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Lymphedema represents a debilitating chronic 
condition, affecting patients following oncolo-
gist lymph node excision. In extremity lymph-

edema, symptoms can lead to significant decreases 
in patient-reported quality-of-life outcomes.1,2 Re-
cently, increased interest in the management of 
lymphedema has resulted in a rise in surgical op-
tions to treat this chronic condition. Two common 
surgical treatment options include lymphovenous 
anastomosis and vascularized lymph node (VLN) 
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Background: As experience with vascularized lymph node (VLN) transfer 
has grown, new VLN sources have become apparent. Descriptive studies 
have elucidated variable lymph node presence in these donor basins. Yet, 
no study has evaluated preoperative imaging evaluation between donor 
sites in patients undergoing VLN transfer. This study was to compare the 
findings on duplex ultrasonography of the submental, groin, and supracla-
vicular lymph node basins in patients undergoing VLN transfer.
Methods: A review of a prospective database was performed for patients who 
had undergone preoperative planning for VLN transfer with duplex ultraso-
nography to provide objective donor-site characteristics. Multiple regression 
analysis was used to identify factors that correlated with specific flap charac-
teristics. A P value less than 0.05 was considered statistically significant.
Results: Sixty-eight patients (28 upper extremities and 40 lower extremities) 
were identified as undergoing preoperative duplex ultrasonography for VLN 
transfer. Little variation was seen when evaluating donor sites for laterality in 
patients. Groin and submental VLN sites had 3.1 and 3.3 lymph nodes, respec-
tively, compared with 0.9 lymph nodes in the supraclavicular donor site (p < 
0.01). Increasing age had an inverse relationship with estimated flap volume, 
whereas higher body mass index correlated with increasing flap thickness.
Conclusions: Preoperative imaging with duplex ultrasonography before 
VLN transfer may allow for accurate identification of specific VLN donor-
site characteristics. When considering lymph node–specific characteristics, 
higher quantity of lymph nodes were found on the groin and submental 
flap axis compared with the transverse cervical artery axis. (Plast Reconstr 
Surg Glob Open 2014;XXX:00-00; doi: 10.1097/GOX.0000000000000105; Pub-
lished online Day Month 2014.)
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transfer. Each treatment option has the potential to 
provide venous shunting of lymphatic fluid, there-
fore reducing interstitial fluid accumulation in the 
affected extremity.3–7

The popularity in VLN transfer has been mirrored 
by increased descriptions of new donor sites for lymph 
node harvest. The groin region has remained the 
most popular due to its reliability and proven success. 
But, in instances of lower extremity lymphedema, al-
ternative flaps are needed to avoid the possibility of 
inducing iatrogenic lower extremity lymphedema.8 
As a result, the submental axis6 and supraclavicular/
transverse cervical artery axis9,10 have been recently 
described as alternative sources of VLNs.

With increasing options related to VLN transfer, 
decision making regarding flap choice may influ-
ence outcomes. Until now, choice of VLN donor 
site has been surgeon-dependent with few exploring 
unfamiliar VLN sources. As a result, little is known 
about patient-specific variations in donor sites for 
VLN harvest. Therefore, the aim of this study was to 
compare findings of duplex ultrasonography within 
patients presenting for treatment of lymphedema to 
investigate specific VLN flap characteristics that may 
aid in transfer.

PATIENTS AND METHODS

Study Population and Design
An institutional review board–approved review of 

a prospectively maintained database was performed 
at Chang Gung Memorial Hospital. Duplex ultraso-
nography was performed on all patients who under-
went surgical treatment for lymphedema from May 
2012 to August 2013 for evaluation of lymph node ba-
sins. In patients with upper extremity lymphedema, 6 
lymph node basins were evaluated as potential sourc-
es of VLN flaps: bilateral transverse cervical, submen-
tal, and groin areas. In patients with lower extremity 
lymphedema, 4 of the basins were evaluated: bilateral 
submental and transverse cervical regions.

