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Abstract

Background: A combination of scintigraphy and a lymphotropic dye (patent blue dye
(BD)) is the recommended technique to detect the sentinel lymph node (SLN) in early
breast cancer. This study determined the effect of clinical factors on SLN identification
in the sentinel node biopsy versus axillary clearance (SNAC) trial.
Methods: A total of 1088 women were registered. Lymphatic mapping was performed
using preoperative lymphoscintigraphy (LSG) and gamma probe (GP) combined with
peritumoural injection of patent BD (971 patients) or BD alone (106 patients).
Results: SLNs were identified in 1024 women (94%), localized with LSG in 779
(81.4%), and were identified by GP in 879 (91.8%). The BD identified SLNs in 890 of
1073 (82%) women. Three patients had allergic reactions. BD detected the SLNs in
141 of 178 women with negative LSG mapping and in 44 of 79 women with no hot
SLNs detected intraoperatively. Age, body mass index (BMI) and tumour presentation
(screen detected versus symptomatic) were significantly related to the identification of
the SLN. For BD, the primary tumour location was significantly related to identifica-
tion rate. The detection of blue SLN was significantly lower in women with inner
quadrant tumours.
Conclusion: The combined technique resulted in a high identification rate. BD con-
tributed to the identification of the SLNs in patients where LSG and GP failed to
identify the sentinel node. Special attention to these techniques is needed in particular
groups of patients such as those with high BMI, screen-detected primary tumours and
tumour located in the inner quadrants.

Introduction

Sentinel lymph node biopsy (SLNB) is used for the lymph node
status exploration in women early breast cancer and clinically
negative nodes. Currently, a combination of preoperative lympho-
scintigraphy (LSG) mapping, intraoperative gamma probe (GP) and
blue dye (BD) mapping is recommended for optimal detection of the
sentinel lymph nodes (SLNs).

BDs were used in the early studies of SLNB before the introduc-
tion of radioactive colloids.1 They include patent blue V (PBV) and
isosulfan blue. PBV is used in textile industries and as a food
colorant, which can result in sensitization.2 Many studies have sug-

gested that the detection of the SLN using a combination of BD with
a radioactive tracer is superior to single-agent detection.3–6 Others
maintained that a high identification rate can be achieved by
mapping the lymphatics with BD alone.7

The BD can cause allergic reactions mediated via immunoglobu-
lin E.2 The reported incidence of allergic reactions varies from
0.007% to 2.7%.8 Other adverse effects include blue discoloration of
skin and interference with oximeter readings.9

The aim of our analyses is to define the contribution of each
detection technique on the identification of SLNs in women involved
in the sentinel node biopsy versus axillary clearance (SNAC) trial
who were randomized to either SLNB with axillary clearance only if
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the removed SLNs were positive (SLNBM group) or SLNB fol-
lowed by immediate axillary clearance (AC).

Methods

The design and conduct of the SNAC trial were described previ-
ously.10 A total of 1088 women were randomized and their data,
which were collected prospectively, combined for this analysis.
SLNs were identified as previously described. Further, 2–4 mL of
antimony sulphide colloid (20–40 MBq technetium-99) was injected
preoperatively and a similar volume of PBV dye was injected via a
peritumoural route after induction of anaesthesia.

Statistical analysis

Statistical analysis was carried out using SPSS software package,
version 18 (SPSS Inc., Chicago, IL, USA). Chi-square test was used
for analysis of the correlation of SLN identification with categorical
variables including the clinical and histological features of primary
tumours and with nominal data of clinical presentation such as
associated illness. Binary logistic regression was used to analyse
continuous variables (age, body mass index (BMI) and the primary
tumour size). P-values less than 0.05 were considered statistically
significant. All tests were two-tailed. All tumour characteristics,
site and patient-related variables were included in the univariate
analyses and only significant variables were included in multivariate
analyses.

Results

The protocol for SLN mapping was identical in both groups, which
were randomized prior to surgery. The results have therefore been
combined as a single group in our analyses. The clinical and surgical
characteristics of the women involved in the SNAC trial have been
previously described.10

BD injection was used to detect the SLNs in 98% of all patients (n
= 1073), whereas 88% of all patients underwent preoperative LSG
and intraoperative GP. BD injection was used as the sole detection
technique in 106 patients. A combination of preoperative LSG and
intraoperative GP and BD injection was used in 940 patients (87%).

