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Background: Most previous studies have reported superior results when blue dye and radiocolloids
were used together for sentinel lymph node (SLN) biopsy in early breast cancer. Blue dye was reported
to perform poorly when used alone, although more recent studies have found otherwise. This study
reviewed the authors’ practice of performing SLN biopsy with blue dye alone.
Methods: This was a retrospective review of patients who underwent SLN biopsy using blue dye alone
from 2001 to 2005, when SLN biopsy was performed selectively and always followed by axillary lymph
node dissection (ALND), and from 2006 to 2010, when SLN biopsy was offered to all suitable patients
and ALND done only when the SLN was not identified or positive for metastasis.
Results: Between 2001 and 2005, 170 patients underwent SLN biopsy with blue dye alone. The overall
SLN non-identification rate was 8·4 per cent. The overall false-negative rate was 34 per cent, but
decreased with each subsequent year to 13 per cent in 2005. From 2006 to 2010, 610 patients underwent
SLN biopsy with blue dye alone. The SLN was not identified in 12 patients (2·0 per cent) and no
significant contributing factor was identified. A median of 2 (range 1–11) SLNs were identified. A
non-SLN was found to be positive for metastasis in two patients with negative SLNs. Axillary nodal
recurrence developed in one patient; none developed internal mammary nodal recurrence. Anaphylaxis
occurred in one patient.
Conclusion: Blue dye performed well as a single modality for SLN biopsy. Non-identification, axillary
nodal recurrence and serious allergic reactions were uncommon.
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Introduction

Sentinel lymph node (SLN) biopsy has replaced full axillary
lymph node dissection (ALND) as the standard of care for
T1 and T2 breast tumours without clinically involved
nodes after large trials demonstrated comparable clinical
benefit and reduced arm morbidity1–6. As the SLN is
the first node to be affected by sequential directional
tumour spread from the breast, it is representative of the
status of the entire axillary nodal basin; it is therefore
imperative that the sentinel node is identified accurately.
Blue dyes and radiocolloid tracers have been used, either
alone or in combination, to identify the SLN for surgical
excision7–9. These dyes and tracers are designed to drain
efficiently and quickly from the site of injection in the
breast, and to be retained within the first-tier (low level I)
nodes long enough for the SLN to be identified during
surgery. This has important clinical implications. Because
the particles continue to diffuse through the axillary

nodal levels over time, a ‘blue’ or ‘hot’ node may not
necessarily represent the SLN, but instead a second- or
even third-tier, non-sentinel node. Furthermore, there are
no specific anatomical landmarks or histological features
that can distinguish a true SLN from a non-sentinel
node. Therefore, a false-negative result can potentially
occur should a node other than the true sentinel node be
identified.

Most of the large trials from which the feasibility and
safety of SLN biopsy were established used a combination
of blue dye and radiocolloid. Dual modalities were reported
to be superior to a single method in terms of lower
non-identification and false-negative rates10–13. However,
with improvements in radioisotope imaging and shielding,
greater familiarity with the technique and absence of
serious allergic reactions typical of those seen with blue
dyes, many authors began to advocate the sole use of
radiocolloids14. Initial studies reported that blue dye
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alone performed poorly without the concomitant use of
radiocolloids, but results comparable with dual-modality
SLN biopsy have been documented more recently15,16.
Serious allergic reactions were reported to be rare.

The use of blue dye alone remains a popular option
because of its technical simplicity and because it does
not require any additional equipment or procedures. At
the authors’ institution, blue dye alone is used in the
majority of patients. This was initially due to the lack of in-
house radioisotope imaging facilities but, with increasing
experience, surgeons have become highly proficient at
using blue dye as a single modality and it is now standard
practice. The present study reviewed the results of SLN
biopsy at the authors’ institute over 10 years. From 2001
to 2005, SLN biopsy was done selectively and always
followed by ALND. From 2006 to 2010, all suitable
patients underwent SLN biopsy, and ALND was carried
out only when the SLN was not identified or positive
for metastasis. The non-identification rate of the SLN,
locoregional recurrence and allergic reactions to the blue
dye were evaluated.

Methods

This retrospective review of patients who underwent
SLN biopsy at the authors’ institute between 2001 and
2010 had ethics committee approval. In the interval
2001–2005, SLN biopsies were carried out selectively,
according to surgeon preference, and were always followed
by ALND at the same operation. During this interval,
up to five surgeons performed SLN biopsy. However,
by 2004 the SLN biopsies were done mainly by a
single surgeon, who had been performing the procedure
since 2001.

