
 www.PRSGlobalOpen.com 1

Copyright © 2018 The Authors. Published by Wolters Kluwer Health, 
Inc. on behalf of The American Society of Plastic Surgeons. This 
is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.

INTRODUCTION
Lymphedema is a chronic disease characterized by an ac-

cumulation of proteins and fluid within the interstitial space 

of the extremities. It is often a sequela of cancer or its treat-
ment in developed and developing countries. Vascularized 
lymph node flap transfers are gaining popularity in lymphede-
ma treatment. They were first reported by Shesol in 1979 in an 
animal model and clinically in 2 patients in 1982 by Clodius.1  
This technique gained popularity in the late 2000s when  
Becker et al.2 and Lin et al.3 reported successful outcomes.

The vascularized lymph node flap is transferred into 
lymphedematous regions to restore the lymphatic drain-
age function. Only a few hypotheses have been proposed 
regarding its mechanism of action. One theory points out 
that lymphangiogenesis occurs via growth factors pro-
duced by the transplanted lymph nodes. Another theory 
proposed by our team is that a vascularized lymph node 
transfer acts as a lymphatic pump through lymphovenous 
shunts inside the flap and bypasses the lymph into the 
venous system.4–6 A few donor sites have been described 
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as suitable for lymph node transfers. The groin transfer 
was the first reported donor site; however, the harvest of 
the flap could lead to iatrogenic lymphedema in the lower 
limb.7–9 Submental lymph node transfers have been pro-
posed as an effective and safe alternative donor site.10–12

The ideal number of lymph nodes to be transferred for 
an optimal functional result is yet unknown. An experi-
mental study on rats published recently by Nguyen et al.13 
suggests that greater quantity of lymph nodes correlates 
with improvement in lymphatic drainage and limb volume 
reduction, especially in the early phase. This functional 
benefit might continue over time as old lymphatic chan-
nels reopen, the accumulation of lymph decreases, and 
lymphangiogenesis by the transferred lymph nodes occurs 
in the surrounding tissue.

Based on this theory, it would be beneficial to select 
the donor site including a greater number of lymph 
nodes. Previous studies performed by ultrasound sonogra-
phy showed that submental and groin flaps had the higher 
lymph node quantity and density compared with supracla-
vicular flap.14

The aim of this study was to find the ideal design of the 
vascularized submental lymph node (VSLN) flap to har-
vest the largest number of lymph nodes available with the 
aid of magnetic resonance imaging (MRI) for preopera-
tive evaluation; and their correlated clinical application 
and outcome.

PATIENTS AND METHODS
This study was approved by the Institutional Research 

Board 101-3282A3 at Chang Gung Memorial Hospital. 
Fifteen patients affected with either lower or upper limb 
lymphedema were evaluated preoperatively to assess 
their suitability to undergo a vascularized lymph node 
transfers at Chang Gung Memorial Hospital between 

2012 and 2013. The patients underwent elective MRI 
(acquired on MR750, GE Healthcare) to evaluate the ar-
tery and lymph nodes of the submental area. The MRI 
sequence included fat-suppressed 3-dimensional fast 
spin echo T1-weighted (CUBE T1), T2-weighted (CUBE 
T2), and MR angiography. The MRI was performed on 
a standard position (no hyperextension), which might 
have hindered our study.

MRI data from 30 sides of submental areas were an-
alyzed retrospectively. All the data were collected and 
transferred to an Image Workstation (OsiriX, v.6.5.2, 64-
bit, Switzerland), where reconstruction was performed 
to obtain 3-dimensional images. A line was marked on 
the mandibular ridge from the mental protuberance to 
the mandibular angle. This line was further divided into 
4 quarters. Lymph nodes larger than 1 mm were located 
along this axis and along a line perpendicular to this axis 
as shown (Fig. 1). Lymph node location around the sub-
mandibular gland was also evaluated.

