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Abstract

In the past decades, breast surgeons have changed the clinical practice in the surgical treatment of breast cancer, by perform-
ing sentinel lymph node biopsy (SLNB) instead of performing axillary lymph node dissection (ALND) in axillary lymph node
clinically negative breast cancer patients. ALND can also be avoided in SLN-positive patients who meet the Z-0011 criteria.
However, the postoperative complications of SLNB and ALND, such as the secondary upper extremity lymphedema, are
common and need effective solutions to prevent as soon as possible. The axillary reverse mapping (ARM) technique has been
developed to map and preserve arm lymphatic drainage during ALND and/or SLNB, thereby minimizing arm lymphedema.
However, the success of ARM in reducing lymphedema has not been exactly determined. If ARM can be confirmed to be
both effective and oncologically safe in preventing lymphedema, this technique should be recommended in the management

of breast cancer treatment.
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Introduction

Breast cancer is the most common malignancy among
women in the world and is the second only to lung cancer
as a cause of cancer death [1]. With the prevalence of early
detection and the emergency of more effective treatments,
breast cancer mortality appears to be declining in spite of
the incidence of breast cancer has increased steadily over the
past few decades [2]. Receiving surgery is the main treat-
ment method for breast cancer. From the radical mastec-
tomy proposed by Halsted to the extended radical operation
introduced by Marogottini and Urban [3], and then modified
mastectomy initiated by Patey and Dyson in 1948 [4], the
surgical treatment of breast cancer has evolved from more
extensive procedure to less invasive breast-conserving
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surgery in the last decades. Meanwhile, with the increased
detection rate of early breast cancer, 50% of breast cancer
patients do not involve in axillary lymph node metastasis, it
will lead to overtreatment if they all receive axillary lymph
node dissection (ALND). We, therefore, change the con-
cept that breast cancer tissues and related lymphonodus must
been extensively removed in the management of breast can-
cer. ALND can be avoided in sentinel lymph node (SLN)-
negative patients. What is more, Z-0011 study suggested that
ALND could also be avoided in SLN-positive patients who
undergo breast-conserving surgery with whole-breast irra-
diation and systemic therapy [5]. More recently, the AMA-
ROS trial, which included breast cancer patients treated with
mastectomy, demonstrated that axillary radiation therapy
provided effective locoregional control and survival ben-
efit equivalent to ALND for patients with cT1-2NO and one
or two positive sentinel nodes [6]. However, the secondary
upper extremity lymphedema still damages the life quality
of patients who underwent axillary surgery no matter SLNB
or ALND. As previously reported, ALND was associated
with 7-77% risk of lymphedema [7], and SLNB, although
only removes few axillary nodes, was also associated with
3-13% risk of lymphedema [8]. The axillary reverse map-
ping (ARM) technique, which can identify and preserve
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lymphatic drainage from the arm during ALND/SLNB,
came into being and is expected to solve this dilemma.

Axillary lymph node dissection (ALND)
and sentinel lymph node biopsy (SLNB)