Between 2006 and 2010, all suitable patients underwent
SLN biopsy, and ALND was performed only when the
SLN was not identified or was involved by metastasis.
This included all eligible patients with invasive breast
tumours less than 5 cm in diameter, with no clinically
palpable axillary nodes, and those in whom a biopsy
of sonographically enlarged nodes proved negative for
malignancy. Patients with ductal carcinoma in situ (DCIS)
were offered SLN biopsy if undergoing mastectomy, and in
selected cases if undergoing wide local excision, according
to surgeon preference. SLN biopsy was performed by one
of four accredited breast surgeons.

Sentinel lymph node procedure

When blue dye alone was used, 2 ml undiluted Patent V
blue dye (Aspen Pharmacare, St Leonards, New South

Wales, Australia) was injected into the subareolar plexus
with the patient under general anaesthesia, followed by
5 min of manual massage. SLNs were identified as blue-
coloured level I nodes with blue lymphatic channels leading
up to them. Methylene blue dye was used in patients with
a documented allergy to sulphur drugs. When radiocolloid
was used, 2 ml technetium-99 was injected peritumorally
followed by lymphoscintigraphy approximately 2 h later
to map radioactive tracer uptake in the nodal basins.
SLNs were then identified with a hand-held γ counter
during surgery. The SLNs were sent for intraoperative
frozen-section analysis, routinely in those with histological
confirmation of invasive breast cancer and selectively in
those with DCIS.

Histology

Excess adipose tissue surrounding the nodes was removed
and each SLN sliced serially at 2–3-mm intervals. The
entire node was then snap-frozen in liquid nitrogen
and placed in frozen-section embedding medium on a
cryostat object disc. Each slice was further sectioned at
intervals of 40 µm to obtain three sections that were
stained in haematoxylin and eosin and then examined
using routine light microscopy. The presence or absence
of tumour deposits was recorded according to current
cancer reporting guidelines provided by the College of
American Pathologists (October 2009)17. The SLN was
considered positive when tumour deposits larger than
0·2 mm were present, and negative when no tumour cells
were detected or only single tumour cells or tumour cell
clusters no larger than 0·2 mm (isolated tumour cells) were
present. Subsequently, the entire SLN was formalin-fixed
and paraffin-embedded to obtain permanent sections for
final analysis, where an additional one to six levels of each
slice of the node were examined. Immunohistochemistry
was carried out only when confirmation of microscopic
tumour deposits was needed.

Statistical analysis

The rate of false-negative SLN biopsy was calculated as
(FN/FN + TP) × 100, where FN is the number of false
negatives and TP the number of true positives.

Associations between a false-negative SLN result and
standard clinicopathological parameters, including patient
age, tumour size, histology, tumour grade, lymphovascular
invasion, and oestrogen and progesterone receptor
status, were investigated. Analyses were performed using
Mann–Whitney U test for age and tumour size, the
χ2 test for trend for tumour grade, and the χ2 test
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Table 1 Details of sentinel lymph node biopsy performed with blue dye alone from 2001 to 2005 (154 patients), and from 2006 to 2010
(598 patients)

Year SLN-positive SLN-negative Axillary node-positive Axillary node-negative False-negative rate (%)† Accuracy (%)

2001 6 16 11 11 45 77
2002 19 56 31 44 39 84
2003 2 16 3 15 33 94
2004 3 17 3 17 0 100
2005 7 12 8 11 13 95
2006 5 51
2007 22 94*
2008 38 98
2009 30 111*
2010 32 117

*In both 2007 and 2009 there was one patient in whom the sentinel lymph node (SLN) was negative, but a non-SLN in the axillary tail of the mastectomy
specimen was positive for metastasis. †False-negative rate was calculated as (FN/FN + TP) ×100, where FN is the number of false negatives and TP the
number of true positives.

for other categorical variables. Fisher’s exact test was
used to compare the incidence of nodal recurrence
between the two time intervals. A two-tailed P value was
calculated in all analyses, and P < 0·050 was considered
statistically significant. All univariable analyses were done
using GraphPad Prism version 4 (GraphPad, San Diego,
California, USA).

