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ABSTRACT
Background. As many as 40 % of breast cancer patients
undergoing axillary lymph node dissection (ALND) and
radiotherapy develop lymphedema. We report our experience performing lymphatic–venous anastomosis using the
lymphatic microsurgical preventive healing approach
(LYMPHA) at the time of ALND. This technique was
described by Boccardo, Campisi in 2009.
Methods. LYMPHA was offered to node-positive women
with breast cancer requiring ALND. Afferent lymphatic
vessels, identified by injection of blue dye in the ipsilateral
arm, were sutured into a branch of the axillary vein distal to
a competent valve. Follow-up was with pre- and postoperative lymphoscintigraphy, arm measurements, and (LDexÒ) bioimpedance spectroscopy.
Results. Over 26 months, 37 women underwent attempted
LYMPHA, with successful completion in 27. Unsuccessful
attempts were due to lack of a suitable vein (n = 3) and
lymphatic (n = 5) or extensive axillary disease (n = 1).
There were no LYMPHA-related complications. Mean follow-up time was 6 months (range 3–24 months). Among
completed patients, 10 (37 %) had a body mass index of
C30 kg/m2 (mean 27.9 ± 6.8 kg/m2, range 17.4–47.6 kg/
m2), and 17 (63 %) received axillary radiotherapy.
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Excluding two patients with preoperative lymphedema and
those with less than 3-month follow-up, the lymphedema rate
was 3 (12.5 %) of 24 in successfully completed and 4 (50 %)
of 8 in unsuccessfully treated patients.
Conclusions. Our transient lymphedema rate in this highrisk cohort of patients was 12.5 %. Early data show that
LYMPHA is feasible, safe, and effective for the primary
prevention of breast cancer-related lymphedema.

Increasing use of sentinel lymph node biopsy has led to a
decreased incidence of secondary lymphedema among
women with breast cancer, with reported rates of 1–7 % after
biopsy. Axillary lymph node dissection (ALND) is now
performed more selectively on the basis of such studies as
ACOSOG Z0011 and ACOSOG Z1071.1–7 Still, secondary
lymphedema remains a major source of morbidity among
those who require ALND, with rates ranging from 20 to
45 %—four times that seen after sentinel lymph node
biopsy.1,8–10 A particularly high-risk group is women
undergoing both ALND and nodal radiotherapy.11,12 Factors
shown to increase risk for secondary lymphedema include
number of nodes dissected, extended nodal radiotherapy, and
a body mass index (BMI) of C30 kg/m2.8,9,11–14 Current
management focuses on alleviating the symptoms of secondary lymphedema through manual lymph drainage with
massage, compression garments, and physical therapy but
requires ongoing compliance with treatment.15
Breast cancer survivors with lymphedema report longterm decrease in their quality of life as well as chronic pain,
depression, and anxiety.16 They have higher medical costs
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and more productive days lost than women without lymphedema.17 The significant impact on survivorship and
requirement for lifelong therapy mandates that effective
preventive strategies be explored. As early as 1988, Akimov and colleagues presented data on a surgical preventive
approach being used in the USSR.18,19 They described a
technique of microsurgical lymphovascular anastomosis in
the ipsilateral upper extremity of women undergoing radical mastectomy. Lymphoscintigraphy and intralymphatic
pressure measurements demonstrated a return to normal
microcirculation within 20 days of mastectomy. Despite
early evidence of its effectiveness, the technique remained
unused. Recently Boccardo et al. began using the axillary
reverse mapping and lymphatic microsurgical preventive
healing approach (LYMPHA) among women undergoing
axillary dissection for breast cancer.20–26 Arm lymphatics
were identified and preserved at the time of axillary dissection, and microsurgical anastomosis to an axillary vein
branch was performed. Among 74 patients undergoing
LYMPHA, there was a 4.05 % secondary lymphedema rate
at 4-year follow-up.
We report on the feasibility and short-term outcomes
using this technique in a high-risk population at our
institution.

