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RESUMO
Introdução: A biópsia do gânglio sentinela é atualmente o procedimento cirúrgico standard para o estadiamento ganglionar em 
doentes com cancro da mama em estádio precoce, sendo realizado com recurso a diferentes técnicas, como a injeção de corantes 
vitais e/ou de radioisótopos e, mais recentemente, guiada por fluorescência utilizando o verde de indocianina. O objetivo deste estudo 
é avaliar a acuidade global do verde de indocianina na identificação do gânglio sentinela em doentes com cancro da mama e de acordo 
com fatores relacionados com a doente e com o tumor.
Material e Métodos: Estudo retrospetivo numa amostra aleatória de doentes com cancro da mama seguidas e tratadas no Centro 
Hospitalar São João no período entre 2012 e 2016.
Resultados: Obtivemos uma taxa de deteção do gânglio sentinela no cancro da mama pelo verde de indocianina superior a 90% e 
uma performance diagnóstica deste método similar às outras técnicas descritas na presença de metástases ganglionares. 
Discussão: Não se verificaram diferenças estatisticamente significativas entre os três métodos relativamente às taxas de deteção no 
subgrupo de mulheres mais velhas, normoponderais, nas que tinham realizado tratamento prévio à mama ou à axila e nas que foram 
submetidas a quimioterapia neo-adjuvante.
Conclusão: O verde de indocianina é um potencial método alternativo a outras técnicas de pesquisa do gânglio sentinela, afigurando-
se como opção futura para os hospitais que não possuem serviço de Medicina Nuclear. Contudo, é essencial a realização de novos 
estudos no sentido de definir o perfil das doentes que maximiza a sua eficácia.
Palavras-chave: Biópsia do Gânglio Sentinela; Neoplasias da Mama; Verde de Indocianina
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ABSTRACT
Introduction: Sentinel lymph node biopsy is currently the standard surgical procedure for lymph node staging in patients with early 
stage breast cancer. It is performed using different techniques, such as the injection of vital dyes and / or radioisotopes and, more 
recently, guided by fluorescence using Indocyanine green. The aim of this study is to assess the detection rate of sentinel lymph node 
using Indocyanine green in breast cancer patients according to factors related to the patient and the tumor.
Material and Methods: Retrospective study of a random sample of patients with breast cancer, treated and followed at Centro 
Hospitalar São João, in Porto, between 2012 and 2016.
Results: Indocyanine green detection rate was over 90% and its diagnostic accuracy was similar to other methods described in the 
presence of metastatic involvement of lymph nodes.
Discussion: There was no statistically significant difference between the three methods in the detection rates in subgroups of older 
women, with normal weight and in those who underwent previous surgery in breast or axilla or neo-adjuvant chemotherapy.
Conclusion: Indocyanine green is a potential alternative method to other sentinel lymph node screening techniques, appearing as a 
future option for breast cancer centers with no nuclear medicine department. However, it is essential to carry out further research in 
order to define the ideal patients’ profile that maximizes the method’s effectiveness.
Keywords: Breast Neoplasms; Indocyanine Green; Sentinel Lymph Node Biopsy

INTRODUCTION
	 Breast cancer is the second leading cancer worldwide, 
the most frequent in women and the fifth leading cause of 
cancer-related death worldwide, with an increasing inci-
dence.1,2 It is the leading cause of cancer-related death in 
women and the second leading cause in developed coun-
tries, second only to lung cancer.1

Axillary lymph node status is one the major prognos-
tic factors in patients with early breast cancer and with the 
greatest impact in staging and in treatment decision.2-6

Histology remains the most accurate diagnostic method 
for axillary staging,3,7-9 which has been traditionally obtained 
by axillary lymph node dissection.2,10,11 However, this radical 
approach is associated with a significant morbidity, includ-
ing pain, upper limb lymphedema, shoulder stiffness and 
weakness, seroma formation, nerve and vascular injury, 
among other complications, with subsequent impact on mo-
bility and function, negatively affecting patient’s quality of 
life.10-12 The introduction of sentinel lymph node (SLN) (the 
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first few lymph node or nodes into which the tumour drains) 
biopsy was an important step towards a decline in axillary 
surgery and morbidity10-13 and is currently considered as the 
standard surgical procedure in patients with early breast 
cancer and no clinical or imaging evidence of axillary lymph 
node involvement.2,3,7,8,14,15 

