
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Integrating new imaging modalities in breast cancer management

Pouw, B.

Publication date
2016
Document Version
Final published version

Link to publication

Citation for published version (APA):
Pouw, B. (2016). Integrating new imaging modalities in breast cancer management. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/integrating-new-imaging-modalities-in-breast-cancer-management(027628c6-e1d3-4086-adaa-354869417181).html


The hidden sent inel node in breast cancer :  
reevaluat ing the role of SPECT/CT and tracer 
re in ject ion 
 
Bas Pouw  

Daan Hellingman 
Mariette Kieft 

Wouter V. Vogel  
Karen J. van Os  
Emiel J. Th. Rutgers  
Renato A. Valdés Olmos  
Marcel P. M. Stokkel 

	
European Journal of Surgical Oncology. Accepted for publication 

 



	 162 

Abstract 

Introduction 

Lymphoscintigraphy with planar imaging is considered a helpful tool to depict lymph 
node drainage in patients with invasive breast cancer. Single Photon Emission 
Computed Tomography with integrated CT (SPECT/CT) is usually performed to detect 
sentinel nodes (SN)s in breast cancer patients showing non-visualisation on 
lymphoscintigraphy. Incorporation of new SN indications (recurrent surgery, previous 
radiotherapy, or neoadjuvant chemotherapy) has led to an increase of non-visualisation 
rates. The present study evaluates the contribution of SPECT/CT and tracer reinjection 
for SN-visualisation in breast cancer patients without drainage on lymphoscintigraphy. 

Methods 

Between 1st of July 2008 and 6th of November 2014 in total 1968 patients underwent a 
SN breast procedure, using intra-tumoural tracer administration. SPECT/CT was 
performed in 284 breast cancer patients with non-visualisation of SNs on 
lymphoscintigraphy. If SN non-visualisation persisted, a second radiotracer injection with 
repeated imaging was performed when logistics allowed this. Univariate analysis was 
applied to evaluate SPECT/CT visualisation rates in specific subgroups. 

Results 

The SPECT/CT visualisation rate was 23.2% (66/284). Univariate analysis revealed no 
significant subgroups influencing SPECT/CT visualisation. In patients receiving reinjection 
after persistent SPECT/CT non-visualisation the SN-visualisation rate reached 62.1% 
(36/58). Intraoperatively, the SN-identification rate using a gamma probe and blue dye 
was 87.9% (175/199) and 32.9% (28/85) for, respectively, primary and recurrent surgery 
after non-visualisation on lymphoscintigraphy. 

Conclusion 

In this evaluation including new breast cancer SN indications, SPECT/CT scored lower 
than reinjection to visualise SNs in patients with non-visualisation on 
lymphoscintigraphy. Consequently, our institutional protocol has been readjusted. 
 