Overall outcomes of SLNB

The SLN was identified in 1024 patients (94.6%). Ninety-three
per cent of SLNs removed were located in the axilla and 5.7% in the
internal mammary chain. Eighty-eight patients (8.6%) had internal
mammary SLN removal and preoperative LSG identified the internal
mammary SLNs in 74 patients (7.2%).

Localization of SLNs with preoperative LSG

Preoperative LSG was used in 957 patients and detected SLNs in
779 patients (identification rate of 81.4%). The median number of
SLNs visualized was 1.39. One node was removed in 56% of
patients who underwent this technique; two nodes in 30%; and three
or more in 9.2%. Preoperative mapping failed in 178 patients: no
SLN was ultimately detected in 37 patients, whereas 141 of these
had successful detection of SLN with intraoperative techniques
(Fig. 1). SLN localization failed more often in elderly and obese

women and those who had any associated co-morbidity (Table 1).
Multivariate analysis demonstrated that age (P < 0.0001, odds ratio
(OR): 0.948, 95% confidence interval (CI): 0.929–0.966) and BMI
were the only significant predictors of SLN detection with LSG
(P < 0.0001, OR: 0.944, 95% CI: 0.916–0.972) (Table 1).

Outcome of SLN identification with PBV dye

Blue SLNs were removed in 890 of 1073 patients (82.9%). The
median number of removed blue SLNs was 1 (range 0–6). One blue
SLN was removed in 85% of all patients who had blue SLN, two in
29.6% of patients and three SLNs in 9.4% of patients. More than
three blue SLNs were retrieved in 2.8% of patients. Allergic
reactions from the use of BD were reported in three patients
(0.3%).10

The identification rate among patients who had BD injection only
as the identification technique was 85.8% (91 of 106 patients). The
median number of retrieved blue SLNs was 1 (range 0–3).

The results of univariate analyses of the clinical and pathological
factors influencing the detection of blue SLNs are shown in Table 2.

Multivariate analysis revealed that BMI, tumour site, age and
oestrogen receptor status were significant predictors of blue SLN
detection. The P-values and odds ratios of multivariate analysis are
shown in Table 3.

Detection of sentinel nodes with the GP

The GP was used to detect SLNs in 958 patients; hot nodes were
identified in 879 patients (92%) (Fig. 2). The number of hot SLNs
ranged from 0 to 7. The median number of hot nodes removed was 1.
The use of the intraoperative GP significantly improved the detection
of sentinel nodes (P < 0.0001, OR: 5.331, 95% CI: 2.997–9.484).

The GP identified SLN in 747 of 779 patients who had SLN
visualized with LSG and 109 of the 178 patients who had no SLN
detected (Fig. 1). Failure to detect a SLN with preoperative LSG
resulted in failed intraoperative detection by the GP in 39% (69/178)
of patients compared with 2.5% (18/729) of those with a positive
LSG. The difference is highly significant (P < 0.001, OR: 257, 95%
CI: 15.35–46.7).

957 pa�ents had 
preopera�ve LSG 

Preopera�ve LSG 
iden�fied SLNs in 779 

pa�ents 

744 pa�ents had hot 
SLNs detected with 

gamma probe and 672 
had blue  SLNs retrieved 

intraopera�vely 

Detec�on of the SLNs 
failed  in 178 pa�ents

SLNs were inden�fied in 
141 out of 178 pa�ents  

with the blue dye  

109 out of 178 pa�ents 
had hot SLNs  were 

iden�fied  with gamma 
probe

Fig. 1. Outcomes of sentinel lymph node (SLN) detection in patients who
underwent preoperative lymphoscintigraphy (LSG).
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In 79 patients, the GP failed to detect hot SLNs (8.2%), and in 34
of 79 patients, no SLN was detected even with other techniques. BD
detected SLNs in 44 patients who had no hot SLNs identified
(Fig. 2).