More the 100 years ago, Halsted introduced the radical mas-
tectomy for breast cancer patients [9]. It was necessary to
perform ALND during radical mastectomy, which could
significantly benefit the survival [10—12]. However, ALND
is associated with substantial morbidities, including arm
lymphedema, seroma, upper limb dysfunction, sensory loss
and discomfort [13]. The reported incidence of lymphedema
after ALND ranged from 7 to 77% [14-16]. Hence, many
authors had questioned this radical procedure [11], and
altered interest to the SLNB technique. SLNB is based on
the theory that sentinel lymph node is the first node where
the primary tumor cells should drain to and it may function
as a filter for tumor cells [17]. The procedure of SLNB was
first described by Donald L. Morton and Alistair J. Cochran
and colleagues in 1992 [18]. It was then introduced into the
treatment of breast cancer after proven useful in malignant
melanoma [19]. Consequently, a number of clinical trials
proved that SLNB was a safe and accurate procedure to
detect malignant cells in axillary lymph nodes, as even leav-
ing unremoved positive nodes did not significantly increase
the rate of distant recurrence or breast-cancer-related mortal-
ity [5, 14, 20-22]. As a result, SLNB alone with no further
ALND in patients with negative clinically lymph nodes was
accepted oncologist [23]. While receiving ALND remains
the recommended treatment for patients with axillary metas-
tases identified on SLNB [24]. Importantly, the IBCSG
23-01 trial suggested that axillary dissection might be over-
treatment in patients who have micrometastases only in the
sentinel node [25]. Consequently, 2011 St Gallen Consensus
Conference had already recommended that micrometasta-
ses in a single sentinel node should not be an indication for
axillary dissection irrespective of the type of breast surgery
given [26]. A landmark study named Z-0011 trail reported
that the regional recurrence rate was not significantly dif-
ferent in these patients with primary T1-T2 breast cancer
and one positive sentinel node undergoing breast-conserv-
ing surgery to complete ALND or no ALND [27]. What is
more, the information of total axillary nodal involvement
was redundant, ignoring the extent of total node involve-
ment appeared to have no major impact on the administra-
tion of adjuvant therapy [28, 29]. Hence, the updated 2014
American Society of Clinical Oncology (ASCO) guidelines
recommended that “clinicians should not recommend axil-
lary lymph node dissection (ALND) for women with early-
stage breast cancer who have one or two sentinel lymph node
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metastases and will receive breast-conserving surgery with
conventionally fractionated whole-breast radiotherapy” [30].

Axillary reversing mapping (ARM)

ALND is associated with several morbidities, including arm
lymphedema, seroma, upper limb dysfunction and sensory
loss [13]. Even after SLNB, there is still much risk of having
lymphedema. A newly systematic review included 28 arti-
cles, representing 9588 patients undergoing SLNB, showed
the overall incidence of lymphedema in these patients ranged
from 3 to 13%, which means lymphedema is still a serious
problem in SLNB patients [31]. Whereas the incidence of
lymphedema in patients who undergo ALND was reached
as high as 7-77% [7]. The main reason of lymphedema
after ALND or SLNB is because of the disruption of the
lymphatic drainage of upper extremity. The axillary reverse
mapping (ARM) technique is developed for identifying and
preserving lymphatic drainage from the arm during ALND
or SLNB, thereby expecting to minimize arm lymphedema
[32]. ARM is based on the theory that those lymphatics and
nodes draining the breast are distinct from those draining
the arm, so preserving those axillary nodes draining from
the arm can prevent the existence of lymphedema without
concerning the spared ARM nodes harboring cancer cells.
Suami et al. used hydrogen peroxide to image the lymphatic
vessels of upper limb and showed that most lymph vessels
were seen to flow into one main (sentry) lymph node in the
axillary region; although some of the lymph vessels ran
along the posterior forearm, bypassing the “sentry” node
to reach other smaller nodes [33]. In 2007, Hama et al., uti-
lized two-color spectral fluorescence lymphangiography to
identify the different lymphatic flows draining the breast and
the upper extremity [34]. This new technique ARM was then
described in the same year [35], and pioneered in the US by
Klimberg [36]. Currently there are mainly three kinds of
tracers, namely, blue dye, radionuclide and fluorescent dyes,
used in identification of ARM.

