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Abstract

Background: Axillary nodal status remains the best survival predictor for patients with early–stage breast cancer. Accurate 
identification of sentinel lymph node (SLN) is the first step for biopsy. Purpose: To evaluate the lymph flow to SLN with 
Computerized Tomography using small volume of low molecular iodinated contrast medium. Material and Methods: Thin 
section and 3D CT images of the breast and axilla were acquired from 20 patients with early stage breast cancer. Images 
were acquired before subcutaneous injection of a small volume of water soluble iodinated contrast medium in the periareolar 
region and 1-7 minutes latter. Location of SLN and CT density were assessed at CT lymphography and the positive group was 
compared with negative one. Results: In all patients, CT lymphography allowed localization of SLN and its afferent lymphatic 
vessel, as well as measuring the contrast medium uptake and washout from SLN. The negative group presented grater and 
faster contrast medium uptake and washout compared to the positive one. Conclusion: CT lymphography provides good 
anatomical localization of SLN and may be useful for its lymph flow analysis, allowing a better distinction of positive from 
negative metastatic nodes.
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Introduction

The lymphatic vasculature has precollector  vessels 
coalescing into lymphatic ducts, which drain into lymph 
nodes.1 

Lymph drainage of the skin overlying the breast is 
continuous with that of the underlying mammary gland 
proper, draining into the same axillary lymph nodes.2 
The sentinel lymph node is defined as the first lymph 
node draining this body area, and due to this metastatic 
cells from the tumor may pass through it. Therefore, the 
sentinel lymph node is taken to represent the negative 
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or positive status of the entire lymphatic drainage basin.3 
Axillary dissection may be prevented when a negative 
result is found.4-5

Axillary node status is one of the most important 
prognostic indicators in breast cancer and it is of particular 
value in the choice of adjuvant therapy.6-7 The dissection of 
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the axillary node chain is an important staging procedure 
in the surgical treatment of breast cancer, although its 
morbidity is  rather high  and should be avoided.8

Many investigators, using different techniques to 
identify SLN,9-19 used vital dye and some of them also 
used radioactive colloid.18-20  Combinations of these 
procedures offer better results than each one isolated.5,10,21 
The lymph flow in breast cancer may be impaired by 
metastatic cell bulk.2,3,14

Colloidal particle uptake in the SLN may be 
reduced by impairments of the phagocytosis capacity of 
macrophages.22-23 Thus, lymph node uptake is dependent 
on at least two main factors,11 including lymph flow and 
cell function. The contrast peak point of SLN which 
was reached at the first minute after subcutaneous 
injection of contrast medium was reported by Minato 
and coworkers.13 Lymph flow may be evaluated using 
water soluble contrast medium,12-13,24 whose molecular 
weight is close to vital blue dye.

The aim of this study was to analyze how lymph 
flow behaves to positive and negative SLN in breast 
cancer. 

Patients and Methods

Twenty patients with breast cancer (clinical stage 
T1-T2, N0) without any previous manipulation had SLN 
investigated with Computerized Lymphotomography 
(CT-L) and vital blue dye subcutaneous injection.11,13 CT 
was done on the day before surgery in order to identify 
SLN and to mark the skin over the lymph node site. Vital 
blue dye (5% concentration) was injected into the same 
site used to inject contrast medium during operation 
procedure.10-11

CT study protocol was performed before and 
after contrast medium subcutaneous injection into four 
points of the periareolar area (Figure 1).13 Two milliliters 
of non ionic iodine contrast medium was used (water 
soluble contrast solution of iodine with molecular weight 
of 777.09 Daltons, 370mg I/ml and 780 mOsm/kg – 
Iopamiron - 370).14 Imaging with 2mm thick contiguous 
acquisition, including the breast and axilla, before and after 
injection, at one, three and seven minutes of procedure 
was done by a helical CT scanner (Somaton Sprit +, 
Siemens, Erlangen, Germany). The CT scan worked at 
120kV and 80mA, with a FOV of 26cm and 512 x 512 
matrix. 

All patients had SLN identified by both techniques, 

and the positive cases underwent resection of SNL and 
four additional LN around it.