The multivariate analysis revealed that the detection of hot SLNs
was significantly lower in those who had prior open biopsy
(P = 0.003). The identification rates in patients who were diagnosed
with core biopsy, cytology and open biopsy were 91%, 93.8% and
82.2%, respectively. The primary tumour site, age and BMI were
also significant predictors.

Detection of the SLN with the combined
technique

Thirty-one centres used a combination of BD and scintigraphy. Nine
hundred forty patients underwent preoperative LSG mapping fol-

lowed by intraoperative GP and BD injection to detect SLNs. The
identification rate was high in this group (96.4%). The median
number of removed SLNs was 1.7.

The patient distribution and univariate analysis of the combined
techniques are shown in Table 4.

Multivariate analysis showed that the BMI and the site of the
primary tumour were significant predictors (Table 5).

Overall outcomes of SLN detection in the SNAC
trial

The analysis of overall outcomes includes all patients and is inclu-
sive of all techniques of detection. Univariate analyses revealed that
age, BMI, associated co-morbidity, mode of presentation and palpa-
bility of primary tumour were significant factors. On multivariate
analysis, only BMI (OR: 0.945, 95% CI: 0.902–0.989) and the mode

Table 1 Outcomes of univariate analysis of clinicopathological features that influence the detection of SLN with preoperative lymphoscintigraphy

Features Total no. of patients in each
subgroup

No. of patients with
localized SLN on

preoperative LSG (% from
each subgroup)

No. of patients with
unsuccessful detection of

SLN (% from each
subgroup)

P-value

Age (years)
≤30 6 6 (100) 0 (0) <0.001
31–49 196 182 (92.9) 14 (7.1)
50–69 636 507 (79.7) 129 (20.3)
≥70 120 85 (70.8) 35 (29.2)

BMI
18.5–25 313 282 (90) 31 (10) <0.001
>25–30 286 223 (78) 63 (22)
>30 281 214 (76.2) 67 (23.8)

Co-morbidity
No associated illnesses 543 454 (83.6) 89 (16.4) <0.05
Presence of co-morbidity 414 325 (78.5) 89 (21.5)

BMI, body mass index; LSG, lymphoscintigraphy; SLN, sentinel lymph node.

Table 2 Outcomes of univariate analyses of clinical and pathological factors influencing the detection of the blue SLN

Features Total no. of patients
in each subgroup

No. of patients who had blue
SLN identified (% from the

total number of patients
in each subgroup)

No. of patients who had no
SLN detected with blue dye

(% from the total number of patients
in each subgroup)

P-value

Age (years)
≤30 6 6 (100) 0 (0) <0.001
31–49 230 207 (90) 23 (10)
50–69 711 566 (97.6) 145 (20.4)
≥70 136 110 (80.9) 26 (19.1)

BMI
18.5–25 348 314 (90.2) 34 (9.8) <0.001
>25–30 322 273 (84.8) 49 (15.2)
>30 316 242 (76.6) 74 (23.4)

Clinical presentation
Symptomatic 454 394 (86.8) 60 (13.2) <0.05
Screen detected 619 494 (79.8) 125 (20.2)

Tumour site
Upper outer quadrant 530 462 (87.2) 68 (12.8) <0.001
Upper inner quadrant 192 145 (75.5) 47 (24.5)
Central 119 103 (86.6) 16 (13.4)
Lower inner quadrant 92 65 (70.7) 27 (29.3)
Lower outer quadrant 140 113 (80.7) 27 (19.3)

Oestrogen receptor status
Oestrogen receptor positive 864 732 (84.7) 132 (15.3) <0.05
Oestrogen receptors negative 182 143 (78.6) 39 (21.4)

BMI, body mass index; SLN, sentinel lymph node.
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of presentation of the primary tumours (OR: 0.461, 95% CI: 0.204–
1.043) were significant predictors of the SLNB outcomes (Table 6).

