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Sentinel lymph node detection after transaxillary

augmentation mammoplasty: a prospective controlled

study utilizing lymphoscintigraphy in 43 breasts*
Linfonodo sentinela após mamoplastia de aumento pela via transaxilar: estudo

prospectivo controlado por meio de linfocintilografia em 43 pacientes

Heitor Naoki Sado1, Ruth Maria Graf2, Jorge Rufino Ribas Timi3, Cícero Andrade Urban4,

Airton Seiji Yamada5, Luiz Carlos Woellner6, Eduardo de Castro Ferreira7, Jorge Eduardo

Fouto Matias3

OBJECTIVE: To evaluate the potential influence of transaxillary augmentation mammoplasty on future detection
of sentinel lymph node. MATERIALS AND METHODS: Prospective controlled study where 22 patients were
selected and divided into two groups (post-mammoplasty and control) corresponding to 43 breasts (22 in
the post-mammoplasty group and 21 in the control group) evaluated by lymphoscintigraphy immediately
after periareolar 99mTc-phytate injections. In the statistical analysis, p values < 0.05 were considered as
significant. RESULTS: All the breasts in the post-mammoplasty group presented lymphatic drainage to the
axillary chain, with no difference as compared with the control group (p = 0.488). The average number of
hot lymph nodes was 1.27 ± 0.46 in the post-mammoplasty group, and 1.33 ± 0.58 in the control group
(p = 0.895). The mean time required to visualize the first lymph node was 3.14 ± 4.42 minutes in the post-
mammoplasty group, and 5.48 ± 5.06 minutes in the control group (p = 0.136). CONCLUSION: Transaxillary
augmentation mammoplasty did not affect the future detection of sentinel lymph node.
Keywords: Sentinel lymph node biopsy; Mammoplasty; Scintigraphy; Breast implants; Breast neoplasms.

OBJETIVO: Verificar se a mamoplastia de aumento pela via transaxilar apresenta potencial de prejudicar a
identificação futura do linfonodo sentinela. MATERIAIS E MÉTODOS: Estudo prospectivo controlado em que
foram selecionadas 22 pacientes divididas em grupo pós-mamoplastia e grupo controle, totalizando 43 mamas
(22 no grupo pós-mamoplastia e 21 no grupo controle) avaliadas por meio de linfocintilografia imediatamente
após injeções periareolares de fitato-99mTc. Os testes estatísticos consideraram como diferenças significati-
vas valores de p < 0,05. RESULTADOS: Todas as mamas do grupo pós-mamoplastia apresentaram drena-
gem linfática para a cadeia axilar, sem diferença com o grupo controle (p = 0,488). A média de linfonodos
captantes foi de 1,27 ± 0,46 no grupo pós-mamoplastia e 1,33 ± 0,58 no grupo controle (p = 0,895). A
média de tempo para visualização do primeiro linfonodo foi de 3,14 ± 4,42 minutos no grupo pós-mamo-
plastia e 5,48 ± 5,06 minutos no grupo controle, novamente sem diferença significativa (p = 0,136).
CONCLUSÃO: A mamoplastia de aumento pela via transaxilar não acarretou prejuízo na identificação futura
do linfonodo sentinela.
Unitermos: Biópsia de linfonodo sentinela; Mamoplastia; Cintilografia; Implantes de mama; Neoplasias ma-

márias.
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American estimates indicate that for every
eight women, one will develop breast can-
cer in her lifetime(1). Because of the in-
creasing tendency towards conservative
breast cancer management, sentinel lymph
node (SLN) biopsy has become a standard
technique in the early staging of the dis-
ease, with excellent sensitivity (84% to
98%) and low rates of false-negative results
(2.0% to 8.8%), allowing a reduction in the
number of unnecessary axillary node dis-

Sado HN, Graf RM, Timi JRR, Urban CA, Yamada AS, Woellner LC, Ferreira EC, Matias JEF. Sentinel lymph node detection

after transaxillary augmentation mammoplasty: a prospective controlled study utilizing lymphoscintigraphy in 43 breasts.

Radiol Bras. 2008;41(5):283–288.

INTRODUCTION

Breast cancer represents the most rel-
evant neoplasm among women. North
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sections, with low axillary recurrence rates
and a significant improvement in the pa-
tients’ quality of life(2–5).

