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Background: Breast cancer—related lymphedema (BCRL) is one of the most significant sur-
vivorship issues in breast cancer management. Presently, there is no cure for BCRL. The
single greatest risk factor for developing BCRL is an axillary lymph node dissection (ALND).
Lymphatic Microsurgical Preventative Healing Approach (LYMPHA) is a surgical procedure
to reduce the risk of lymphedema in patients undergoing an ALND. We present our single
institution results after offering LYMPHA in the context of an established lymphedema
surveillance program.

Materials and methods: A retrospective review of our lymphedema surveillance program at
the University of Florida was performed over a 2-year period (March 2014-March 2016).
LYMPHA was offered to patients undergoing ALND beginning in March 2015. Patients who
developed lymphedema were compared with those who did not. Demographics and po-
tential risk factors for development of lymphedema such as age, body mass index, clinical
stage, radiotherapy, and chemotherapy were reviewed.

Results: Eighty-seven patients participated in the surveillance program over the study
period with an average age of 60 y (range 32-83) and body mass index of 30 kg/m? (range 17-
46). The single most significant risk factor for the development for lymphedema was an
ALND (P < 0.001). One of 67 patients undergoing a sentinel lymph node biopsy developed
lymphedema (1.5%). Four of 10 patients who underwent an ALND alone developed
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lymphedema (40%). One of 8 patients in the ALND + LYMPHA group developed transient

lymphedema (12.5%).

Conclusions: Offering LYMPHA with ALND decreased our institutional rate of lymphedema

from 40% to 12.5%. Long-term follow-up and randomized control trials are necessary to
further elucidate the promise of this surgical technique to reduce the incidence of BCRL.

© 2017 Elsevier Inc. All rights reserved.

Introduction

Breast cancer—related lymphedema (BCRL) is one of the most
significant survivorship issues in breast cancer manage-
ment.! Of 2.8 million breast cancer survivors in the United
States, it is estimated that one in five suffers from BCRL.?
Patients presenting with BCRL often complain of tightness,
heaviness, fatigue, and inability to fit into clothing secondary
to swelling. In select cases, patients present with repeated
episodes of rapidly spreading cellulitis of the affected ex-
tremity that can be life threatening if not treated expedi-
tiously. The signs and symptoms of BCRL have been
associated with a predilection toward anxiety, depression,
and overall reduced quality of life.> The most common risk
factors for the development of BCRL are an axillary lymph
node dissection (ALND), regional lymph node radiation
(RLNR), and/or an elevated body mass index (BMI) (>30).* The
standard treatment for BCRL has been physical therapy with
manual lymphatic drainage, compression, local skin care,
exercises, and pneumatic devices. More recent advances in
the surgical management of chronic lymphedema including
lymphovenous bypass and lymph node transfer have offered
new hope for improving the quality of life of patients with
BCRL. Unfortunately, neither therapy nor surgery provides a
definitive cure.

Consequently, a focus on limiting progression of disease
with early physical therapy intervention has emerged in the
form of lymphedema surveillance programs.”® In these
programs, patients with newly diagnosed breast cancers are
evaluated preoperatively to obtain critical baseline objec-
tive measures of the at-risk extremity followed by close
postoperative surveillance. Early diagnosis of lymphedema
and implementation of therapy has been correlated with
improved long-term outcomes in randomized control
trials.®

In parallel, an innovative approach to surgically prevent
lymphedema in high-risk patients, such as those undergoing
ALND, has been developed. In 2009, the Lymphatic Microsur-
gical Preventative Healing Approach (LYMPHA) was first
described.’® Divided arm lymphatics are identified at the time
of ALND, and lymphovenous bypasses are performed to an
axillary vein tributary. More recently, the authors reported a
lymphedema rate of 4.05% after ALND + LYMPHA with a 4-
year follow-up compared to 20-40% by historical controls.™"
' This study was replicated by Feldman et al.'® who
confirmed a significant reduction in lymphedema rates after
ALND + LYMPHA to 12.5%.

In validating a reduction in lymphedema rates, following
LYMPHA, it is important to compare results against institu-
tional controls as differences in surgical technique and delivery
ofrradiation arelikely to differ between centers thereby limiting

the value of historical controls. One year after initiating a
lymphedema surveillance protocol at our institution, we made
an institutional decision to begin offering the LYMPHA pro-
cedure to any patient undergoing an ALND. We, therefore, had
a control group of patients not being offered LYMPHA in the
early part of the surveillance program to compare against those
undergoing LYMPHA later in the program. Of significant note,
both groups of patients were followed utilizing the same pro-
tocol for both diagnosis and follow-up.