Duplex Ultrasonography
A single radiologist (S.-Y.C.), who has 13 years of 

experience with duplex ultrasonography and who spe-
cializes in soft-tissue ultrasound, performed all imag-
ing evaluations to ensure comparability of results. All 
patients were examined in supine positioning. Xario 
XG (Toshiba, Tokyo, Japan) ultrasound machine (12 

MHz central frequency) was used for all evaluations. 
A lymph node greater than 5 mm in diameter can be 
identified by the duplex ultrasonography.

Demographics and Data Collection
Patient charts were reviewed for collection of de-

mographic data. Duplex ultrasonography findings 
were documented to provide objective data regard-
ing number of lymph nodes, flap thickness, venous 
and arterial diameter, and an estimated flap volume 
and lymph node density from each patient in either 
4 or 6 sites, depending on whether 2 or 3 lymph 
node basins were evaluated bilaterally. Within each 
patient donor-site basin, characteristics were evalu-
ated to determine if differences were seen between 
left and right side (laterality).

Lymph Node Density Estimation
Duplex ultrasonography allowed for accurate mea-

surement of donor-site thickness. Coupled with data 
related to the quantity of lymph nodes in the area, 
common dimensions of potential flap harvest are used 
to estimate density. For groin-based flaps, 10 × 5 cm is 
the standard dimensions used during flap harvest. Ac-
cordingly, 10 × 5 cm and 10 × 5 cm were used for trans-
verse cervical artery and submental flaps, respectively.

Statistical Analysis
Demographic data were evaluated using standard 

nonparametric tests for significance. To consider the 
missing or nonavailable data of measurements, a statis-
tical method, multiple regression analysis, was used to 
determine patient factors related to positive/negative 
flap characteristics. A 0.05 criterion of statistical sig-
nificance was used. Statistical analysis was performed 
using SPSS version 17.0 (Statistical Product and Ser-
vice Solutions, IBM, Armonk, New York, USA).

RESULTS

Study Demographics
A total of 68 patients were identified as under-

going preoperative evaluation for VLN transfer. 
Twenty-eight patients had undergone evaluation for 
upper extremity lymphedema, whereas 40 patients 
underwent evaluation for lower extremity lymph-
edema. Patient demographics are shown in Table 1. 
Overall, average patient age was 56.1 years with a 
body mass index of 26.3 kg/m2. Overall, similar char-
acteristics are seen between patients with upper and 
lower extremity lymphedema.

Groin VLN Basin
Site-specific characteristics are shown in Table 2. 

When evaluating pedicle characteristics, routine 
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superficial circumflex iliac artery visualization was 
difficult, therefore arterial diameter of the pedicle 
artery was often not possible to measure. Instead, 
arterial diameter of the source artery (common 
femoral artery) was evaluated. On evaluation of oth-
er flap characteristics, similarities are seen between 
sides. Average flap volume and lymph node quantity 
present was approximately 600 mm3 and 3 nodes, re-
spectively, independent of laterality. Flap thickness 
from this region was approximately 15–18 mm in 
thickness.

Submental VLN Basin
Characteristics of the submental flap are shown 

in Table 3. When focusing on the vascular pedicle, 
artery internal diameter was similar between the 
left and right side (1.6 vs 1.63 mm; P = 0.3). Aver-
age vein internal diameter was found to be larger 
on the left side (3.2 mm) compared with the right 
side (2.7 mm; P = 0.02). The flap thickness in this 
region was 11.5 mm on the left side and 11.4 mm on 
the right side (P = 0.8). Specific evaluation of the 
lymph nodes within this region revealed an aver-
age of approximately 3 lymph nodes on each side 
(Fig. 1) (P = 0.8).