The concept of SLN is based on the as-
sumption of the orderly lymphatic progres-
sion of a tumor from a primary solid lesion,
where the first drainage lymph node (sen-
tinel lymph nodes) could predict the status
of the whole lymphatic chain(6).

At the same time, North American stud-
ies estimate that more than two million
women have been submitted to augmenta-
tion mammoplasty, and that 25 thousand of
these women will develop breast cancer in
the future(1). Considering the expected in-
crease in the number of women previously
submitted to augmentation mammoplasty
diagnosed with early breast cancer, doubts
and controversies about a conservative
management in this subgroup of patients
require elucidation, especially in relation to
the validity of SLN biopsy(7,8).

Although SLN biopsy is not recom-
mended for patients with previous breast
surgery, particularly transaxillary mammo-
plasty(1,9), recent studies have demonstrated
the applicability of this technique in pa-
tients with breast implants(8,10), though the
majority of these studies have been retro-
spective, non-controlled, and with small-
sized samples(1,8,10).

Therefore, the degree of involvement of
breast lymphatic drainage, as well as the
guarantee of the future applicability of SLN
biopsy for patients with transaxillary aug-
mentation mammoplasty still remain to be
completely understood and require supple-
mentary studies(9).

MATERIALS AND METHODS

The present prospective, controlled
study was aimed at evaluating by lympho-
scintigraphy the breast lymphatic drainage
in a group of patients submitted to transax-
illary augmentation mammoplasty (post-
mammoplasty group – PMG) and another,
of women with no previous breast surgery
(control group – CG).

There was no conflict of interests. All
the patients signed a Term of Free and In-
formed Consent. This study was approved
by the Committee for Ethics in Research
with Humans of the Institution (registered
under the No. 29EXT020/2004-10).

Sampling selection

In the period between November 2004
and July 2006, 22 female patients were
selected and equally divided into two
groups (PMG and CG), according to the
exclusion and inclusion criteria described
on Chart 1. Statistics concerning each
group characteristics are shown on Table 1.
In the PMG, breast implants corresponded
to textured silicone gel-filled prostheses
with a mean volume of 230.68 cm³ (180 to
300 cm³); and breast lymphoscintigraphy
was performed, on average, 16.55 months
after the surgery (6 to 41 months). Women
of white race predominated in both groups
(PMG: 81.8%; CG: 90.9%).

Transaxillary augmentation
mammoplasty

The patients in the PMG were submit-
ted to augmentation mammoplasty by the
endoscopic transaxillary technique, and
were operated by the same surgical team,
with subfascial implant placement accord-
ing to the technique described by Graf et
al.(11) (Figure 1).

Breast lymphoscintigraphy

A total of 43 breasts were evaluated by
lymphoscintigraphy performed by a
nuclear medicine specialist. With the ex-
ception of one patient who had only her left
breast evaluated for SLN biopsy for an
early breast cancer (T1b), all the other pa-
tients in the CG were healthy women who
had both breasts preoperatively evaluated
for mammoplasty. So, 22 breasts in the
PMG, and 21 in the CG were evaluated.

The breasts were independently considered
for the purpose of comparative analysis.

Radiocolloid 99mTc phytate (IPEN; São
Paulo, Brazil) with an estimated particle
size between 5 and 500 nm was utilized as
a radiopharmaceutical(12) intradermically
injected in the periareolar region (at 5 mm
from the areola) at 3, 6, 9 and 12 o’clock
positions, with 0.15–0.2 ml in volume and
14.8–29.6 MBq activity per injection, fol-
lowed by a two-minute local massage for
stimulating the radiopharmaceutical drain-
age(6).

The images were acquired immediately
after the massage, with a Millennium MPR
scintillation camera (General Electric; Fair-
field, USA), with a rectangular detector,
high-resolution collimator, matrix 256,
window 20% in 140 keV,and 60–120-sec-
ond static images on the lateral, anterior
and oblique projections of the chest after
identification of the hot lymph node on the
persistence display. The primary lymphatic
drainage chain, as well as the time required
for visualization of the SLN after injection,
and number of hot lymph nodes were re-
corded in a digital file.

Examples of lymphoscintigraphy im-
ages of breast in PMG and CG are shown,
respectively, on Figures 2 and 3.

