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Abstract 
Aim: Assess the role of hybrid modality SPECT/CT versus planar scintigra-
phy in sentinel lymph node (SLN) identification in patients with breast can-
cer. Methods: Planar scintigraphy and hybrid modality SPECT/CT were per-
formed in 23 women with breast cancer (mean age 59.5 years with range 25 - 
82 years) with invasive breast cancer (T0, T1 and T2), without clinical evi-
dence of axillary lymph node metastases (N0) and no remote metastases (M0), 
radiocolloid was injected in four subareolar sites. Planar and SPECT/CT im-
ages were separately interpreted. Results: SLNs were detected on lymphos-
cintigraphy in all patients (100%), taking into consideration both techniques 
(planar and SPECT-CT images). Planar images identified 45 SLNs in 23 
women, with a mean of 1.95 per patient, whereas 56 SLNs were detected on 
SPECT/CT, increasing this mean to 2.43 per patient. Drainage to internal 
mammary lymph nodes was seen in 4 patients (17.39%). However, two foci of 
uptake were identified on planar image as hot SLN in two patients (8.69%); 
while they have been found as a false positive non-nodal site of uptake on 
SPECT/CT. Conclusion: SPECT/CT is more focused than planar scintigra-
phy in the detection of SLN in patients with breast cancer. It detects some 
lymph nodes not visible on planar images, excludes false positive uptake and 
exactly locates axillary and non-axillary SLNs. 
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1. Introduction 

The sentinel lymph node (SLN) is defined as the first node in the lymphatic 
drainage of the primary tumor. The detection and biopsy of the SLN already has 
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been implemented in the surgical treatment of breast cancer insofar as it is the 
most accurate and the only reliable method for nodal staging which can diag-
nose microscopic tumor spread to the regional lymph nodes [1]. Minimal inva-
sive SLN biopsy successfully has replaced lymphadenectomy for nodal staging, 
thus avoiding side effects of lymphadenectomy including lymphedema, pain, and 
stiffness [2] [3]. Planar lymphoscintigraphic imaging is an important element in 
lymphatic mapping, identifying sentinel lymph nodes (SLNs) in more than 95% 
of breast cancer patients [4]. However, conventional planar imaging sometimes 
failed to preoperatively identify the exact number and localization of the de-
tected lymph nodes [5]. Since 2000, hybrid cameras combining a dual head gam-
ma camera with a low-dose radiograph tube mounted on the same gantry were 
developed, and image fusion has been successfully introduced in clinical practice 
[6]. We report our experience of this hybrid imaging method in lymphology and 
oncology, particularly for the SLN detection in patients with breast cancer. 

2. Materials and Methods 

Planar lymphoscintigraphy followed by low-dose SPECT/CT mode was per-
formed in 23 women (mean age 53.5 yrs with range 39 - 73 years). All patients 
had infiltrating ductal carcinoma and were classified as Stage I, meeting the fol-
lowing criteria:  

Inclusion Criteria: 
- Patients with invasive breast cancer confirmed histologically after cytopunc-

ture or preoperative microbiopsia. 
- Stages T0, T1, T2 < 20 mm ( unifocal tumor). 
- Without lymph node involvement (N0). 
- Without remote metastases (M0). 
- No history of breast or axillary surgery. 

Exclusion criteria: 
- Tumor size > 20 mm 
- Multifocal involvement. 
- Palpable lymphadenopathy. 
- Remote metastases. 
- History of breast or axillary surgery. 
- Neoadjuvant therapies (chemo or radiotherapy). 

Our examination protocol was spread over two days in all our patients. On the 
day prior to surgery, an activity of 74 MBq of 99mTc labelled colloid (Nanocis) di-
vided in four equal aliquots of 0.25 ml was injected by nuclear medicine physi-
cian. Our patients were injected in four subareolar sites, and a light massage was 
done 5 minutes after the injection. We did not have any complication from the 
injection of 99mTc labelled colloid or the imaging procedure. 

Planar scintigraphy was performed using a dual-head gamma camera (Haw-
keye, GE Healthcare) equipped with low energy high resolution (LEHR) colli-
mators, from the twentieth minute after injection. The patients were positioned 
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supine with the arms above the head. Images were obtained in anterior and lat-
eral projections, during ten minutes per projection. SPECT/CT images were ac-
quired immediately after planar images, covering the chest. SPECT was per-
formed over one field of view (128 × 128 matrix, 60 frames at 25 s per view) us-
ing steps of 6 degrees. 