Transverse Cervical VLN Basin
On evaluation of the transverse cervical VLN do-

nor basin, arterial internal diameter ranged from 
1.8 to 2.4 mm (Table 4 and Figs. 2A, B). Predictable Ta
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Table 3. Submental Lymph Node Basin 
Characteristics

Left  
(n = 37)

Right  
(n = 37) P

Artery diameter (mm/id) 1.6 ± 0.6 1.63 ± 0.5 0.3
Vein diameter (mm/id) 3.2 ± 9.3 2.7 ± 0.7 0.02
Flap area (mm2) 37.8 ± 25.6 30.5 ± 13.8 0.1
Flap depth (mm) 11.5 ± 2.1 11.4 ± 1.8 0.8
Flap volume (mm3) 426 ± 258.9 342.7 ± 140.7 0.3
Lymph node quantity 3 ± 1.2 3.1 ± 1.1 0.8
Lymph node density 0.009 ± 0.007 0.01 ± 0.007 0.4
Data are mean ± SD unless otherwise specified.

Table 2. Groin Lymph Node Basin Characteristics

Left  
(n = 8)

Right  
(n = 7) P

Artery diameter* (mm/id) 4.4 ± 4.7 6.8 ± 0.5 1
Vein diameter (mm/id) 10.9 ± 2.1 13.9 ± 2.2 0.2
Flap area (mm2) 37.7 ± 46 29.8 ± 17.1 0.7
Flap depth (mm) 18 ± 4 15.2 ± 4.5 0.3
Flap volume (mm3) 638 ± 752.9 502.7 ± 381 0.7
Lymph node quantity 3.6 ± 2.5 3 ± 1.6 0.8
Lymph node density 0.009 ± 0.009 0.009 ± 0.007 0.9
Data are mean ± SD unless otherwise specified.
*Artery measurements were of the source artery: common femoral 
artery.
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vein visualization was not possible with duplex ultra-
sonography, and therefore, measurements were not 
available for evaluation. In comparison of laterality, 
significant differences were seen with flap depth (L: 
7 vs R: 6 mm; P < 0.01) and volume (L: 78.9 vs R: 
68.3 mm3; P = 0.01). In addition, lymph node quan-
tity was similar with approximately 1 lymph node 
identified on each side (P = 0.06).

Comparison of VLN Basins
Findings on comparison of the 3 evaluated donor 

basins are shown in Table 5. When looking at flap char-
acteristics, significant differences were seen between 
all groups when estimated flap size and volume. Small-
est overall flaps were estimated with the supraclavicu-
lar donor site compared with the groin and submental 
regions (P < 0.01). Similarly, estimated lymph node 
quantity was least with the supraclavicular flap com-
pared with the groin and submental flaps (P < 0.01).

Influence of Patient Factors on Flap Characteristics
The impact of patient factors on flap characteris-

tics is shown in Table 6. Age seems to influence over-
all VLN flaps in flap size characteristics. Increased 
patient age tends to inversely influence flap size, 
whereas increasing body mass index correlated with 
larger flap thickness. These findings can be attrib-
uted to age and obesity-related changes to subcuta-
neous fat stores in various sites in the body. Other 
findings included the correlation of smoking status 
on lymph node quantity, with smokers having higher 
number of visualized lymph nodes.

DISCUSSION
The treatment of extremity lymphedema has 

gained in popularity in recent years. Rightfully 
so, disease processes resulting in extremity lymph-
edema have continued to plague patients with this 
debilitating condition. Following breast cancer 
treatment, studies suggest that as many as 50% of 
surviving patients may have symptoms consistent 
with upper extremity lymphedema in their life-
time.11,12 Similarly, lower extremity lymphedema 
following gynecologic cancer excision and lymph-

Fig. 2. a, color flow duplex imaging showing blood flow in the transverse cervical artery. B, the course of the transverse cervi-
cal artery can be determined to aid in flap harvest.

Fig. 1. a level i lymph node is visualized for preplanning of a 
vascularized submental lymph node flap. Point a represents 
the chin point. Precise measurements may be obtained to 
ensure inclusion into the flap.

