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INTRODUCTION
Breast cancer–related lymphedema is a debilitating re-

sult of breast cancer, or its treatment, causing long-term 
morbidity to patients who have otherwise undergone suc-
cessful oncologic treatment. Thanks to advances in breast 
cancer care, many such patients have high functional de-

mands in their professional and recreational lives. There-
fore, strategies to prevent or otherwise ameliorate this 
condition are highly sought after.1–6 The pathophysiology 
of breast cancer–related lymphedema is clear. Treatment 
involves a multidisciplinary approach, with conservative 
management as the mainstay. Such treatments are focused 
on symptom control and not a cure. Surgical modalities 
include excisional and physiologic techniques, and the lat-
ter have become more popular in recent years, reflecting 
advances in microsurgery and supermicrosurgery.7–9 Vas-
cularized lymph node transfer (VLNT) has been shown to 
be an effective treatment for extremity lymphedema. By 
transplanting healthy lymph nodes into the affected limb, 
lymph fluid is drained into the venous system via natural 
lymphovenous connections inside the flap.10–14 Good out-
comes have been achieved; however, the optimal donor 
flap, recipient site, and patient selection criteria have yet 
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to be defined.11,12,15 It is, therefore, of great importance 
that an energetic discourse among all caregivers in the 
multidisciplinary treatment of lymphedema occurs, and 
that evidence-based treatment algorithms, such as that 
proposed in this paper, are updated as new findings are 
identified. Preclinical studies have shown that the success 
of VLNT is dependent on the number of lymph nodes in-
cluded in the transferred flap.16–18 It is hypothesized that 
the diameter, and therefore the flow rate, of the draining 
veins of the flap and recipient vessels are further determi-
nants of outcome.

This team has achieved success using a submental 
vascularized lymph node flap placed distally in the up-
per limb, at the wrist. Placing the flap distally prevents an 
unfavorably distorted and scarred anatomy of the previ-
ously operated axilla and benefits from the dependency 
on aiding fluid return.19 These advantages are borne from 
clinical outcome studies comparing this method with 
placement at the elbow.11 The flap can be inset on the dor-
sal surface using the dorsal branch of the radial artery, or 
the volar surface using the ulnar artery.

The principal concern with this approach is the visibil-
ity of the flap at the dorsal wrist that patients may consider 
to be not cosmetically appealing. Placing the flap on the 
volar surface partially conceals the flap and is a poten-
tial solution. However, the less favorable anatomy of the 
recipient veins in this location may not be as conducive 
to off-loading fluid from the limb. The aim of this study, 
therefore, was to establish whether there was a difference 
in treatment outcome between dorsal and volar recipient 
sites of VLNT at the wrist for breast cancer–related lymph-
edema.

METHODS
The Institutional Review Board of Chang Gung Memo-

rial Hospital, Taoyuan, Taiwan, reviewed and retrospec-
tively approved this study. Patients were recruited between 
January 2014 and June 2015. Written consent for partici-
pation was obtained in all cases.

Preoperative Evaluation and Patient Selection
All patients underwent the same preoperative evalu-

ation, including lymphoscintigraphy and indocyanine 
green lymphography, Doppler ultrasound of the recipient 
venous system, and donor lymph node basin and mag-
netic resonance imaging (MRI) to determine the pedicle 
course and quantity of lymph nodes at the donor site.

Patient Inclusion and Exclusion Criteria
Included were patients who had a diagnosis of upper 

extremity lymphedema after mastectomy and sentinel 
lymph node biopsy or axillary clearance, as confirmed by 
lymphoscintigraphy, who were to undergo VLNT using a 
submental flap to the wrist. Excluded were patients with 
primary lymphedema, less than 1 year of follow-up; those 
who were unable to comply with the follow-up protocol; 
and those who had additional surgery for other indica-
tions performed on the lymphedematous upper limb.

Outcome Measures
Patients were assessed clinically and by patient-report-

ed outcome measures, both preoperatively and postop-
eratively. This enabled treatment planning, established 
a baseline, and enabled comparison of outcomes and 
elucidation of treatment response. Time points for as-
sessment were preoperation and 3, 6, and 12 months 
postoperative.