	 163 

Introduction 
Single Photon Emission Computed Tomography with integrated CT (SPECT/CT) is 
currently used for various sentinel node (SN) indications [1,2]. This hybrid modality 
provides information about the anatomical location of radioactive SNs and the option 
for attenuation correction. Based on the guidelines of the Society of Nuclear Medicine 
and Molecular Imaging and the European Association of Nuclear Medicine, current 
indications for SPECT/CT in breast cancer include the localisation of extra-axillary SNs, 
non-visualisation on planar images, or otherwise difficult to interpret drainage on 
conventional planar imaging [3]. However, there is still no consensus about the 
subsequent strategy after a non-visualisation on planar imaging to improve visualisation: 
either SPECT/CT or reinjection. Both the application of SPECT/CT and a reinjection 
into daily practice are associated with additional costs, extra time, and/or radiation 
exposure for the patient. The controversy on this subject is reflected by the fact that 
some centres do not use SPECT/CT at all, some use it for every patient, and others use 
it for specific indications [4,5]. 
In a first study in our hospital [6], the role of SPECT/CT was evaluated in addition to 
planar imaging in breast cancer patients with primary tumours smaller than 3 cm 
revealing an unusual lymphatic drainage, a lymphatic drainage pattern that is difficult to 
interpret, or in cases of non-visualisation on the planar lymphoscintigrams. This protocol 
with additional SPECT/CT imaging was systematically applied leading to a large dataset 
of SPECT/CT scans. However, concurrently to the incorporation of SPECT/CT, 
indications for the SN procedure were extended to patients with more locally 
advanced breast cancer receiving neoadjuvant chemotherapy, multicentric/multifocal 
breast cancer, and patients with local breast cancer recurrence after surgery and/or 
radiotherapy. Until now, the largest studies evaluating SPECT/CT scans for breast 
cancer surgery are from Uren et al. with 741 patients and Ibusuki et al. with 223 
patients including T1-T2 tumour lesions [7,8]. A small proportion of these patients had 
non-visualisation on planar imaging. Recently, a review was published combining all 
studies about SPECT/CT for breast cancer SN indications, in this study only a small 
proportion of patients presented with non-visualisation [9]. The purpose of this study is 
to reevaluate the additional value of SPECT/CT in patients with non-visualisation on 
planar lymphoscintigraphy in terms of the preoperative visualisation, also in the light of 
the new subset of patients in whom the SN procedure was performed in the last years. 
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Materia ls and Methods 

Patients 

All consecutive patients with a SPECT/CT scan for the indication of non-visualisation on 
planar imaging in the period from the 1st of July 2008 to the 6th of November 2014 
were identified for data analysis. In this period 1968 patients received 
lymphoscintigraphy for invasive breast cancer, ductal carcinoma in situ (at preoperative 
diagnosis), after neoadjuvant systemic treatment, or for recurrent breast cancer sentinel 
node procedures. In total, 284 (14.4%) patients had non-visualisation on planar 
lymphoscintigraphy and were included for further analysis.  

Imaging method 
99mTechnetium-albumin nanocolloid (99mTc-nanocolloid) (Nanocoll; GE-Healthcare, 
Eindhoven, The Netherlands) (100-140 MBq in a volume of 0.2 ml) was injected 
intratumourally for mainly two-day protocols. Planar imaging, lymphoscintigraphy, was 
performed at early (15 min) and late (3-4 hours) intervals after injection of the 
radiotracer. A cobalt-57 flood source was placed behind the patient to outline the body 
contour. A gamma camera equipped with Mullecom collimator (Symbia T; Siemens, 
Erlangen, Germany) was used. Anterior, oblique, and lateral images were obtained 
position and, if needed, additional images were acquired. SNs were defined as lymph 
nodes upon which the primary tumour drains directly. This is determined by lymph 
nodes visualised at the 15-minute images, lymph nodes with increasing radiotracer 
uptake on the 3-hour images, and lymph nodes in other anatomical levels. 
 

In case of non-visualisation, SPECT/CT images were acquired immediately after the late 
planar images. The SPECT/CT system (Symbia T; Siemens, Erlangen, Germany) 
consisted of a dual-head variable-angle gamma camera equipped with Mullecom 
collimators and a multislice spiral CT scanner optimised for rapid rotation. SPECT 
acquisition (matrix 128×128, 60 frames at 30s per view) was performed using steps of 
6°. After reconstruction, the SPECT images were corrected for attenuation and scatter. 
Three kinds of SPECT images were created for evaluation; attenuation and scatter 
corrected, attenuation corrected without scatter correction, without both attenuation 
and scatter correction. Both SPECT and CT axial 5-mm slices were generated using an 
Esoft 2000 application package (Siemens, Erlangen, Germany). Images were fused using 
an Osirix Dicom viewer (version 2.7-4.1). The SPECT/CT images were also viewed 
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using two-dimensional orthogonal reslicing in axial, sagittal and coronal orientations. 
Maximum intensity projections with a three-dimensional display as well as volume 
rendering reconstruction were generated to indicate the sentinel nodes in relation to 
anatomical structures.  
When logistics allowed in patients with persistent non-visualisation on SPECT/CT, a 
second, more superficial radiopharmaceutical (100–140 MBq) injection was given in the 
peripheral zone of the tumour after which delayed planar lymphoscintigraphy was 
repeated.  