CT images were analyzed on a workstation 
connected to the CT unit and SLN identified and its 
density measured in HU (d). For assessment of the 
contrast medium uptake by SLN, a region of interest 
(ROI) was drawn on the consecutive CT images for all 
SLN opacified on post contrast CT images. The ROI 
size had to be large enough to encompass at least 60% 
of the total SLN area. 

To evaluate the washout of the contrast medium 
from SLN, the slope of the regression curve was calculated 
from the descending phase of CT density curve (Figure 
2).

Figure 1 - CT lymphography in a negative SLN (3 min 
image); SLN - small arrow, breast nip afeter contrast medium 
injection - curved arrow

Figure 2 - Curve of dynamic process of lymph flow in the 
sentinel lymph node
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Pathologic analysis of serial sectioned SLN was 
performed with hematoxylin-eosin staining.

The results of the negative and positive groups 
were compared using the unpaired Student t test, with 
p≤0.05.

Results

All positive patients had only the first echelon 
of axillar ies lymph nodes compromised and LN 
measurements were 0.63±0.1cm for the small diameter 
and 1.0±.0.2cm for the great one (range of 0.5cm x 1.0cm 
to 0.8cm x1.1cm). In sixteen patients without metastasis 
to SLN, lymph node enhancement after contrast medium 
injection was greater and faster (first minute peak) than 
that shown by the positive group (third minute peak) 
(p<0.05). The descending phase of the curve (washout) 
was also different in both groups (p<0.05). The negative 
group curve had a steeper slope (A= -26.34 d/min) than 
the positive one (B = -20.85 d/min). The peak time was 
three times longer in the positive group and the washout 
of contrast medium was 26.3% greater in the negative 
nodes p<0,05 (Figure 2). 

Discussion

Sentinel lymph node biopsy in T1-T2, N0 breast 
cancer is usually recommended by the American Society 
of Clinical Oncology.25 Vital blue dye is the most widely 
used marker for this purpose.11,26

All patients of both groups had SLN identified 
by vital blue dye and CT-lymphography. The peak time 
of the uptake curve of negative lymph nodes was in the 
same range as indicated in the literature.13 However; the 
time to peak in the positive group was three times longer 
than that observed for the negative one, and the curve 
amplitude was also lower than that of the negative group. 
As the molecular weight of the contrast medium used and 
the vital blue dye are very similar, the different uptake 
by the two groups may reflect the pathophysiological 
status of SLN. The reduced uptake and slow lymph flow 
is more likely to be due to compromised nodes in breast 
cancer.13,27 The reduced uptake of the contrast medium 
seen in positive SLN may be due to its occupation by 
malignant cells which disrupt the node structure and 
block the lymph flow.13,27-28 Micrometastasis to the SLN 
may be present in 9% to 39% of breast cancer patients,29-31 
but the differentiation between cases involving macro- 

and micrometastasis have to be investigated separately 
in order to determine the behavior of the lymph flow 
to lymph nodes. The increased metastasis to secondary 
lymph nodes in these cases has been reported by some 
investigators.28,32 The negative group of SLN in our study 
had a greater and faster uptake of the contrast medium 
and a higher washout compared to the positive one. It 
is important to point out that no one else has analyzed 
the contrast medium washout of SLN, which may be 
more important than the first curve phase,12-13,24 although 
amplitude and slope of the descending phase to the distal 
nodes (second echelon) have been reported.13,24 Our data 
from SLN may be used along with image analysis to help 
identify the appropriate surgical procedure, and further 
ongoing investigations by us are being done to validate 
the accuracy of this model. 

Acknowledgement

This research was partially supported by Rio de 
Janeiro Foundation for Scientific Research (Faperj, www.
faperj.br).

We are grateful to Professor  Carlos Alberto 
Mandarim-de-Lacerda from Rio de Janeiro State 
Uuniversity Medical School for his help in revision of 
manuscript.

References

Szuba A, Shin WS, Strauss HW, Rockson S. The third circulation: 1.	
radionuclide lymphoscintigraphy in the evaluation of lymphedema. 
J Nucl Med 2003;44:43-57.

Borgstein PJ, Meijer S, Pijpers RJ, van Diest PJ. Functional lymphatic 2.	
anatomy for sentinel node biopsy in breast cancer: echoes from the 
past and the periareolar blue method. Ann Surg 2000;232:81-9.