Results

First interval (2001–2005)

Between 2001 and 2005, 191 patients underwent SLNB,
followed by ALND. Blue dye alone was used in 170
patients (89·0 per cent), radiocolloid alone in seven patients
(3·7 per cent) and a combination of both blue dye and
radiocolloid in the remaining 14 (7·3 per cent). Some
86 of 191 SLN biopsies were performed together with
a mastectomy and 105 with a wide local excision. The
median age of the patients was 53 (range 24–84) years.
The majority of tumours were classified as invasive ductal
carcinoma of no special subtype (157 of 191, 82·2 per cent);
nine were classified as mucinous carcinoma, three as
medullary carcinoma, two as papillary carcinoma, one as
cribriform carcinoma, one as tubular carcinoma, ten as
DCIS and eight as invasive lobular carcinoma. Median
follow-up was 120 (range 96–144) months.

The overall SLN non-identification rate was 8·4 per cent
(16 of 191). All 16 instances occurred among the 170
patients in whom blue dye alone was used. The non-
identification for this group was therefore 9·4 per cent (16
of 170). The overall false-negative rate was 31 per cent
(21 of 68).

Among the 154 patients in whom SLNs were found,
the median number identified was 1 (range 1–10), with
a mean(s.d.) of 2·0(1·7). A single SLN was identified in

Table 2 Associations between clinicopathological factors and
sentinel lymph node biopsy result among 56 patients with
confirmed nodal metastasis between 2001 and 2005

False-negative
SLN (n = 19)

True-positive
SLN (n = 37) P†

Age (years)* 52 (35–72) 49 (33–77) 0·322‡
Tumour size (mm)* 24 (3–40) 24·5 (1–45) 0·240‡
Tumour histology 1·000§

Invasive ductal carcinoma 18 35
Invasive lobular carcinoma 1 2

Tumour grade 0·211¶
1 3 2
2 10 19
3 6 16

Lymphovascular invasion 0·183
Yes 16 25
No 3 12

Oestrogen receptor status 0·278
Positive 15 24
Negative 4 13

Progesterone receptor status 0·400
Positive 12 19
Negative 7 18

*Values are median (range). SLN, sentinel lymph node. †χ2 test, except
‡Mann–Whitney U test, §Fisher’s exact test and ¶χ2 test for trend.

81 (52·6 per cent) of 154 patients. Nodal metastasis was
confirmed on final analysis in 56 patients (FN + TP), but
missed in the SLN in 19 patients (FN), giving a false-
negative rate of 34 per cent (Table 1). The false-negative
rate decreased with each year, reaching 13 per cent in 2005.
False-negative SLN results also occurred among those who
underwent SLN biopsy with radiocolloid. The SLN was
falsely negative in one patient in whom radiocolloid alone
was used, and in one patient in whom both techniques were
used. A false-negative SLN result was not associated with
any clinicopathological factor (Table 2).
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Second interval (2006–2010)

Between 2006 and 2010, 614 patients underwent SLN
biopsy. Blue dye alone was used in 610 patients (99·3
per cent), radiocolloid in two and both methods in the
remaining two patients. Of the 614 patients, 316 underwent
SLN biopsy together with a mastectomy and 298 with a
wide local excision. The median age was 54 (range 24–79)
years. Again, the majority of tumours were invasive ductal
carcinoma of no special type (434 of 614, 70·7 per cent).
The rest of the tumours were classified histologically
as mucinous carcinoma (17), tubular carcinoma (10),
cribriform carcinoma (4), metaplastic carcinoma (3),
neuroendocrine carcinoma (3), papillary carcinoma (3),
adenoid cystic carcinoma (1), medullary carcinoma (1),
DCIS (103) and invasive lobular carcinoma (35). Median
follow-up was 60 (range 36– 84) months.

Analysis was based on the 610 patients in whom blue
dye alone was used. The SLN was identified in 598 of 610
patients (non-identification rate 2·0 per cent). The median
number of SLNs identified was 2 (range 1–11), with a
mean(s.d.) of 2·5(2·1). A single SLN was identified in 227
(38·0 per cent) of 598 patients.

The SLN was not identified in just 12 patients, of
whom only one had involved axillary nodes. On review of
the preoperative breast ultrasound examination, two small
axillary nodes with thickened cortices but preserved fatty
hilum were noted, possibly suggesting nodal involvement.
Two patients had been operated on previously: one
had undergone wide local excision of a tumour in the
upper outer quadrant, and another had had multiple
previous incision and drainage procedures for hidradenitis
suppurativa of the ipsilateral axilla. No other factors that
could have contributed to failure to identify the SLN
were identified among the remaining ten patients. Two
tumours were located medially and one was retroareolar,
and 11 of 12 were invasive ductal carcinomas. The cases
of non-identification did not occur more frequently with
a particular surgeon.