The CT data were used for attenuation correction and image fusion. The iter-
ative reconstruction (OSEM 3D) was used for generating both SPECT and CT 
slices. The SPECT/CT images were viewed using two dimensional orthogonal 
re-slicing in axial, sagittal and coronal orientation. The location of the SLN was 
marked on the skin with indelible ink. 

3. Results 

SLNs were detected on lymphoscintigraphy in all patients (100%), taking into 
consideration both techniques (planar and SPECT-CT images). SPECT/CT com-
pared with planar images SPECT/CT showed more accurate information in 17 
patients (73.91%). The localization and number of SLNs were exactly the same 
in only 6 patients (23.52%). Planar images identified 45 SLNs in 23 women, with 
a mean of 1.95 SLN per patient, whereas 56 SLNs were detected on SPECT/CT, 
increasing this mean to 2.43 SLNs per patient. Further, SPECT/CT showed the 
accurate anatomical location of whole detected SLNs (Table 1). In 7 patients 
(30.43%), the exact anatomical localization was equivocal on planar images, whe-
reas SPECT/CT showed the exact anatomical information needed to assign the 
SLN Levels particularly for the internal mammary lymph chain and the level II 
of axillary lymph nodes. In 5 patients (21.73%), SLNs close to the injection site 
were detected with SPECT/CT that was not visible on planar images due to scat-
ter radiation (Figure 1). Drainage to internal mammary lymph chain (IMC) was 
seen in 4 patients (17.39%). In one of these four patients, SPECT/CT revealed, in 
addition to the internal mammary node, an axillary SLN not detected in planar 
imaging (Figure 2). However, two foci of uptake were identified on planar im-
age as hot SLN in two patients (8.69%), while it has been found as a false positive 
non-nodal site of uptake on SPECT/CT.  
 
Table 1. Location of SLN according to tumor site detected by SPECT/CT. 

Tumor site Patients 

Location of SLN 

Axillary region 
Internal mammary 

chain 
Other 

Upper outer quadrant 12 31 (96.87%) 1 (3.13%) 0 

Upper inner quadrant 5 12 (85.71%) 2 (4.29%) 0 

Central portion 2 3 (100%) 0 0 

Lower outer quadrant 3 4 (100%) 0 0 

Lower inner quadrant 1 2 (66.66%) 1 (33.34%) 0 
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Figure 1. SLN detection in a left breast cancer (T1N0M0). Anterior planar image in (a) 
demonstrates an axillary SLN (red arrow). The localization of this SLN is not precise. 
SPECT-CT image in (b) confirms the exact localization of the axillary SLN and also 
shows, in sagittal view, a second axillary SLN hidden by tumor activity (white arrow). 
 

 
Figure 2. Lymphoscintigraphy SLN detection in a left breast cancer (T1N0M0). Anterior 
planar image in (a) demonstrates a parasternal SLN (red arrow). SPECT-CT fusion image 
in (b) confirms the exact localization of the internal mammary lymph node and also 
shows a second axillary SLN (white arrow) not detected in planar image. 

4. Discussion 

Hybrid SPECT/CT modality merges functional information provided by tomos-
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cintigraphy with anatomical data from computed tomography (CT) [7] [8]. 
Compared to conventional single-modality imaging approaches, dual-modality 
systems allow precise anatomical localization of the SLN, facilitating the detec-
tion of SLN during minimally invasive surgery [6] [9]. In our study, integrated 
SPECT/CT was significantly superior to planar images, especially with regard to 
the exact anatomical location of the SLN. 

Contamination, nodes close to the injection site, and overweight patients are 
three noted instances in which SLN identification and localization are better 
with SPECT than with standard planar methods [10] [11]. Lerman et al. [12] 
stated that the rate of false-negative planar imaging results for 122 overweight 
and obese patients was 28%, higher than that for the general study population.  

After the ipsilateral axilla, the second most frequent drainage basin from 
breast tumor sites is the internal mammary chain (IMC) with wide variability in 
the rate of detection of this drainage [13]. In our study, SLN in IMC was de-
tected in 4 of the 23 patients (17.39%). These SLNs were clearly identified on 
SPECT/CT. Moreover, SPECT/CT provides an anatomical overview in two and 
three-dimensional perspectives creating a surgical road-map that cannot be pro-
vided by planar images or intraoperative lymphatic mapping techniques. The 
present study confirms the additional value of SPECT/CT in the anatomical lo-
calization of more SLNs and underlines its relevance for the surgical approach. 
SPECT/CT, therefore, facilitates surgical exploration in difficult cases and may 
improve staging [14]. In fact, SLNs outside the axilla and nodes close to the in-
jection site were easier to identify using SPECT/CT [15] [16]. This latter also al-
lows precise characterization of the size, depth and anatomical location of the 
sentinel lymph node [17]. 