Identification and retrieval of involved SLNs

Three hundred sixty-five sentinel nodes contained metastases. The
involved SLNs were identified in 267 patients who had a combined
technique and the total number of involved SLNs in this group was
324 nodes. The details for 12 nodes were missing. Using the GP,
94.4% of all positive SLNs were detected; 86.4% of all positive
nodes were blue nodes and 82.7% of positive sentinel nodes were
seen on the preoperative LSG. Nine of the involved SLNs (2.8%)
were identified only with the BD technique and 6 of the involved
SLNs (1.9%) were detected only with GP.

The involved SLN were categorized according to their order of
removal. More than three quarters (279 of 365) of all positive SLNs
were the first node removed. Seventy-three out of 365 of all positive
sentinel nodes were the second-retrieved SLN (20%), 13 positive
nodes (3.5%) were the third-retrieved SLN and only one node was
the fourth node.

Discussion

Our study has delineated the contribution of the various techniques
used in the SNAC trial and has immediate relevance to the practice
of SLNB in Australasia.

Our findings confirmed that SLN identification was highest using
the combined technique and support its continued use.3–6,11 A high
BMI was correlated with a lower detection rate of the SLN, consist-
ent with other studies.12,13 However, the clinical impact of the
obesity was only marked in patients when the BMI exceeded 30.

The SLNs were visualized in 81% of patients who underwent
mapping with LSG. Although the detection rate was lower than that
anticipated, it is consistent with the rates reported in other multi-
centre trials with a similar design such as the ALMANAC trial
(69.3%, 490/707 patients).14 The detection of internal mammary and
extra-axillary nodes was also less than anticipated, compared with a
rate of 36% using a peritumoural injection route in results from a
centre with dedicated nuclear medicine personnel.15 The SNAC trial
results, however, reflect the outcomes achieved across a range of
institutions and personnel. They do, however, indicate that continued
monitoring of the technique may be appropriate to ensure continuing
quality assurance. The lower detection of internal mammary SLNs
in the SNAC trial may also be attributed to the inconsistency of
peritumoural injection of the tracers as more than half of patients had
screen-detected primary tumours and many were impalpable (the
use of ultrasound to direct the tracer injection was neither specified
nor recorded in the SNAC trial protocol). The identification of SLNs
with LSG decreased in obese and older patients, but we found no
correlation between primary tumour characteristics and detection of
the SLN with preoperative LSG.

Our results support the continued use of preoperative LSG as it
enhances the identification of non-axillary nodes particularly inter-
nal mammary nodes, which may lead to a change in adjuvant therapy
and also can indicate to the surgeon when multiple SLNs are
expected.16 Furthermore, the failure of identification of a hot node
on the LSG can alert the surgeon to an increased risk of failure to
identify the SLN with the GP and to include BD in the procedure.

Detection of hot SLNs was significantly correlated with age, BMI,
method of diagnosis and site of the primary tumour. The location of
the primary cancer was the only independent tumour-related factor
that predicted SLN identification, which may reflect a longer transit
time of tracer movement in the case of inner quadrant cancers.

Table 3 Results of multivariate analyses of clinicopathological factors influencing the detection of the blue sentinel lymph nodes

Features P-value Odds ratio 95% confidence interval

Lower Upper

Age <0.01 0.973 0.956 0.991
BMI <0.001 0.944 0.917 0.972
Tumour presentation <0.01 1.603 1.086 2.366
Tumour site† <0.01

Upper outer quadrant >0.05 1.240 0.712 2.162
Upper inner quadrant >0.05 0.613 0.331 1.132
Central >0.05 1.034 0.498 2.148
Lower inner quadrant <0.05 0.403 0.201 0.808
Oestrogen receptors status <0.01 0.548 0.356 0.845

†The lower outer quadrant site is the reference site. BMI, body mass index.