Clinical assessment of demographic data included age, 
body mass index (BMI), duration of symptoms, and epi-
sodes of cellulitis. Clinical photographs were taken at each 
time point. Measurements were made of the upper limb 
circumference taken 10 cm above and below the elbow. 
Skin changes were noted. Circumferential difference and 
reduction rate were calculated from these circumference 
measurements. Circumferential difference was defined as 
the circumference of the affected limb subtracted from 
that of the normal limb and divided by that of the nor-
mal limb. Circumferential reduction rate was defined as 
the preoperative difference between the circumferences 
of the affected and normal limbs minus the postoperative 
difference, and divided by the preoperative difference.

Radiological assessments included preoperative upper 
limb lymphoscintigraphy to confirm the diagnosis. Preop-
erative duplex ultrasonography and MRI of the neck were 
performed to identify the number of submental lymph 
nodes, and to aid in flap selection and dissection. Duplex 
ultrasound of the wrist was performed to check the paten-
cy and diameters of the recipient vessels and to determine 
any venous compromise.

Patient-reported outcome measures were in the form 
of the Lymphedema Specific Quality of Life Question-
naires (LYMQOL), which were assessed preoperatively 
and 1 year postoperatively.20

Group Allocation
The research coordinator presented all patients who 

met the inclusion criteria with a standardized information 
pack to enable them to choose their site of preference, 
either volar or dorsal, at the wrist.

Surgical Technique
The submental lymph node flap was raised according 

to the procedure previously described and published.12,21,22 
Figure  1 shows intraoperative photographs of the flap 
procurement and inset for the dorsal and volar recipient 
sites. A detailed reiteration of the dissection is beyond the 
scope of this paper but is summarized as follows. The side 
of flap harvest was chosen according to patient choice and 
by preoperative imaging studies suggesting which loca-
tion was most favorable in terms of lymph node size and 
number. A skin paddle of 9 × 2.5 cm was marked with the 
long axis parallel to the inferior border of the mandible 
centered over the intraoperative Doppler location of the 
submental artery. The submental vessels, originating from 
the facial vessels, were used as the donor pedicle. Care was 
taken to preserve the marginal mandibular nerve.

The recipient site was prepared in all cases according 
to the technique previously described.11,19,21 In both dor-
sal and volar placement, access was achieved through a 
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“lazy-S” incision and enough space was dissected to cre-
ate a pocket of adequate size to accommodate the flap. 
The dorsal side the radial artery was divided at the level 
of the snuffbox, taking care to preserve the superficial ra-
dial nerve. An end-to-end anastomosis was performed with 
the radial artery and cephalic vein. Volarly, the skin was 
incised longitudinally, and the ulnar artery and accompa-
nying venae comitantes or basilic vein were also utilized 
in an end-to-end manner (the arterial anastomosis was oc-
casionally performed in an end-to-side manner).

Flap inset was performed by means of multiple horizon-
tal mattress sutures that were secured with adhesive tape. 
The sutures were tied at postoperative day 7, when there 
was no venous compression and swelling had subsided. 
This technical tip has been adopted as a means of mini-
mizing compression on the flap to prevent venous com-
promise. No skin grafts were required to cover exposed 

areas of flap at the inset. The patients were monitored in 
the microsurgical intensive care unit for 5 days and were 
discharged on postoperative day 7. Unrestricted finger 
movement was encouraged from postoperative day 3. No 
compression garments were worn at any stage postopera-
tively. Massage of the flap and manual lymphatic drain-
age from proximal to distal are recommended 3 times a 
day for both groups. Patients are advised to return normal 
activity gradually as tolerated. Patients were routinely fol-
lowed up at monthly outpatient review visits.

Statistical Analysis
SPSS 20.0 software (SPSS, Inc., Chicago, Ill.) was used 

to analyze the data. The Kolmogorov–Smirnov test was 
used to assess the normal distribution; the nonparamet-
ric Mann–Whitney–Wilcoxon test was used to assess the 
continuous variables, and the chi-squared test was used to 

Fig. 1. Flap inset surgical technique. A, The submental flap following harvest; blue arrow denotes the vein, red arrow denotes the facial 
artery, and yellow arrows denote sizable lymph nodes. B, Surgical marking for dorsal inset. C, Dorsal flap inset. D, Surgical marking for volar 
inset. E, Volar flap inset.