Our present study aims to compare lymphedema rates of
patients at a single institution before and after the imple-
mentation of the LYMPHA technique.

Materials and methods

A retrospective review of our lymphedema surveillance pro-
gram at the University of Florida was performed. This retro-
spective review was approved by our internal review board
with a waiver of documentation of informed consent. In
March 2014, we initiated a lymphedema surveillance program
where all newly diagnosed breast cancer patients were offered
a lymphedema evaluation preoperatively and were followed
by standard protocol postoperatively. Each evaluation, pre-
operatively and postoperatively, consisted of three compo-
nents: (1) evaluation by a certified lymphedema therapist for
signs and symptoms of BCRL, (2) circumferential measure-
ments, and (3) bioimpedance spectroscopy. Lymphedema was
defined as having signs/symptoms of BCRL and one positive
objective measure. If a patient’s lymphedema was diagnosed
within 6 mo of their final oncologic treatment (chemotherapy,
radiotherapy, and surgery), the lymphedema was defined as
transient. If the lymphedema was diagnosed or continued
beyond 6 mo after their final cancer treatment, it was defined
as lymphedema.

Newly diagnosed breast cancer patients with unilateral
disease participating in our surveillance program over a 2-year
period (March 2014-March 2016) were included in the study.
Participation in the program was defined as presenting for a
preoperative lymphedema assessment and a minimum of one
postoperative assessment. Baseline demographics (age, BMI,
prior radiation, or chemotherapy), cancer treatment charac-
teristics (chemotherapy, type of radiation treatment, and
surgical management), and physical therapy evaluations
(circumferential measurements, bioimpedance spectroscopy
data, and follow-up) were included in the analysis.

Surgical technique

From March 2014 to February 2015, all patients undergoing an
ALND underwent the procedure in standard fashion,
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including resection of axillary level I and Il nodes. From March
2015 to February 2016, all patients undergoing an ALND were
offered a modified LYMPHA procedure. As previously
described, 2 cc of 2% fluorescein isothiocyanate is injected
intradermally in the ipsilateral upper arm prior to the initia-
tion of the ALND." During the ALND, the accessory vein or
medial/lateral thoracic veins are preserved. Following
completion of the ALND, a Pentero 900D microscope (Carl
Zeiss Inc, Oberkochen, Germany) equipped with the YEL-
LOWS560 package was utilized to visualize arm lymphatics
divided during the ALND. These lymphatics were then
rerouted into the preserved axillary vein tributary (Fig. 1).

Data analysis

Patients who developed lymphedema were compared to
those who did not. Demographics and potential risk fac-
tors for development of lymphedema such as age, BMI,
clinical stage, radiotherapy, and chemotherapy were
reviewed. Similarly, patients who underwent the LYMPHA
technique were compared to those who had only ALND.
Here again, demographics and potential risk factors were
compared. All P values were computed using the Fisher’s
exact test or two-tailed t-test, as appropriate. Computa-
tions were done in the R language for statistical
computing, version 3.3.2.

A power analysis was performed using SAS with the
Fischer’s exact conditional test. We utilized a set control
percentage of 0.40 based on our institutional data. As previ-
ously reported in the single study from Italy{Boccardo:2014jh},
the incidence of lymphedema after simultaneous lymphove-
nous bypass was 0.04. Conservatively, we have set our study
value at 0.05 and power at 0.8. Using these parameters for
sample size calculation, we would have ideally recruited 50
patients.

A

Fluorescein

Technetium 99

»

Blue Dye

Results

A total of 177 patients presented for a preoperative lymphe-
dema evaluation, and 87 patients (49%) participated in the
surveillance program over the study period. Sixty-seven of 145
patients (45%) undergoing sentinel lymph node (SLN) biopsy
and 64% (18/28) of patients undergoing ALND participated in
the program and had an average age of 60 y (range 32-83) and
BMI 30 kg/m? (range 17-46); 40% of patients underwent mas-
tectomy and 21% ALND. Eighteen percent of patients received
neoadjuvant chemotherapy and 24% received RLNR. Most
patients did not undergo any reconstruction (62%).

The single most significant risk factor for the development
of lymphedema was an ALND (P < 0.001). Undergoing mas-
tectomy (P = 0.02), adjuvant chemotherapy (P = 0.03), and
RLNR (P = 0.05) were also associated with lymphedema
development. A trend toward lymphedema development and
clinical stage III disease (P = 0.10) was also noted (Table 1).