Mapping by dye injection

Thompson and colleagues first used blue dye to identify
ARM lymphatics and nodes in 2007 [35]. 2.5 ml blue dye
was injected into the upper inner arm dermally or subcutane-
ously. Then, massaged the injection site and raised the arm
for 5 min until blue lymphatics were observed in the upper
extremity. They identified 11 ARM lymphatics in 18 (61%)
cases. Consequently, several investigators demonstrated the
feasibly use of blue dye in ARM [37-39]. However, iden-
tification rates of ARM nodes using blue dye alone were
insufficient, ranging from 33.7 to 94.7% (Table 1).
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Table 1 The results of ARM mapping by dye injection

Author No. of patients SLNB S-A ALND No. of ARM identified No. of node Crossover Involved malignancy
Thompson et al. [35] 18 0 14 4 11/18 (61%) - 0/11 (0%) 0%*
Nos et al. [37] 21 0 0 21 15/21 (71%) 1.7 (1-3) - o°
Boneti et al. [38] 131 115 26 0 56/131 (42.7%) - 5/128 (3.9%)  0/5 (0%)*
Casabona.et al [39] 72 63 9 0 27172 (37.5%) - - o°
Han et al. [40] 97 14 83 0 10/14 (71%) 1.4 (1-4) 7/97 (7.2%) 2/7 (28.6%)*
Beek et al. [41] 112 0 0 112 98/112 (87.5%) 1.66 (1-9) - 20/112 (17.8%)°
Deng et al. [42] 69 69 69 0 - - 19/69 (27.5%) 6/19 (32%)*
Boneti et al. [36] 214 167 47 0 871214 (41%) 2.5 6/214 2.8%)  0/6 (0%)*
Bedrosian et al. [43] 30 0 3 27 15/30 (50%) 1 (0-3) - 2/15 (13.3%)°
Ochoa et al. [44] 360 237 111 12 80/237 (33.7%) - 15/348 (4.3%) 2/15 (14.3%)*
Boccardo et al. [45] 19 0 0 19 18/19 (94.7%) (1-3) - 0%
Ponzone et al. [46] 49 0 20 29 27/49 (55.1%) - - 327 (11.1%)°
Gobardhan et al. [47] 93 0 43 50 36/43 (86%) SLNB - - 0 (0%)°

47/50 (94%) ALND - - 11/50 (52%)°
Eduardo et al. [48] 45 0 45 40/45 (88.9%) 1.9 - 10/40 (25%)°
Tausch et al. [49] 143 0 0 143 112/143 (78%) - 55/112 14/55 (2.5%)*

ARM axillary reverse mapping, No. of ARM number of patients underwent ARM, ALND axillary lymph node dissection, SLNB sentinel lymph
node biopsy, S +A complete ALND when SLN was positive, No. of node number of removed ARM nodes, crossover ARM nodes coincide with

SLNs
2Crossover nodes metastasis

"Metastatic involvement of resected ARM nodes

Mapping by isotope injection

The ARM nodes often locate deeper than SLN nodes, which
make it hard to identify the ARM node in the surgical field.
To improve the identification rate of the ARM and reduce
the tattoo left after injection of blue dye, isotopes have been
used in ARM procedure. Isotope can be injected directly
into the web space of the ipsilateral hand and then gamma
probe is used to identify the radioactive ARM nodes, and the
identification rate seems more attractive, ranging from 75 to
100% (Table 2). Other isotopes like dye, '!'In-human poly-
clonal immunoglobulin G can also be used to identify ARM
nodes using a well-scintillation counter, and get a higher

Table 2 The results of ARM mapping by isotope injection

identification rate [50]. Thus, radioisotope labeling seems
to be more sensitive for detecting ARM nodes than using of
blue dye alone. Radioisotopes improve node detection rate,
but do not enable to visualize the lymphatic vessels. Com-
bining two tracers to facilitate the detection and visualiza-
tion of both nodes and lymphatic vessels may improve the
results, which will be the object of a future study [51, 52].