SLN detection has been obtained by the use of different 
techniques, among which the triple technique is currently 
the gold standard [combining the use of Tc-99m radioiso-
tope (RI) - lymphoscintigraphy and intraoperative gamma 
probe detection – with vital blue dye (BD)], allowing for high-
er accuracy and higher detection rates than each method 
used separately.14,16,17 However, there is still no consensus 
regarding which is the best technique as, despite the ad-
vantages, different drawbacks are also involved, namely 
the use of radioactive elements and subsequent logistics 
involved with its manipulation and preoperative preparation, 
in the case of the RI.3,5,8,18,19 The chance of allergic reactions 
and tissue necrosis have been associated with the use of 
a BD.20 The need for alternative techniques has therefore 
emerged, namely the use of non-radioactive agents, such 
as indocyanine green (ICG),18 a low molecular weight, non-
toxic and non-radioactive substance, currently used in dif-
ferent medical areas.6,11,14,20,21 The ICG fluorescence-guided 
SLN biopsy has been recommended by different authors 
in recent studies as a safe and promising method for the 
detection of metastatic lymph nodes and with potential ben-
efits when compared to the radioisotope.8,11

This study aimed at the assessment of ICG global ac-
curacy for SLN detection in patients with breast cancer and 
according to patient and tumour-related factors.

MATERIAL AND METHODS
Methodology

This was a retrospective study involving the analysis of 
medical records of patients with breast cancer attending the 
Breast Centre at Centro Hospitalar São João.

Sample and data collection
A group of 232 patients with breast cancer was involved 

in the study. Only patients having undergone surgery be-
tween 2012 and 2016 in whom ICG was used in SLN de-
tection were included in the study. Up to four patients were 
randomly selected each year and each month throughout 
the study period, by the use of a randomization app (www.
random.org).

Data regarding patients, the tumour, the SLN detec-
tion technique and the number of detected lymph nodes 
with each technique, as well as the presence of metastatic 
lymph nodes were collected. Data on previous local/region-
al or systemic therapies were also obtained.

Surgical technique
The protocol that was validated for the use of Tc-99m in 

our institution was applied to the group of patients in whom 
the RI was one of the detection methods and was applied 
by using a preoperative peritumoral administration, carried 

out approximately 12-18 hours before surgery.
A 1 mL dose of patent blue vital dye (S.A.L.F., 50 mg/2 

mL, Italy) was injected in sub-areolar lymphatic plexus, fol-
lowed by a gentle 3-5 min massaging technique.

The ICG fluorescence-guided SLN biopsy was carried 
out by using the Photodynamic Eye (PDE) system, Hama-
matsu, Japan. ICG (VerDye 25 mg – 5 mg/mL, Diagnos-
tic Green GmbH, Germany) was diluted in 5 mL of saline 
solution. Immediately before surgery and regardless of the 
tumour location, patients have received a peritumoral injec-
tion (dose range, 0.5 – 2 mL), under general anaesthesia, 
followed by a 3-5 min massaging technique. Dose was 
based on patient’s body mass index (BMI), breast volume 
and ptosis as well as on tumour location. The lights of the 
operating room were turned off a few minutes later and the 
lymphatic drainage was visualized in real time up to the ax-
illary region due to the fluorescence emitted by ICG and 
using the PDE infra-red probe. 

All blue, radioactive (hot) or fluorescent lymph nodes, 
in addition to all lymph nodes clinically suspicious of meta-
static involvement were considered as SLN. Their charac-
teristics regarding the marking (blue vs. hot vs. green/fluo-
rescent) were recorded. 

Lymph nodes were subsequently processed by the 
standard method (inclusion of samples in paraffin wax and 
haematoxylin-eosin – HE staining) in the presence of ductal 
carcinoma in situ (DCIS) or after neoadjuvant chemothera-
py (CT). The remaining cases were processed by using the 
OSNA molecular method (one-step nucleic acid amplifica-
tion).22,23

