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The axillary nodal status is accepted universally as the most powerful
prognostic tool available for early stage breast cancer. Breast cancer patients
routinely undergo surgical staging of the axilla because other primary tumor
features are inadequate in predicting the presence versus absence of nodal
positivity [1–3]. The status of the axillary lymph nodes also guides treatment
options and adjuvant therapies. The removal of level I and level II lymph
nodes at axillary node dissection (ALND) is the most accurate method to
assess nodal status, and it is the universal standard. ALND is associated
with several adverse long-term sequelae including lymphedema, the disruption of nerves in the axilla, chronic shoulder pain, weakness, and joint dysfunction. Additionally, the survival advantage of ALND has been
challenged, and less morbid methods of evaluating the axillary nodal basin
have been sought.
Breast cancer spreads from the tumor bed to one or a few lymph nodes
before it spreads to other axillary nodes. These sentinel nodes can be identiﬁed and surgically excised for histological analysis. Lymphatic mapping
with sentinel lymph node biopsy (SLNB) has emerged as an eﬀective method
of detecting axillary metastases. Veronesi and colleagues [4] randomly assigned 516 women with early stage breast cancer to either SLNB and
ALND or SLNB alone (ALND was performed only for axillary metastases
in the SLNB-alone arm). The authors demonstrated that SLNB was
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accurate and reliable with a false-negative rate of 8%. There was less pain
and better arm mobility in those who underwent SLNB only. Additionally,
there were no diﬀerences in local recurrence or survival at follow-up. The
NSABP-32 trial is the largest multicenter trial to date examining the safety
and accuracy of SLNB [5]. The trial randomly assigned women with clinically negative axillae to receive SLNB with an ALND or SLNB alone. Early
results have demonstrated that SLNB is safe and reliable, with false-negative
rates of 8% to 10%, and lower morbidity than ALND. Although the longterm results are forthcoming, the clinical advantages of SLNB are apparent,
and the procedure is becoming the preferred standard by patients and breast
cancer surgeons.
Given the rapid growth of lymphatic mapping and SLNB, surgical groups
have developed several variations in practice, and many technical aspects of
the procedure are evolving. These variations have included the choice of mapping label, radioisotope quantity and processing, label injection site, timing
of radioisotope injection, and the use of preoperative lymphoscintigraphy
scanning. Because these controversies have not been studied extensively in
clinical trials, the method of lymphatic mapping ultimately should be selected
based on those methods that have been proven safe, and on the services and
resources of a given breast care program. Table 1 summarizes the results of
various studies that have analyzed SLNB accuracy as a function of mapping
technique [6–18].

Choice mapping label
Radioisotope alone
Krag and colleagues [19] ﬁrst described the use of radioisotope alone for
breast cancer in 1993, using technetium-99m sulfur colloid and a hand-held
gamma probe. The sentinel node identiﬁcation rate was 98%, with a falsenegative rate of 11%. Technetium-99m sulfur colloid is the most widely
used radioisotope for lymphatic mapping in the United States. In Europe,
technetium 99m-colloidal albumin is used most. The speciﬁc radioisotope
selected for the mapping process is determined largely by availability and
by the center’s nuclear medicine practices [20]. The doses of radioactive technetium vary by institution and range from 0.1 to 4 mCi.
Blue dye
Isosulfan blue dye (Lymphazurin 1%, US Surgical Corp, Norwalk, CT)
initially was studied extensively in lymphatic mapping for melanoma. The
use of isosulfan blue dye as a single agent in SLNB for breast cancer initially
was reported by Giuliano and colleagues [6], with sentinel node identiﬁcation rates of 98%, without false-negative nodes. The major disadvantage
of isosulfan blue dye is the risk of life-threatening allergic and anaphylactic

Table 1
Selected studies evaluating accuracy of sentinel lymph node biopsy as a function of lymphatic mapping technique
Factors associated with SLN nonidentiﬁcation
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Abbreviations: NR, not reported; NA, not applicable.
a
Patients with prior excisional biopsy excluded from study.
b
All T2 and T3 tumors.
c
Including 181 lymphatic mapping cases with prior excisional biopsy.
d
Medial location worse.
e
Analyses limited to 47 patients with unsuccessful mapping procedures.
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reactions. The reported allergic reaction rate ranges from 1% to 3% [21,22].