METHODS
Female patients with breast cancer and documented
axillary nodal metastasis undergoing planned axillary node
dissection or modified radical mastectomy were offered
LYMPHA. Exclusion criteria included those not undergoing complete axillary node dissection, allergy to
Lymphazurin blue dye, and pregnancy. There was on-site
training both in Genoa and from visiting faculty to our
institution for mentoring on the technical aspects of the
procedure. The experimental protocol was approved by our
institutional review board.
Selection criteria differed from that of the Italian
group.26 In their cohort, patients were included on the basis
of BMI [30 kg/m2 or transit index [10 on preoperative
lymphoscintigraphy. Among our patients, neither BMI nor
preoperative lymphoscintigraphy were used as inclusion or
exclusion criteria but were reported in final analysis.
Patients deemed to be at high risk were selected on the
basis of extensive nodal disease at presentation and the
likely need for post-ALND radiotherapy.
Preoperative evaluation included examination with arm
measurements as well as bilateral lymphoscintigraphy and LDex bioimpedance spectroscopy. Postoperatively, patients
were seen in the clinic on a scheduled basis: 2 weeks, 4 weeks,
3 months, 6 months, 1 year, and 18 months. They had clinical
examination, arm measurements, and L-Dex at all visits and
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underwent lymphoscintigraphy at 3 and 18 months. Patients
who were enrolled but unable to undergo completed LYMPHA
were followed with clinical examination and bioimpedance
spectroscopy at the discretion of the attending surgeon, but they
did not undergo postoperative lymphoscintigraphy.
Lymphoscintigrams were performed in the department
of radiology. Approximately 2 millicuries of technetium
was injected into the hand at the web spaces. A gamma
camera was used to capture radiotracer images in the
studied arm. Both arms were studied at all three time points
for comparative purposes. Abnormal lymphoscintigram
was defined as transit index of [10 or visualized obstruction or collateral formation in the ipsilateral arm.27
Arm measurements were performed at the five specified
locations on the arm (wrist, midforearm, just above elbow,
mid–upper arm, and axilla). Nursing staff was trained to
perform arm measurements in order to limit interobserver
variability. Arm measurements were considered to be
abnormal if there was a more than 2 cm discrepancy in
circumferential size measurements between the affected
and unaffected arms or a change from baseline.
Any subject who developed clinical evidence or symptoms of lymphedema while participating in the study was
referred for treatment with standard-of-care techniques,
including compression sleeves, physical therapy, and lymphatic massage. Abnormal L-Dex findings or arm
measurement alone in the absence of clinical findings or
symptoms was not used as an absolute indication for referral.
Choice to refer for therapy in these circumstances was left to
the treating physician’s discretion.
LYMPHA was performed at the time of planned axillary
dissection. Before incision, Lymphazurin blue dye was
injected into the volar surface of the upper third of the arm
(3–4 ml intradermally, subcutaneously, and under muscle
fascia). Standard level 1 and 2 axillary dissection was
performed. Afferent blue lymphatics were identified from
the arm and were clipped near the insertion to the nodal
capsule. During dissection, a collateral branch of the axillary vein, with intact valve, was preserved with suitable
length to reach the lymphatic vessels. Location and competence of the valve were determined by visual inspection
and by the absence of back-bleeding before anastomosis.
After completion of the axillary dissection and removal of
the nodal packet, lymphatic–venous anastomosis was performed by a plastic surgeon trained in microsurgical
technique. The anastomosis was performed using a
‘‘dunking’’ technique, with the identified lymphatics being
inserted into the vein’s cut end and sutured to the vein
using 8-0 and 9-0 nylon sutures (Figs. 1, 2). A mean of 1.5
lymphatic vessels (range 1–3 vessels) were used. If multiple lymphatics were present, all were dunked into the
same vein. A drain was placed in the axilla, and patients
received standard postoperative care.
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FIG. 1 Lymphovenous anastomosis