Mapping by fluorescent
Although mapping by isotope improves the identification

rate; however, this procedure is somewhat cumbersome and
time-needed [54]. An invisible near-infrared fluorescence

Author No. of patients SLNB S-A ALND No. of ARM identified No. of node Crossover Involved malignancy
Nos et al. [53] 23 0 0 23 21/23 (91%) 1.6 - 3/21 (14.3%)°
Britton et al. [50] 15 0 0 15 15/15 (100%) - 2/15(13.3%) -

Gennaro et al. [51] 60 0 0 60 45/60 (75%) - - -

Yue et al. [52] 138 0 0 138 129/138 (93.5%) (1-3) - 11/129 (8.53%)°

ARM axillary reverse mapping, No. of ARM number of patients underwent ARM, ALND axillary lymph node dissection, SLNB sentinel lymph
node biopsy, S +A complete ALND when SLN was positive, No. of node number of removed ARM nodes, crossover ARM nodes coincide with

SLNs
2Crossover nodes metastasis

"Metastatic involvement of resected ARM nodes
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imaging system (Photo Dynamic Eye; Hamamatsu Photon-
ics, Hamamatsu, Japan), by injecting 0.1 ml (0.25 mg) of
indocyanine green (ICG) into the inner side of the wrist or
the upper inner arm subdermally, is used for identifying the
ARM nodes and lymphatics. During ALND or SLN biopsy,
the light is occasionally switched off in the operating room,
and shining fluorescent ARM nodes and lymphatics are
observed in the axilla using the fluorescence imaging system
[22]. The visualization rate of ARM nodes by fluorescence
imaging system ranges from 32.3 to 88% (Table 3). The
fluorescence imaging system makes it possible to carry out
SLNB and ARM procedure in the same setting and same
time. On the other hand, the cost of this technique is very
low, and only few minutes are required to identify the lym-
phatic pathways. Moreover, identifying the pathways is very
simple, and it can be performed at any institute who has a
fluorescence imaging camera [55].

Factors influencing the success of ARM

The SLNs are located in the lower area of the axilla, while
the ARM nodes are frequently located in the upper outer
quadrant of the axilla, the visualization rate of ARM during
SLND is significantly lower comparing that during ALND
[39, 46]. Otherwise, the success of the ARM procedure was
strongly associated with the time interval between the blue
dye injection and the start of the surgery [60]. Actually,
an interval less than 15 min or greater than 60 min indeed
decreases the identification rate comparing with the opti-
mal interval [46]. Besides, the volumes of blue dyes used in
ARM would influence the visualization rates. Using 2—5 ml
blues dye benefited the identification rate than using only
1 ml [35, 36, 46, 61]. Patients who received neoadjuvant
chemotherapy might decrease the ARM node identification,

Table 3 The results of ARM mapping by fluorescent

which could be explained by the reason that chemotherapy
induced lymphatic fibrosis [62]. A trend was observed with
high BMI index being associated with decreased ARM iden-
tification, although this observation did not reach statistical
significance. Patient age, tumor size, the presence of exten-
sive nodal metastases and concurrent SLNB were all not
associated the identification rate of ARM [46, 49, 60]. The
experience of surgeon was important when performing the
ARM procedure; increasing surgical exposure increased the
detection rates of ARM nodes [36, 37, 63].

Complications of ARM

Although the operation of ARM is not complicated, there
are still many non-cancer-related complications occurring
after operation. The most common complication is the blue
tattooing that occurs at the injection site, the tattooing may
disappear in a few days or persist to many years [35, 36].
Pain occurring at the injection site is the other common
complication of ARM, and most patients suffer just mild
pain [46]. Besides, systemic allergic or anaphylactic reac-
tions may occur after dye injection [64].

Locations of ARM nodes

Pavlista et al. have mapped the lymphatic anatomy of upper
extremities in health individuals and cadavers by lymphogra-
phy images and blue dye [65, 66]. They found that numerous
lymphatic drainage from the upper arm passed through the
central, and some would toward or directly into the SLN
field [65]. Most studies reported that ARM lymphatics were
located below the axillary vein level [43, 53]. The identi-
fied rate of ARM node is much higher during ALND than

Author No. of patients SLNB S-A ALND No. of ARM identified No. of node Crossover Involved malignancy
Noguchi et al. [56] 131 81 16 34 42/96 (43%)SLNB 1.7 (1-3) 27/96 (28%) 0/27 (0%)*

