

26. Chen W, Chen L, Yang S, Chen Z, Qian G, Zhang S, Jing J: A novel
technique for localization of small pulmonary nodules. Chest 2007,
131:1526–1531.

doi:10.1186/s13550-014-0019-5
Cite this article as: Pouw et al.: Feasibility of preoperative 125I
seed-guided tumoural tracer injection using freehand SPECT for sentinel
lymph node mapping in non-palpable breast cancer. EJNMMI Research
2014 4:19.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

http://dx.doi.org/10.1007/s12282-012-0427-1
http://www.surgiceye.com/en/declipseSPECT/openSurgery.html
http://www.surgiceye.com/en/declipseSPECT/openSurgery.html

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patient population
	The standard clinical SLN protocol
	Freehand SPECT acquisition and reconstruction
	Statistics for data analysis

	Results
	Group 1: US validation
	Group 2: SPECT/CT validation
	Group 3: control group

	Discussion
	Image-guided injections
	Optimisation of freehand SPECT

	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


