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Introduction

Axillary lymph node dissection has been part of the standard treatment of breast 

carcinoma since it was proposed by Halsted (1852-1922).1 The axillary lymph node status 

represents the most important information for the prognosis of patients with breast 

carcinoma and is one of the parameters that indicate the need for adjuvant systemic 

treatment. Axillary lymph node dissection also assures regional tumour control and 

improves survival.2,3 Lymph node metastases are found in some 40% of patients.4,5 In the 

remaining 60%, no therapeutic benefi t is derived from axillary lymph node dissection. 

Yet, these patients are exposed to the morbidity associated with the procedure.6 These 

reasons provide the rationale for seeking less invasive approaches to stage the axilla.

It is noteworthy that 100 years later, Halsted’s idea of an orderly progression of lymphatic 

dissemination has been revived, while at the same time the routine axillary lymph node 

dissection that he introduced is on the brink of becoming obsolete.

Lymphatic mapping with sentinel lymph node biopsy was introduced as staging 

procedure in melanoma by Morton et al. in 1992.7 A sentinel lymph node is defi ned as 

the fi rst lymph node to which a primary tumour drains. Therefore, the sentinel lymph 

node is the fi rst lymph node in which metastasis can be found when dissemination has 

occurred. In analogy to melanoma, lymphatic dissemination of breast carcinoma has 

been shown to occur in a stepwise fashion.8 Lymphatic mapping appears to be a reliable 

approach to determine the lymph node status in breast carcinoma patients.9-11 

A stepwise spread through the lymphatic system justifi es the omission of regional lymph 

node clearance when the sentinel lymph node is free of disease.

In this article, we report the results of a two-center study of lymphatic mapping in breast 

carcinoma patients. The objectives of the study were to determine how often a sentinel 

lymph node is visualized on lymphoscintigraphy images, to determine how often the 

sentinel lymph node is identifi ed during the operation, and to establish its sensitivity in 

indicating the presence of axillary lymph node involvement.

We used the approach that appeared the most accurate to attain these goals. 

Preoperative dynamic and static lymphoscintigraphy was performed as well as 

intraoperative use of both a vital dye and a gamma detection probe. The tracers were 

administered into the primary lesion to ascertain drainage from the primary tumour and 

avoid visualizing drainage from other areas of the breast. Sentinel lymph node biopsy 

was followed by completion axillary lymph node dissection. The pathologist examined 

sentinel lymph nodes by step-sectioning, haematoxylin and eosin (HE) staining, and 

immunohistochemistry. The remainder of the axillary lymph nodes was examined by 

immunohistochemistry as well.

Patients and methods

This study was performed at the UMCG and at the Netherlands Cancer Institute/

Antoni van Leeuwenhoek Hospital. The Institutional Review Boards approved the 

study protocol. From October 1996 to January 1999, all patients who presented with 
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a palpable breast carcinoma at either institution were asked to participate in this 

study. Informed consent was obtained from those who were included. Patients with 

multicentric breast carcinoma, prior breast surgery, suspected axillary involvement, 

distant metastases, or pregnancy were excluded.

A total of 141 women with a mean age of 59 years (range, 30-89) were enrolled. 

Following the guidelines laid out in the protocol, fi ve patients were excluded afterwards 

because the lesion proved to be either multicentric or non-invasive at pathologic 

evaluation. The average tumour size in the remaining 136 patients was 1.9 cm (range, 

0.4-6.0). Most primary lesions (63) were situated in the upper outer quadrant of the 

breast, 28 in the upper inner quadrant, 19 in the lower outer quadrant, 11 in the lower 

inner quadrant, and 15 in the central area of the breast. Seventy patients had a T1 lesion 

(tumour diameter less than 2 cm), 61 a T2 lesion (more than 2 cm but not more than 5 

cm in greatest diameter), and fi ve a T3 tumour (more than 5 cm).12 The pathologic type 

was ductal carcinoma in 123 patients, lobular in 11, one tubular and one mucinous 

carcinoma.

Lymphoscintigraphy was performed on the day preceding the operation. A single 

dose of 40-60 MBq 99mTc-nanocolloid (Nanocoll; Amersham Cygne, Eindhoven, the 

Netherlands) in 0.2 mL normal saline was injected into the primary tumour in the breast, 

for both lymphoscintigraphy and intraoperative lymph node detection. A fi ne type of 

needle was used. With this technique, a resistance is felt when the needle enters the 

tumour, so that there can be no doubt as to the site where the tracer is administered. 