Statistical analysis

The Fisher’s exact test was utilized for
comparison between groups as related to
dicotomic and categorical variables. The
Student’s t test for independent samples
and the non-parametric Mann-Whitney
tests were utilized for analyzing quantita-

Chart 1 Sampling selection: inclusion and exclusion criteria.

Inclusion criteria – PMG

Inclusion criteria – CG

Exclusion criteria – PMG and CG

Patients submitted to augmentation mammoplasty for at least

six months, by the endoscopic transaxillary technique, with

subfascial placement of the breast implant, independently

from the size and type of the prosthesis

Healthy patients who had still not submitted to augmentation

mammoplasty (selected during their preoperative evaluation)

Patients with no history of previous breast surgery, referred for

lymphoscintigraphy for early stage breast cancer

Less-than-18-year-old patients

Pregnant or breast-feeding women*

Previous breast or axillary surgery

Previous history of breast radiotherapy or neoadjuvant che-

motherapy

Previous history of lymphatic system disease or recent trauma

of breasts or axillas

History of allergy to 99mTc phytate as a radiopharmaceutical

PMG, post-mammoplasty group; CG, control group; * βHCG blood test was performed to rule out pregnancy.
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tive variables as appropriate. Data normal-
ity was evaluated by the Kolmogorov-
Smirnov test. A threshold p value < 0.05
was set as statistically significant.

RESULTS

The tests have not demonstrated any sta-
tistically significant difference between the
characteristics of both groups (Table 1).

Lymphatic drainage pattern in the
post-mammoplasty group

Lymphoscintigraphy demonstrated
drainage towards the ipsilateral axillary
chain and identification of at least one hot
lymph node in 100% of breast of the PMG
(Figure 2). Mean number of hot lymph
nodes was 1.27, with the first lymph node
being visualized on average 3.14 minutes
after the radiocolloid injection (Table 2).

Comparative analysis of the lymphatic
drainage pattern

Lymphoscintigraphic studies did not
demonstrate any differences between the
PMG and CG as related to the primary
drainage chain, the drainage occurring
from the breast towards the ipsilateral ax-
illa in 100% of the sample as confirmed by
the Fisher´s exact test (p = 0.488). In one
breast of a healthy patient in the CG
(4.76%), after primary drainage to lymph
node in the ipsilateral axillary chain, there
was a secondary drainage to the paraster-

Table 1 Comparative analysis between groups: age, weight, height and body mass index.

Variable

Age (years)

Weight (kg)

Height (m)

BMI (kg/m²)

Group

PMG

CG

PMG

CG

PMG

CG

PMG

CG

n

11

11

11

11

11

11

11

11

Mean

34.27

32.00

57.36

55.91

1.67

1.60

20.61

21.68

Median

30

31

58

58

1.65

1.60

19.83

22.39

Minimum

19

20

41

40

1.58

1.45

16.22

17.31

Maximum

58

44

70

68

1.78

1.74

25.91

25.59

SD

10.76

9.70

8.45

10.0

0.07

0.10

2.93

2.65

p-value*

0.609†

0.718†

0.083†

0.379†

BMI, body mass index; PMG, post-mammoplasty group; CG, control group; n, number of patients of the sample;

SD, standard deviation. * Significance level = p < 0.05; † t-Student test for independent samples.

Figure 1. Transaxillary augmentation mammoplasty. A: Dissection of axillary access and bed for placement of a breast implant. B: Transaxillary insertion of a

silicone-gel-filled implant.

A B

nal inferior lymph node ipsilateral to the
injected breast, and was considered as a
variation from the normal (Figure 3). As
regards the number and time for visualiza-
tion of hot lymph nodes, the statistical
analysis did not demonstrate statistically
significant intergroup differences (Table 2).

DISCUSSION

SLN biopsy has revolutionized the man-
agement of patients with early breast can-
cer, reducing the number of axillary clear-
ances, improving the patients’ quality of
life(5), attracting the interest of the medical

Figure 2. Example of left breast lymphoscintigraphy

in a patient of the post-mammoplasty group.

Figure 3. Secondary drainage to parasternal lymph

node ipsilateral to the injected breast (variation

from the normal) in a patient of the control group.
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Table 2 Lymphatic drainage pattern: PMG x CG.