Tanis PJ, Nieweg OE, Valdes Olmos RA, Kroon BB. Anatomy and 3.	
physiology of lymphatic drainage of the breast from the perspective 
of sentinel node biopsy. J Am Coll Surg 2001;192:399-409.

Veronesi U, Paganelli G, Viale G, Galimberti V, Luini A, Zurrida S et al. 4.	
Sentinel lymph node biopsy and axillary dissection in breast cancer: 
results in a large series. J Natl Cancer Inst 1999;91:368-73.

Olson JA Jr, Fey J, Winawer J, Borgen PI, Cody HS 3rd, Van Zee KJ 5.	
et al. Sentinel lymphadenectomy accurately predicts nodal status in 
T2 breast cancer. J Am Coll Surg 2000;191:593-9.

Viale G, Maiorano E, Pruneri G, Mastropasqua MG, Valentini S, 6.	
Galimberti V et al. Predicting the risk for additional axillary 
metastases in patients with breast carcinoma and positive sentinel 
lymph node biopsy. Ann Surg 2005;241:319-25.

Viale G, Mastropasqua MG, Maiorano E, Mazzarol G. Pathologic 7.	
examination of the axillary sentinel lymph nodes in patients with 
early-stage breast carcinoma: current and resolving controversies 



Applied Cancer Research, Volume 28, Number 1, 2008    32

Evaluation of the Lymph Flow to the Sentinel Lymph Node (SLN) in Breast Cancer Using CT Imaging

Yamashita K, Shimizu K. Video-assisted breast surgery and sentinel 20.	
lymph node biopsy guided by three-dimensional computed 
tomographic lymphography. Surg Endosc 2008; 22:392-7.

Takahashi M, Sasa M, Hirose C, Hisaoka S, Taki M, Hirose T et 21.	
al. Clinical efficacy and problems with CT lymphography in 
identifying the sentinel node in breast cancer. World J Surg Oncol 
2008;6:57.

Borgstein PJ, Pijpers R, Comans EF, van Diest PJ, Boom RP, Meijer 22.	
S. Sentinel lymph node biopsy in breast cancer: guidelines and 
pitfalls of lymphoscintigraphy and gamma probe detection. J Am 
Coll Surg 1998;186:275-83.

Wilhelm AJ, Mijnhout GS, Franssen EJ. Radiopharmaceuticals in 23.	
sentinel lymph-node detection - an overview. Eur J Nucl Med 
1999;26:S36-42.

Suga K, Ogasawara N, Yuan Y, Okada M, Matsunaga N, Tangoku 24.	
A. Visualization of breast lymphatic pathways with an indirect 
computed tomography lymphography using a nonionic monometric 
contrast medium iopamidol: preliminary results. Invest Radiol 
2003;38:73-84.

Lyman GH, Giuliano AE, Somerfield MR, Benson AB 3rd, Bodurka 25.	
DC, Burstein HJ et al. American Society of Clinical Oncology 
guideline recommendations for sentinel lymph node biopsy in 
early-stage breast cancer. J Clin Oncol 2005;23:7703-20.

Cody HS, 3rd. Clinical aspects of sentinel node biopsy. Breast Cancer 26.	
Res 2001;3:104-8.

Bourgeois P, Nogaret JM, Veys I, Hertens D, Dagnelie J, Vanhaudenaerde 27.	
C et al. Larsimont D. How ‘hot’ is the pathologically positive sentinel 
lymph node in breast cancer patients? Nucl Med Commun 
2003;24:513-8.

Di Tommaso L, Arizzi C, Rahal D, Destro A, Roncalli M, Alloisio M 28.	
et al. Anatomic location of breast cancer micrometastasis in sentinel 
lymph node predicts axillary status. Ann Surg 2006;243:706-707; 
author reply 706-7.

de Mascarel I, Bonichon F, Coindre JM, Trojani M. Prognostic 29.	
significance of breast cancer axillary lymph node micrometastases 
assessed by two special techniques: reevaluation with longer follow-
up. Br J Cancer 1992;66:523-7.

Dowlatshahi K, Fan M, Snider HC, Habib FA. Lymph node 30.	
micrometastases from breast carcinoma: reviewing the dilemma. 
Cancer 1997;80:1188-97.