In patients with a large tumour, the tracer was distributed over various parts of the 

lesion. Anterior and lateral dynamic imaging to visualize the lymph fl ow was started 

immediately after the injection and continued for 20 minutes. Subsequently, an anterior 

and a lateral static scintigram were obtained. In the latter part of the study, the lateral 

view was made with a hanging breast technique to move the injection site with the 

bulk of radioactivity as far away as possible from the axilla. A radioactive fl ood source 

was used to outline the body contour. Another set of static images was made at 2 hours 

after injection. If necessary, imaging was repeated 4 hours and 7 hours after injection. 

Oblique images were obtained when indicated. The position of sentinel lymph nodes 

was marked on the skin with a dye. The following observations were reported: draining 

lymph node basin(s), presence and number of sentinel lymph nodes, and presence of 

second-echelon lymph nodes. The images were discussed with the surgeon before the 

operation.

Four surgeons performed the operations within 36 hours after lymphoscintigraphy. 

After induction of general anaesthesia, a dose of 1.0 mL Patent Blue V (Blue Patenté V; 

Laboratoire Guerbet, Aulnay-sous-Bois, France) was administered into the tumour. In 

the latter part of the study, the area around the tumour and the area in between the 

tumour and the axilla were massaged for several minutes to induce the lymph fl ow. 

An incision of approximately 4 cm was made over the axilla in such a way that it could 

be incorporated in the wound of the subsequent mastectomy or axillary lymph node 
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dissection. A blue stained lymphatic channel was sought underneath Scarpa’s fascia and 

then dissected down to the sentinel lymph node. The radioactivity was measured with 

a gamma detection probe (Neoprobe® 1000/1500; Neoprobe Corporation, Dublin, OH 

and Navigator; Autosuture Europe, Elancourt, France) exploiting the radioactivity that 

remained after lymphoscintigraphy the day before. If no blue duct could be identifi ed, 

the probe was used to guide the dissection. After excision of the sentinel lymph node, 

the wound was explored with the probe for additional ‘hot’ sentinel lymph nodes. 

Radioactivity in the excised lymph nodes was counted ex vivo. Sometimes, multiple 

lymph nodes were blue and/or radioactive. Lymph nodes with an aff erent blue or 

radioactive lymphatic duct coming from the direction of the breast were considered 

sentinel lymph nodes. Lymph nodes that received blue dye from another lymph node 

were considered to be non-sentinel lymph nodes. In the rare instance that the status of a 

lymph node could not be determined, we decided to err on the safe side and considered 

this lymph node a sentinel lymph node.

After the sentinel lymph node biopsy, half of the patients underwent wide local excision 

with axillary lymph node dissection (Berg levels I, II, III), and the other half underwent 

a modifi ed mastectomy (Madden). The needle tract was excised in continuity with the 

specimen with a surrounding skin ellipse. The sentinel lymph node biopsy wound in the 

axilla also was excised in continuity with the specimen.

The sentinel lymph nodes up to 0.5 cm were completely embedded; larger lymph 

nodes were dissected or lamellated in slides of 0.2 cm. All sentinel lymph nodes were 

step-sectioned with 500-micrometer intervals at three levels. At each level, both HE 

staining and immunohistochemistry were performed. Standard immunohistochemical 

procedures using an avidin-biotin detection system were used. A monoclonal antibody 

directed against cytokeratin was used (CAM 5.2.; Becton Dickinson, San Jose, CA). All 

the other lymph nodes were examined with immunohistochemistry staining at one 

level after complete embedding. The pathology result was described as positive when 

metastatic cells were found.

Results

A sentinel lymph node was visualized on the lymphoscintigraphy images in 118 patients 

(87%) (Figure 1). In the early part of the study, this was 72%; later on, this improved to 

more than 90%. Drainage to sentinel lymph nodes outside the axilla was observed in 25 

patients (18%). These patients are described in detail separately.13

The sentinel lymph node was identifi ed during the operation in 126 patients (93%). A 

total of 224 sentinel lymph nodes was harvested, with an average of 1.7 sentinel lymph 

nodes per patient (range, 1-4). Of all the sentinel lymph nodes, 37 were blue (17%), 68 

were radioactive (30%), and 119 were both blue and radioactive (53%) (Table 1). One or 

more sentinel lymph nodes outside the axilla were removed in 18 patients. 
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Figure 1. 