Most reactions consist of urticaria, rash, blue hives, and pruritus [23].
Although rare, anaphylaxis and hypotension also have been reported. Overall, isosulfan blue dye has excellent results for lymphatic mapping in breast
cancer, and is the blue dye most commonly used.
Methylene blue also has been successful in SLNB for breast cancer. Simmons and colleagues [24,25] identiﬁed the sentinel node in approximately
93% of patients studied in a cohort of more than 100 patients; concordance
with radioisotope was observed in 95%.
Additionally, methylene blue was compared with Isosulfan blue dye by
Blessing and colleagues [26] in 2002. The authors found that all patients
had high concomitant isotope mapping and similar sentinel node identiﬁcation rates. Methylene blue is preferred by some authors because of its lower
costs, and also because of its lower risk of allergic reactions. Methylene blue
must be injected in the subcutaneous tissues; inadvertent injection into the
dermis has resulted in severe skin reactions including necrosis and
dermolysis.
Combination of blue dye and radioisotope
Several authors have demonstrated that the combination of radioisotope
and blue dye for lymphatic mapping improves the sentinel lymph node
(SLN) identiﬁcation rate. Albertini and colleagues [7] ﬁrst reported the
successful use of lymphatic mapping with both blue dye and radioisotopes
prospectively. The results have been conﬁrmed with several studies demonstrating that the combination method improves the sentinel node identiﬁcation rate, and dual-agent lymphatic mapping has been accepted universally
[27]. Some centers have elected to rely on radioisotope mapping alone, given
the potentially life-threatening allergic reactions of isosulfan blue dye.
Filtered versus unﬁltered radioisotope
Identiﬁcation of a radioactive lymph node depends upon adequate
uptake of the radioisotope from the breast parenchyma by intramammary
lymphatics. The radioisotope must travel from the breast to the sentinel
node in a timely fashion. Radioisotope uptake and travel times ultimately
depend on the size of the labeled carrier and on the amount of carrier ﬂuid
used. Large particles may not migrate to regional nodes at all (those greater
than 400 nm), and those too small may migrate too quickly to the entire
nodal basin, making identiﬁcation of single sentinel nodes diﬃcult. The
size of technitium-99 sulfur colloid may be altered by the selective use of ﬁlters and the pore size of ﬁlters used. Filtration through 100 or 220 nm ﬁlters
has been studied, with goals of particle sizes ranging from 50 to 200 nm. Filtered preparations resulting in smaller particles travel more quickly and may
potentially reach more SLNs, including the higher echelon nodes, if there is
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a prolonged interval between injection of radioisotope and surgery [19]. The
unﬁltered colloid may be less likely to travel to higher echelon nodes, given
its larger size and slower transit time. Linehan and colleagues [28] compared
the success of SLNB using ﬁltered versus unﬁltered technetium-99m sulfur
colloid combined with blue dye mapping. Although the authors found no
diﬀerence in the overall SLN identiﬁcation rate, there were signiﬁcantly
more SLNs that were radioactive in the unﬁltered group versus the ﬁltered
group (88% versus 73%; P ¼ .03). These results suggest that ﬁltered smaller
particles may pass too quickly from the injection site through the nodal basin before the sentinel nodes are removed.
There has been no consensus on the use of ﬁltered versus unﬁltered radioisotopes for lymphatic mapping in breast cancer. The various features may
be considered advantages or disadvantages, and selection depends upon the
timing of surgery in relation to injection times.

Injection site for mapping agents
Peri-tumoral injection
In eﬀorts to replicate the intramammary lymphatic pathways that may
have been traversed by metastases, the initial data regarding SLNB used
peri-tumoral injections of the mapping agents [5,6]. For patients who have
nonpalpable tumors, this method has proven diﬃcult and time-consuming,
because it requires the use of additional imaging modalities to guide the
peri-tumoral injection of radioisotopes. Peri-tumoral injections also have
a higher potential for shinethrough, where residual radioactivity from the
peri-tumoral injection site creates misleading background activity detected
by the gamma probe from the axilla. It is for these reasons that alternate
injection sites have been pursued.
