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Introduction 

Lymphaticovenous anastomosis (LVA) is technically challenging but becoming 
a popular treatment strategy for lymphedema since Koshima et al. [1] pioneered 
supermicrosurgery techniques. To create an effective lymphovenous shunt in 
LVA, pressure gradient from collecting lymphatic vessel to vein is fundamental. 
Therefore, an anastomosing functioning lymphatic vessel with high endolym-
phatic pressure to the reflux-free vein can be ideal [2]. However, various situa-
tions can be encountered in LVA, and finding reflux-free veins are not always 
possible [3,4]. 

A variety of LVA configurations exist, and each has its advantages and disad-
vantages [5,6]. End-to-end (ETE) anastomosis is the most common method that 
is less technically challenging but it can make only one-way bypasses. Although 
side-to-end (STE) anastomosis is technically demanding, it makes a bidirectional 
lymphatic bypass. STE LVA having bidirectional drainage without the need to li-
gate the proximal lymphatic vessel is theoretically superior to ETE LVA [5]. How-
ever, Yamamoto et al. [6] found that the occurrence of the venous backflow in-
creased in the following order: ETE anastomosis, STE anastomosis, and ETS 
anastomosis. They concluded that ETE anastomosis, which has little backflow of 
venous blood into lymphatic channels, should be used because venous backflow 
into the lymphatics is considered to be related to the ineffectiveness of lymphove-
nous bypasses. On the other hand, Cheng et al. [5] reported greater efficacy by 
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Case Report

End-to-end (ETE) and side-to-end (STE) anastomosis are two common configurations 
of lymphaticovenous anastomosis (LVA); however, it remains inconclusive which 
method is better. A 62-year-old man with lower extremity lymphedema underwent 
LVA with the STE method on the ankle. When the lymphatic vessel was cut for addi-
tional LVA at the proximal lower leg, blood drained out from the cut end of a lymphat-
ic vessel, which suggested venous-lymphatic reflux at the STE anastomosis at the an-
kle. Because the reflux continued until 1 hour after the previous LVA at the ankle, the 
STE anastomosis at the ankle was re-explored and converted to ETE by ligation of the 
proximal lymphatic vessel. Reverse venous-lymphatic reflux was corrected, and a lym-
phovenous shunt was created immediately after the ligation. The current case sug-
gests that STE anastomosis can be inferior to ETE anastomosis for creating a lym-
phovenous shunt when venous backflow exists. 
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STE anastomosis compared to ETE. In this case report, a per-
sistent retrograde venous-lymphatic reflux was observed after 
STE anastomosis at the lower extremity, which was not correct-
ed during the surgery. The retrograde shunt was corrected by 
conversion of STE to ETE anastomosis by ligation of the proxi-
mal lymphatic vessel.  

Case report 

A 62-year-old male patient without specific medical history 
had suffered from progressive left lower leg swelling from 13 
years ago. Two times of cellulitis episodes developed. Lympho-
scintigraphy revealed lymphatic obstruction of the left lower 
extremity (Fig. 1). Indocyanine green fluorescence lymphogra-
phy showed functional lymphatic vessels on the dorsum of the 
foot and ankle. Underdiagnosis of lymphedema unknown 
cause with International Society of Lymphology (ISL) stage II, 
LVAs were performed under local anesthesia in December 
2019. First, STE anastomosis was performed at the ankle. The 
second incision site was on the proximal calf. In the meantime, 
bandage compression was not performed, and manual com-
pression massage was performed on the foot intermittently. 
When the proximal lymphatic vessel was cut for additional 
LVA at the proximal calf, drainage of blood was observed from 
the cut edge of the lymphatic vessel (Fig. 2). The regurgitation 
of the blood through the lymphatic vessel remained until the 
completion of the LVA at the proximal lower leg. Therefore, the 
LVA site of the ankle was re-explored and venous-lymphatic re-
flux was observed at the STE anastomosis site. 

Additional veins with low venous pressure were searched for, 
but no additional veins were available within the incision site. 
We decided to perform conversion of the STE anastomosis to 
ETE anastomosis to increase the lymphatic pressure by ligation 
of the lymphatic vessel proximal to the anastomosis, which im-
mediately resulted in a successful lymphovenous shunt. The ve-
nous-lymphatic reflux at the proximal calf also disappeared. A 
total of 3 ETE LVAs (medial ankle, proximal lower leg, and 
thigh) were performed. Postoperative outcome was analyzed by 
leg circumference change and patient-reported outcomes by a 
quality of life (QOL) measure for limb lymphedema 
(LYMQOL) questionnaire. 

After 4 months, the average absolute circumference ratio dif-
ference decreased from 0.163 ± 0.093 to 0.143 ± 0.072 (Table 1, 
Fig. 3), and the overall QOL score on the LYMQOL question-
naire increased from 7 to 9 points. The patient’s subjective 
symptoms also improved. Before the operation, this patient 
complained of swelling and pain in the dorsum of the ankle. 

After one month, the pressure sense at the calf decreased and 
the skin became soft. After 4 months, the swelling of the foot 
was hardly felt and the pain disappeared. Cellulitis did not oc-
cur until 2 years of follow-up. 

Written informed consent was obtained for the publication 
of this case report and accompanying images. 