All 15 patients also underwent a preoperative ultra-
sound Doppler (Siemens, Acuson S3000, Erlangen, Ger-
many) study for the evaluation of the sizable lymph nodes 
with the diameter greater than 3 mm in both submental ar-
eas. After explanations of the possible complications and 
informed consent obtained, all 15 patients underwent 19 
VSLN flap transfers. Four of them received bilateral VSLN 
flaps transfers. The intraoperative findings of the sizable 
lymph nodes were recorded. At a 12-month follow-up, all 
patients were evaluated with both ultrasound sonogra-
phy and computed tomography angiography (CTA) for 
the number of transferred lymph nodes in the recipient 
sites (Table 1). The number of submental lymph nodes in 
preoperative MRI, preoperative sonography, intraopera-
tive finding, postoperative sonography, and postoperative 
CTA was compared in Table 1.

Fig. 1. Magnetic resonance image (sagittal section) showing submental and submandibular lymph 
nodes distributed along a line drawn from the mental protuberance to the mandibular angle 
(green line).
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Statistics
All statistical analysis was performed using SPSS 17.0 

statistical software (SPSS, Inc., Chicago, Ill.). A Wilcoxon 
signed-rank test was used comparing preoperative MRI 
with preoperative sonography, intraoperative sizable find-
ing, postoperative sonography, and postoperative CTA. 
The Spearman’s correlation coefficients assessed the re-
lationship between preoperative MRI and preoperative 
sonography, intraoperative sizable finding, postoperative 
sonography, and postoperative CTA. A value of P < 0.05 
was considered statistically significant.

RESULTS
All 19 VSLN flaps survived, giving a success rate of 

100%. The mean age was 50.9 ± 20.7 years (range, 3–75 
years) with a mean body mass index of 27.4 ± 5.6 (range, 
18.5–39.5). The mean number of submental lymph nodes 
on preoperative MRI was 7.2 ± 2.4 (range, 4–15), on pre-
operative sonography was 3.2 ± 1.1 (range, 2–6), on intra-
operative finding was 3.1 ± 0.6 (range, 2–7), postoperative 
sonography was 4.6 ± 1.8 (range, 3–10), and postoperative 
CTA was 5.2 ± 1.9 (range, 3–10; Table 1).

A total of 215 lymph nodes were identified in 30 sub-
mandibular regions. An average of 7.2 ± 2.4 lymph nodes 
were found in each region. No statistically significant dif-
ferences were found between right and left sides (left side, 
7.2 ± 2.6; right side, 7.1 ± 2.2). Lymph nodes were located 
13.6 ± 4.7 mm deep from the skin in standard position of 
the neck. About 61% of the lymph nodes were located 
in the central two-quarters of the abovementioned line 
(Figs. 2, 3). About 94% of these were found below the 
mandibular ridge.

The average size observed of the submandibular gland 
was 34.6 × 24.2 mm ± 5.2 × 4.1 mm). About 63.7% of the 
lymph nodes were located in a 2 cm radius circle drawn 
from the medial border of the submandibular gland 
(Figs. 4, 5). The number of lymph nodes observed was in-
dependent of the mandibular length and submandibular 
gland size.

Preoperative MRI had detected statistically greater 
number of submental lymph nodes than preoperative so-
nography, intraoperative finding, postoperative sonogra-
phy, and postoperative CTA using Wilcoxon signed-rank 
test (P < 0.01, P < 0.01, P < 0.01, P < 0.01, respectively). 
Using Spearman’s correlation coefficients to check lymph 
node number correlation, the association in the mean 
number of submental lymph nodes was statistically signifi-
cant between postoperative sonography and intraopera-
tive sizable finding (P = 0.02) and between postoperative 
CTA and postoperative sonography (P < 0.01; Table 2).

The actual harvest rate of submental lymph nodes in 
this series was 72.2% using the mean number of lymph 
nodes on postoperative CTA (5.2 ± 1.9) divided by the 
mean number of lymph nodes on preoperative MRI 
(7.2 ± 2.4).

