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Abstract The evidence available for risk reduction of lymph-
edema after breast cancer treatment is sparse and inconsistent.
It is limited by confounding factors such as axillary disease
burden, number of lymph nodes harvested, and radiation
treatment. However, there are several strategies for prevention
and risk reduction prior to the onset of lymphedema. Tech-
niques such as sentinel lymph node biopsy, axillary reverse
mapping, lymphatic anastomosis, and lymphovenular anasto-
mosis are aimed at preventing or minimizing the disruption of
lymphatic flow from the upper extremity. Few surgical proce-
dures, such as the historical Charles procedure, as well as
newer techniques including distal lymphaticovenular anasto-
mosis, lymph node transfer, suction-assisted protein
lipectomy, and low-level laser therapy exist. Nonsurgical
treatments include complete decongestive therapy, pneumatic
compression, Kinesio tape, and exercise. These have varying
degrees of effectiveness but have limitations in patient com-
pliance or availability of certified therapists.
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Introduction

According to the World Health Organization, as many as 170
million people worldwide and 3—5 million people in the USA
suffer from secondary lymphedema. Current rates of lymph-
edema in patients being treated for breast cancer depend not
only on what surgery was performed [~16-25 % following
axillary lymph node dissection (ALND) versus ~5-8 % fol-
lowing sentinel lymph node biopsy (SLNB)] but also varia-
tions with the surgeon, which emphasizes the fact that ALND
and even SLNB are not standardized (Table 1) [1-13]. While
ALND clearly has a two- to three-fold greater rate of lymph-
edema as SLNB, three times as many patients undergo SLNB
as ALND. Thus, it is important to find strategies to improve
surgical lymphadenectomy and reduce lymphedema, especial-
ly when lymphedema results from a negative SLNB. Lymph-
edema represents one of the most feared complications with
associated psychological distress ranging from 17 to 50 % [14,
15] and is an independent predictor of decreased quality of life
[16], yet lymphedema is one of the most under-recognized,
miscomprehended, relatively unassessed, and under-
researched complications of breast cancer (http://www.
cancer.gov/cancertopics/pdq/supportivecare/lymphedema/
Patient/pagel).

Because as many and varied procedures have failed to
resolve lymphedema, new strategies for preventing its devel-
opment are needed. The procedures currently used for breast
cancer staging involve surgical removal of some (SLNB) or
all (ALND) lymph nodes in the axilla below the vein from the
serratus anterior to the latissimus dorsi and posteriorly to the
teres major. Surgery can disrupt the drainage of arm lym-
phatics coursing through the axilla, leading to lymphedema.
When radiation and chemotherapy are added, further damage
to the lymphatics is incurred.

Lymphedema (elephantiasis chirurgical) occurs when re-
gional lymphatic flow is insufficient and the lymphatic system
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Table1 Lymphedema rates in studies comparing SLNB and ALND

Study Year No. of patients % of lymphedema

SLNB ALND SLNB ALND (follow-up)

Schrenk etal. 2000 35 35 0
(1]

Haidetal. [2] 2002 57 140 4 27

Swensonetal. 2002 169 78 4 14 (12 months)
3]

Blanchard et al. 2003 683 91 6
[4]

Schijven etal. 2003 180 213 1 7 (<12, 12, 24, and
[5] 36 months)

Ronka et al. [6] 2005 43 40 13 77 (12 months)

Leidenius et al. 2005 92 47 5 28 (36 months)
(71

Mansel etal. [8] 2006 515 516 5

Luccietal. [9] 2007 446 445

McLaughlin 2008 600 336 5
etal. [10]

Ashikaga etal. 2010 2008 1975 8
[11]

Wernicki etal. 2011 108 115 5
[12]

17 (17 months)

34 (29 months)

13 (12 months)
11 (6 months)
16 (60 months)

14 (12 months)

35 (10 years)

ALND axillary lymph node dissection, SLNB sentinel lymph node
biopsy

cannot perform its role of maintaining tissue fluid homeosta-
sis. This condition causes variable amounts of swelling of the
extremity as a result of accumulation of protein-rich interstitial
fluid, and chronic lymphedema and chronic infections lead to
fibrosis over time [17]. Symptoms can be mild (reversible),
moderate (a heavy limb that impairs physical activity and
interferes with clothing), or severe (accompanied by extreme
fibrosis, massive girth, and skin/tissue alterations).
Secondary-acquired lymphedema can be caused by infection,
solid tumors, lymphoma, radiation, or chronic venous insuf-
ficiency, but the most common cause of lymphedema is sur-
gical intervention for cancer during which lymphatic tissue
draining the arm is damaged or removed.