Statistical analysis
Data were analysed with the STATA®, version 11.2 

(StataCorp LP, College Station, Texas, EUA) software. The 
detection rate for each SLN detection method was deter-
mined by the number of lymph nodes detected with each 
method, divided by the total number of lymph nodes de-
tected in each patient. Estimated 95% confidence intervals 
(95% CI) were considered, assuming a binomial distribution 
and the binomial test was used for the comparison of the 
detection rate among the different methods, considering the 
diagnostic performance equality as null hypothesis. Mean 
and standard deviation of the number of lymph nodes de-
tected were also calculated for each method and means 
were compared by use of Student’s t-test. These were ob-
tained for the whole group of patients and by subgroups ac-
cording to the patient’s characteristics, considering patient’s 
age (< 70 and ≥ 70 years of age), BMI (< 20, 20 - 25, 26 - 30 
and > 30 kg/m2), previous breast or axillary treatment (no 
and yes) and the use of neoadjuvant CT (no and yes). The 
same procedures were carried out for the analysis of detec-
tion of metastatic lymph nodes.

Ethical aspects
This study was submitted and approved by the Ethics 

Committee of the Centro Hospitalar de São João / Facul-
dade de Medicina da Universidade do Porto. Due to the 
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retrospective nature of data collection, this study qualified 
as exempt of informed consent.

RESULTS
A median age of 58 years at diagnosis (range: 25-92) 

and a median BMI of 25.71 kg/m2 (range: 18.29 – 43.28 kg/
m2) were found in our group of 232 patients. From our group 
of patients, 13 (5.6%) had undergone previous breast or ax-
illary treatments and 14 (6.0%) had undergone neoadjuvant 
CT (Table 1).

The global diagnostic performance of each of the three 
methods is shown in Table 2. Higher mean number (± 
standard deviation) of SLN was detected with the ICG when 
compared to the BD (1.66 ± 1.09 vs. 1.38 ± 0.90, p < 0.001) 
and lower when compared to the RI (1.66 ± 1.09 vs. 1.87 ± 
1.01, p = 0.002).

The use of ICG (applied to the whole group of patients) 

allowed for the detection of SLN in 212 patients, correspond-
ing to a 91.4% detection rate (95% CI: 87.0% - 94.6%). 
BD was used in 228 patients, allowing for the detection of 
SLN in 204 of these (detection rate: 89.5%; 95%CI: 85.5% 
- 93.5%), while the RI was used in 71 patients and SLN 
were identified in 69 of these (detection rate: 97.2%; 95% 
CI: 90.2% - 99.6%). The ICG method was not lower than BD 
regarding the detection rate (p = 0.852), while a lower rate 
was found when compared to the RI method (p < 0.001).

When comparing the detection rate of the three meth-
ods according to patient’s characteristics (Table 1 and Fig. 
1), we have found that ICG was not lower to BD in terms 
of SLN detection in any of the subgroups that were consid-
ered, while a higher detection rate was found with the use 
of RI in patients under the age of 70 (p < 0.001), with no 
previous breast or axillary treatment (p < 0.001) and in pa-
tients who did not undergo any neoadjuvant CT (p < 0.001). 
No statistically significant differences were found as regards 
the performance of the tests in the subgroup of older pa-
tients (p = 0.433), normal-weight (BMI 20 - 25 kg/m2) (p = 
0.841), patients with no previous breast or axillary treatment 
(p = 0.159) and in patients who underwent neoadjuvant CT 
(p = 0.323).

The diagnostic performance (detection of metastatic 
lymph nodes) of each method is shown in Table 3. The av-
erage (± standard deviation) number of metastatic lymph 
nodes detected with the ICG method was similar to the BD 
(0.42 ± 0.66 vs. 0.37 ± 0.60, p = 0.110) and higher when 
compared to the RI (0.42 ± 0.66 vs. 0.39 ± 0.62, p = 0.033).

A 33% (95% CI: 26.7% - 39.8%), 31.4% (95% CI: 25.1% 
- 38.2%) and 31.9% (95% CI: 21.2% - 44.2%) detection 
rates were found with ICG, BD and RI methods, respective-
ly. No statistically significant differences as regards the de-
tection rate of metastatic lymph nodes were found between 
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Figure 1 – Lymph node detection rate and 95% confidence intervals, according to patient’s characteristics
* No previous breast or axillary treatment; ** With previous breast or axillary treatment; ¤ With no neoadjuvant chemotherapy; ¤¤ With neoadjuvant chemotherapy;
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Table 1 – Patient characteristics

n (%)
Total 232

Age (years)
   < 70
   ≥ 70

182 (78.4)
50 (21.6)

BMI (kg/m2)
   < 20
   20 - 25
   26 - 30
   > 30

10 (5.0)
94 (47.0)
55 (27.5)
41 (20.5)

Previous breast or axillary treatment
   No
   Yes

219 (94.4)
13 (5.6)

Neoadjuvant chemotherapy
   No
   Yes

218 (94.0)
14 (6.0)
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the three methods, globally and according to patient’s char-
acteristics (Fig. 2).