All patients in our cohort who developed lymphedema
were initially diagnosed either during treatment or within
6 mo of the completion of their cancer therapy. Therefore, all
patients were initially diagnosed with transient lymphedema.
The average time to diagnosis after the surgical procedure was
4.7 mo. One patient in the SLN biopsy group developed tran-
sient and then persistent lymphedema (1/67 or 1.5%). Of five
patients who developed transient lymphedema after under-
going an ALND without the LYMPHA procedure, one patient’s
symptoms and objective measures completely resolved, and
four patients’ symptoms persisted and they developed lym-
phedema (4/10 or 40%). Of these four patients, three were
diagnosed with lymphedema based on changes in symptoms
with associated changes in circumferential measurements
and bioimpedance spectroscopy. The fourth patient was
diagnosed based on symptoms and changes in

B

Fig. 1 — Schematic of the modified LYMPHA technique utilizing FITC. (A) Both blue and nuclear dyes are reserved for breast
sentinel lymph node identification. FITC is injected in the proximal upper inner arm. (B) Following completion of the axillary
dissection and removal of level 1 and 2 lymph nodes, arm lymphatic channels, now “glowing” from the FITC injection, are
identified and rerouted into an axillary vein tributary. FITC = fluorescein isothiocyanate. (Reproduced with permission from
the Annals of Plastic Surgery: from the study by Spiguel et al.)."” (Color version of figure is available online.)
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Table 1 — Patient demographics and treatment by incidence of lymphedema.

No lymphedema Lymphedema P value'
n =80 n=7

Age 60 (32-83) 60 (47-73) 0.87
BMI 30 (17-46) 31 (22-43) 0.81
Affected side (right) 42 (53%) 1(14%) 0.11
Dominant hand (right) 73 (91%) 6 (86%) 0.50
Clinical stage (%)

0 11 (14%) 0 (0%) 0.59

I 47 (59%) 4 (57%) 1.00

II 17 (21%) 1 (14%) 1.00

i} 5 (6%) 2 (29%) 0.10
Surgery

Breast

Mastectomy 29 (36%) 6 (86%) 0.02
Lumpectomy 51 (64%) 1 (14%) 0.02

Axilla

Sentinel lymph node biopsy 66 (83%) 1 (14%) 0.0005

Axillary lymph node dissection 12 (15%) 6 (86%) 0.0002
Adjuvant radiotherapy 61 (76%) 5 (71%) 0.67

Chest wall, breast, or intrabeam (no RLNR) 44 (55%) 1(14%) 0.05

RLNR =+ chest wall, breast, or intrabeam 17 (21%) 4 (57%) 0.05
Chemotherapy

Neoadjuvant 14 (18%) 2 (29%) 0.61

Adjuvant 13 (16%) 4 (57%) 0.03
Reconstruction 30 (38%) 3 (43%) 1.00

None 50 (63%) 4 (57%) 1.00

Implant based 13 (16%) 0 (0%) 0.59

Autologous 7 (9%) 2 (29%) 0.15

Autologous and implant based 1(1%) 0 (0%) 1.00

Oncoplastic 9 (11%) 1 (14%) 0.59

"Five of 7 patients have lymphedema, while 2 of 7 have transient lymphedema.

P value calculated by t-test or Fisher’s exact test.

circumferential measurements alone. Of the 17 patients who
underwent the LYMPHA procedure at our institution during
the study period, only eight participated in our surveillance
program. One patient in the ALND + LYMPHA group devel-
oped transient lymphedema which is currently persistent but
still within 6 mo of the completion of adjuvant radiation
therapy (1/8 or 12.5%) (Fig. 2). This patient’s diagnosis was
based on changes in symptoms and bicimpedance without
change in circumferential measurements. The only significant
difference between the two groups undergoing ALND with or
without LYMPHA was the follow-up period of 15 mo versus
20 mo (P < 0.03), respectively (Table 2).

As this study is a retrospective review and our patients
were therefore not randomized into treatment arms, we
compared demographics and cancer treatments for all pa-
tients undergoing ALND with or without LYMPHA who
participated in our program versus those lost to follow-up in
order to identify any potential confounding factors or bias
(Table 3). The only difference between the groups noted is that
participants who underwent LYMPHA were 10 y older than
those patients lost to follow-up (59 versus 49, P = 0.04).

Discussion

With no cure to date for BCRL, recognition and potential pro-
phylactic treatment for high-risk patients is an important
consideration. With a limited sample size, we were able to
reduce our institutional rate of lymphedema after ALND from
40% to 12.5% after introduction of the LYMPHA approach.
Similarly, with the institution of a surveillance program, we
were able to identify lymphedema in patients undergoing
ALND within 5 mo of their procedure. ALND, mastectomy,
adjuvant chemotherapy, and RLNR were associated with the
development of lymphedema.