29/34 (85%)ALND 5.4 (1-17) - 11/29 (37.9%)°
Ikeda et al. [57] 98 0 51 47 80/98 (82%) - - 17/76 (22.4%)°
Noguchi et al. [S8] 20 12 2 6 9/12 (715%)SLNB 1.2 (1-2) 2/12 (17%) 0/2 (0%)*

7/8 (88%)ALND 2.7 (1-7) - 317 (42.8%)°

Ikeda et al. [59] 60 0 35 25 26/35 (74%)SLNB 1.2 - 1/35 (2.9%)®

22/25 (88%)ALND 1.4 - 6/25 (24%)°
Sakura et al. [55] 372 372 0 0 120/372 (32.3%) - 771372 (20.7%) -

ARM axillary reverse mapping, No. of ARM number of patients underwent ARM, ALND axillary lymph node dissection, SLNB sentinel lymph
node biopsy, S +A complete ALND when SLN was positive, No. of node number of removed ARM nodes, crossover ARM nodes coincide with

SLNs
2Crossover nodes metastasis

"Metastatic involvement of resected ARM nodes
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SLNB [39, 40, 56], which may be the reason that the major-
ity of lymphatics draining the ARM are anatomically located
deeper than the SLN. Five ALND fields have been described
as follows: field A, the area between the axillary vein and
the second intercostobrachial nerve, and close to the anterior
edge of the latissimus dorsi muscle; field B, the area medi-
ally adjacent to field A and close to the anterior serratus
muscle; field C, the area below the second intercostobra-
chial nerve and close to the anterior serratus muscle; field
D, the area below the second intercostobrachial nerve and
close to the anterior edge of the latissimus dorsi muscle; and
field E, the area above the axillary vein [59]. Importantly,
about 63-97% of ARM nodes are located in field A [40]. No
upper extremity lymphatics are present at the caudal side
of the second intercostobrachial nerve [55]. The important
landmark in the operative field when performing ARM is
the axillary vein and the second intercostobrachial nerve.
There are no studies to systematically analyze the associa-
tion between metastatic ARM nodes and its locations. We
are not clear if there will exist some fixed locations that
metastatic ARM nodes are much more prone to site.

Identification rate of ARM node during SLND
and ALND

Thompson [35] and Nos [37] first introduced the ARM tech-
nique using blue dye and radioisotope to map arm lymphatic
drainage to distinguish them from the breast lymphatic in
breast cancer patients who were undergoing ALND; their
identification rates of ARM lymph nodes and/or lymphatic
were 61 and 91%, respectively. Subsequent studies reported
that ARM node and/or lymphatic identification rates ranged
from 55 to 100% during ALND (Fig. 1a). Otherwise, the
identification rates for ARM during SLND were fewer than
that during ALND. Boneti et al. first reported that 42.7% of
the patients were identified to have blue ARM lymphatic
channels in the SLNB field [38]. Then, subsequent reports
showed a 33-75% identification rate for ARM nodes and
lymphatics during SLNB (Fig. 1b).

SLN-ARM (crossover) nodes and metastatic
involved malignancy

The procedure of ARM is based on the anatomical knowl-
edge that the lymph of breast and upper extremity drain
to different nodes in the axilla; the oncologic safety of
the procedure must been seriously concerned [67]. If the
SLN draining the breast is the same node as the ARM
node draining the upper extremity, it will be difficult to
preserve the ARM node at SLN biopsy. The preliminary
radiographic results of the lymphatic system of upper