A total of 225 SLN were detected in patients who under-
went the combined ICG/BD method [188 were fluorescent 
and blue (83.6%), 21 were only fluorescent (9.3%) and 16 
were only blue (7.1%)]. A total of 73 metastatic lymph nodes 
were detected in this group [58 were fluorescent and blue 
(79.5%), nine were only fluorescent (12.3%) and six were 
only blue (8.2%)].

A total of 67 SLN were detected in patients who under-
went the combined BD/RI method [61 were blue and hot 
(91.0%), two were only blue (3.0%) and four were only hot 
(6.0%)]. A total of 20 metastatic lymph nodes were detected 
in this group [14 were blue and hot (70.0%), two were only 
blue (10.0%) and three were only hot (15.0%)].

A total of 69 SLN were detected in patients who under-
went the combined ICG/RI method [61 were fluorescent 
and hot (88.4%) and eight were hot (11.6%)]. A total of 22 
metastatic lymph nodes were detected in this group [19 
fluorescent and hot (86.4%) and three were hot (13.6%)].

A total of 67 SLN were detected in patients who under-
went the three methods  [56 were fluorescent, blue and hot 
(83.6%), two were green and hot (3.0%), five were blue 
and hot (7.5%), two were only blue (3.0%) and two only hot 
(3.0%)]. A total of 16 metastatic lymph nodes were detected 
in this group [12 were fluorescent, blue and hot (75.0%), 
one was green and hot (6.3%), one was blue and hot 
(6.3%), one was only blue (6.3%) and one only hot (6.3%)].

DISCUSSION
A > 90% detection rate with the use of the ICG fluores-

cence-guided breast cancer SLN biopsy method and a sim-
ilar diagnostic performance in the presence of metastatic 
lymph nodes when compared to the remaining techniques 
have been found in our study.

The axillary lymph node status remains as a relevant 
outcome factor in patients with early breast cancer and cru-
cial for the selection of the more adequate adjuvant treat-
ment, despite the increasing relevance of tumour biology in 
treatment decision.8 Lymph node mapping and SLN biopsy 
allow for lymph node staging with a high efficacy through a 
minimally invasive way, having been accepted as an alter-
native to the axillary lymph node dissection and reducing 
the associated morbidity.2 

The BD / technetium RI (Tc-99m) combined technique 
(lymphoscintigraphy and intraoperative detection) has been 
considered as the standard method, with 95 to 97% detec-
tion rates, according to literature.2,24 However, expensive 
equipment and logistics related to the manipulation of ra-
dioactive material and to preoperative preparation are re-
quired with the use of RI, restricting its use to major centres 
(with a high number of patients) provided with a Nuclear 
Medicine department.3,5,11,18,19 The fact that no intraoperative 
visual information nor a structured and sequential dissec-
tion is provided by this technique is worth mentioning, as 
lymph nodes are detected as hot spots, regardless of the 
anatomical lymphatic flow.15-18,24 Ta

bl
e 

2 
– 

N
um

be
r o

f l
ym

ph
 n

od
es

 a
nd

 d
et

ec
tio

n 
ra

te
 a

cc
or

di
ng

 to
 p

at
ie

nt
’s

 c
ha

ra
ct

er
is

tic
s

N
um

be
r o

f p
at

ie
nt

s 
w

ith
 

de
te

ct
ed

 ly
m

ph
 n

od
es

 /
To

ta
l n

um
be

r o
f p

at
ie

nt
s

N
um

be
r o

f m
et

as
ta

tic
 ly

m
ph

 n
od

es
(m

ea
n 

± 
st

an
da

rd
 d

ev
ia

tio
n)

D
et

ec
tio

n 
ra

te
(%

, 9
5%

 c
on

fid
en

ce
 in

te
rv

al
)

G
re

en
B

lu
e

H
ot

G
re

en
B

lu
e

G
re

en
 

< 
B

lu
e

H
ot

G
re

en
 <

 
H

ot
G

re
en

B
lu

e
G

re
en

 <
 

B
lu

e
H

ot
G

re
en

 <
 

H
ot

To
ta

l
21

2/
23

2
20

4/
22

8
69

/7
1

1.
66

 ±
 1

.0
9

1.
38

 ±
 0

.9
0

< 
0.