By far, our most notable finding was the reduction in
rate of lymphedema development from 40% to 12.5% in
patients undergoing an ALND after the introduction of
the LYMPHA technique (Fig. 3). Evaluating lymphedema
through the lens of our prospective surveillance program is
revealing as our comparative groups were of similar
demographics, underwent care of their cancer at a
single institution, and were followed utilizing identical
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Breast Cancer
Patients Participating
in Lymphedema
Surveillance Protocol
(n=87)
No Axillary Surgery SLNB ALND
(n=2) (n=67) (n=18)
ALND without ALND with
Modified LYMPHA Modified LYMPHA
(n=10) (n=8)
4
1.5% (n=1) 50% (n=5) 12.5% (n=1)
Diagnosed with Diagnosed with Diagnosed with
Transient Transient Transient
Lymphedema Lymphedema Lymphedema
. 1.5% (n=1) 40% (n=4)
ﬁiﬁ;ﬁ:gg;:f Persisted to Develop Persisted to Develop
Lymphedema Lymphedema

Fig. 2 — Flowchart of patients by type of axillary surgery and lymphedema incidence. SLNB = sentinel lymph node biopsy.

protocols for the evaluation, definition, and treatment of
lymphedema.

Initiating a surveillance program was critical as it allowed
us to define institutional rates of lymphedema and the scope
of disease. All patients in our cohort to date who developed
lymphedema presented initially with signs and symptoms
either during treatment or within 6 mo of the end of their
cancer therapy. Of these seven patients, one patient’s condi-
tion completely resolved. No patient, to date, has presented

with lymphedema more than 6 mo after the completion of
cancer therapy. This finding underscores the value of sur-
veillance programs in being able to detect early lymphedema
which is especially important for high-risk patients as prompt
detection and treatment can potentially slow the progression
of disease.’

Our study confirmed multiple prior reports demonstrating
ALND and RLNR as important risk factors for the development
of lymphedema. While we noted an increased rate of
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Table 2 — Comparison of demographics and treatment between patients undergoing ALND with or without LYMPHA.

LYMPHA (n = 8) Non-LYMPHA (n = 10) P value®

Age 59 (48-73) 55 (34-72) 0.35
BMI 28 (19-40) 28 (22-36) 0.81
Average lymph nodes removed 18 19 0.98
Average positive lymph nodes 5 2 0.09
Type of breast surgery (mastectomy) 7 (88%) 9 (90%) 1.00
Adjuvant radiotherapy 8 (100%) 8 (80%) 0.48

Chest wall, breast, or intrabeam (no RLNR) 0 (0%) 2 (20%) 0.48

RLNR =+ chest wall, breast, or intrabeam 8 (100%) 6 (60%) 0.09
Chemotherapy

Neoadjuvant 5 (63%) 4 (40%) 0.63

Adjuvant 4 (50%) 4 (40%) 1.00
Follow-up (months) 15 20 0.03

*P value calculated by t-test or Fisher’s exact test.

lymphedema in patients undergoing mastectomy, we believe
this can be explained by our current indications for ALND.
Specifically, patients with limited nodal involvement under-
going lumpectomy do not require an ALND'®, whereas those
undergoing mastectomy will undergo an ALND for the same
extent of nodal involvement. Therefore, patients undergoing
mastectomy receive more aggressive axillary management
than those undergoing lumpectomy. Our findings also reveal
increased rates of lymphedema for patients who underwent
adjuvant chemotherapy, which again, may be biased as those
undergoing chemotherapy are more likely to have presented
with more advanced disease initially. However, prior studies
have linked specific chemotherapy regimens® to the devel-
opment of lymphedema. Finally, as patients presenting for
ALND have more advanced disease, it is not surprising that
increased rates of lymphedema development were noted in
those with clinical stage III disease.

While we believe in the promise of surgical prevention in
improving the quality of life in breast cancer survivors,
development of our program did have its challenges. If the
institutional policy is to send all SLNs for permanent section
and return to the operating room for an ALND at a later date,
scheduling combination procedures between a breast and
plastic surgeon will be more easily facilitated. However, for
institutions where SLNs are sent for frozen section, the
scheduling can be more erratic as a larger percentage of
patients will never progress to ALND especially in light of
recent trials challenging the need for ALND.?>?" In this latter
case, developing preoperative clinical and radiographic
criteria for patients who are high-risk for undergoing an
ALND can help minimize the lymphatic surgeon’s
downtime.