FIG. 2 Schematic of lymphovenous anastamosis with proximal
valve

The quantitative variables—age, BMI, total nodes
excised, and number of positive nodes—were compared
between the completed and incomplete LYMPHA groups
by the Student t test. Nominal variables (surgery type,
radiotherapy, and chemotherapy) were compared by the
Fisher exact test. Lymphedema rates in completed and
incomplete groups and completed and historical groups
were compared by the Fisher exact test. All reported p
values are two sided.
RESULTS
Over a period of 29 months, beginning in December
2012, 40 women consented to the LYMPHA procedure.
Three withdrew consent before surgery; two had
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preexisting lymphedema and were excluded from analysis.
Of these 35 patients, 26 had successfully completed
LYMPHA (Fig. 3). Two patients have yet to reach 3-month
follow-up and are not included in analysis. Patient demographics and risk factors are provided in Table 1. Average
additional surgical time required for completion of LYMPHA was approximately 45 min. All cases were treated by
a breast surgeon and a plastic surgeon trained in microsurgical techniques. Four breast surgeons and three plastic
surgeons participated in the study. Twenty-four of the 37
nodal dissections were performed by one breast surgeon.
There was a nearly even split of completed LYMPHA
cases, 15 and 12, between two of the plastic surgeons, with
no significant difference in rates of unsuccessfully
attempted LYMPHA between surgeons. The proportion of
patients who consented to the procedure but who were
unable to complete LYMPHA remained stable over the
course of the study, with no evident learning curve in the
rate of completion. The average size of the anastomosed
lymphatics was 1–2 mm.
Median follow-up was 6 months (range 3–24 months).
Three patients (12.5 %) developed lymphedema (95 %
confidence interval [CI] 0.04–0.31). Onset was between 6
to 10 months after surgery. All had resolution within
6 months of onset, but two had recurrence requiring
ongoing treatment at 18-month follow-up. All three had
BMI of [30 kg/m2, and two received external beam
radiotherapy.
From the completed LYMPHA group, 16 patients have
had 3-month lymphoscintigraphy. Five patients had 18month lymphoscintigraphy. In only one was abnormal
ipsilateral lymphatic drainage visualized. At most recent
follow-up, 13 patients (54 %) had at least one ipsilateral
arm measurement 2 cm above baseline, but only one
patient with abnormal measurement had clinical lymphedema. The three patients with transient or ongoing
lymphedema in the completed LYMPHA group each had at
least one abnormal L-Dex measurement during their initial
6-month follow-up, coinciding with the time period of
documented lymphedema. Despite this correlation, L-Dex
had a calculated negative predictive value of 0.86 (95 % CI
0.56–0.97) and a positive predictive value of 0.44 (95 % CI
0.15–0.77) among our cohort. The majority of false-positive results occurred at the 2-week postoperative visit. This
may be related to postsurgical fluid shifts causing differences in bioimpedance. Excluding the abnormal 2-week
values gives a negative predictive value of 0.88 (95 % CI
0.60–0.97) and a positive predictive value of 0.57 (95 % CI
0.20–0.88).
Out of 35 patients, nine were unable to undergo LYMPHA at time of surgery. Among these, five had inadequate
mapping with no suitable lymphatic identified. Three had
no suitable vein for anastomosis. One had extensive
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FIG. 3 Flow chart of enrolled patients and outcomes
TABLE 1 Patient characteristics
Characteristic

Incomplete LYMPHA (n = 8)

Completed LYMPHA (n = 24)

p

Age (years)

55.8 ± 13.1 (33–71)

58.1 ± 11.8 (33–76)

0.63a

Body mass index (kg/m2)

29.5 ± 7.1 (23.5–41.5)

28.7 ± 6.8 (17.4–47.5)

0.77

Total lymph nodes excised

14.0 ± 7.0 (4–28)

18.0 ± 8.0 (3–37)

0.26

Positive lymph nodes

5.0 ± 5.5 (1–16)

3.0 ± 3.0 (0–13)

0.26

Type of surgery (breast conservation)

1/8 (12.5)

4/24 (16.6)

1.0b

Adjuvant radiotherapy

6/8 (75)

15/24 (62.5)

0.68

Chemotherapy (yes/no)

7/8 (87.5)

23/24 (95.8)

0.44

Data are presented as average ± SD (range) or as n/N (%)
a
t test of independent samples, using two-tailed p
b

Fisher’s exact test, using two-tailed p

axillary disease that precluded completion of LYMPHA.
Including only patients with at least 3-month follow-up, the
median follow-up time in this group was 9 months (range
6–18 months). Of these, four patients, or 50 % (95 %CI
0.15–0.85), developed clinically apparent lymphedema.
Three of the four required ongoing treatment for symptoms
at most recent follow-up. These patients were overall
comparable to the patients with completed LYMPHA, with
no statistically significant differences in number of excised
nodes, number of positive nodes, rates of radiotherapy, or
BMI (Table 1).