Subareolar and dermal injection
Mammary lymphatics develop as radial extensions from the nipple breast
bud. Nearly all breast tissue lymphatic drainage passes through the subareolar plexus of Sappey and then into the axillary nodal basin; hence dermal and
subareolar injections are potential approaches for the injection of mapping
agents. The sites are particularly advantageous for patients who have nonpalpable or multicentric tumors; they also eliminate the shinethrough eﬀect.
A potential disadvantage to subareolar and dermal injections is that up to
10% of breast cancers may demonstrate nonaxillary lymphatic drainage
with sentinel nodes found in the internal mammary or supraclavicular nodal
basins; hence not all breast tumors will have the same drainage patterns as
the overlying skin and nipple areas. Additionally, subareolar and dermal
injection of blue dye may cause considerable postoperative discoloration
of the breast (blue breast), which may last for several months.
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Veronesi and colleagues [8] ﬁrst described subdermal injections of technetium-99m labeled albumin into the dermis overlying the tumor of 163
patients undergoing SLNB and ALND. The authors found that the SLN
identiﬁcation rate was 98%, with a false-negative rate of 4.7%. Several
authors have conﬁrmed the reliability of dermal injections by direct comparisons between peri-tumoral and skin radioisotope injections. Borgstein and
colleagues [29] studied 33 breast cancer patients undergoing lymphatic mapping, consisting of dermal injections of blue dye and peri-tumoral injections
of radioisotope. The authors found 100% concordance between blue and radioactive SLNs in 30 of the 33 patients studied, without any false negatives.
Linehan and colleagues studied 200 patients undergoing SLNB with peritumoral or excisional biopsy site blue dye injections. In the study, half of
the patients also received Tc99-sulfur colloid injected peri-tumorally, and
the other half received radioisotopes by means of dermal injections. The
SLN identiﬁcation rates were 92% for those patients receiving intraparenchymal injections of both blue dye and radioisotopes. For those patients
receiving intraparenchymal injection of blue dye and dermal injection of
radioisotopes, the SLN identiﬁcation rate was 100%. In both subsets of patients, the concordance between blue-stained and radioactive sentinel nodes
was also high (97% and 95%, respectively). Those patients receiving dermal
injections of radioisotopes had a greater proportion of sentinel nodes radioactive when compared with the group receiving peri-tumoral injections of
radioisotopes (97% versus 78%; P!.001). A subsequent report compared
134 patients receiving intraparenchymal lymphatic mapping with 164 patients with mapping using intraparenchymal blue dye and dermal injection
of radioisotopes [30]. The SLN identiﬁcation rate was signiﬁcantly higher
in the group receiving dermal injections of radioisotopes (98% versus 89%).
There was no diﬀerence in the false-negative rates (4.4% and 4.8%).
Several authors have studied the diﬀerences between lymphatic drainage
pathways of intradermal versus intraparenchymal injections of radioisotopes.
Shen and colleagues [31] studied the preoperative lymphoscintigraphy scans
of 30 patients undergoing lymphatic mapping for cutaneous breast melanomas and 97 patients undergoing lymphatic mapping with peri-tumoral injection for breast cancer. The authors found that there were a higher percentage
of nonaxillary SLNs in the melanoma/dermal injection group (26% versus
5%). In the melanoma cases, there were bilateral axillary and supraclavicular
drainage sites detected, whereas the breast cancer cases mapped to the ipsilateral axillae. The results demonstrated that axillary drainage patterns varied
between peri-tumoral and dermal lymphatics. Additionally, given the importance of the ipsilateral axillary, mammary, and supraclavicular nodal basins
in the staging of breast cancer, if drainage to these sites can be detected with
dermal injection, the dermal route may be adequate for the staging of breast
cancer.
Klimberg and colleagues [32] compared lymphatic mapping using subareolar injections of radioisotope to peri-tumorally injected blue dye. The
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authors found successful mapping in 64 of 68 patients studied (94%). The
SLN identiﬁcation rate for blue dye was 89.9% versus an identiﬁcation
rate of 94.2% for radioisotope. In the study, all blue nodes were also radioactive, indicating that subareolar injection did not miss any axillary SLNs
using this method of mapping.