Cote RJ, Peterson HF, Chaiwun B, Gelber RD, Goldhirsch A, 31.	
Castiglione-Gertsch M et al. Role of immunohistochemical 
detection of lymph-node metastases in management of breast cancer. 
International Breast Cancer Study Group. Lancet 1999;354:896-
900.

Linehan DC, Eberlein TJ. Mechanisms of radiocolloid localization in 32.	
sentinel node biopsy. Ann Surg Oncol 2000;7:77.

on the basis of the European Institute of Oncology experience. 
Virchows Arch 2006;448:241-7.

Naik MA, Fey J, Gemignani M, Sachini V, Borgen P, Cody III HS. The 8.	
risk of axillary relapse after sentinel lymph node biopsy for breast 
cancer Is comparable with that of axillary lymph node dissection: a 
follow up of 4008 procedures. Ann Surg 2004;240:462-71.

Wisner ER, Katzberg RW, Koblik PD, Shelton DK, Fisher PE, Griffey 9.	
SM et al. Iodinated nanoparticles for indirect computed tomography 
lymphography of the craniocervical and thoracic lymph nodes in 
normal dogs. Acad Radiol 1994;1:377-384.

Cody III HS FJ, Akhurst T, Fazzari M, Mazumdar M, Yeung H, Yeh 10.	
SDJ et al. Complementarity of blue dye and isotope in sentinel node 
localization for breast cancer: Univariate and multivariate analysis 
of 966 procedures. Ann Surg Oncol 2001;8:13-9.

Linehan DC, Hill AD, Akhurst T, Yeung H, Yeh SD, Tran KN et al. 11.	
Intradermal radiocolloid and intraparenchymal blue dye injection 
optimize sentinel node identification in breast cancer patients. Ann 
Surg Oncol 1999;6:450-4.

Suga K, Ogasawara N, Okada M, Matsunaga N. Interstitial CT 12.	
lymphography-guided localization of breast sentinel lymph node: 
preliminary results. Surgery 2003;133:170-9.

Minato M, Hirose C, Sasa M, Nishitani H, Hirose Y, Morimoto 13.	
T. 3-dimensional computed tomography lymphography-guided 
identification of sentinel lymph nodes in breast cancer patients using 
subcutaneous injection of nonionic contrast medium: a clinical trial. 
J Comput Assist Tomogr 2004;28:46-51.

Suga K, Yuan Y, Okada M, Matsunaga N, Tangoku A, Yamamoto S et 14.	
al. Breast sentinel lymph node mapping at CT lymphography with 
iopamidol: preliminary experience. Radiology 2004;230:543-52.

Greco M, Crippa F, Agresti R, Seregni E, Gerali A, Giovanazzi R et al. 15.	
Axillary lymph node staging in breast cancer by 2-fluoro-2-deoxy-
D-glucose-positron emission tomography: clinical evaluation and 
alternative management. J Natl Cancer Inst 2001;93:630-5.

van der Hoeven JJM HO, Comans EFI, Pijpers R, Boom RPA, van 16.	
Geldere D, Meijer S, Lammertsma AA, Teule GJJ. Determenants 
of diagnostic performance of [F-18] Fluorodeoxyglucose positron 
emission tomography for axillary staging in breast cancer. Ann Surg 
2002;236:619-24.

Zornoza G, Garcia-Velloso MJ, Sola J, Regueira FM, Pina L, Beorlegui 17.	
C. 18F-FDG PET complemented with sentinel lymph node biopsy 
in the detection of axillary involvement in breast cancer. Eur J Surg 
Oncol 2004;30:15-9.

Moffat FL Jr, Gulec SA, Sittler SY, Serafini AN, Sfakianakis GN et 18.	
al. Unfiltered sulfur colloid and sentinel node biopsy for breast 
cancer: technical and kinetic considerations. Ann Surg Oncol 
1999;6:746-55.

Hodgson N, Zabel P, Mattar AG, Engel CJ, Girvan D, Holliday R. A 19.	
new radiocolloid for sentinel node detection in breast cancer. Ann 
Surg Oncol 2001;8:133-7.


	Evaluation of the Lymph Flow to the Sentinel Lymph Node (SLN)in Breast Cancer Using CT Imaging
	Abstract
	Introduction
	Patients and Methods
	Results
	Discussion
	References