Discussion 

In this case report, venous-lymphatic reflux after the STE 
anastomosis was observed at the lymphatic vessel proximal to 
the anastomosis. This intraoperative finding suggested that the 
venous-lymphatic reflux was not temporary and might be con-
tinued after the surgery. The reverse flow after the LVA was re-
ported to be a significant negative impact on the surgical out-
comes of patients undergoing LVA [2]. The reverse venous-lym-

Fig. 1. Preoperative lymphoscintigraphy. (A) Anterior and (B) 
posterior views. After injecting radiotracer into the subcutaneous 
area of the first and second interdigital spaces of both feet, whole-
body imaging was performed at 1 hour. Lymphatic obstruction in 
the left lower extremity was revealed. 
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phatic reflux was successfully corrected by the conversion of the 
STE to ETE anastomosis. The current case showed that STE 
anastomosis might be inferior to creating lymphovenous shunt 
in selected cases. 

STE anastomosis has two major advantages compared to ETE 
anastomosis in LVA. First, both antegrade and retrograde lym-
phatic flow can be drained to the venous flow. Second, original 
lymphatic flow can be preserved in case it does not have com-
plete proximal obstruction. Therefore, STE anastomosis is one 
of the common anastomosis methods in LVA, and favorable 
outcomes have been reported [5]. However, as it was shown in 
this case, STE anastomosis showed a higher chance of retro-
grade venolymphatic flow. The retrograde venolymphatic flow 

in LVA can cause thrombosis in the anastomosis site and cause 
poor outcomes. In LVA surgery, endovascular pressure of the 
lymphatic should be higher than that of the vein to create lym-
phovenous shunt. In STE anastomosis, when an accumulation 
of lymphatic fluid in the collecting lymphatic vessel develops, 
endo lymphatic pressure can be decreased by the original lym-
phatic flow because the lymphatic pathway to a proximal lym-
phatic vessel is maintained. Therefore, retrograde venous-lym-
phatic flow can occur when strong venous backflow exists.  

On the other hand, there is only one pathway in which accu-
mulated lymphatic fluid can be drained in ETE anastomosis; 
anastomosed vein. In this case report, the retrograde ve-
nous-lymphatic flow was created after the STE anastomosis, 

Fig. 2. Intraoperative image. Yellow arrows indicate the lymphatic vessel, and red arrows indicate the vein. (A) Side-to-end (STE) 
lymphaticovenous anastomosis (LVA) at the ankle incision. The lymphatic vessel of the ankle incision is indicated by a yellow arrow. 
Lymphovenous shunt was not noted, and retrograde venous-lymphatic reflux was observed. (B) After about 30 minutes, venous flow 
through the cut end of the lymphatic vessel was detected in the proximal lower leg (yellow arrow). The venous outflow through the 
proximal lymphatic vessels continued and was not corrected during surgery. (C) The LVA site at the ankle was re-explored. Proximal end 
ligation of the lymphatic vessel on the ankle incision site was performed to convert STE into end-to-end anastomosis, which created a 
lymphovenous shunt. (D) Left lower leg showing the incision sites for LVA.
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and the reverse flow was confirmed in the proximal lymphatic 
vessels on the proximal calf. This result suggested that the ret-
rograde shunt may not be corrected after the surgery. Intraop-
erative conversion of the STE to ETE anastomosis by ligation of 
proximal lymphatic vessel was reported in previous studies for 
management of retrograde venous-lymphatic flow in STE anas-
tomosis in LVA [7,8]. 

Retrograde venous flow is found relatively frequently in pa-
tients with lymphedema. Chronic venous insufficiency is the 

Table 1. Serial circumference changes of the lower extremity

Variable Foot Ankle Knee
BK AK

Mean±SD
20 cm 10 cm 10 cm 20 cm

Preoperative
  Right (cm) 24.3 28.5 38.8 37.7 34.2 45.4 50.6
  Left (cm) 24.8 29.8 47.1 44.8 40.0 56.8 63.0
  Absolute ratio difference 0.02 0.05 0.21 0.19 0.17 0.25 0.25 0.163±0.093
Postoperative 1 mo
  Right (cm) 24.3 27.5 38.5 37.2 34.5 44.0 51.0
  Left (cm) 24.8 30.0 44.0 44.0 41.0 54.0 63.0
  Absolute ratio difference 0.02 0.09 0.14 0.18 0.19 0.23 0.24 0.156±0.079
Postoperative 4 mo
  Right (cm) 24.5 27.5 38.9 37.5 34.6 44.4 52.2
  Left (cm) 24.9 29.4 44.3 44.7 40.8 54.0 61.7
  Absolute ratio difference 0.02 0.07 0.14 0.19 0.18 0.22 0.18 0.143±0.072

BK, below knee; AK, above knee; SD, standard deviation.

entity most likely to complicate preexisting lymphedema [9]. 
There has been no studies which evaluated risk factors for ve-
nous insufficiency or increased venous pressure in patients 
with lymphedema. Finding reflux-free superficial veins using 
vein visualizer or high frequency ultrasonography can be effec-
tive ways to avoid retrograde venous-lymphatic flow in LVA 
[3,10]. 

The current case report was different from previous studies. 
First, the retrograde venous-lymphatic flow was confirmed 
outside of the LVA site. The blood flow was checked in another 
proximal lymphatic vessel, which suggested venous flow was 
shunted into the lymphatic system. The blood flow in the lym-
phatic system can increase the risk of thrombosis in other sur-
gical sites of LVA. Second, the reverse venous-lymphatic flow 
was observed continuously during the surgery and was found 
not to be corrected. This observation suggested that the retro-
grade venous-lymphatic reflux might not be corrected after the 
surgery. In conclusion, the current case report suggested that 
STE anastomosis might be inferior to ETE anastomosis for cre-
ating lymphovenous shunt when strong venous backflow exists. 
Given that this is a report of a single case, further study might 
be necessary to clarify appropriate indications for performing 
STE anastomosis in LVA. 
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Fig. 3. (A) Preoperative image. (B) Postoperative 4-month image.
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