Surgical protocol 

Patent blue dye (Laboratoire Guerbet, Aulnay-Sous-Bois, France) was administered 
immediately before the operation. The marked SN regions were explored looking for a 
blue lymphatic duct and the gamma probe (Neoprobe, Johnson & Johnson Medical, 
Hamburg, Germany) was used to search for radioactive SNs. The axilla was carefully 
palpated and suspicious palpable nodes were routinely removed. 

Histopathological examination 

All harvested nodes were fixed in formalin, bisected, embedded in paraffin. Pathological 
evaluation included haematoxylin-eosin for all harvested nodes and additional 
immunohistochemical staining (CAM 5.2; Becton Dickinson, San Jose, CA) for SNs. 

Data extraction 

First, all planar lymphoscintigrams where assessed by both researchers (BP and DH) to 
confirm non-visualisation. Clinical parameters of all patients were extracted from the 
patient files. These included: Age, Gender, BMI, Palpable/non-palpable, T-stage, 
Receptor status, Tumour type, Tumour grade, Lateralisation, Tumour location, 
Neoadjuvant chemotherapy, Previous radiation therapy, Previous surgery, SNs visible on 
SPECT/CT or after reinjection (Visualisation rate), One or two day protocol, Injection 
of blue dye, Intraoperative excised SNs (Identification rate), and Histopathology. 
Groups were divided in primary and recurrent breast cancer for non-visualisation or 
visualisation after SPECT/CT or reinjection.  
For all analysis SPSS (version 20.0; SPSS Chicago, Illinois) was used. Based on the 
parameters a univariate analysis was performed. The data was univariate tested by a by 
means of a two-sided Fisher’s Exact test to test if a specific parameter has more chance 
to demonstrate visualisation on SPECT/CT after non-visualisation on planar imaging.  
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Results 

Preoperative Imaging 

In total, 284 patients (283 females, 1 male) with non-visualisation on planar imaging 
received a SPECT/CT (Figure 1). Eighty-five (29.9%) patients were referred for 
recurrent breast cancer and had previous surgery or radiation therapy at the same 
breast prior to the SN procedure. Thirty-eight (13.4%) patients were scheduled for 
neoadjuvant chemotherapy (Table 1).  
Figure 2 shows the results of the 2 different steps to improve visualisation: the 
SPECT/CT (23.2%) and reinjection (+planar imaging) (62.1%). The average age of this 
patient population was 63.0 (SD: 11.2, Range: 25-91) years with a body mass index of 
26.7 (SD: 5.0, Range: 15.6-45.3). 

	
Figure 1 :  SPECT/CT visualises an axillary sentinel node in a patient after non-visualisation on 
planar lymphoscintigraphy. 

SPECT/CT visualised one or more SNs (68 SNs in total) in 23.2% (66/284) of the 
patients, of which 30.9% (21/68) were extra-axillary SNs (4 contralateral SN, 7 
interpectoral SN, 6 intramammary SN, and 4 subpectoral SN). Reinjection after non-
visualisation on SPECT/CT resulted in an additional 62.1% (36/58) visualisation rate on 
subsequent planar imaging (Table 2). After SPECT/CT, and eventually reinjection there 
were 182 patients with persistent non-visualisation.  
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The overall visualisation rate including planar imaging, SPECT/CT and reinjection 
(followed by planar imaging only) was 90.8% (1786/1968). In 160 cases no reinjection 
was given (Figure 2) because of 1) patients with non-palpable lesions were scheduled 
for radioactive seed localisation using 125Iodine seeds or radioguided occult lesion 
localisation using 99mTc-nanocolloid (n=109/160), 2) patients were subjected to 
radioactive seed localisation with an 125Iodine seed implanted prior to neoadjuvant 
systemic treatment (both of these procedures prohibited, in our institute, the use of a 
reinjection), and 3) no reinjection was given due to limited time because of surgical 
planning at the same day. 
Univariate analysis by means of a two-sided Fisher’s Exact test on the different clinical 
parameters revealed no significant differences between subgroups in terms of SN 
visualisation on SPECT/CT after non-visualisation on planar imaging (Table 1). 
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Table 1 :  Patient characteristics and statistical analysis by univariate two sided Fisher’s Exact test 