958 pa�ents had 
intraopera�ve GP

GP inden�fied SLNs in 
879 pa�ents 

Detec�on of the SLNs 
failed  in 79 pa�ents 

Blue dye detected SLNs in 
44 out of 79 pa�ents 

Fig. 2. Illustrates the outcomes of the intraoperative gamma probe (GP).
SLN, sentinel lymph node.
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It may also reflect lymph drainage to internal mammary nodes only.
Interestingly, prior open biopsy was associated with an increased
risk of failure of SLN identification with the GP. Similar results were
reported by Estourgie et al.17

The BD technique identified a SLN in 890 of 1073 patients
(82%). BD had an important salvage role in the SNAC trial when
SLN identification failed using the GP and LSG. Blue SLNs were
retrieved in 56% and 79% of patients with unsuccessful identifi-
cation of the SLN with the GP and LSG, respectively. The use of
BD is recommended in patients who have unsuccessful SLN detec-
tion utilizing the radioactive tracer in order to improve the detec-
tion rate.18,19 Degnim et al. first suggested that BD could have a
role in the detection of the SLN in a small series when the iden-
tification failed using a radioactive tracer.19 White et al. confirmed
this and reported a low rate of severe anaphylactic reactions

ranging from 0.06% to 0.4%.20 Thus, there is merit in the use of
patent blue in a combined technique, which could outweigh con-
cerns about allergic reactions. Australian data reported in a survey
of members of the BreastSurgANZ group similarly reported a low
incidence of anaphylactic reactions to BD in 0.15%.21 Age and
BMI were again significant predictors of SLN detection using
this technique. These findings are consistent with the results of
Cody et al.22 and Nos et al.,23 who used the peritumoural injection
route.

Overall, SLNB was an accurate regional staging procedure in the
SNAC trial. Our analyses suggest that particular attention should be
directed to this technique in the presence of particular clinical factors
such as obesity, a cancer located in the inner quadrant or a screen-
detected primary tumours. BD enabled the detection of SLN when
use of scintigraphy and GP failed and retention of its use in a

Table 4 Outcomes of univariate analyses of clinicopathological factors of women who had sentinel lymph node biopsy using the combined technique
(lymphoscintigraphy, gamma probe and blue dye)

Features Total no. of patients
in each subgroup

No. of patients who had the
combined technique (% from
the total number of patients

in each subgroup)

No. of patients with
unsuccessful detection of

SLN (% from the total
number of patients in each

subgroup)

P-value

Age (years)
≤30 194 192 (99) 2 (1) <0.05
31–49 623 595 (95.5) 28 (4.5)
50–69 117 111 (94.9) 6 (5.1)
≥70 194 192 (99) 2 (1)

BMI
18.5–25 307 300 (97.7) 7 (2.3) <0.01
>25–30 284 276 (97.1) 8 (2.8)
>30 274 257 (93.8) 17 (6.2)

Tumour presentation
Symptomatic 397 389 (98) 8 (2) <0.01
Screen detected 543 516 (95) 27 (5)

Co-morbidity
No associated illness 532 520 (97.7) 12 (2.3) <0.01
Presence of associated illnesses 408 384 (94.1) 23 (5.6)
Presence of diabetes mellitus 58 53 (91.4) 5 (8.6) <0.05
Absence of diabetes mellitus 872 842 (96.6) 30 (3.4)
Presence of hypertension disorder 205 191 (93.2) 14 (6.8) <0.01
Absence of hypertension disorder 725 704 (97.1) 21 (2.9)

Tumour site
Upper outer quadrant 463 455 (98.3) 8 (1.7) <0.01
Upper inner quadrant 166 153 (92.2) 13 (7.8)
Central 107 101 (94.4) 7 (6.5)
Lower inner quadrant 75 71 (94.7) 4 (5.3)
Lower outer quadrant† 129 125 (96.9) 4 (3.1)

†The lower outer quadrant site is the reference site. BMI, body mass index; SLN, sentinel lymph node.

Table 5 Multivariate analyses of factors influencing the identification of sentinel lymph node with the combined technique

Features P-value Odds ratio 95% confidence interval

Lower Upper

BMI <0.01 0.924 0.874 0.976
Tumour site† <0.01

Upper outer quadrant >0.05 1.023 0.212 4.926
Upper inner quadrant >0.05 0.198 0.043 0.915
Central >0.05 0.276 0.054 1.422
Lower inner quadrant >0.05 0.308 0.054 1.756

†The lower outer quadrant site is the reference site. BMI, body mass index.
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combined technique is recommended. The removal of three SLNs
provides accurate information on nodal status without more exten-
sive dissection.
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