Anatomy of the Lymphatic System of the Axilla

Until recently, an understanding of lymphatic drainage of the
arm was based on extensive lymphatic mapping that included
only the arm but not the axilla. Foldi and others have carefully
catalogued the drainage of various parts of the arm, but a
lymph node identified in the axilla is categorized by its posi-
tion or level in the axillary bed, not by its source of drainage
[17]. The upper extremity itself has most of its drainage
coming into the upper inner volar surface of the arm, with
some draining posteriorly, even bypassing the axilla and
draining directly into the subclavian vein more medially
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[17]. Recent reports have characterized lymphatic routes
draining the arm through the axilla [18-20] (Fig. 1). About
one third of the routes are seen low enough in the axilla as it
can be seen from a SLNB incision, and about 8 % is separate
but juxtaposed to the sentinel lymph node (SLN) itself. About
two thirds of lymphatics can be seen from a typical ALND
incision [19¢]. This has led to techniques to identify, preserve,
and/or reanastomose/reapproximate lymphatics draining the
arm resulting in dramatic decreases in lymphedema in a short-
term follow-up for SLN as well as ALND [20].

Prevention and Risk Reduction Procedures

The evidence-based methods of risk reduction for breast
cancer-related lymphedema are scant and contradictory, and
most studies in the area are limited by methodological prob-
lems such as small sample size or retrospective design.
Existing studies of lymphedema are complicated by inconsis-
tent relationships in a number of personal, disease, and
treatment-related risk factors (Table 1) that include numbers
of positive lymph nodes removed, postoperative infection,
radiation to the axilla, younger age at diagnosis, history of
hypertension, body mass index of >30 kg/m?, and length of
follow-up.

Fig. 1 Anatomical variations of the lymphatics as they course through
the axilla. 7 The pattern hugging the vein that was thought to be the usual
route of arm lymphatics. 2 The sling pattern that is commonly seen even
during SLNB. 3, 4 A lateral and medial apron pattern. 5 A twine pattern
made up of multiple lymphatics and small nodes. This can also be a chain
of nodes that runs across the axilla in harm’s way
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SLN Biopsy: Reducing Lymphedema Resulting from Surgical
Resection of Breast Cancer

While breast cancer outcomes heavily rely on thoroughly
evaluating axillary lymph nodes, the procedure can result in
lymphedema and other morbidities (Table 1) [14, 15, 21-24].
Until the recent release of new guidelines by the American
Society of Clinical Oncology (ASCO) and National Compre-
hensive Cancer Network (NCCN), ALND was the recom-
mended procedure for the approximately 30 % of women with
histologically positive lymph nodes (clinically positive or via
SLNB), and ~16-25 % of these women developed lymphede-
ma. SLNB alone is an option for women with negative SLNB
and recently advocated for some women with positive nodes
(those undergoing lumpectomy and whole breast radiation
with one or two positive SLNs) and results in lymphedema
in only 5-8 % of cases (Table 1). This is a fraction of the
incidence resulting from ALND, but because so many more
women undergo SLNB (~70 %), the number of women who
have developed lymphedema after a negative SLNB approx-
imates those who have developed the condition after ALND.
In combining outcomes from both ALND and SLNB, there
are an estimated 11,000 new cases of lymphedema per year in
the USA. Furthermore, lymphedema is considered to be
underreported because postsurgical arm volumes are not rou-
tinely measured, and swelling is usually not clinically detect-
able unless >200 mL of fluid has been retained in the extrem-
ity [25]. Further, the presentation can be latent and treatment
delays are common, often resulting in a chronic debilitating
disease from an otherwise successful treatment of the breast
cancer. New approaches are needed to prevent this significant
morbidity and improve survivorship.

In a purely anatomical dissection that has changed little
over the last several decades, ALND includes the level I and 11
nodes with level III nodes removed only for grossly palpable
disease. ALND does not take into account the lymphatic
drainage from the breast versus that of the arm because drain-
age from the arm into the axilla was only recently described by
our group [18-20]. Thus, lymphedema from surgical treat-
ment is most likely caused by a disruption of lymph vessels
from the arm that course through the axilla [19¢]. Reports of
lymphedema rates in patients undergoing ALND vary, de-
pending on how closely lymphedema was monitored, length
of follow-up [26], number of positive lymph nodes [27], use
of postoperative irradiation [28], extent of surgery, body hab-
itus, and a number of other patient characteristic [29]. SLNB
for breast cancer was first described by Krag and colleagues to
prevent the high morbidity seen with ALND. Multiple com-
parison studies, several of which were randomized, have
confirmed that SLNB consistently has lower morbidity and
lymphedema rates than ALND (Table 1). Several cooperative
group trials have shown lymphedema rates of approximately
5-8 % with SLNB alone, but reports vary from 0 to 13 %

(Table 1). The variability in reported lymphedema rates again
emphasizes the variability in surgical technique as well as
detection, emphasizing the need to further define and protect
the anatomy of lymphatic drainage from the arm within the
axilla.