00
1

1.
87

 ±
 1

.0
1

0.
00

2
91

.4
 (8

7.
0 

- 9
4.

6)
89

.5
 (8

5.
5 

- 9
3.

5)
0.

85
2

97
.2

 (9
0.

2 
- 9

9.
6)

< 
0.

00
1

A
ge

 (y
ea

rs
)

   
< 

70
   

≥ 
70

16
6/

18
2

46
/5

0
16

1/
17

8
43

/5
0

55
/5

6
14

/1
5

1.
62

 ±
 1

.0
5

1.
82

 ±
 1

.2
2

1.
32

 ±
 0

.7
9

1.
58

 ±
 1

.2
0

< 
0.

00
1

0.
91

4
1.

91
 ±

 0
.9

8
1.

73
 ±

 1
.1

6
< 

0.
00

1
0.

69
7

91
.2

 (8
6.

1 
- 9

4.
9)

92
.0

 (8
0.

8 
- 9

7.
8)

90
.4

 (8
5.

1 
- 9

4.
3)

86
.0

 (7
3.

3 
- 9

4.
2)

0.
68

1
0.

93
3

98
.2

 (9
0.

4 
- 9

9.
9)

93
.3

 (6
8.

0 
- 9

9.
8)

< 
0.

00
1

0.
43

3

B
M

I (
K

g/
m

2 )
   

< 
20

   
20

 - 
25

   
26

 - 
30

   
> 

30

8/
10

90
/9

4
50

/5
5

35
/4

1

9/
10

88
/9

1
45

/5
5

33
/4

0

2/
2

30
/3

2
13

/1
3

15
/1

5

1.
90

 ±
 1

.6
6

1.
80

 ±
 1

.0
6

1.
49

 ±
 0

.9
8

1.
66

 ±
 1

.2
4

1.
50

 ±
 0

.9
7

1.
49

 ±
 0

.8
5

1.
22

 ±
 0

.8
5

1.
38

 ±
 1

.1
0

0.
76

7
0.

99
7

0.
97

8
0.

92
1

3.
00

 ±
 1

.4
1

2.
06

 ±
 1

.1
3

1.
62

 ±
 1

.0
4

1.
67

 ±
 0

.6
2

0.
03

3
0.

00
9

0.
16

6
0.

47
6

80
.0

 (4
4.

4 
- 9

7.
5)

95
.7

 (8
9.

5 
- 9

8.
8)

90
.9

 (8
0.

0 
- 9

7.
0)

85
.4

 (7
0.

8 
- 9

4.
4)

90
.0

 (5
5.

5 
- 9

9.
7)

96
.7

 (9
0.

7 
- 9

9.
3)

81
.8

 (6
9.

1 
- 9

0.
9)

82
.5

 (6
7.

2-
 9

2.
7)

0.
26

4
0.

37
6

0.
98

1
0.

74
6

10
0.

0
93

.8
 (7

9.
2 

- 9
9.

2)
10

0.
0

10
0.

0

-
0.

84
1

- -

Pr
ev

io
us

 b
re

as
t 

or
 

ax
ill

ar
y 

tr
ea

tm
en

t
   

N
o

   
Ye

s
20

3/
21

9
9/

13
19

6/
21

6
8/

12
64

/6
5

5/
6

1.
68

 ±
 1

.0
8

1.
31

 ±
 1

.2
5

1.
41

 ±
 0

.9
0

0.
83

 ±
 0

.7
2

< 
0.

00
1

0.
90

3
1.

91
 ±

 0
.9

8
1.

50
 ±

 1
.3

8
0.

00
1

0.
29

5
92

.7
 (8

8.
4 

- 9
5.

8)
69

.2
 (3

8.
6 

- 9
0.

9)
90

.7
 (8

6.
1 

- 9
4.

2)
66

.7
 (3

4.
9 

- 9
0.

1)
0.