	Parameter N (NR) Visual isat ion % (SPECT) P-value 
Age 
<50 
>50 

284 
41 
243 

 
17.1 
24.3 

0.424 

Gender 
Female 
Male 

284 
283  
1 

 
NA NA 

Body mass index 
<18.4 
18.5-24.9 
24.9-29.9 
>30 

264 (20) 
3 
107 
102 
52 

 
0.0 
21.5 
24.5 
23.1 

0.927 

Palpable tumour 
Yes 
No 

284 
101 
183 

 
25.7 
21.9 

0.466 

T-stage 
Tis 
T1  
T2  
T3 

279 (5) 
29 
174 
65 
11 

 
20.7 
21.8 
29.2 
9.1 

0.468 

Receptor status 
ER+ HER- 
HER+ 
Triple – 
DCIS 

279 (5) 
194 
24 
32 
29 

 
21.1 
29.2 
34.2 
20.7 

0.337 

Tumour type  
Invasive ductal carcinoma  
Lobular carcinoma 
Other invasive types  
DCIS  

283 (1) 
210 
35 
9 
29 

 
23.8 
22.9 
22.2 
20.7 

0.990 

Tumour grade 
Gr1  
Gr2  
Gr3  

262 (22) 
68 
124 
70 

 
19.1 
22.6 
28.6 

0.416 

Tumour locat ion 
Central 
Lat. Upper 
Lat. Lower  
Med. upper 
Med. lower 

284 
33 
128 
26 
76 
21 

 
18.2 
28.9 
30.8 
17.1 
9.5 

0.122 

Lateral isat ion 
Left 
Right 

284 
137 
147 

 
26.3 
20.4 

0.263 

Neoadjuvant chemotherapy 
Yes 
No 

284 
38 
246 

 
15.8 
24.4 

0.305 

Previous radiat ion therapy 
Yes 
No 

284 
64 
220 

 
18.8 
24.5 

0.402 

Previous surgery 
Yes 
No 

284 
80 
204 

 
20.0 
24.5 

0.532 

Previous treatment 
Yes 
No 

284 
99 
185 

 
19.2 
25.4 

0.302 

Pr imary or recurrent B.C. 
Primary breast cancer 
Recurrent breast cancer 

284 
199 
85 

 
24.6 
20.0 

0.445 

One/two day protocol 
One day 
Two day 

282 (2) 
59 
223 

 
NA NA 

Blue dye 
Yes 
No 

275 (9) 
213 
62 

 
NA NA 

NA: Not relevant for statistical analysis, NR: Not recorded, BC: Breast cancer  
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F igure 2 :  Flowchart of the results. *No reinjection was performed because of logistics or the 
presence of an 125Iodine seed for radioactive seed localisation or when radioguided occult lesion 
localisation with 99mTc-nanocolloid was performed. 

Surgical data 

Total group 

In 203 (71.5%) of the 284 patients, a total of 290 SNs were removed during the 
surgical procedure (Table 3). The surgeon determined a patient specific approach in the 
other 81 patients (e.g. axillary clearance, sampling, or follow-up). 

• After non-visualisation on SPECT/CT the surgical SN identification rate was 
63.1% (101/160). With an additional reinjection the surgical identification was 
87.9% (51/58), this difference is significant (p=0.0004). 