Pitfalls of planar lymphoscintigraphy interpretation may be avoided by adding 
SPECT/CT to the acquisition protocol. Two close SLNs can be clearly separated 
on SPECT images. SLNs showing only faint activity on planar images, if deeply 
located, may be better identified on SPECT. SPECT/CT may reduce the 
false-positive rate by differentiating between nodal and extranodal foci such as 
skin folds or radioactive contamination, which can be misinterpreted as hot 
lymph nodes on planar images as it was found in two patients in our study [18] 
[19]. 

5. Conclusion 

The introduction of SPECT/CT in the exploration of SLN contributes to the lo-
calization of lymph nodes in patients with breast cancer. It can detect SLNs not 
visualized by planar imaging, exclude false positif and accurately locates axillary 
and extra-axillary nodes. This hybrid mode of exploration then allows a better 
orientation of the diagnosis and much less invasive therapeutic strategy. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

https://doi.org/10.4236/ojmi.2023.132005


I. Ghfir et al. 
 

 

DOI: 10.4236/ojmi.2023.132005 54 Open Journal of Medical Imaging 
 

References 
[1] Litvak, D.A. and Giuliano, A.E. (2002) The Results of the Department of Defense’s 

Breast Lymphatic Mapping Study. Annals of Surgical Oncology, 83, 428-429.  

[2] Schrenk, P., Rieger, R., Shamiyeh, A. and Wayand, W. (2000) Morbidity Following 
Sentinel Lymph Node Biopsy versus Axillary Lymph Node Dissection for Patients 
with Breast Carcinoma. Cancer, 88, 608-614.  
https://doi.org/10.1002/(SICI)1097-0142(20000201)88:3<608::AID-CNCR17>3.0.C
O;2-K 

[3] Chetty, U., Jack, W., Prescott, R.J., et al. (2000) Management of the Axilla in Opera-
ble Breast Cancer Treated by Breast Conservation: A Randomized Clinical Trial. 
Edinburgh Breast Unit. British Journal of Surgery, 87, 163-169.  
https://doi.org/10.1046/j.1365-2168.2000.01345.x 

[4] Nieweg, O.E., Jansen, L., Valdés Olmos, R.A., et al. (1999) Lymphatic Mapping and 
Sentinel Lymph Node Biopsy in Breast Cancer. European Journal of Nuclear Medi-
cine, 26, S11-S16. https://doi.org/10.1007/s002590050572 

[5] Hill, A.D., Tran, K.N., Akhursl, T., et al. (1999) Lessons Learned from 500 Cases of 
Lymphatic Mapping for Breast Cancer. Annals of Surgery, 229, 528-535.  
https://doi.org/10.1097/00000658-199904000-00012 

[6] Bocher, M., Balan, A., Krausz, Y., Shrem, Y., Lonn, A., Wilk, M. and Chisin, R. 
(2000) Gamma Camera Mounted Anatomical X-Ray Tomography: Technology, 
System Characteristic and First Images. European Journal of Nuclear Medicine, 27, 
619-627. https://doi.org/10.1007/s002590050555 

[7] Even-Sapir, E., Lerman, H., Lievshitz, G., et al. (2003) Lymphoscintigraphy for Sen-
tinel Node Mapping Using a Hybrid SPECT/CT System. The Journal of Nuclear 
Medicine, 44, 1413-1420. 

[8] Keidar, Z., Israel, O. and Krausz, Y. (2003) SPECT/CT in Tumor Imaging: Technic-
al Aspects and Clinical Applications. Seminars in Nuclear Medicine, 33, 205-218.  
https://doi.org/10.1053/snuc.2003.127310 

[9] Seo, Y., Mari, C. and Hasegawa, B.H. (2008) Technological Development and Ad-
vances in Single-Photon Emission Computed Tomography/Computed Tomogra-
phy. Seminars in Nuclear Medicine, 38, 177-198.  
https://doi.org/10.1053/j.semnuclmed.2008.01.001 

[10] Kapteijn, B.A.E., Nieweg, O.E., Muller, S.H., et al. (1997) Validation of Gamma 
Probe Detection of the Sentinel Node in Melanoma. The Journal of Nuclear Medi-
cine, 39, 362-366. 