Table 1.  Demographic Data and Grade of Lymphedema

Type of 
Recipient Site 

No. Cases
N (%)

Age Mean ± 
SD (y)

BMI
Mean ± SD 

(kg/m2)

Symptom  
Duration

Mean ± SD 
(mo)

Cellulitis Lymphedema Grade 

Preoperative
Times/y

1 Y 
Postoperative

Times/y
Preoperative

Grade

1 Y 
Postoperative

Grade

Dorsal wrist 7 (46.7) 53.6 ± 8.4 26.6 ± 3.8 25.6 ± 26.9 2.7 ± 2.4 0.4 ± 0.8
III: 4
IV: 3

I: 3
II: 4

     Preoperative versus  
postoperative P = 0.04*

Preoperative versus  
postoperative P = 0.04*

Volar wrist 8 (53.3) 55.1 ± 5.1 25.4 ± 1.7 31.8 ± 26.2 14.1 ± 33.1 0.1 ± 0.4 II: 2
III: 5
IV: 1

I: 6
II: 2

     Preoperative versus  
postoperative P = 0.04*

Preoperative versus  
postoperative P = 0.04*

Total 15 (100) 54.4 ± 6.6 25.9 ± 2.7 28.9 ± 25.8 6 ± 17.8 0.3 ± 0.7 II: 2
III: 9
IV: 4

I: 9
II: 6

P  0.5 0.3 0.4 0.04* 0.06 0.06 0.06

*P < 0.05
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assess the categorical data between dorsal and volar wrist 
groups. P values of <0.05 were considered significant.

RESULTS
A total of 15 patients met the inclusion criteria for this 

study. Vascularized lymph nodes were transferred to the 
dorsal wrist in 7 cases (46.7%) and to the volar wrist in 8 
cases (53.3%). Table 1 summarizes the demographic de-
tails of the patients and the site of choice in each case. 
There were no significant differences between two groups 
with respect to the mean age, BMI, and duration of symp-
toms. The means of these variables were 53.6 ± 8.4 and 
55.1 ± 5.1 years (P = 0.5), 26.6 ± 3.8 and 25.4 ± 1.7 kg/m2  
(P = 0.3), and 25.6 ± 26.9 and 31.8 ± 26.2 months (P = 0.4), 
respectively (Table 1). All cases were classified as Cheng’s 
lymphedema, grade 2 or higher (P = 0.06) (Table 1).21

There were no flap failures in either group. One flap 
in each group required early reexploration due to evi-
dence of venous compromise, and in each case, salvage 
was successful. Mean arterial size was 2.5 ± 0.5 mm for the 
dorsal and 2.2 ± 1.2 mm for the volar (P = 0.7) groups. 
Mean dorsal vein size was 2.8 ± 0.9 mm, and volar vein size 
was 2.0 ± 1.2 mm (P = 0.5). Based on Poiseuille’s law cal-
culating the flow rate as proportional to the radius to the 
power 4, there was significantly more flow in the recipient 
veins on the dorsal side (P < 0.0001, unpaired t test).

The incidence of cellulitis was significantly reduced in 
both groups; mean preoperative episodes were 6 annually 
and were reduced to 0.3 annually (P = 0.04). There was no 
difference between the dorsal and volar groups (Table  1).
Circumferential difference was significantly reduced at  
12 months postoperatively in the above-elbow measurements 
in the dorsal [32.4% ± 12.8% to 13.5% ± 10.1% (P = 0.03)] 
and volar groups [34.5% ± 18.4% to 18.8% ± 8.2% (P = 0.03)], 
and in the below-elbow measurements in the dorsal [32.6% ± 
10.2% to 14.1% ± 18.9% (P = 0.04)] and volar [30.4% ± 10.9% 
to 19.5% ± 14.5% (P = 0.04)] groups, respectively (Table 2). 
At a 12-month follow-up, the mean circumferential reduction 
rate was 40.2% ± 37.1% at above elbow and 31.9% ± 23.1% 
at below elbow in the dorsal group, and 28.1% ± 33.9% at 
above elbow and 28.2% ± 24.3% at below elbow in the volar 
group (Table 2). Both circumferential difference and circum-
ferential reduction rates were improved in the both groups  
(P = 0.04, P = 0.04, P = 0.04, P = 0.04) (Table 2). Moreover, 
there was a significant difference between dorsal and volar 
groups, with a statistically greater circumferential difference 
and reduction rates in the dorsally placed flaps in the above-
elbow and below-elbow measurements, respectively (P = 0.04, 
0.04, 0.04, and 0.04) (Table 2).