Lymphoscintigraphy image in a 35-year-old woman with a right T2 breast carcinoma is 

shown. The early dynamic image shows the radioactive primary tumour (1) and rapid fl ow 

to a parasternal lymph node (2). In the later static anterior and lateral images, a small lead 

shield masks the injection site, and the body contour is outlined by a radioactive fl ood source. 

These images reveal the axillary (3) and parasternal (2) sentinel lymph nodes and even a con-

tralateral (4) lymph node along the internal mammary artery. The parasternal lymph node 

was found to contain micrometastatic disease.

Table 1. 

Correlation between detection technique of sentinel lymph node and pathologic lymph 

node status

Tracer Sentinel lymph node (n) Tumour + (%) Tumour - (%)

Radioactive and blue 119 44 (37) 75 (63)

Radioactive 68 12 (18) 56 (82)

Blue 37 18 (49) 19 (51)

Total 224

Exploration with the aid of blue dye did result in successful identifi cation of the sentinel 

lymph node in eight of the 18 patients in whom no sentinel lymph node was visualized 

on the lymphoscintigraphy images. In 26 patients, a sentinel lymph node could be found 

neither with the blue dye technique, nor with the probe because of scattered radiation 

from the injection site. Excision of the primary tumour, where most of the tracer stays 

behind, enabled subsequent probe identifi cation in 16 of these patients.

The sentinel lymph node contained metastatic disease in 56 patients (44%). In seven 

patients (5.6%), this concerned a micrometastasis of less than 2 mm diameter. Three 

patients with a T1 tumour and micrometastasis in the sentinel lymph node(s) had 

additional tumour positive lymph nodes. In 23 patients (41%), the sentinel lymph node 

was the only tumour positive lymph node in the axilla. In the completion axillary lymph 

node dissection, an average of 15 lymph nodes was found (range, 6-24).

In three patients with a tumour free sentinel lymph node, metastatic disease was found 
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in the completion axillary lymph node dissection (sensitivity, 56 of 59 = 95%). In two 

of these patients, one positive lymph node was found in the axilla. In the third patient, 

fi ve positive lymph nodes were found. Additional sectioning of the three false-negative 

sentinel lymph nodes revealed no metastatic disease. Table 1 shows that sentinel lymph 

nodes that were only radioactive were less frequently tumour positive than sentinel 

lymph nodes that were blue (Pearson chi-square; 2 degrees of freedom; P = 0.002).

Discussion

In this study, a sentinel lymph node was identifi ed in 93% of the patients by using all 

available diagnostic techniques: dynamic and static imaging, intraoperative gamma ray 

detection probe, and vital dye. Administration of the tracers into the tumour was part of 

this careful approach. Some groups inject the tracer in the skin or subareolar plexus. This 

may enhance the identifi cation rate because the lymphatic drainage from these sites 

is supposed to be more abundant. However, injection of the tracer further away from 

the tumour increases the risk that a lymphatic ‘watershed’ is crossed and that the lymph 

node that is visualized is not the lymph node that drains the tumour.

As opposed to intralesional tracer administration, parasternal sentinel lymph nodes 

rarely are observed after intradermal tracer injection. Depositing the tracer around the 

tumour is in theory as accurate as injecting the tracer into the lesion but has several 

drawbacks. For instance, it is more diffi  cult to distribute the tracer all around the tumour. 

A theoretic problem is that the needle tip may end up underneath the fascia, when 

trying to inject around a deep lying tumour, because the resistance of the tumour is 

not felt after insertion of the needle. Needle tract metastasis may occur at the fascia 

because the needle may pass through one or more of the tumour protrusions. The 

risk of local recurrence then is enhanced in patients who undergo mastectomy. There 

is also a potential danger of needle tract seeding by intratumoural injection, but this 

needle tract is usually part of the mastectomy or irradiation fi eld in breast conservation. 