Variable

Number of hot lymph nodes

Time (minutes) required for visualization of the first

lymph node

Time (minutes) elapsed between the injection and

image visualization

Group

PMG

CG

PMG

CG

PMG

CG

n

22

21

22

21

22

21

Mean

1.27

1.33

3.14

5.48

18.50

19.19

Median

1

1

1

3

19

19

Minimum

1

1

1

1

6

12

Maximum

2

3

17

15

35

35

SD

0.46

0.58

4.42

5.06

7.58

6.15

p-value*

0.895†

0.136†

0.745‡

PMG, post-mammoplasty group; CG, control group; n, number of breasts of the sample; SD, standard deviation. * Statistical significance = p < 0.05; † Non-parametric

Mann-Whitney test; ‡ Student’s t test for independent samples.

community reflected by the development of
a distance education program about SLN in
the breast cancer(13). Despite the interest in
SLN as the current method of choice for
axillary staging in several health centers,
many points still remain controversial,
some of them related to technical aspects
and other patient-inherent factors.

Patient-inherent factors that potentially
could impair SLN detection with radiocol-
loids are described in the literature, with
studies demonstrating detection rates in-
versely proportional to the patients’ age and
body mass index(6,14–16). The sample of the
present study did not demonstrate any sta-
tistically significant intergroup differ-
ence in the patients’ age and body mass
index (Table 1). In both groups, the mean
age did not exceed 35 years and the mean
body mass index was lower than 22 kg/m²,
both below the thresholds (50 years and 23
kg/m²) reported by McMasters et al.(14) and
Takei et al.(16), respectively. This finding
reinforces the absence of an interference of
these variables on the drainage pattern
evaluated in the present study, therefore
isolating the transaxillary augmentation
mammoplasty as the variable that could be
primarily responsible for intergroup differ-
ences in the lymphatic drainage pattern.

It is currently known that the primary
cause for false-negative results or unsuc-
cessful scintigraphic and surgical indica-
tion of the SLN would be the metastatic
involvement of the very SLN, justifying the
contraindication to sentinel lymph node
biopsy in cases of a clinically positive ax-
illa or advanced-stage tumors(17,18). The
mechanism of mechanical obstruction of
the lymphatic pathways by neoplastic cells
constitutes an argument for contraindicat-
ing SLN biopsy for patients with previous
breast or axillary manipulation, among

which transaxillary augmentation mammo-
plasty, where there is a risk for injury to
lymphatic vessels or lymph nodes during
the surgical dissection and breast implant
insertion, besides the risk for drainage im-
pairment because of scarring/fibrosis on
the axillary plane and mammary bed. Ac-
cording to the American Society of Clini-
cal Oncology guidelines of 2005(9), SLN
biopsy should not be recommended for
women who have previously undergone
mammoplasty or axillary surgery. How-
ever, admitting that there are insufficient
data about this matter, this Society suggests
that preoperative lymphoscintigraphy is
performed to support the adoption of the
SLN concept in this subgroup of patients.

Lymphoscintigraphy allows the evalu-
ation of the lymphatic drainage and func-
tionally active lymph nodes. According to
Mariani et al.(19), the main lymphatic drain-
age route from the breast corresponds to the
axillary chain, with the smallest portion
draining to the internal thoracic chain and
rarely to posterior intercostal lymph nodes.
Borgstein et al.(20) have supported the hy-
pothesis that the breast, shares a common
lymphatic pathway with the skin converg-
ing on the subareolar plexus, and posteri-
orly coursing through one or two main lym-
phatic trunks to the lymph nodes of the
axillary chain, generally at the level I (lower
region of the lateral margin of the minor
pectoral muscle).

Chagpar et al.(21), in a multicentric study
comparing techniques of deep and super-
ficial peritumoral injection of -99mTc sulfur
colloid in 3961 patients, have hypothesized
that there is no difference between the lym-
phatic drainage of the breast parenchyma
and skin. These authors have observed that
the SLN identification rate was signifi-
cantly higher in patients who received su-

perficial injection, with a rate of false-nega-
tive results similar to the one observed in
the group of patients who received deep
peritumoral injection. Considering the fa-
cility and effectiveness of superficial injec-
tions, this technique can be indicated for
previously manipulated breasts, with high
rates of successful SLN identification (94–
100%) and preferential drainage to axillary
lymph nodes(21,22).