Ultimately, investment into a surgical program for lym-
phedema prevention has the potential to change the face of

Table 3 — Comparison of participants versus patients lost to follow-up.

ALND ALND lostto  Pvalue* ALND + LYMPHA ALND + LYMPHA P value*
participants follow-up participants lost to follow-up
(n =10) (n =10) (n=28) n=29)
Age 55 (34-72) 52 (41-64) 0.49 59 (48-73) 49 (35-69) 0.04
BMI 28 (22-36) 27 (17-36) 0.56 28 (19-40) 28 (14-38) 0.96
Average lymph nodes removed 19 22 0.51 18 22 0.14
Average positive lymph nodes 2 2 0.64 5 2 0.27
Type of breast surgery 9 (90%) 8 (80%) 1.00 7 (88%) 6 (67%) 0.58
(mastectomy)
Adjuvant radiotherapy 8 (80%) 10 (100%) 0.47 8 (100%) 5 (56%) 0.08
Chest wall, breast, or intrabeam 2 (20%) 0 (0%) 0.47 0 (0%) 0 (0%) 1.00
(no RLNR)
RLNR =+ chest wall, breast, or 6 (60%) 10 (100%) 0.09 8 (100%) 5 (56%) 0.08
intrabeam
Chemotherapy
Neoadjuvant 4 (40%) 7 (70%) 0.37 5 (63%) 5 (56%) 1.00
Adjuvant 4 (40%) 1 (10%) 0.30 4 (50%) 3 (33%) 0.64

*P value calculated by t-test or Fisher’s exact test.



https://doi.org/10.1016/j.jss.2017.10.008
https://doi.org/10.1016/j.jss.2017.10.008
https://doi.org/10.1016/j.jss.2017.10.008
https://doi.org/10.1016/j.jss.2017.10.008
https://doi.org/10.1016/j.jss.2017.10.008
https://doi.org/10.1016/j.jss.2017.10.008
https://doi.org/10.1016/j.jss.2017.10.008

HAHAMOFF ET AL e SURGICAL PREVENTION OF LYMPHEDEMA 7

09 T

08 T

o o o °
o w [+ ~

Probability of Not Developing Lymphedema

o
w

02 T

01 T

—LYMPHA

No LYMPHA

200 300

400

500 600 700 800

Days

Fig. 3 — Kaplan—Meier curves for lymphedema development (ALND only).

how metastatic disease to the axilla is treated. Given the
significant morbidity of ALND, namely lymphedema, there is
a distinct push away from ALND in early stage breast cancer
in place of RLNR.*” However, with LYMPHA and the promise
of lower rates of lymphedema, the role of ALND in providing
the optimal method of loco-regional control may be
preserved.

Similarly, while a lymphedema surveillance program has
the potential to positively impact long-term cancer survivor-
ship, implementation of this program revealed its own chal-
lenges. Understandably, when a patient is diagnosed with
cancer, lymphedema may be the least of their concerns. A
concerted and unified effort from the entire team including
the breast surgeon, plastic surgeon, medical oncologist, radi-
ation oncologist, and physical therapist will help increase
patient participation in these programs. The remaining chal-
lenge of coordinating visits for surveillance can be offset by
multidisciplinary clinics.

The most significant limitation of this study is the partic-
ipation rate. We believe our participation rate was low
because our surgical clinics were across town from our ther-
apists who performed our evaluations. Despite this limitation,
we chose to be rigorous in our inclusion criteria in order to
present objective preoperative and postoperative data for
comparison. While our participation rate is low, we do believe
our most significant finding of a decrease in lymphedema
rates after the advent of LYMPHA are notable as our average

time to diagnosis of lymphedema was 4.7 mo following the
surgical intervention, and our follow-up in the ALND versus
ALND + LYMPHA groups was 20 mo and 15 mo, respectively.
Ultimately, it will be important to follow these patients long
term.

Conclusion

With a limited sample size, we found that offering LYMPHA
with ALND decreased our institutional rate of lymphedema
from 40% to 12.5%. Similarly, surveillance programs allow for
early diagnosis and intervention by physical therapy. The sig-
nificant risk factors for lymphedema development included
ALND, RLNR, adjuvant chemotherapy, and mastectomy. Larger
studies will need to be performed to confirm the pilot data
presented. Moreover, long-term follow-up and randomized
control trials are necessary to further elucidate the promise of
this surgical technique for reducing the risk of BCRL.
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