Table 4. Supraclavicular Lymph Node Basin 
Characteristics

Left  
(n = 26)

Right  
(n = 27) P

Artery diameter (mm/id) 1.8 ± 0.6 2.4 ± 2.9 1
Vein diameter (mm/id) NA NA
Flap area (mm2) 10.8 ± 3.6 11.3 ± 3.8 0.6
Flap depth (mm) 7 ± 3.1 6 ± 3.2 <0.01
Flap volume (mm3) 78.9 ± 54.3 68.3 ± 42.4 0.01
Lymph node quantity 1 ± 1.6 0.9 ± 1.6 0.6
Lymph node density 0.02 ± 0.05 0.02 ± 0.04 0.5
Data are mean ± SD unless otherwise specified.
NA, not applicable.
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adenectomy can occur in up to 18% of patients.13,14 
Given the high incidence and the negative impact 
on quality of life in these affected patients,1 optimal 
patient-directed treatment options are necessary to 
ensure a successful outcome.

Previous studies have evaluated the positive ef-
fects of VLN transfer in the setting of lymphedema. 
Becker C et al15 evaluated 24 patients who had groin 
VLN transfer with a minimum of 5 years of follow-
up. The study found significantly improved results 
in 92% of patients with a majority of patients having 
normal return of arm circumference.15 Althubaiti 
et al9 described the use of the supraclavicular VLN 
flap for treatment of lower extremity lymphedema. 
In their representative case, they found a 23% reduc-
tion in volume differential in a patient affected with 
significant lower extremity lymphedema.9

Our center has previously published on the use of 
the submental and groin flaps for extremity lymph-
edema.5–7 After critically evaluating these studies, the 
senior author (M.-H.C.) began using duplex ultra-

sonography to better evaluate the 3 common donor 
areas for VLN transfer. When contemplating VLN 
transfer, certain factors may aid in flap transfer. First, 
specific knowledge of the donor VLN flap vascular 
anatomy as related to vessel diameter and location 
will confirm size adequacy and appropriate place-
ment in proximity to recipient vessels. Second, due 
to variations in body habitus, flaps harvested from 
areas that are thicker may result in dissatisfaction as 
related to contour irregularities at the recipient site 
leading to revisional surgery. Last, unpublished ba-
sic science data from our center indicate that inclu-
sion of greater number of lymph nodes and higher 
lymph node densities likely result in improved lym-
phatic clearance in the lymphedematous extremity. 
With these parameters in mind, the results of this 
study highlight common findings in characteristics 
and laterality of donor site for VLN sources.

The submental flap and groin flap characteris-
tics seem to be the most favorable donor sites given 
the higher lymph node quantity and density. Use of 

Table 5. Comparative Evaluation between Donor Lymph Node Basins

Submental Supraclavicular Groin P

Artery diameter (mm/id) 1.6 ± 0.6 2.1 ± 2.1 5.2 ± 3.6* <0.01
Vein diameter (mm/id) 2.9 ± 0.8 NA 12.2 ± 2.5 <0.01
Flap area (mm2) 34.2 ± 20.8 11.1 ± 3.7 34 ± 34.6 <0.01
Flap depth (mm) 11.4 ± 1.9 6.5 ± 3.1 16.7 ± 4.3 <0.01
Flap volume (mm3) 384.3 ± 211.1 73.5 ± 48.4 574.8 ± 592 <0.01
Lymph node quantity 3.1 ± 1.1 0.9 ± 1.6 3.3 ± 2.1 <0.01
Lymph node density 0.01 ± 0.007 0.02 ± 0.04 0.009 ± 0.007 0.1
Data are mean ± SD unless otherwise specified.
*Artery measurements were of the source artery: common femoral artery.
NA, not applicable.