Axillary Reverse Mapping

Axillary reverse mapping (ARM) is a surgical technique
which is available to assist in reducing the risk of lymphedema
[18-20]. ARM defines the “functional” anatomy of the axilla,
and in so doing, a methodology (ARM) to be used during
SLNB and/or ALND may not only predict lymphedema risk
but also prevent lymphedema from developing (Fig. 1). This
technique as initially described uses a technetium sulfur col-
loid (~4 mL) injected in the subareolar location and ~5 mL of
isosulfan blue dye injected subcutaneously in the ipsilateral
upper volar surface of the upper extremity. The use of “split”
injections is crucial in identifying crossover between arm and
breast lymphatic drainage as well as juxtaposition of blue
ARM nodes to a SLN. This technique can be applied in both
SLNB and ALND to allow for visualization of lymphatics
draining the upper arm which may otherwise not be spared
(Fig. 2). Its use has been shown in a short-term follow-up
(20 months) to significantly reduce the incidence of lymph-
edema from SLNB or ALND to 2 % overall [30].

Lymphatic Anastomosis

Lymphatic anastomosis is another technique that is being used
in the prevention and treatment of lymphedema. As a preven-
tative measure, the transected ends of a lymphatic channel are
anastomosed or reapproximated at the time of lymphadenec-
tomy during SLNB or ALND (Fig. 3). This technique is based

1 Arm

Injection
Site

Fig. 2 Technique of axillary reverse mapping (ARM) showing blue dye
injection in the arm and radioactivity in the breast, so-called “split
mapping”
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Fig. 3 Anastomosis of ARM lymphatic transected during axillary node
dissection with blue dye flow reestablished

on experiments conducted by Guthrie and Gagnon in 1946
where transection of the hind limb lymphatics caused lymph-
edema, but when simply transected and then sutured back
together, new lymphatics were subsequently seen to cross
the suture line without the occurrence of lymphedema [31].
This technique is an area of ongoing research, but in a short-
term follow-up (20 months), reanastomosis has been associ-
ated with no cases of lymphedema in the first 80 patients with
known lymphatic transection [30].

Lymphovenular Anastomosis

Lymphatic microsurgical preventing healing approach
(LYMPHA) is a procedure involving anastomosis of arm
lymphatics to a collateral branch of the axillary vein. This
technique has demonstrated patency of anastomoses postop-
eratively and reduced lymphedema rates in patients undergo-
ing axillary lymph node dissection. One potential limitation of
this approach arises in the setting of high venous pressures
proximally. Results also suggest that the learning curve may
play a role in outcomes. Still, this technique appears to have
promising results in select populations with reduced lymph-
edema rates with up to 4 years of follow-up [32].

Treatment

Surgical

Charles Procedure

Historically, the Charles procedure was one of the first tech-

niques developed in the treatment of lymphedema. Described
in 1912, it entails radical resection of skin and subcutaneous

@ Springer

tissue down to the level of fascia with skin grafts then used for
tissue coverage. Throughout the years, this technique has
undergone multiple variations but has fallen out of favor due
to concerns over cosmesis as well as its associated morbidity
and risk of complications. The Charles procedure has recently
resurfaced and is again being used in extreme cases of severe-
ly limiting lymphedema where other methods of treatment
have failed. Recent modifications on the approach now entails
the addition of liposuction techniques or a staged approach
and are showing encouraging results for these extreme cases
[33].

Distal Lymphaticovenular Anastomosis

Distal lymphaticovenular anastomosis through the use of a
microscope is a technique for the treatment of lymphedema
which may be used in recent-onset lymphedema [34¢]. This
approach must be employed prior to the onset of fibrosis
carlier in the clinical course of lymphedema to have the
greatest opportunity for success. It may as well be used in
combination with other methods, such as the use of compres-
sion postoperatively to increase lymphatic return and subse-
quently reduce the resultant lymphedema.