torso indicated that the lymph vessels originating in the
lower region of the upper extremity had close spatial
association with the breast tissues [68]; about a quarter
of patients had connection between lymphatic drainage
of the upper extremity and breast [65]. When using two
different methods to identify SLN nodes and ARM nodes
in the same time, the same nodes identified by these two
methods are called SLN-ARM nodes. The existence of
SLN-ARM node means the SLN and the arm lymph node
have common lymphatic channels, which should be highly
concerned because of high risk of metastatic involve-
ment. The occurrence of crossover nodes was about 4.3%
in 348 patients according to a recent results [44]. Other
investigators showed the crossover rates ranged from 0
to 28% [42, 50, 56]. SLN-ARM nodes have two different
implications, first, removing of SLN nodes may some-
what disrupt the lymphatic drainage of up extremity [33],
which may explain why SLNB still exists as the prob-
lem of lymphedema [54]. Second, if the SLN nodes con-
tain metastatic breast cancer cells, these malignant cells
may metastasis to SLN-ARM nodes. It will be difficult to
preserve these ARM nodes. Case series have shown that
patients with grossly involved nodal malignancy are at risk
for alteration of normal lymphatic flow and back flow to
the ARM nodes [69]. Deng and colleagues reported that
all of the metastatic ARM nodes only occurred in patients
with SLN-ARM nodes [42]. Only 0-32% of SLN-ARM
nodes are involved with malignancy [36, 42, 44, 54, 56],
and the metastatic rates for ARM nodes were positively
associated with N stage [44]. Noguchi et al. [56] and Nos
et al. [53] showed that patients with metastatic involve-
ment of the ARM sampling were all pN3 stage. With the
similar results, Ponzone et al. reported that three patients
with extensive nodal metastatic involvement (pN2a and
pN3a) had metastatic cancer cells in ARM nodes [46].
Hence, N3 lymphatic invasion should be a contraindication
for ARM procedure, not only because there exists a com-
mon lymphatic pathway, but also advanced breast cancer
cells are much more prone to metastasis to juxtapose sites
and impair axillary reverse mapping. However, positive
ARM nodes were also observed in the patients with only
a few positive or negative nodes [43, 59]. It is necessary to
distinguish the metastatic nodes in SLN-ARM nodes, and
remove them. Fine needle aspiration or biopsy of partial
resection of SLN-ARM nodes may provide evidences to
determinate which SLN-ARM node to dissect and which
one to persevere. Ikeda et al. [59] used the FNA technique
to evaluate the fluorescent ARM nodes when they were
located in the ALND field showed no discordance between
the cytological assessments by FNAC and the histologi-
cal results. However, the sampling error mainly caused
by deficient materials was 18% in with SLNB group and
26% in without SLNB group. Some variables appeared to
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predict a higher risk for ARM node’s metastatic involve-
ment, for example, young patient age and intensive axil-
lary disease [48].

Microsurgical lymphatic venous
anastomosis

ARM may be a promising technique to decrease the occur-
ring of lymphedema during SLND or ALND, while we must
notice that in a minority of patients the drainage pathway
from upper limb and ipsilateral breast is through a com-
mon lymphatic channel [50]. It not only explains why
such patients develop upper limb breast cancer-related
lymphedema after SLN biopsy, but also warns that in these
patients preserving the ARM lymph nodes may be at risk of
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cancer recurrence because of these residual nodes. For these
patients, especially with high N stages, the metastatic rate of
ARM nodes is high and they should not be considered as the
appropriate candidates to perform ARM procedure. To pre-
vent these patients from lymphedema, therefore, lymphatic
venous anastomoses (LVA) between arm lymphatics and
collateral branches of axillary vein have been introduced to
prevent lymphedema with low invasiveness [45]. This tech-
nique has been well-used in other medical area including
pelvic lymphocyst [70] and primary peripheral lymphedema
[71, 72]. Promisingly, the earlier the LVA were performed in
peripheral lymphedema patients, the better were the outcome
[72]. However, Danstra et al. [73] proceeded a prospective
study and demonstrated that a minimal reduction in volume
of lymphedema following LVA, non-operative treatment and
elastic stockings were still preferred by most patients with