Subareolar and dermal injection sites also have been examined using
various areas of the breast for injection. Beitsch and colleagues [33] studied
subareolar radioisotope injected into the mirror-image quadrant of the
nipple–areolar tissue and peri-tumoral blue dye injections. The SLN identiﬁcation for blue dye and radioisotopes were 94% and 99%, respectively,
and 99% of the blue SLNs were also radioactive. Kern [34,35] reported successful results of lymphatic mapping using subareolar injections of blue dye
and radioisotopes at the upper, outer aspect of the nipple–areolar tissue.
Although SLNB has proven reliable in women who have unifocal disease,
the studies examining the ideal injection site have set the stage for the consideration of SLNB in multicentric and multifocal disease. Tousimis and
colleagues [36] reported results from the largest series examining lymphatic
mapping in multicentric and multifocal breast cancer. The authors examined
70 patients who underwent mapping using a combination of radioisotopes
and blue dye. In the study, 63 patients received a single intradermal injection
of radioisotopes directly over the largest tumor, and ﬁve patients received
radioisotope peri-tumoral radioisotope injections. Additionally, 67 patients
received a single intraparenchymal blue dye injection adjacent to the
supero–lateral side of the largest invasive tumor or biopsy cavity. The authors found that the accuracy (SLN identiﬁcation rate of 96%) and falsenegative rate (8%) of SLNB in patients who had multicentric and multifocal
breast cancers were comparable to those with unifocal tumors. Though conﬁrmatory studies are warranted, these results demonstrate the feasibility of
SLNB in patients who have multicentric and multifocal breast cancer.

Preoperative lymphoscintigraphy
Patients undergoing lymphatic mapping with radioisotopes most often
receive a preoperative lymphoscintigram (PL) to aid in SLN identiﬁcation.
PL typically consists of anterior and lateral views and speciﬁc patient positioning to optimize transit time and radioisotope drainage [37]. Scanning
routinely is initiated 20 minutes after radioisotope injection, and images
are repeated until the primary SLN basin is identiﬁed and there is adequate
uptake. The patient then is taken to the operating room for SLNB.
It is controversial whether preoperative scanning is of diagnostic value.
Many authors have examined the accuracy of the PL, and given the additional time and cost, question its value in improving the identiﬁcation of
sentinel lymph nodes. Proponents of the technique have argued that the
scan may guide the timing of surgery when radioisotope injection is
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performed on the same day as the operation. Additionally, PL will identify
the primary drainage pattern, and also internal mammary (IM) sentinel nodes. There is no consensus regarding the management IM SLNs that have
been identiﬁed by PL, and current recommendations for adjuvant therapies
have been deﬁned mostly by axillary nodal metastases. McMasters and colleagues [38] evaluated the role of PL in breast cancer. In the study, a PL was
performed in 348 of 588 patients (59%), and 240 patients did not receive
scans. The SLN was identiﬁed in 221 of the 240 (92%) patients who did
not undergo preoperative scanning. In these patients, the false-negative
rate was 1.6%. In those patients receiving a preoperative lymphoscintigram,
the SLN was identiﬁed in 310 of the 348 (89.1%) patients, with a false-negative rate of 8.7%. The authors found no signiﬁcant diﬀerence in the SLN
identiﬁcation rate, false-negative rate, or number of SLNs removed between
patients receiving PL and those proceeding to operation without scanning.
Borgstein and colleagues [39] also studied the role of PL in breast cancer patients. The authors found that the intraoperative gamma probe was more
sensitive in detecting radioactive nodes in the axilla than the PL, even
when delayed images were obtained. In the study, axillary accumulation
was absent in 14 of 130 patients receiving PL. The intraoperative gamma
probe was unsuccessful in detecting radioactivity in 8 of 130 cases (seven
of these patients also had negative PL).
Data have continued to emerge questioning the ability of PL to improve
the accuracy of SLNB, and some centers have abandoned the technique, focusing only on resecting SLNs in the axilla, and relying on the intraoperative
gamma probe to detect radioactive SLNs. Until there are deﬁnitive data regarding the treatment and importance of nonaxillary drainage, the decision
to use PL is ultimately the decision of the surgeon and the multidisciplinary
breast team.

Timing of radioisotope injection
Lymphatic mapping with radioisotopes is performed either as a 1- or 2day procedure. The half-life of technitium-99 is approximately 6 hours and
must be taken into account when planning SLNB.