Figures 2 and 3 show preoperative and postoperative 
clinical photographs of representative cases for the dorsal 
and volar recipient sites, respectively. In both cases, the 
skin paddles of the flaps were excised 1 year after initial 
surgery. On each occasion, indocyanine green lymphos-
cintigraphy was repeated, demonstrating that lymphatic 
flow was drained from proximal to distal, as described in 
previous literature.23

The LYMQOL completed 1 year af-
ter surgery showed a significant improve- Ta
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ment for both groups in overall satisfaction 
(dorsal P = 0.04, volar P = 0.04), function (dorsal  
P = 0.03, volar P = 0.04), appearance (dorsal P = 0.04, 
volar P = 0.04), symptoms (dorsal P = 0.03, volar  
P = 0.04), and mood (dorsal P = 0.03, volar P = 0.04) 
(Table 3).

Furthermore, the dorsally placed group showed 
significant improvement compared with the vo-
lar group in the overall satisfaction (P = 0.04) and 
function domains (P = 0.02). The dorsal group also 
showed improvements in the symptoms and mood 
domains; however, these improvements did not reach 
statistical significance (P = 0.06, P = 0.06). The ap-
pearance domain showed a significant improve-
ment for the volar group over the dorsal group  
(P = 0.04) (Table 3). It is also noted that no patients re-
quired compression garments for postoperative symp-
tomatic control in either group.

DISCUSSION
This study reiterated the effectiveness of VLNT, using 

the submental flap placed at the wrist, in treating breast 
cancer–related lymphedema. Additionally, this study has 
shown that dorsal placement of the flap provides outcomes 
superior to volar placement. This finding is important as it 
informs physician and patient choice and decision-making. 
An algorithm defining this teams’ approach to the investi-
gation and treatment of breast cancer–related lymphedema 
has been modified according to the findings of this study to 
reflect the relative benefits of flap placement on functional 
outcome and cosmesis (Fig.  4). These findings highlight 
the importance of both technetium-99 lymphoscintigraphy 
and indocyanine green lymphography in the evaluation of 
the patency of remaining lymphatic channels, which is the 
key determinant of the potential efficacy of lymphovenous 
anastomosis versus vascularized lymph node transplant treat-
ments.17,18,22–24 The role of conservative treatment for mild 
disease, as a patient preference, or due to contraindications 
to physiologic lymphatic surgery, is included. Referring prac-
titioners who may consider surgical intervention appropriate 
for their patients may find this protocol of great utility.

A concern of patients considering undergoing VLNT 
to the wrist is the likelihood of poor cosmetic outcome 
associated with the visibility of the flap; volar placement 
offers a potential improvement in this respect. Volar 
placement should be discussed with patients who are like-
ly to see improvements in their symptoms, even though 
dorsal placement confers a superior outcome. Patients 
can be counseled that the skin paddle of the flap can 
be excised at a later date; in our practice, this is usually 
1 year postoperatively. Finally, the finding that flow rates 
are significantly greater in the dorsal recipient veins sup-
ports the hypothesis that the venous outflow rate from the 
vascularized lymph node flap is an independent predictor 
of outcome. These findings suggest that effectiveness of 
nonanatomically placed lymph node flaps is dependent 
on gravity and the size of the recipient vein. Further inves-
tigation with a greater number of cases to study how the 

Fig. 2. Dorsal inset preoperatively and postoperatively. A, Preopera-
tive. B, One year postoperative, following revision of the flap skin 
paddle. Reduction in circumference was 40% above the elbow and 
30% below the elbow.

Fig. 3. Volar inset preoperatively and postoperatively. A, Preoperative. B, One-year postoperative cir-
cumference reduction was 20% above the elbow and 25% below the elbow. C, One year postoperative, 
volar view, following the excision of the skin paddle.
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number of lymph nodes affects the functional outcome is 
mandated.

The submental flap has been found to have reliable 
vascular anatomy and consistently sized, numerous lymph 
nodes.12,16,21,22 The flap has supple handling characteristics, 
a concealed donor scar, and reduced concerns with donor 
site lymphedema. Donor site lymphedema is a dreaded 
complication in VLNT surgery. Strategies to avoid this have 
included the use of abdominal flaps; however, these have 
the disadvantage of requiring an abdominal procedure to 
procure the flap and possibly a combined team approach. 
The use of groin, thoracodorsal, or axillary nodes combined 
with reverse lymphatic mapping to identify critical limb 
draining nodes has been used with some success, but the 
risk remains.4,25–27 To date, no such complication has been 
reported following the use of a submental lymph node flap.