[11] Rink, T., Heuser, T., Fitz, H., Schroth, H.-J., Weller, E. and Zippel, H.H. (2001) 
Lymphoscintigraphic Sentinel Node Imaging and Gamma Probe Detection in 
Breast Cancer with Tc-99m Nanocolloidal Albumin: Results of an Optimized Pro-
tocol. Clinical Nuclear Medicine, 26, 293-298.  
https://doi.org/10.1097/00003072-200104000-00002 

[12] Lerman, H., Lievshitz, G., Zak, O., et al. (2007) Improved Sentinel Node Identifica-
tion by SPECT/CT in Overweight Patients with Breast Cancer. The Journal of Nuc-
lear Medicine, 48, 201-206. 

[13] Estourgie, S.H., Tanis, P.J., Nieweg, O.E., et al. (2003) Should the Hunt for the In-
ternal Mammary Chain Sentinel Nodes Begin? An Evaluation of 150 Breast Cancer 
Patients. Annals of Surgical Oncology, 10, 935-941.  
https://doi.org/10.1245/ASO.2003.02.015 

[14] van der Ploeg, I.M.C., Valdés Olmos, R.A., Nieweg, O.E., Rutgers, E.J.T., Kroon, 

https://doi.org/10.4236/ojmi.2023.132005
https://doi.org/10.1002/(SICI)1097-0142(20000201)88:3%3C608::AID-CNCR17%3E3.0.CO;2-K
https://doi.org/10.1002/(SICI)1097-0142(20000201)88:3%3C608::AID-CNCR17%3E3.0.CO;2-K
https://doi.org/10.1046/j.1365-2168.2000.01345.x
https://doi.org/10.1007/s002590050572
https://doi.org/10.1097/00000658-199904000-00012
https://doi.org/10.1007/s002590050555
https://doi.org/10.1053/snuc.2003.127310
https://doi.org/10.1053/j.semnuclmed.2008.01.001
https://doi.org/10.1097/00003072-200104000-00002
https://doi.org/10.1245/ASO.2003.02.015


I. Ghfir et al. 
 

 

DOI: 10.4236/ojmi.2023.132005 55 Open Journal of Medical Imaging 
 

B.B.R. and Hoefnagel, C.A. (2007) The Additional Value of SPECT/CT in Lym-
phatic Mapping in Breast Cancer and Melanoma. Journal of Nuclear Medicine, 48, 
1756-1760. https://doi.org/10.2967/jnumed.107.043372 

[15] Lerman, H., Metser, U., Lievshitz, G., Sperber, F., Shneebaum, S. and Even-Sapir, E. 
(2006) Lymphoscintigraphic Sentinel Node Identification in Patients with Breast 
Cancer: The Role of SPECT-CT. European Journal of Nuclear Medicine and Mole-
cular Imaging, 33, 329-337. https://doi.org/10.1007/s00259-005-1927-4 

[16] Husarik, D.B. and Steinert, H.C. (2007) Single-Photon Emission Computed Tomo-
graphy/Computed Tomography for Sentinel Node Mapping in Breast Cancer. Se-
minars in Nuclear Medicine, 37, 29-33.  
https://doi.org/10.1053/j.semnuclmed.2006.08.001 

[17] Gallowitsch, H.J., Kraschl, P., Igerc, I., et al. (2007) Sentinel Node SPECT-CT in 
Breast Cancer. Can We Expect Any Additional and Clinically Relevant Informa-
tion? Nuklearmedizin-NuclearMedicine, 46, 252-256.  
https://doi.org/10.3413/nukmed-0101 

[18] Van der Ploeg, I.M.C., Valdés Olmos, R.A., Kroon, B.B. and Nieweg, O.E. (2008) 
The Hybrid SPECT/CT as an Additional Lymphatic Mapping Tool in Patients with 
Breast Cancer. World Journal of Surgery, 32, 1930-1934.  
https://doi.org/10.1007/s00268-008-9618-5 

[19] Even-Sapir, E. (2006) Sentinel Node Scintigraphic Mapping Using SPECT/CT. In: 
Israel, O. and Goldsmith, S.J., Eds., Hybrid SPECT/CT Imaging in Clinical Practice, 
Taylor and Francis Group, New York, 121-139. 

 
 

https://doi.org/10.4236/ojmi.2023.132005
https://doi.org/10.2967/jnumed.107.043372
https://doi.org/10.1007/s00259-005-1927-4
https://doi.org/10.1053/j.semnuclmed.2006.08.001
https://doi.org/10.3413/nukmed-0101
https://doi.org/10.1007/s00268-008-9618-5

	Interest of SPECT/CT in Detection of Sentinel Lymph Node in Breast Cancer
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