87
4

0.
67

7
98

.5
 (9

1.
7 

- 9
9.

9)
83

.3
 (3

5.
9 

- 9
9.

6)
< 

0.
00

1
0.

15
9

N
eo

ad
ju

va
nt

ch
em

ot
he

ra
py

   
N

o
   

Ye
s

20
1/

21
8

11
/1

4
19

2/
21

6
12

/1
2

63
/6

4
6/

7
1.

67
 ±

 1
.0

8
1.

50
 ±

 1
.2

2
1.

37
 ±

 0
.9

1
1.

50
 ±

 0
.6

7
< 

0.
00

1
0.

50
0

1.
94

 ±
 1

.0
2

1.
28

 ±
 0

.7
6

< 
0.

00
1

0.
74

3
92

.2
 (8

7.
8 

- 9
5.

4)
78

.6
 (4

9.
2 

- 9
5.

3)
88

.9
 (8

3.
9 

- 9
2.

7)
10

0.
0

0.
95

7
-

98
.4

 (9
1.

6 
- 9

9.
9)

85
.7

 (4
2.

1 
- 9

9.
6)

< 
0.

00
1

0.
32

3

St
ud

en
t’s

 t-
te

st
 w

as
 u

se
d 

fo
r t

he
 c

om
pa

ris
on

 o
f m

ea
ns

 re
ga

rd
in

g 
th

e 
nu

m
be

r o
f d

et
ec

te
d 

ly
m

ph
 n

od
es

 a
nd

 th
e 

bi
no

m
ia

l t
es

t f
or

 th
e 

co
m

pa
ris

on
 b

et
w

ee
n 

de
te

ct
io

n 
ra

te
s.

.



A
R

TIG
O

 O
R

IG
IN

A
L

710Revista Científica da Ordem dos Médicos          www.actamedicaportuguesa.com                                                                                                                

A
M

P STU
D

EN
T

As regards BD, despite its low cost and the absence of 
radiation, it may be associated with allergic reactions and 
the development of nodules and fat necrosis at the injec-
tion site.12,20 In addition, it is not always easily visualised 
through the skin and the fat, as it does not penetrate into 
the dermis, preventing from the detection of SLN before 
the skin incision.4

The ICG is a non-radioactive dye with the ability to 
produce fluorescence and, when released, it binds to pro-
teins and macromolecules that change the spectrum of 
emission close to infrared.14 This radiation, which is devel-
oped a few seconds upon the injection is not visible to the 
human eye although the subcutaneous lymphatic vessels 
may be detected by using a high-sensitivity photodynamic 
chamber allowing to follow its flow towards the axillary re-
gion and the SLN,12,15,25 with different advantages when 
compared to the standard methods.21 Its tissue penetration 
allows for percutaneous, intraoperative, real-time visuali-
sation of the lymphatic vessels, giving an adequate orien-
tation to the incision and location of the potential SLN.3,4,21 
In addition, an anatomical order is possible for SLN detec-
tion, allowing for a sequential dissection in an orderly way 
with the visualisation of the lymphatic tissue.15,16,18,24 Even 
though with a low complication rate and few adverse ef-
fects, some limitations should be considered with the ICG 
fluorescence technique, including the worse identifica-
tion of deeper SLN due to its low tissue penetration (up 
to a 10-20 mm depth) making more difficult to follow the 
lymphatic flow within deeper tissues.13,20,25 There is also 
the possibility of an ICG leakage, producing the rupture 
of lymphatic vessels, making more difficult the distinction 
between the fluorescence from undamaged lymphatic 
vessels and from the surrounding tissue.13 No expensive 
material is required for the ICG technique,12 even though 
the need for a photodynamic chamber is certainly a draw-
back.20 Some surgeons and authors have also raised the 
issue regarding the presence of an excessive number of 
fluorescent lymph nodes subsequently classified as sen-
tinel nodes, increasing the average number of removed 
nodes and the procedure morbidity.13,15 Nevertheless, this 
was not found in our study, in which a lower number of 
SLN has been detected with the ICG method when com-
pared to the RI.