• After persistent non-visualisation on SPECT/CT followed by a reinjection the 
surgical SN identification rate was 77.3% (17/22).  
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Primary breast cancer 

SPECT/CT after non-visualisation on planar imaging demonstrated a SN visualisation 
rate of 24.6% (49/199) in the primary breast cancer group, while reinjection showed a 
visualisation rate of 65.4% (34/52 patients). The surgical identification rate for all primary 
breast cancers after non-visualisation was 87.9% (175/199). The surgical identification 
rates for the different groups were: 

• 91.8% (45/49) for patients with primary breast cancer, and visualisation on 
SPECT/CT. 

• 84.7% (83/98) for patients with primary breast cancer, non-visualisation on 
SPECT/CT and no reinjection. 

• 94.1% (32/34) for patients with primary breast cancer, non-visualisation on 
SPECT/CT and visualisation after reinjection. 

• 83.3% (15/18) for patients with primary breast cancer, non-visualisation on 
SPECT/CT and non-visualisation after reinjection.  

Recurrent breast cancer 

SPECT/CT showed visualisation in 20.0% (17/85), and after reinjection in 33.3% (2/6) in 
those patients who had no visualisation on planar imaging. The surgical identification 
rate for all recurrent breast cancers was 32.9% (28/85), which is lower compared to the 
primary breast cancer group. The surgical identification rate for the different groups 
were: 

• 35.3% (6/17) for patients with recurrent breast cancer, and visualisation on 
SPECT/CT. 

• 29.0% (18/62) for patients with recurrent breast cancer, non-visualisation on 
SPECT/CT and no reinjection. 

• 100.0% (2/2) for patients with recurrent breast cancer, non-visualisation on 
SPECT/CT and visualisation after reinjection. 

• 50.0% (2/4) for patients with recurrent breast cancer, non-visualisation on 
SPECT/CT and non-visualisation after reinjection. 

Pathology 

In the total group 19.2% (39/203) of the patients had tumour-positive SNs (51/290 SNs 
were tumour-positive) (Table 4). Non-SNs were removed in 38.7% (110/284) of the 
patients. In two cases a non-SN was positive in the presence of tumour-negative SNs. 
Non-SNs were defined as excised lymph nodes that were not blue or radioactive.  
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Table 2 :  Sentinel node visualisation rates in patients with initial non-visualisation on 
lymphoscintigraphy 

 
 
 
 
 
 
 
 
 
 
  
 
Ax: Axillary lymph nodes, EAx: Extra axillary lymph nodes (e.g. intramammary, interpectoral, contralateral, inner mammary chain, 
supraclaviculair region), SN: Sentinel node, BC: Breast cancer. 
 

Table 3 : Sentinel node identification rates in patients with initial non-visualisation on 
lymphoscintigraphy 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Ax: Axillary lymph nodes, EAx: Extra axillary lymph nodes (e.g. intramammary, interpectoral, contralateral, inner mammary chain, 
supraclaviculair region), SN: Sentinel node, BC: Breast cancer. 
	
Table 4 :  Pathological results of sentinel nodes in patients with initial non-visualisation on 
lymphoscintigraphy 

	
	
	
	
	
	
	
	
	
Ax: Axillary lymph nodes, SN: Sentinel node, BC: Breast cancer. 

 SPECT/CT  Reinject ion 
Total number of 
pat ients 
  Primary BC 
  Recurrent BC 

66/284 (23.2%) 
  49/199 (24.6%) 
  17/85 (20.0%) 

36/58 (62.1%) 
  34/52 (65.4%) 
  2/6 (33.3%) 

Number of SN 64x1SN  
2x2SN  
 

29x1SN  
6x2SN  
1x3SN 

SN location 47 Ax 
21 EAx 

40 Ax 
4 EAx 

 SPECT/CT Reinject ion 
Total pat ients (after v isual isat ion) 
  Primary BC 
  Recurrent BC 