Based on these anatomical and func-
tional considerations, lymphoscintigraphy
with intradermal (superficial) periareolar
radiocolloid injection was utilized in the
present study, allowing a general analysis
of the lymphatic drainage of the breast. Ra-
diocolloid 99mTc phytate was selected be-
cause of its availability and relatively low
cost, besides the experience with the utili-
zation of this radiocolloid in other health
centers for SLN biopsy in cases of breast
cancer, with an accuracy similar to the one
reported in the international literature, and
absence of severe side effects(12,23).

Once the pattern of breast lymphatic
drainage after superficial radiocolloid in-
jection was known, and considering the
possibility of transaxillary augmentation
mammoplasty causing lymphatic obstruc-
tion or deviation, it was expected that a sig-
nificant number o patients in the PMG pre-
sented with alteration in the axillary drain-
age pattern, with drainage to alternative
lymphatic chains (internal thoracic,
inframammary, subpectoral, posterior in-
tercostal, subphrenic or contralateral axil-
lary lymph nodes), and with significant
differences as compared with the CG and
data reported in the literature. However, the
results of the present study demonstrated
the presence of axillary lymphatic drainage
from all of the breasts in the PMG. No sta-
tistically significant difference was found



287

Sentinel lymph node detection after transaxillary augmentation mammoplasty

Radiol Bras. 2008 Set/Out;41(5):283–288

as regards the primary drainage chain in the
comparison with the CG (p = 0.488). This
pattern corresponding to 100% drainage
towards the axillary chain is compatible
with the data reported by Tavares et al.(12)

and Coelho-Oliveira et al.(23), who have
utilized the same radiocolloid and a tech-
nique similar to the one utilized in the
present study, but in patients with breast
cancer and with no history of mammo-
plasty selected for SLN biopsy, with rates
of SLN detection and accuracy in the pre-
diction of axillary status compatible with
those described in the international litera-
ture, which initially leads the authors to
consider the preservation of lymphatic
chains responsible for the overall drainage
from the breast in the post-mammoplasty
group.

Regarding the number of lymph nodes
(Table 2) no statistically significant inter-
group difference was found (p = 0.895),
allowing the authors to conclude that, in the
present study, there was no significant in-
jury to the main axillary lymphatic path-
ways. Additionally, no statistically signifi-
cant intergroup difference was found in the
time elapsed between the radiopharmaceu-
tical injections and the visualization of
Lymphoscintigraphic images (Table 2) (p
= 0.745), and so no interference of the time
available for lymphatic migration was ob-
served in both groups. In the comparison
of the results of the present study with those
found in the literature, the number of de-
tected lymph nodes was similar to the num-
ber reported by Tavares et al.(12).

Although the superficial injection tech-
nique results in a preferential lymphatic
drainage to the axilla, there is a little prob-
ability (1.7%) of drainage to the internal
thoracic chain(24), observed in one breast
(4.76%) of the CG. The exclusive drainage
to the axillary chain and absence of drain-
age to alternative chains observed in the
PMG could be simply explained by the
superficial injection technique utilized.
However, the process of dissection, and
implants insertion and cicatrization in the
subfascial region of the major pectoral
muscle might result in injury to the lym-
phatic channels which form the deep fas-
cial plexus responsible for the drainage
towards the internal thoracic, subpectoral
and posterior intercostals chains(19,25). The

value of this hypothesis of obstruction of
the deep lymphatic pathway would corre-
spond to the meaning of the visualization
of the internal thoracic chain in the SLN
biopsy(9), generating a new controversy on
the actual necessity of detecting paraster-
nal lymph nodes, since the main value of
the SLN consists in the correct staging and
decrease in the surgical morbidity of the
axilla(20).

The present study compared lymphatic
drainage patterns of 43 breasts divided into
PMG and CG, and, as far as the authors are
concerned, no other study involving simi-
lar a similar casuistic and method is avail-
able in the literature.

Jakub et al.(1), reviewing 49 cases of
breast cancer patients submitted to SLN
biopsy, have observed a SLN detection rate
of 100%. However, in the whole sample,
only three patients have been submitted to
transaxillary augmentation mammoplasty,
and the authors could not characterize the
type, volume and localization of the im-
plants in most of cases. Additionally, the
authors have failed in describing the
Lymphoscintigraphic technique adopted as
well as in characterizing the lymphatic
drainage pattern.