Some factors could have had an influence on the SLN 
detection by the methods that were described, namely the 
patient’s age and BMI, some previous procedures as an 
ipsilateral breast surgery, the detection of an ipsilateral 
SLN and ipsilateral radiotherapy (RT) in addition to the 
use of neoadjuvant CT.26-29

Age-related decline in oestrogen level and anatomi-
cal changes, with deposition of fat within the breast may 
affect lymphatic flow.27,28 In addition, the ability of lymph 
nodes to retain dyes and/or radiocolloids is reduced when 
these are replaced by fat.27,28 Nevertheless, in this study, 
when patients were stratified according to age, we have 
found that the LSN detection rate with the ICG method 
was not lower than the rate with the blue dye or the 
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Table 3 – N
um

ber of m
etastatic lym

ph nodes and detection rate according to patient’s characteristics

N
um

ber of patients w
ith 

m
etastatic lym

ph nodes 
/ N

um
ber of patients w

ith 
detected lym

ph nodes

N
um

ber of m
etastatic lym

ph nodes
(m

ean ± standard deviation)
D

etection rate
(%

, 95%
 confidence interval)

G
reen

B
lue

H
ot

G
reen

B
lue

G
reen 

< B
lue

H
ot

G
reen < 
H

ot
G

reen
B

lue
G

reen 
< B

lue
H

ot
G

reen 
< H

ot

Total
70/212

64/204
22/69

0.42 ± 0.66
0.37 ± 0.60

0.110
0.39 ± 0.62

0.033
33.0 (26.7 - 39.8)

31.4 (25.1 - 38.2)
0.721

31.9 (21.2 - 44.2)
0.666

A
ge (years)

   < 70
   ≥ 70

53/166
17/46

49/161
15/43

17/55
5/14

0.39 ± 0.63
0.50 ± 0.75

0.34 ± 0.56
0.46 ± 0.74

0.284
0.108

0.40 ± 0.66
0.36 ± 0.50

0.014
0.553

31.9 (24.9 - 39.6)
37.0 (23.2 - 52.4)

30.4 (23.4 - 38.2)
34.9 (21.0 - 50.9)

0.698
0.677

30.9 (19.1 - 44.8)
35.7 (12.8 - 64.9)

0.648
0.635

B
M

I (kg/m
2)

   < 20
   20 - 25
   26 - 30
   > 30

3/8
33/90
15/50
15/35

3/9
31/88
14/45
13/33

0/2
12/30
3/13
6/15

0.50 ± 0.76
0.42 ± 0.62
0.34 ± 0.56
0.66 ± 0.87

0.44 ± 0.73
0.40 ± 0.60
0.31 ± 0.47
0.54 ± 0.79

0.366
0.258
0.440
0.099

-
0.50 ± 0.68
0.31 ± 0.63
0.47 ± 0.64

-
0.005
0.440
0.314

37.5 (8.5 - 75.5)
36.7 (26.8 - 47.5)
30.0 (17.9 - 44.6)
42.8 (26.3 - 60.6)

33.3 (7.5 - 70.1)
35.2 (25.3 - 46.1)
31.1 (18.2 - 46.6)
39.4 (22.9 - 57.9)

0.742
0.659
0.502
0.725

0.0
40.0 (22.6 - 59.4)
23.1 (5.0- 53.8)

40.0 (16.3 - 67.7)

-
0.297
0.904
0.700

Previous breast or 
axillary treatm

ent
   N

o
   Yes

69/203
1/9

63/196
1/8

21/64
1/5

0.42 ± 0.66
0.22 ± 0.67

0.38 ± 0.61
0.12 ± 0.35

0.115
0.469

0.39 ± 0.61
0.40 ± 0.89

0.067
0.016

34.0 (27.5 - 41.0)
11.1 (0.3 - 48.2)

32.1 (25.7 - 39.2)
12.5 (0.3 - 52.6)

0.744
0.687

32.8 (21.6 - 45.7)
20.0 (0.5 - 71.6)

0.671
0.436

N
eoadjuvant 

chem
otherapy

   N
o

   Yes
66/201

4/11
63/192

1/12
19/63

3/6
0.41 ± 0.65
0.54 ± 0.82

0.38 ± 0.60
0.17 ± 0.58

0.061
0.884

0.36 ± 0.60
0.67 ± 0.82

0.171
0.036

32.8 (26.4 - 39.8)
36.4 (10.9 - 69.2)

32.8 (26.2 - 39.9)
8.3 (0.2 - 38.5)