Metastatic disease was identified in the SLN in 128
(21·4 per cent) of 598 patients, with micrometastatic
deposits present in 11 of these. Of the 470 patients with a
negative SLN, metastasis was found in a non-sentinel node
present in the axillary tail of the mastectomy specimen in
two patients. One of these patients had a 15-mm grade
3 invasive ductal carcinoma (not otherwise specified);
two SLNs had been identified and both were negative
for malignancy. The other patient had a 45-mm grade
3 invasive ductal carcinoma (not otherwise specified);
four SLNs had been identified and all were negative for
malignancy.

Breast cancer recurrence

During the later interval ALND was not performed in
patients with a negative SLN. Ipsilateral axillary nodal
recurrence was subsequently diagnosed in one patient, four
patients developed local (chest wall or ipsilateral breast)
recurrence, and two developed distant recurrence without
locoregional recurrence. No patient developed recurrent
disease in the internal mammary nodes (IMNs). During
the early interval, one patient developed axillary nodal
recurrence, three patients developed local recurrence in the
chest wall or ipsilateral breast, and four patients developed
distant recurrence without locoregional recurrence. The
incidence of nodal recurrence was similar in both intervals
(P = 0·351), even though all patients with a negative SLN
underwent ALND during the early period.

Allergic reactions

Over the 10 years, allergic reactions to the blue dye were
rare. Two patients developed urticaria during the course
of the operation but were otherwise haemodynamically
stable and surgery proceeded uneventfully. One patient
developed anaphylaxis, and surgery had to be discontinued
for resuscitation.

Discussion

Early trials mostly used both blue dye and radiocolloid
imaging for SLN biopsy, and most studies have reported a
non-identification rate of less than 5 per cent and a false-
negative rate below 10 per cent3,5,18,19. Use of blue dye
and radiocolloid imaging complement each other. Blue
dye colours the SLN and aids identification but, as the
dye is not visible through tissue, successful identification
requires adequate exposure along the correct tissue planes.
In contrast, the radiocolloid signal can penetrate tissue
layers. Bleeding further interferes with visualization of the
blue dye. Identification of the SLN using blue dye alone
is therefore highly dependent on surgeon experience and
familiarity with the technique.

With increasing experience, more surgeons have become
comfortable with using a single SLN identification
technique. Many prefer radiocolloid because of the high
rate of successful SLN identification, low false-negative
rates and negligible risk of serious allergic reactions.
Randomized trials comparing blue dye alone with
combined dye and radiocolloid mapping seemed to suggest
little advantage of adding blue dye to radiocolloid20. One
study11 reported higher SLN false-negative rates and
another21 reported lower identification rates with blue dye
alone. However, enthusiasm for use of blue dye persists,
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primarily because no special equipment or procedures
are necessary. Although the amount of radioactivity is
considered too low to mandate shielding, institutes still
require proper licensing, accreditation and protocols for
the handling, storage and disposal of radiocolloids. On the
other hand, blue dyes require no specific protocols and can
be administered by the surgeon.

Although earlier studies12,22,23 found dual modalities
to be superior in terms of lower non-identification and
false-negative rates, more recent studies15,16 have reported
comparable results with blue dye alone, suggesting that
results improve with familiarity and experience. This
trend was reflected in the present study. The false-
negative rate in the initial years was high, particularly
in 2002, when up to five surgeons were starting to
perform SLN biopsy. The false-negative rate decreased
with each subsequent year, and was markedly lower by
2004 and 2005, when mainly a single surgeon, who had
been performing SLN biopsy since 2001, was carrying out
the biopsies. Increasing surgeon experience was the most
likely contributor to this decrease in false-negative rate, a
postulate strengthened by the lack of any association of a
false-negative SLN result with standard clinicopathological
factors.