Gray et al.(8) have reviewed cases of
breast cancer patients with previous aug-
mentation mammoplasty who had been
submitted to SLN biopsy, demonstrating
100% of SLN detection in the axillary
chain. However, these results have been
based only on patients with inframammary
(54.5%) and periareolar (45.5%) augmen-
tation mammoplasty, with most of them
presenting inflatable implants filled with
saline solution (81.8%) with subpectoral
localization (72.7%). The authors have
considered that SLN biopsy would be fea-
sible in patients with augmentation mam-
moplasty through inframammary or
periareolar approach, suggesting that the
transaxillary approach could negatively
affect the SLN biopsy because of the risk
for lymphatic injury.

Contrarily to the assumption of Gray et
al.(8), the results of the present study dem-
onstrated the axillary drainage was not
impaired in breasts submitted to transaxil-
lary mammoplasty. Despite the impossibil-
ity of a direct comparison of results because
of the different approaches adopted, the

preponderance of saline-solution-filled
implants in the sample of the study devel-
oped by Gray et al.(8) could contribute to a
decrease in the risk for lymphatic injury in
the route for the implant insertion, consid-
ering that the prosthesis is inflated only on
the mammary bed. In spite of being logi-
cal, the reverse rationale does not seem to
be true. Theoretically, silicone gel-filled
implants would present a higher potential
for lymphatic injury during the process of
insertion and accommodation, with the risk
for injury being proportional to the prosthe-
sis size. The results of the present study
lead to the conclusion that the lymphatic
drainage was not impaired in the patients
included in the PMG with 1005 of silicone
gel-filled implants (mean volume = 230.68
± 38.58 cm³). However, the authors could
not establish a reliable correlation between
prostheses dimensions and the several lym-
phatic drainage patterns because of the
general pattern of preserved drainage, the
small size of the sample and the poor varia-
tion of the prosthesis volume/body mass
index ratio, leading the authors to the con-
clusion that the breast prostheses sizes were
proportional to the patients’ dimensions.

Munhoz et al.(10), utilizing periareolar
injections of dextran-99mTc, have evaluated
26 patients, seven days before and ten days
after transaxillary augmentation mammo-
plasty, demonstrating 100% of axillary
drainage in the preoperative evaluation,
and failure in the postoperative identifica-
tion of hot axillary lymph node in 7.6% of
the patients. The authors have concluded
that the SLN detection is feasible in the
majority of patients submitted to transaxil-
lary augmentation mammoplasty, suggest-
ing the relevance of intraoperative precau-
tions for minimizing risks for lymphatic
injury. Despite the method developed for
comparing the pre- and postoperative
drainage patterns in a same breast, the pa-
tients did not present breast cancer and a
later follow-up was not performed to evalu-
ate possible effects of the cicatrization pro-
cess. So, the authors themselves suggest
that additional long term studies are re-
quired with larger samples.

The results of the present study involv-
ing healthy women do not demonstrate im-
pairment of the breast lymphatic drainage
in the patients submitted to transaxillary
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augmentation mammoplasty as compared
with non-operated patients, and therefore
not representing an absolute contraindica-
tion for SLN biopsy. Studies with signifi-
cant samples and longer follow-up periods,
with pre- and post-mammoplasty lympho-
scintigraphy associated with anatomical
and functional variables control would al-
low elucidating the doubts regarding the
effects of augmentation mammoplasty on
the lymphatic anatomy, as well as on pos-
sible influences of the technique adopted.
The increase in the number of early breast
cancer patients who have previously under-
gone mammoplasty will improve the pros-
pects for the development of prospective
studies which, in association with routine
lymphadenectomies, will provide data
about rates of SLN detection and accuracy
in this specific subgroup. Currently, as far
as the authors are concerned, there is no
randomized multicentric study under de-
velopment to evaluate the effect of aug-
mentation mammoplasty on SLN biopsy in
breast cancer patients(9,26). Considering the
complexity of such studies, data currently
available should be carefully taken into
consideration in the decision-making about
the actual impact of transaxillary augmen-
tation mammoplasty on SLN biopsy.

CONCLUSION

Transaxillary augmentation mammo-
plasty did not change the lymphatic drain-
age pattern of the breasts, with no impair-
ment of a future SLN detection in the axil-
lary chain of the patients evaluated in the
present study.
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