51/66 (77.3%) 
  45/49 (91.8%) 
  6/17 (35.3%) 
 

34/36 (94.4%)  
 32/34 (94.1%) 
 2/2 (100.0%) 

#SN 36x1SN 
13x2SN 
2x3SN  

22x1SN 
5x2SN 
5x3SN 
2x4SN 

SN location 
 

60 Ax 
8 EAx 

54 Ax 
1 EAx 

Total pat ients (after non-v isual isat ion) 
  Primary BC 
  Recurrent BC 

101/160 (63.1%)  
  83/98 (84.7%)  
  18/62 (29.0%) 

17/22 (77.3%)   
  15/18 (83.3%) 
  2/4 (50.0%) 

#SN 64x1SN 
29x2SN 
7x3SN 
1x5SN 

15x1SN 
2x2SN 
 

SN location 146 Ax 
2 EAx 

18 Ax 
1 EAx 

 SPECT/CT Reinject ion 
Total pat ients (after v isual isat ion) 
  Primary BC 
  Recurrent BC 

9/51 (17.6%) 
  9/45 (20.0%) 
  0/6 (0%) 

4/34(11.7%) 
  4/32 (12.5%) 
  0/2 (0.0%) 

#SN 12 positive SNs 
56 negative SNs 

5 positive SNs 
50 negative SNs 

Total pat ients (after non-v isual isat ion) 
  Primary BC 
  Recurrent BC 

24/101 (23.8%) 
 20/83 (24.1%) 
  4/18 (22.2%) 

2/17 (11.7%) 
  2/15 (13.3%) 
  0/2 (0.0%) 

#SN 32 positive SNs 
116 negative SNs 

2 positive SNs 
17 negative SNs  
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Discussion  

This study aimed to reevaluate the role of SPECT/CT in breast cancer patients who 
presented non-visualisation on planar lymphoscintigraphy following an intratumoural 
radiotracer injection.  
A previous study at the Netherlands Cancer Institute SPECT/CT showed a 50% 
visualisation rate in cases with non-visualisation on planar imaging (6). Another 
SPECT/CT evaluation reached a 59% visualisation rate in patients who showed no SN 
visualisation on planar lymphoscintigraphy [10]. These SPECT/CT visualisation rates are 
higher than the 23.2% reached in the present study. Differences between these studies 
are the used particle (99mTc-Rhenium colloid) and preoperative imaging protocol 
(lymphoscintigraphy up to 24 hours after injection and SPECT/CT) in the study from 
Lerman et al. [10], or the relative small group of patients in the study from van der 
Ploeg et al. [6]. Another important difference between this study and all previous 
studies is that for the present evaluation also extended breast cancer SN indications 
(multicentric/multifocal tumours, neoadjuvant chemotherapy, radiation therapy or 
secondary surgery) were included.   
The new clinical indications require reevaluation of the standards determined in the 
past, since it is known that the lymphatic drainage can change from treated breasts [11]. 
In 2000, a study adjusted the dose to acquire a 94% visualisation rate of the SN using 
tumour related injections [12]. In 2001, also the particle concentration was improved to 
acquire a 98% visualisation rate [13]. This was confirmed in a larger study, including 700 
patients, in which a 97% visualisation rate was observed [14]. These visualisation rates 
have changed in the last years due to the extended breast cancer SN indications, and in 
this context the value of SPECT/CT imaging needs to be reevaluated. This study 
describes the added value of SPECT/CT per indication in patients showing non-
visualisation on planar imaging. 
 

Previous studies describe higher rates of non-visualisation in older or overweight 
patients on planar imaging [10,15]. Although the chance of non-visualisation on planar 
imaging in these subgroups is higher, in the present study there was no significant 
difference between any subgroups in terms of the SN visualisation rate on SPECT/CT.  
 