In a retrospective review at our institution, 170 patients
were identified who had undergone axillary node dissection
during a 7-year period from November 2007 to November
2014, all performed by surgeons participating in the current
study. Documented clinical lymphedema rate was 52
(30.6 %) of 170 (95 % CI 0.24–0.38).
Comparing patients with completed and incomplete
LYMPHA with 3-month or longer follow-up, the odds ratio
for development of lymphedema with LYMPHA versus no
LYMPHA was 0.14 (95 % CI 0.02–0.90). The Fisher exact
probability test provided a two-tailed p value of 0.05.
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When we compared the completed LYMPHA patients
with more than 3-month follow-up with the historical
group at our institution, we found the calculated odds ratio
for development of clinically apparent lymphedema provided completed LYMPHA to be 0.32 (95 % CI 0.09–
1.13), with a Fisher exact probability test two-tailed p value
of 0.09.
DISCUSSION
There are three major limitations to our current study: its
nonrandomized study design, the difficulty of defining
transient versus ongoing lymphedema, and the current
limitations in knowledge on the significance and appropriate measurement of preclinical lymphedema.
Our study was designed as a pilot project to evaluate the
feasibility of LYMPHA among our own high-risk patient
population. As such, it had neither randomization nor a
formal control group. Even so, our subset of patients
unable to complete LYMPHA had clinical characteristics
including age, BMI, type of surgery, nodal disease burden,
and radiotherapy rates comparable to those of our completed group (Table 1). This group and the historical group
from our own institution allowed us to make meaningful
comparisons between patients treated with LYMPHA and
those receiving standard management. In both comparisons, LYMPHA showed decreased odds for development
of clinical lymphedema, and although limited by small
sample size, this reached statistical significance in the
completed versus incomplete groups. Because of decreasing rates of axillary node dissection, it is difficult to accrue
sufficient patients for a randomized trial at a single institution, but further evaluation in a multicenter trial is
warranted by these findings.
In reporting 4-year follow-up on their cohort of 74
patients undergoing LYMPHA, Boccardo et al. reported a
4.05 % rate of ongoing lymphedema and if including
transient lymphedema a total rate of 10.8 %.26 The definition and significance of transient lymphedema remains
unclear, and in our own population we had an 8.3 % rate of
ongoing lymphedema and a total rate of 12.5 %. We
defined transient lymphedema as clinically evident arm
swelling, grade 1 or more at clinical examination, or
patient-reported arm swelling or heaviness occurring more
than 2 weeks after surgery and resolving completely within
6 months of onset, with or without physical therapy and
compression treatment. In their prospective study of the
natural history of lymphedema in breast cancer patients,
Blaney et al. reported 27 patients identified over the 12month course of the study as having lymphedema. Of these
27 patients, 14 (51.8 %) had spontaneous resolution of
their lymphedema before being seen in the physical therapy
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clinic (average time to visit was 4.8 weeks). Of these 14
patients, 10 returned to the physical therapist for 6-month
evaluation, and only three required further treatment for
lymphedema.28 Transient lymphedema may be related to
many treatment and patient factors beyond simply lymphatic obstruction in the axilla; radiation effects, Taxol
effect, and elevated BMI may all play a role.29,30 In their
prospective study of breast cancer survivors Norman et al.
found that 23.1 % of women experienced mild waxing and
waning lymphedema symptoms in the first 3 years after
treatment.31 Although symptoms for most were mild and
transient, this group had three times the risk of progression
to moderate or severe edema compared to those who never
had symptoms. Both the Boccardo et al. cohort and our
own patients had multiple risk factors for transient lymphedema, including high average BMI, high rates of Taxol
use, and postoperative radiotherapy. With multiple potentially contributing factors and unclear significance of
transient lymphedema, it is apparent that long-term followup of our patients is imperative.
Key to defining success is how we chose to follow and
evaluate patients. Ultimately the most important outcomes
are those of patient reported symptoms and satisfaction.
Use of bioimpedance and arm measurement have shown
little prognostic value in our patients, and if abnormal are
of uncertain significance in asymptomatic patients.
Although arm circumference measurements are logistically
much easier than volumetric measurement, they require a
very high degree of interuser reliability that may not be
attainable. These evaluation difficulties are demonstrated
among our own patients with significant fluctuation in arm
measurements, L-Dex measurements, and transit index
observed over time with limited correlation to development
of clinically significant lymphedema. In addition, attempts
to visualize anastomotic patency by lymphoscintigraphy
were limited by lack of imaging resolution. Important
future areas for evaluation of this technique are inclusion of
patient-reported outcomes such as the Norman Questionnaire and newer imaging modalities such as single-photon
emission computed tomography to visualize anastomotic
patency.32
CONCLUSION
Early data in our high-risk cohort of patients suggest that
LYMPHA is feasible, safe, and effective as a method for
the primary prevention of clinical lymphedema. We
believe this technique may serve to significantly improve
the long-term quality of life in breast cancer patients.
Follow-up is ongoing to evaluate the significance of transient lymphedema and subclinical measurement
abnormalities in our patient population. Larger multi-
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institutional and randomized trials are warranted to further
evaluate the effectiveness of LYMPHA.
ACKNOWLEDGMENTS Supported in part by a Columbia
University Department of Surgery Start-up Award. We wish to thank
Francesco Boccardo, Coradino Campisi, and the staff of the IRCCS
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