Lymph Node Transfer

Lymph node transfer involves the use of lymph nodes har-
vested from various donor sites for the treatment of postmas-
tectomy lymphedema [35]. Results using this technique have
varied but have seen improved outcomes when applied to
early-stage lymphedema. Although no clear consensus has
been reached, some variations include donor sites from ingui-
nal lymphatic basins to wrist, forearm, and axillary recipient
sites [36]. This approach as well seems to be better suited for
the treatment of lymphedema while in its earlier stages. Risks
include lymphedema to areas draining from the donor site.

Suction-Assisted Protein Lipectomy

Suction-assisted protein lipectomy is a specialized type of
liposuction. In contrast to other surgical treatments of lymph-
edema that target the fluid component, it targets the solid
component of chronic non-pitting edema. The proteinaceous
subcutaneous tissue is suctioned out of the edematous limb
using liposuction cannulas. This technique should be used in
conjunction with postoperative compression garments and
other surgical approaches which aim to address the patho-
physiology of lymphedema [37].

Low-Level Laser Therapy

Low-level laser therapy is a therapeutic option that is designed
to promote lymphagiogenesis and macrophage activity. It
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results in softening of fibrosis associated with lymphedema
and, when used in combination with compressive therapy, has
been found effective in reducing sequelae of lymphedema in
small trials [38].

Nonsurgical Treatment

Complementary, Alternative, and Other Nonsurgical
Treatments

Cormier and colleagues have recently published a compre-
hensive literature search on nonsurgical lymphedema man-
agement and categorized these according to the standard of
putting evidence to practice (PEP) [39, 40].

Complete Decongestive Therapy Any treatment strategy
should be accompanied by complete decongestive therapy
(CDT) as well as education about avoiding activities that
could increase lymphedema [41¢]. CDT involves an initial
reductive phase which employs specialized manual lymphatic
drainage, bandaging, and exercise which usually takes several
weeks to complete. The second phase is a maintenance phase
that involves compressive sleeves, exercise, and prevention
and early recognition of infection which will really be used for
the life of the patient. Success rates of CDT are hampered by
poor patient compliance, expense, and limited availability of
certified lymphedema therapists that perform and teach the
specialized massage.

Pneumatic Compression While some studies have found
pneumatic compression to be effective at fluid transport,
it does not seem to promote protein transport and subse-
quently does not appear effective as a sole modality by
which to maintain control of lymphedema [42]. A pro-
spective randomized controlled trial which involved laser
versus pneumatic mechanical compression showed that
while laser treatment had a 95 % reduction in volume
by 12 months, pneumatic compression was ineffective
[39].

Kinesio Tape Kinesio tape is likely just as effective as the
standard CDT bandaging. A randomized control trial showed
Kinesio tape just as effective as compressive bandages and
may be more likely to be used in patients who have poor
compliance with CDT [43].

Exercise Avoidance of exercise for patients with lymphedema
is not supported by data. In fact, studies have actually sup-
ported the recommendation for resistance exercising and
weight training showing a potential benefit in the risk of
developing lymphedema [44]. In addition, exercise in patients
with lymphedema has been shown to increase quality of life
and decrease fatigue [45].

Treatments with Effectiveness Not Established

Ultrasound, electrical stimulation, electromagnetic diathermy,
hyperbaric oxygen therapy, acupuncture, edermologie system,
Lymphease massage unit, Sun Ancon Chi, deep oscillation
therapy, aquatic lymphatic therapy, and extracorporeal shock
wave therapy have all been used in the treatment of lymph-
edema. Their effectiveness has not been established [40].

Long-standing recommendations such as avoidance of
blood pressure measurements and needle sticks in the ipsilat-
eral arm are not evidence based. A retrospective article is one
of the only available studies supporting this practice in pa-
tients, but it relied on the patient’s recall of needle sticks [46].
However, infection increases the risk of lymphedema by
50 %. In this regard, patients with needle sticks have a higher
risk of infection than those without, and when possible, needle
sticks should be avoided.

The use of compression garments during air travel based on
a questionable risk of low cabin pressure causing a decrease in
extracellular fluid pressure has not been found to be effective
[44].

Conclusion

Patients fear lymphedema sometimes as much or more than a
mastectomy or recurrence of breast cancer. It is not only a
hindrance to most occupations but also a constant reminder to
the patient and others that they are a cancer survivor. It is
incumbent on surgeons to continue to educate their patients
and apply new developments and improve lymphadenectomy
procedures in order to reduce the incidence of lymphedema
and the impact on quality of life.
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