Breast Cancer (2019) 26:1-10 7
Table 4. Follow-up and Author No. Follow-up months Lymphedema
evaluation of arm edema
(ARM removed) (ARM reserved)
Han et al. [40] 83 ALND 3-24 1/13 (7.7%) 0/70 (0%)
Casabona et al. [39] 72 ALND 6-9 0/72 (0%) -
Boneti et al. [36] 51 ALND 6 2/15 (13.3%) 0/36 (0%)
Gennaro et al. [51] 60 ALND 16 (6-36) 5/15 (33%) 4/45 (9%)
Ikeda et al. [57] 76 ALND 24 (12-36) 24/76 (32%) -
Yue et al. [63] 265 ALND 20 (7-32) 42/127 (33%) 7/118 (5.93%)
Sakurai et al. [55] 321 SLNB 28 5176 (6.6%) 0/245 (0%)
Noguchi et al. [56] 97 SLNB 12 (1-26) 2/28 (7.1%) 0/69 (0%)
Ochoa et al. [44] 158 SLNB 12 (3-48) 3/100 (3%) 1/58 (1.7%)

lymphedema [73]. Furthermore, post-mastectomy radio-
therapy might compromise the effect of LVA because of the
radiation-induced scar formation [74].

The effect of ymphedema prevention
after ARM

Secondary upper extremity lymphedema is among the most
deleterious chronic complication in breast patients who
received axillary surgery. It has been estimated that one in
five breast patients have suffered lymphedema [75]. Many
factors, such as high body mass index (BMI> 25 kg/m?),
postoperative radiotherapy, a history of wound infection or
lymphangitis, the duration of axillary drainage, and residual
lymph node disease after neoadjuvant chemotherapy were
reported to relate with the occurrence of lymphedema after
SLNB or ALND [57, 76, 77]. With the application of ARM
procedure, the incidence of secondary upper extremity
lymphedema was significantly decreased (Table 4). Boneti
et al. recorded that there was no patient had lymphedema in
the ARM nodes preserved group of 220 patients who had
underwent ALND [36]. A recent study showed that ARM
contributed to 23% lower incidence of lymphedema, and
decreased the need for ongoing therapy [78]. While other
report presented the contradictory results, after a median
follow-up time of 19 months, preservation of ARM nodes
did not benefit the incidence of lymphedema in 143 patients
undergoing ALND [49]. Otherwise, tumor nodal staging
also determined the benefit of ARM nodes preserving, it
indeed benefited patients with N1 and N2, but not with
NO breast cancer [40]. On the other hand, the definition
of lymphedema was not accurate and precise, we always
defined lymphedema as a measurement change of >2 cm
of arm circumference; however, we ignored the subjective
feeling of patients, although measurement change was less
than 2 cm; if the patient felt discomforts, she might have
lymphedema [40]. So a large, well-designed multicenter

randomized trail is required to exactly answer the question
whether ARM benefits the prevention of lymphedema.

Conclusion

In clinical practice, in breast cancer patients with clinically
negative axillary lymph node who meet the Z-11 criteria,
ALND can be avoided even with positive SLNs. If they do
not meet the Z-11 criteria, ALND with ARM procedure
should be recommended. The ARM technique is feasible
to prevent the occurrence of arm lymphedema for patients
undergoing ALND; however, the unsatisfying identification
rate limits its application in patients undergoing SLNB. Fur-
thermore, the SLN-ARM (crossover) nodes are the possibil-
ity of metastatic ARM nodes, which we must prudent to pre-
serve these nodes, but only a small proportion of SLN-ARM
nodes are positive ARM node. We, therefore, need to make
a series of criterion to identify the uninvolved malignance
SLN-ARM nodes and spare them. We also need to inves-
tigate whether combining some factors, for example, the
tumor size, the positive axillary nodes, the number of crosso-
ver nodes, can be effective predictors of ARM candidates.
This needs a large number of studies and clinic trials to pro-
ceed. In addition, neoadjuvant chemotherapy reduces the
risk of metastatic involvement of the ARM nodes, whether
it is appropriate to preserve ARM node after neoadjuvant
chemotherapy still needs further investigation.
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