A practical drawback of peritumoural injection is that excision of the tumour to 

decrease the background level of radioactivity will be less effi  cient when a larger area 

of the breast contains radioactive tracer. In addition, multiple tracer injections around 

the tumour often may cause a too extensive injection site that may complicate the 

scintigraphic visualization of lymph nodes close to the injection site and subsequently 

its intraoperative detection with the gamma probe. Intratumoural injection technique 

was not widely used when we started our series in 1996. Our argument of theoretic 

advantage of injecting the tracer into the tumour was opposed by theoretic worries 

about tumour dissemination and needle tract seeding.14 Injection of the tracer into 

the primary tumour has been described by Giuliano et al. early in his experience.16 

He abandoned this technique later because of a poor sentinel lymph node retrieval 

rate (A.E. Giuliano, personal communication). In view of our favourable results with 

intralesional tracer administration (this study),8 Giuliano’s poor results may have been 

due more to lack of experience at that time than to a limited value of the technique 
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proper.  The 93% identifi cation rate that we found with administration of the tracer into 

the primary tumour is not at odds with what other investigators found with injection at 

other sites (Table 2). 

Table 2. 

Results of sentinel lymph node biopsy obtained by various investigators 

Investigator (year) Patients Technique SLN identifi ed (%) False-negative (%)a

Fölscher et al. (1997)15 79 D 41 29

Giuliano et al. (1994)16 174 D 66 11

Roumen et al. (1997)17 83 LS, P 69 4

Guenther et al. (1997)18 145 D 71 10

Sandrucci et al. (1997)19 37 P 77 40

Reuhl et al. (1998)20 96 LS, P 80 25

Krag et al. (1994)21 22 P 82 0

Flett et al. (1998)22 68 D 82 17

Gill et al. (1997)23 36 LS, P 83 8

Crossin et al. (1998)24 50 P 84 13

Kapteijn et al. (1998)8 30 D 90 0

Barnwell et al. (1998)25 42 D, P 90 0

Albertini et al. (1996)26 62 D, P 92 0

Horgan et al. (1998)27 38 D 92 16

Giuliano et al. (1997)10 107 D 93 0

O’Hea et al. (1998)28 60 LS, D, P 93 13

Krag et al. (1998)29 443 P 93 11

Schneebaum et al. (1998)30 30 LS, D, P 93 22

Doting et al. (2000) 136 LS, D, P 93 5

Cox et al. (1998)11 466 LS, D, P 94 1

Borgstein et al.(1998)31 130 LS, P 94 5

Chatterjee et al. (1998)32 60 LS, D, P 97 5

Veronesi et al. (1997)9 163 LS, P 98 5

Off odile et al. (1998)33 41 P 98 0

Miner et al. (1998)34 42 D 98 14

Koller et al. (1998)35 98 D 98 6

Van der Ent et al. (1999)36 70 LS, D, P 100 4

SLN=sentinel lymph node; D=blue dye; LS=preoperative lymphoscintigraphy; P=99mTc-labeled colloid and gamma 

detection probe; aThe percentage of false-negative procedures is calculated for the patients with a tumour-con-

taining axilla.
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We expect the detection rate to improve further now that we routinely massage the 

injection site and use lateral imaging with the breast hanging.37,38 

Step-sectioning and immunohistochemistry enhance the sensitivity of lymphatic 

mapping.39,40 Our careful evaluation of the axillary lymph nodes that were removed at 

completion axillary lymph node dissection, by using immunohistochemistry is unusual 

(Table 3) but reduces the risk of missing metastases in non-sentinel lymph nodes. Other 

investigators have not used immunohistochemistry for these lymph nodes and may 

have missed metastases and false-negative cases. As a result, the sensitivity reported in 

other studies may prove to be too optimistic. 

Table 3. 

Pathologic techniques used to evaluate the sentinel lymph nodes and the lymph nodes in 

the remainder of the axilla 

Investigator (year) Sentinel lymph node Remainder axilla 

Doting et al. (2000) HE, IHC HE, IHC

Giuliano et al. (1994)16 HE, IHC HE

Giuliano et al. (1997)10 HE, IHC HE

Cox et al. (1998)11 HE, IHC HE

Borgstein et al. (1998)31 HE, IHC HE

Albertini et al. (1996)26 HE HE

Roumen et al. (1997)17 HE HE

Flett et al. (1998)22 HE HE

Guenther et al. (1997)18 HE HE

Krag et al. (1998)29 HE HE

O’Hea et al. (1998)28 HE HE

Barnwell et al. (1998)25 HE HE

Van der Ent et al. (1999)36 HE HE

Reuhl et al. (1998)20 HE HE

Crossin et al. (1998)24 HE HE

HE= haematoxylin and eosin; IHC= immunohistochemistry. 