0.538
0.999

30.2 (19.2 - 43.0)
50.0 (11.8 - 88.2)

0.814
0.274

Student’s t-test w
as used for the com

parison of m
eans regarding the num

ber of m
etastatic lym

ph nodes and the binom
ial test for the com

parison betw
een detection rates.
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radioisotope in the group of patients aged 70 and older.
Patient’s BMI may have an influence on LSN detection, 

as visualisation of the operating field could be impaired by 
a high fat content in subcutaneous and axillary tissue, pro-
ducing mechanical pressure on the lymphatic vessels, pre-
venting lymphatic flow of markers.28,29 Lymph nodes lose the 
ability to retain dyes and/or radioisotopes both in high-BMI 
patients and in older patients.29 When the detection rate of 
the three methods was analysed according to patient’s BMI 
and particularly in obese patients, in whom a lower detec-
tion rate would be expected, no lower rate was found with 
the use of the ICG method when compared to blue dye and 
RI methods. However, no statistically significant differences 
were found between the three methods in normal-weight 
patients.

Previous breast treatments such as surgery and/or RT 
to the breast and the axillary region may lead to the de-
velopment of fibrosis and subsequent changes in the lym-
phatic flow, which may have an influence on SLN detection 
in patients with breast cancer recurrence.30-33 In addition, a 
correct SLN detection may become more difficult after neo-
adjuvant CT due to changes in the structure of the lymphatic 
drainage system.34,35 In fact, important axillary anatomical 
changes may be induced by CT, namely a blockage of the 
lymphatic vessels (by cellular necrosis, tumour cell apopto-
sis and fibrosis) and the development of collateral lymphatic 
drain pathways which ultimately may lead to a higher rate 
of false negative results.36-38 These limitations should there-
fore be considered when SLN biopsy is carried out after 
these procedures. In this study, SLN detection rate with the 
ICG method was not lower when compared to blue dye and 
RI methods in patients who underwent previous breast or 
axillary treatments, while it was not lower when compared 
to the RI method in patients submitted to neoadjuvant CT. 
ICG’s flow through lymphatic vessels partially obliterated by 

tumour cells, inflammation and previous surgery or RT-relat-
ed fibrosis due to its low molecular weight and subsequent 
albumin-binding could be a possible explanation for these 
favourable results, which may correspond to an advantage 
regarding the RI method in this subgroup of patients.6

The detection of metastatic lymph nodes is the aim of 
SLN biopsy. Our results have shown that the three methods 
are equally valid for the detection of metastatic nodes, with 
no statistically significant differences between the different 
subgroups.

The analysis of a group of patients having undergone 
the three methods would allow for a valid comparison be-
tween them; this was not possible, due to the retrospective 
nature of the study. In addition, some of the subgroups that 
were analysed have included a small number of patients, 
which may prevent from considering some comparisons as 
valid. Therefore, an increased number of patients, using a 
prospective study design would be crucial in further studies.

CONCLUSION
SLN biopsy is a very useful technique, preventing from 

radical surgery in breast cancer staging. However, varying 
results have been found in different institutions and each 
patient’s characteristics, in addition to tumour characteris-
tics and detection method’s availability should be consid-
ered by surgeons in order to prevent any failed detection 
with an influence on treatment and outcomes.

Our study has shown that ICG fluorescence-guided is 
a promising technique for SLN detection in breast cancer, 
due to its high accuracy and comparability with the other 
available methods, regardless of patient and tumour-relat-
ed factors. Considering these aspects, we believe that this 
is apparently a reproducible and safe method that could 
avoid ionizing radiation and with the potential to reduce the 
costs of SLN detection, corresponding to a future option in 

 

 

 

 

 

 

 

 

 

 

 

                               

      

  

  

Figure 2 – Metastatic lymph node detection rate and 95% confidence intervals, according to the patient’s characteristics
* No previous breast or axillary treatment; ** With previous breast or axillary treatment; ¤ With no neoadjuvant chemotherapy; ¤¤ With neoadjuvant chemotherapy
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hospitals with no Nuclear Medicine department, limited in 
terms of lymphoscintigraphy.

Further studies on which patient profile would maximize 
the efficacy of the ICG detection method are needed.

We hope that this study will contribute to further re-
search in terms of the application and optimisation of ICG in 
fluorescence-guided SLN biopsy in breast cancer.
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