The single-day procedure requires breast injection on the morning of surgery, followed by serial imaging at 1 to several hours after injection until the
SLN is identiﬁed. In some cases, the process can take several hours and may
signiﬁcantly delay the operation. The eﬀect of delay on patients and on
operating room scheduling has led some centers to use a 2-day mapping procedure, with injection of radioisotopes 1 day before operation. The 2-day
procedure has been criticized because of the concern that it may require
higher doses of radioisotopes, or that with prolonged exposure, radioisotopes may move into higher-echelon nonsentinel lymph nodes. Winchester
and colleagues [40] evaluated lymphatic mapping with radioisotope injection
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1 day before operation. The study consisted of 180 patients receiving
lymphatic mapping and SLNB, with technitium-99 sulfur colloid injected
1 day preoperatively. The authors found that the SLN identiﬁcation rate
was 90%, and was inﬂuenced largely by the surgeon’s learning curve. Additionally, mapping was improved when 1.0 mCi-ﬁltered radioisotope was
used (versus 0.5 to 1.0 mCi unﬁltered radioisotope). McCarter and colleagues [41] also had successful outcomes using the 2-day procedure. The authors studied 933 patients who received 0.1 mCi of dermal technitium-99
sulfur colloid in 0.05 cc normal saline on the day of surgery, and 387 patients who received 0.5 mCi technitium-99 sulfur colloid dermal injections
on the day before operation. All of the patients had peri-tumoral blue dye
injections intraoperatively. The median number of SLNs identiﬁed in the
2-day group was slightly higher than in the 1-day group, and the mean level
of isotope counts was similar between the two groups. Likewise, Solorzano
and colleagues [42] reported success with the 2-day lymphatic mapping technique. The authors found that injection of 2.5 mCi technetium sulfur colloid
(ﬁltered) peri-tumorally on the day before surgery with lymphoscintigraphy
to track drainage resulted in an overall SLN identiﬁcation of 97.5%. All
positive SLNs with blue dye staining were also radioactive. Based on the
current literature, a 2-day lymphatic mapping procedure is safe and reliable
for SLNB in breast cancer.

The future and controversies
In addition to those previously mentioned controversial areas, the prognostic value of axillary nodal micrometastases identiﬁed by immunohistochemistry (IHC) analysis for cytokeratin is unknown, although the topic
is the subject of ongoing clinical trials. Because it is not proven that micrometastases have any eﬀect on breast cancer treatment, recurrences, or survival, IHC is generally not included as a routine component of SLNB [43].
Patients who have negative sentinel lymph nodes are safely spared an
ALND. The question remains if patients who have positive SLNs gain a survival advantage from completion node dissection. The American College of
Surgeons Oncology Group sought to answer this question with a prospective
randomized controlled trial of ALND in women with early stage breast cancer and a positive SLNB [44]. The trial was terminated early because of poor
patient accrual. Until data from clinical trials are available, completion of
ALND remains the standard treatment for patients who have positive
SLNs.
Finally, although SLNB is becoming standard for early stage breast cancer, the role of SLNB in patients who have locally advanced disease, and
those receiving neoadjuvant chemotherapy (NCTX) is not well established.
Breast cancer patients receiving neoadjuvant chemotherapy may undergo
pre-chemotherapy sentinel lymph node biopsy (as a deﬁnitive staging
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procedure at presentation) or post-chemotherapy (to document the posttreatment nodal status). The pre-chemotherapy strategy commits many patients to a completion ALND on the basis of pre-treatment nodal positivity,
thereby negating some of the neoadjuvant chemotherapy downstaging beneﬁts. Several groups have studied the performance of SLNB after NCTX
[45–47]. This sequence has been criticized for wide variations in the falsenegative rates. The optimal strategy for incorporating lymphatic mapping
into neoadjuvant chemotherapy regimens has yet to be determined and is
the subject of ongoing research.

Summary
The value of SLNB in the staging and prognosis of breast cancer patients
with early stage disease is deﬁned clearly, and lymphatic mapping is becoming the standard of care for most centers. It is projected that SLNB will soon
replace ALND completely as the initial evaluation procedure of the axillary
nodal basin for metastases. As the speciﬁcs of lymphatic mapping evolve,
the process should be individualized and tailored to institutional capabilities
and the practice preferences of the entire multidisciplinary team to yield the
most consistent and reliable results.
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