All patients with 12 months of follow-up following sur-
gery were evaluated with the lymphedema quality-of-life 
study, which is a condition-specific, validated question-
naire, which includes function, appearance, symptoms, Ta
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and mood. Each domain is scored from 1 to 4, with 1 
 representing a response of “not at all,” and 4 representing 
a response of “a lot.” Overall quality-of-life scores were as-
sessed on a scale of 1–10, with higher scores indicating a 
higher rated overall quality of life. The preoperative occur-
rence of cellulitis 2.7 ± 0.6 times per year was significantly 
decreased as compared with postoperative 0.8 ± 0.2 times 
per year (P < 0.01). Mean of circumferential difference 
was found to improve 3.2 ± 0.4 cm at a 12-month follow-
up (P < 0.03). A specific comparison of the preoperative 
assessment and 12-month assessment revealed significant 
improvements in the scores for appearance 8.2 ± 0.5 point, 
function 13.1 ± 0.7 point, symptom 7.0 ± 0.3 point, mood 
12.1 ± 0.6 point, and overall quality of life 4.9 ± 0.3 point 

(P < 0.04, P < 0.04, P < 0.03, P < 0.02, and P < 0.04, respec-
tively; Table 3).

DISCUSSION
Clinical success following vascularized lymph node trans-

fers has been reported by several groups.15–19 Four donor 
sites are commonly selected: groin, axilla, supraclavicular, 
and submental regions.20 The vascularized groin lymph 
node was the most popular donor site due to its reliability 
and success. Furthermore, it can be combined with deep 
inferior epigastric perforator flap for breast reconstruc-
tion and lymphedema treatment simultaneously.21 Many 
anatomical studies22–25 and techniques such as reverse lym-
phatic mapping26 have been described to avoid or minimize 
the morbidity of the donor site. But the risk of lymphatic 
dysfunction that may develop in lower limb following the 
vascularized groin lymph node transfer represents a main 
concern.7–9

As a result, other lymphatic donor sites such as submen-
tal, supraclavicular, or thoracodorsal regions have recently 
gained popularity. Submental lymph node transfers were 
described by Cheng in 2012.11 These include submental 
and submandibular lymph nodes (Ia and Ib neck dissec-
tion levels),27 which are vascularized by submental and fa-
cial artery.28 To the best of our knowledge, no neck or face 
lymphedema was reported after submental lymph node 
transfer, including bilateral transfers. There is a possibility 
of damaging the marginal mandibular nerve when harvest-
ing a VSLN flap, which can be avoided by meticulous dis-
section under microscope. Another complication of VSLN 
flap was the marginal mandibular nerve pseudo-paralysis, 
which can be solved by modification of platysma-sparing 
VSLN flap transfer.29 Furthermore, from a cosmetic point 
of view, the scar on the submental area is inconspicuous.

MRI or MR angiography (MRA) is the most recent 
development used for perforator flap design and its ma-
jor advantage is the absence of ionizing radiation.30,31 It is 

Fig. 2. locations of 215 submental lymph nodes in 30 submandibular areas plotted around a line drawn 
from the mental protuberance to the mandibular angle. axis x: distance from the mental protuberance 
proportional to the mandibular length. axis y: distance in mm from a mandibular ridge, perpendicular 
to axis x.

Fig. 3. illustration showing the relationship between anatomic 
landmarks and lymph nodes in a submental lymph node flap.  
Sixty-one percent of lymph nodes were found in the central  
two-quarters of a line drawn from the mental protuberance to the 
mandibular angle.
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Fig. 4. coordinate axes showing lymph nodes plotted around the center of the submandibu-
lar gland (0, 0). axis x represents the distance from the midpoint of the gland in mm, and axis 
y represents the distance from the mandibular ridge in mm.

Fig. 5. illustration to show the relationship between the lymph nodes and the subman-
dibular gland. about 63.7% of the lymph nodes were located in a 2-cm radius circle 
drawn from the medial border of the submandibular gland.