Table 6. Multiple Regression Analysis

Artery  
Diameter

Vein  
Diameter

Flap  
Area

Flap  
Depth

Flap  
Volume

Lymph 
Node  

Quantity

Lymph 
Node 

Density

β P β P β P β P β P β P β P

Age 0.004 0.8 −0.09 0.02 −0.4 <0.01 −0.03 0.45 −8 <0.01 −0.03 0.07 4.9 0.9
BMI 0.03 0.3 0.07 0.3 −0.2 0.6 0.2 <0.01 2.9 0.6 0.02 0.5 0.001 0.3
Smoking
  Yes Reference 

group
  No 0 0 −22.6 0.3 −12.8 <0.01 124.4 0.7 −4.4 0.01 −0.01 0.7
Diabetes
  Yes Reference 

group
  No −0.24 0.8 0.6 0.8 −8.3 0.5 2.2 0.3 140.2 0.4 0.6 0.5 −0.01 0.3
Hypertension
  Yes Reference 

group
  No −0.12 0.8 −1.8 0.03 −0.9 0.8 −0.02 0.9 13.5 0.8 0.3 0.4 0.003 0.6
Lymphedema
  Etiology
   Congenital Reference 

group
   LN excised 0.06 0.9 2.3 0.09 5.9 0.5 −2.4 0.1 −182 0.1 −0.8 0.2 0.002 0.8
BMI, body mass index; LN, lymph node.

Mythili July 22, 2014 4:20 PM 16:20 4 Color Fig(s): F1-2 Art: GOX-D-14-00052



PRS GO • 2014

6

the submental flap must be weighed against donor-
site morbidity related to the upper neck scar and 
risk of injury of marginal mandibular nerve. As our 
experience has grown with these flaps, the submen-
tal flap donor site seems to be tolerated well among 
patients. The groin flap seems to have favorable 
characteristics related to lymph node quantity and 
reliable vascular anatomy. These characteristics re-
inforce its popularity among surgeons treating up-
per extremity lymphedema. Despite flap reliability 
and positive flap characteristics, the potential for 
iatrogenic lower extremity lymphedema needs spe-
cial consideration. Vignes et al8 recently detailed 
donor-site complications following VLN transfer. 
They found that 38% of patients developed com-
plications at the groin donor site with iatrogenic 
ipsilateral limb lymphedema occurring most fre-
quently.8 Flaps obtained from the transverse cervi-
cal artery axis seem to have the lowest lymph node 
quantity, unreliable venous system, and smaller vas-
cular pedicle. Although these characteristics may 
make this flap less appealing to surgeons, the loca-
tion, small flap volume and size, and inconspicuous 
scar may make this option attractive from the pa-
tient’s perspective. Cumulatively, these factors need 
to be considered when choosing an optimal donor 
site in individual patients.

Some patient-specific factors seem to influence 
certain flap characteristics. Smoking contributed to 
an overall higher quantity of lymph nodes visualized 
in potential donor site. This finding may be related 
to the constant chronic inflammatory state leading 
to larger lymph nodes, which are easier to visualize. 
In addition, overall body mass changes seen with ag-
ing and obesity correlate with decrease or increase 
in potential flap volumes. These factors may relate 
to cosmetic considerations when planning VLN flap 
transfers.

In addition to exploring VLN flap characteristics, 
we were able to demonstrate the potential benefits 
and drawbacks of duplex ultrasonography in plan-
ning VLN transfer. Ultrasonography has been used 
extensively in the setting of flap planning for various 
other reconstructive procedures.16,17 In comparison 
to other common imaging modalities, duplex ultra-
sonography may represent a less expensive alterna-
tive and negate any harmful effects from ionizing 
radiation. Although many important parameters can 
be evaluated, difficulties in visualization of vascular 
structures may occur as witnessed in our evaluation. 
In addition, the similar appearance of lymph nodes 
and fat lobules may obscure visualization of very 
small nodes. A collaborative working relationship 
with the radiology department is critical to ensure 
success with this imaging modality.

CONCLUSIONS
As the field of lymphatic microsurgery continues 

to grow, understanding available VLN donor sites 
will improve the decision-making process related to 
surgical procedures. Preoperative imaging with du-
plex ultrasonography before VLN transfer may allow 
for accurate identification of specific VLN donor-site 
characteristics. When considering lymph node–spe-
cific characteristics, higher quantity of lymph nodes 
were found on the groin and submental flap axis 
compared with the transverse cervical artery axis. 
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