This study adds to the growing body of evidence sup-
porting the effectiveness of VLNT for the treatment of 
breast cancer–related lymphedema.9,23,24,26–30 Further-
more, the “lymphatic pump” hypothesis of the physiologic 
mechanism of action of VLNT is emphasized.23,24,31 Distal, 
nonanatomic placement was described by Lin et al.19 and 
applies the principles of this latter theory to enable the 
uptake of lymphatic fluid, aided by gravity and dependent 
positioning, by healthy lymph nodes, and the return to 
systemic circulation by venous anastomosis. The finding of 
superior outcomes when comparing wrist placed flaps with 
those placed at the elbow provides additional credence to 
this theory.11 In addition, the process of lymph accumula-
tion and lymph channel damage may be partially reversed 
once the chronic inflammatory state is ameliorated.24 
Anatomic placement of vascularized lymph node flaps to 
re-create a lymphatic circulatory bridge across the site of 
lymphatic excision is conceptually exciting and good out-
comes have been reported. The mechanism of action may 
also include lymphangiogenesis in response to growth fac-
tors secreted by the lymph nodes themselves. Proponents 
of this approach use the opportunity to operate on the 
scarred axilla to release the irradiated or surgical contrac-
tures and find the concealed location to be cosmetically 
acceptable. However, published results have reported the 
need for additional procedures to be performed distally 
and for the continued use of compression garments.29 
Further investigation into the relative importance of these 
mechanisms in the combined approach for breast cancer–
related lymphedema management is mandated. We think 
both the size and number of lymph nodes are important. 
We routinely performed preoperative MRI for the neck to 
determine the donor site of flap harvest, and the donor site 
is usually the one having greater number of lymph nodes. 
We had been published an experimental paper regarding 
the lymph drainage in the lymph node flap or nonlymph 
node flap, which had statistical difference16 and a clinical 
paper regarding transfer of ≥3 lymph nodes provided sig-
nificantly better outcome regarding limb circumference 
reduction than the transfer of ≤2 lymph nodes.18 To prove 
that, we need a comparative study between lymph node 
factor and clinical improvement in lymphedema because 
there was no difference between both groups in this study. 
The direction of the transferred flap was different in 2 re-Ta
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cipient sites, longitudinal in volar site and transverse in 
dorsal site. In our experience, the direction of the flap 
or scar does not affect the long-term outcomes either the 
circumferential difference or episodes of cellulitis because 
the skin paddle of the transferred flap is eventually excised 
at the revisional surgery, usually 1 year postoperatively.

This study is limited by an inability to randomize pa-
tients to treatment options; despite a high degree of equi-
poise between the 2 treatments, it was not considered 
adequate to permit formal randomization, and patients 
chose the position of the flap inset themselves following 
a standardized informed consent process. Majority of the 
lymphedema patients preferred the approach with greater 
functional recovery rather than cosmetic concern. Blind-
ing of investigators was also impossible due to the exter-
nally visible position of the flap. Finally, for the reasons 
stated above, gold standard outcome measurements in 
lymphedema treatment have not been defined. Circum-
ference measurements in particular may be affected by 
the weather, changes in body weight, lack of skin elasticity 
in severe cases and in elderly patients, the use of compres-
sion garments, the time of day of measurement, and the 

activity levels of the patient. They do not necessarily reflect 
symptomatic tightness that the patient may complain of. 
Nevertheless, our soon to be published data, comparing 
limb circumference measurements to limb composition 
measured by computed tomography analysis, have shown 
a useful correlation. The use of patient-reported outcome 
measures in this study is, therefore, considered to be a 
more robust approach, along with the quantitative mea-
surement of infective complications, to evaluating symp-
tomatic relief achieved by this intervention. Additionally, 
no patient in this study required compression garments 
following treatment, which is one of the key factors in de-
termining quality of life (QoL) of patients.

CONCLUSIONS
VLNT, using the submental lymph node flap placed 

at the wrist, is effective in treating breast cancer–related 
lymphedema. Dorsal placement of the VLNT flap pro-
vides superior outcomes to volar placement. However, 
cosmesis may be improved in the latter position. Venous 
outflow from the VLNT is a critical determinant of clinical 
response.

Fig. 4. Treatment algorithm for breast cancer–related lymphedema. LVA indicates lymphovenous anastomosis; Tc-99, technetium-99; 
VLNT, vascularized lymph node transfer.
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