Table 2.  The Spearman’s Correlation Coefficients of Mean Number of Submental Lymph Nodes Detected by Preoperative 
MRI, Preoperative Sonography, Intraoperative Finding, Postoperative Sonography, and Postoperative CTA

Assessment of Submental  
Lymph Nodes Preoperative MRI

Preoperative 
 Sonography

Intraoperative Sizable 
Finding

Postoperative 
 Sonography Postoperative CTA

Preoperative MRI 1     
Preoperative sonography r = 0.1; P = 0.6 1   
Intraoperative sizable lymph nodes r = 0.1; P = 0.6 r = ˗0.03; P = 0.9 1   
Postoperative sonography r = ˗0.2; P = 0.4 r = 0.3; P = 0.3 r = 0.6; P = 0.02* 1  
Postoperative CTA r = 0.2; P = 0.5 r = 0.3; P = 0.2 r = 0.4; P = 0.1 r = 0.7; P ≤ 0.01* 1

*, statistical difference of the correlations.
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routinely used at Chang Gung Memorial Hospital for do-
nor site evaluation in VSLN flap transfers. MRA provides 
a high definition of the facial artery course and its rela-
tionship with the submandibular gland. Additionally, MRI 
accurately detects lymph nodes larger than 1 mm, whereas 
ultrasound imaging can only detect those larger than 
3 mm. This is probably the reason why higher numbers of 
lymph nodes can be found by MRI (7.2 ± 2.4 lymph nodes 
on each flap) in comparison with ultrasound previous 
studies (3.2 ± 1.1 lymph nodes on each flap). Initially, we 
chose the donor site according to the ultrasound sonogra-
phy study. But because the preoperative MRI had detected 
statistically greater number of submental lymph nodes, we 
chose the donor site based on the MRI results with the 
greater number of lymph nodes. We may conclude that 
in average there are 3 sizable lymph nodes (greater than 
3 mm in diameter) and 4 small lymph nodes (between 1 
and 3 mm in diameter) in a VSLN flap. The mean number 
of submental lymph nodes on postoperative sonography 
was 4.6 ± 1.8 and on postoperative CTA was 5.2 ± 1.9, which 
was greater than that of preoperative sonography 3.2 ± 1.1. 
This was possibly due to the transferred lymph nodes flap 
absorbing too much lymph but draining into the venous 
system inadequately due to pedicle vein compressed by 
scarring tissue. Then the smaller lymph nodes swell and 
can easily be detected by the postoperative sonography  
or CTA.

Sixty-one percentage of lymph nodes were found in the 
central quarters of the line drawn from the mental protu-
berance to the mandibular angle. These data can help as a 
static anatomic reference for the design of the flap. We also 
observed that about 63% of the lymph nodes were located 
in a 2-cm radius circle drawn from the medial border of the 
submandibular gland. This information should be carefully 
considered to include and preserve as many lymph nodes 
as possible during surgery. The VSLN flap was designed to 
harvest the majority of lymph node on the submental area, 
majorly located the central 2 quarters, and 2 cm of circus on 
the medial submandibular gland after this study (Fig. 5). 
Although there are 1 or 2 Ia lymph nodes on the medial 
submental area, they are not routinely harvested with the 
preservation of the medial platysma due to the possible 
complication of marginal mandibular pseudo-paralysis.29 In 
this technique modification, we are able to harvest 72% of 
submental lymph nodes detected by preoperative MRI and 
minimizing the donor-site complications. As for the size of 
lymph nodes correlated with the functional outcome re-
quires further investigation with more cases.

MRI is an important tool to evaluate patients preopera-
tively. The information acquired by MRI not only include 
just the number and size of lymph nodes but also the sub-
mental facial arterial anatomy, their relationship with sub-
mandibular gland, and differences between left and right 
side, that could help to reduce flap harvest time.32 The 
cost of decreasing operation time may be worthy for the 
use of preoperative MRI, but require more study.

The reasons for choosing CTA instead of MRI for the 
evaluation of the transferred submental lymph nodes 
postoperatively were as follows: The metallic hemoclips 
abutting the vascular pedicle of flap could produce sus-

ceptibility artifact with local signal change or focal image 
distortion in the MRI. This sometimes would result in dif-
ficulty to interpret the status of vessels and lymph nodes 
of the flap. Although metallic hemoclips could produce 
artifact in the CTA, we could overcome this problem with 
beam hardening correction kernel and CTA subtraction.

CONCLUSIONS
The preoperative MRI is a useful tool for the detec-

tion of mean 7.2 submental lymph nodes. Mean 72.2% of 
submental lymph nodes can be successfully transferred for 
extremity lymphedema with optimal functional recovery.
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