Two previous studies reported an increase in the SN visualisation rate between planar 
lymphoscintigraphy and SPECT/CT of 78-91% (10) or 84-92% [2] using a peritumoural 
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or intratumoural radiotracer injection respectively. Intratumoural injections proved to be 
safe and reliable in previous studies [12,16-19]. In theory, administration of the tracer 
farther away from the tumour increases the chance that a lymphatic watershed is 
crossed and the visualised node is not the node that drains the tumour. Another 
method to increase the visualisation rate is to perform a more superficial areolar 
injection. However, changing the injection method to an areolar injection with known 
higher visualisation rates does not correspond with our institutional vision for SN 
procedures. A meta-analysis including 183 articles of Pesek et al. demonstrates that 
there are differences in terms of false negative rate looking at the injection method, 
although not statistically different [18]. 
 

There are however other important advantages of SPECT/CT. SPECT/CT allows 
anatomical localisation, which is especially useful for extra-axillary SNs. In addition, it also 
enables to differentiate contamination from SN localisations, and it has a better chance 
of detecting SN close to the injection site [3]. This study demonstrates in 5.9% (17 
cases) a confirmation of doubtable SNs on planar imaging by SPECT/CT when 
retrospectively evaluated. Important is to note the relevance of assessing not only the 
attenuation and scatter corrected SPECT images but also assess the uncorrected 
SPECT images. A recent study demonstrates that scatter correction might erase faint 
SNs and cause a drop in visualisation rate. However, attenuation correction is beneficial 
for the SN visualisation rate [20]. These findings are in concordance with our 
experience, which is why we assess all three kinds of SPECT images.  
 

Reinjecting a second dose of the tracer seems to be a promising option in case of non-
visualisation when looking at our data and looking at a previous study that studied the 
recurrences after a reinjection [15]. In 62.1% (36/58) of the reinjections we observed 
SN visualisation. However, the logistics of the surgical and nuclear medicine department 
should be flexible enough to apply the additional injection and preoperative imaging. A 
slightly different injection site into or around the tumour, a longer delay after injection, 
and an in total larger injected volume might explain the success of the reinjection in 
terms of SN visualisation and make this a slightly unfair comparison. In the last years, the 
use of radioactive seed localisation for breast cancer surgery becomes more popular 
[21]. Patients are not eligible, or only with certain restrictions, for a reinjection when the 
SN procedure is planned simultaneously with the primary tumour excision guided by an 
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125Iodine seed. In those simultaneous procedures the 99mTechnetium signal may not be 
too high due to the overlap in the energy window between the primary tumour marker 
(125Iodine) and the 99mTechnetium Compton scatter [22]. 
 

The surgical identification rate in the visualisation group on SPECT/CT without a 
reinjection was 77.3%. This percentage is relatively low because the SNs contain low 
amounts of radioactivity (not visible on planar imaging) and in most cases surgery was 
after 24 hours, which further decreases the amount of radioactivity. After persistent 
non-visualisation the SN could still be surgically identified in 65.4% (118/182) of the 
patients, the identification rate was more favourable for primary breast cancers 
compared to recurrent breast cancers (Table 3). The reasons for non-identification 
after persistent non-visualisation were mainly 1) not looking for the SN due to a 
previous axillary clearance, 2) directly proceeding to an axillary clearance, or 3) no 
drainage from blue dye either. The SN identification was based on radioactivity, blue 
dye, or suspect lymph nodes based on palpation. Whether or not the non-visualisation 
has effect on the false negative rate of the SN procedure should be examined by a 
study with follow up results of these patients.  
 

Conclusion 
In conclusion, in an evaluation including extended clinical indications for the SN 
procedure (previous treatment, larger primary tumours etc.), the visualisation rate of 
SPECT/CT after non-visualisation on planar imaging by using intratumoural tracer 
injections was lower than the SN visualisation after reinjection. Based on these results 
we adapted the institutional protocol for non-visualisation on planar lymphoscintigraphy, 
reserving SPECT/CT imaging only for patients with persistent absence of drainage after 
reinjection. 
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