In the authors’ institute, blue dye alone is used routinely
for SLN biopsy. Initially, this was because of a lack of in-
house nuclear medicine facilities to support radiocolloid
administration and lymphoscintigraphy. However, even
once these were available, radiocolloid was seldom used
because of the additional logistics involved. Patients had
to be admitted several hours before the procedure for
radiocolloid injection and lymphoscintigraphy, and to be
transported between multiple sites. Furthermore, the non-
identification rate of 2·0 per cent with blue dye alone does
not justify the additional procedures and costs incurred
with radiocolloid use. The findings also suggest that it
would be difficult to adopt a more selective approach given
that no preoperative predictors of failure to identify the
SLN could be identified. Tumours located medially can
preferentially drain to the IMNs instead of the axillary
nodes; however, lateral tumours were more common
among the 12 patients in whom the SLN was not identified.
Radiocolloid imaging would also probably have failed in
the two patients who had undergone previous surgery
as this could have disrupted lymphatic drainage to the
axillary nodes. Current institutional protocols do not allow
intraoperative radiocolloid administration after the blue
dye has failed to identify the SLN.

A further criticism is that fewer SLNs are identified
when blue dye alone is used. There is concern that this
may increase the likelihood of missing a positive SLN and

producing a false-negative result. There is indirect evidence
from some studies24,25 that there may be an optimal number
of SLNs that should ideally be harvested, given that the
ratio of the number of negative SLNs to the total number
of SLNs harvested can predict the likelihood of additional
non-SLN involvement. There is no consensus on what this
optimal number should be. One study26 reported that the
positive SLN was removed by the third SLN harvested,
implying that there is little benefit in removing more than
three SLNs. In the present study, from 2006 onwards, a
single SLN was identified in about one-third of patients.
The median number of SLNs identified here is similar to
that reported by several other studies2,4,5,24,26 performed
with dual-modality SLN biopsy, suggesting that there is
no difference in the number of SLNs identified using
either method when performed by experienced surgeons.
It can also be inferred from the present findings that there
is a low likelihood of a false-negative SLN and residual
nodal disease when ALND is omitted. Using axillary nodal
recurrence as a surrogate for the false-negative rate, such
recurrence was no more common among those who had
undergone SLN biopsy with blue dye alone between 2006
and 2010.

Another advantage of radiocolloid lymphoscintigraphy
over blue dye is that it facilitates targeted IMN biopsy.
Targeted IMN biopsy can be performed with a high success
rate, and with minimal risk of pleural breach and internal
mammary vascular injury compared with IMN dissection.
This has prompted further investigation of the benefit of
IMN evaluation as up to 8 per cent of patients with negative
axillary nodes reportedly have IMN involvement and are at
risk of being undertreated if these are unrecognized27–29.
Although additional information from IMN evaluation
has changed treatment recommendations in some patients
initially thought to be node-negative, this is mostly likely
limited to a small minority of patients28,30,31. At the authors’
institute, patients with negative axillary nodes deemed to
be at high risk of recurrence are still recommended to
undergo systemic chemotherapy according to treatment
guidelines, and radiation fields cover the IMNs for all
medial tumours, which are those most likely to drain to
the IMN32. This means that many patients with possible
IMN metastasis already receive adequate treatment even
without documented IMN involvement. Interestingly, all
three patients in the present series who developed IMN
recurrence in the interval from 2006 to 2010, when
SLN biopsy was the standard of care, had presented
with clinically involved axillary nodes and had undergone
ALND without previous SLN biopsy, and all had received
systemic chemotherapy and radiotherapy. Distant disease
was detected concurrently in all patients, suggesting that
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the IMN recurrence was part of a systemic relapse rather
than a mere failure to treat unrecognized IMN disease.

This study has shown that SLN biopsy with blue dye
alone performs well in experienced hands and is rarely
associated with serious allergic reactions. Radiocolloid
imaging is not expected to reduce non-identification
rates significantly, nor is it expected to change treatment
recommendations in most instances, even with the added
advantage of IMN evaluation. Its technical simplicity
without the need for special equipment, specially trained
personnel or additional logistic planning, or the need for
radioactivity licensing and monitoring, makes SLN biopsy
with blue dye particularly applicable to centres that do not
have in-house nuclear medicine facilities.
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Editor’s commentary

Sentinel lymph node biopsy is the standard of care for staging the axilla in early breast cancer. Using dual
markers, radiocolloid tracer and blue dye, the sentinel nodes can be identified reliably with low false-negative
rates. Radiocolloid tracer alone is as good as the combination of markers. Blue dye alone, however, is technically
more challenging and requires careful dissection. In experienced hands, as here, the sentinel node identification
rates are good and false-negative rates are low, but these results may not be generalizable for all settings,
especially where there are low procedure volumes and less experienced surgeons.
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