What technique should be recommended based on our fi ndings and analysis of the 

literature? The question has been raised whether scintigraphy contributes anything 

to lymphatic mapping and whether it should be done at all.41 We argue in favour of 

lymphoscintigraphy for several reasons. A sentinel lymph node sometimes contains 

so little radioactivity that it cannot be identifi ed with a probe through the intact skin 

although it is depicted on the scintigraphy images. In 16% of cases, the sentinel lymph 

node that is visible on the scintigraphy images cannot be picked up with the probe 

because it is located so close to the primary lesion that its counts are overwhelmed 

by scattered gamma rays from the injection site, where the bulk of radioactivity stays 
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behind. Such sentinel lymph nodes are likely to be missed without preoperative 

imaging. Another reason to advocate preoperative lymphoscintigraphy is that sentinel 

lymph nodes are located outside the axilla in a substantial number (18%) of patients. 

Lymphoscintigraphy will point out such sentinel lymph nodes. Therefore, based on 

the available evidence, the clear conclusion is that preoperative lymphoscintigraphy 

increases the likelihood of fi nding sentinel lymph nodes: the nuclear medicine physician 

provides the road map that guides the surgeon.

Nonvisualization of a sentinel lymph node is no reason to refrain from axillary 

exploration. In eight of the 18 patients with nonvisualization on scintigraphy, a sentinel 

lymph node was identifi ed during operation. In four of these eight patients, metastatic 

disease was found in that particular lymph node.

There are two approaches to identify the sentinel lymph node during the operation: 

instrument-guided mapping and visually guided mapping. Table 2 shows how various 

investigators perform the procedure and shows their results. Nine investigators (33%) 

rely on the blue dye technique only. Five investigators (19%) use only a radioactive tracer 

and a gamma detection probe. Thirteen investigators (48%) use various combinations of 

detection techniques. The success rates in identifying sentinel lymph nodes range from 

41% to 100%. The false-negative rates also comprise a wide range: 0-40%.

Our fi nding that sentinel lymph nodes may be either blue or radioactive confi rms the 

fi nding of Cox et al.11 Using the two detection techniques enables the surgeon to recover 

all sentinel lymph nodes. In addition, with the probe, one can fi nd a sentinel lymph node 

in odd locations such as the breast parenchyma or in the subclavicular fat pad. Such 

lymph nodes are bound to be overlooked when only blue dye is used. With the probe, 

one can identify the sentinel lymph node when the blue lymphatic duct is accidentally 

damaged and one loses the guiding track to the sentinel lymph node. During the 

learning phase, this is likely to happen. An important reason to use a vital dye is that the 

dye can visualize the order of drainage. This can help to distinguish fi rst-echelon lymph 

nodes from lymph nodes with secondary drainage. This is particularly useful when 

scintigraphy shows accumulation of the radiopharmaceutical in a multitude of lymph 

nodes without indicating the drainage sequence. Extensive exploration of the axilla to 

recover multiple radioactive lymph nodes needs to be avoided. Not every radioactive 

lymph node is a sentinel lymph node!

Based on these fi ndings, we recommend that a combined-detection technique with the 

probe and a vital dye is used. Surgeons who rely on either the blue dye technique or the 

probe are likely to miss sentinel lymph nodes. Either the excellent results reported with 

the blue dye approach or the probe approach may be explained by the examination 

of other axillary lymph nodes with just HE staining. Examination of these other lymph 

nodes with immunohistochemistry might have revealed more false-negative sentinel 

lymph node biopsies. The real false-negative rate may never be established because the 

NSBP-B04 study demonstrated that not all metastases in the axilla will become clinically 
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apparent.42 The clinically relevant false-negative rate will be revealed when the regional 

recurrences become apparent in patients in whom axillary lymph node dissection is 

omitted in case of a tumour free sentinel lymph node.

After careful consideration, we have now made the decision to abandon the routine 

axillary lymph node dissection. We are aware of the lack of published reports on the 

safety of this approach and explain this to our patients. They are off ered the choice 

between sentinel lymph node biopsy and elective axillary lymph node dissection. With 

few exceptions, they opt for the former. In favour of lymphatic mapping, it can be argued 

that sentinel lymph nodes are removed from locations that would not be touched in a 

routine axillary lymph node dissection. The removal of lymph nodes from outside the 

axilla and the increased scrutiny of the pathologist will improve staging and are likely to 

compensate for the low percentage of false-negative sentinel lymph node procedures.
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