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Summary: Lymphaticovenous anastomosis is one of the main surgical treatments nowadays for alleviating lymphedema. A successful lymphaticovenous
anastomosis relies on being able to identify “functional” lymphatic collecting
vessels that are still capable of transporting lymph, and a nearby vein that is,
ideally, reflux-free. This is a retrospective study. A total of 28 lymphedema
patients were enrolled from October of 2016 to March of 2017 in Kaohsiung
Chang Gung Hospital, Kaohsiung, Taiwan. A noninvasive vein visualizer was
used to preselect reflux-free veins for lymphaticovenous anastomosis from five
female patients. As a control, the total number of veins used for lymphaticovenous anastomoses without the use of a vein visualizer from 23 consecutive
lymphedema patients was also recorded and compared. In the experimental
group, a total of 12 of 13 veins (92 percent sensitivity) preselected by using
the VeinViewer were confirmed to be reflux-free intraoperatively during lymphaticovenous anastomosis. In the control group, 21 of 56 veins (37.5 percent
sensitivity) showed no venous reflux. Statistical analysis with the chi-square
test showed a value of p < 0.001 (number needed to treat = 2.706). The odds
of identifying reflux-free veins can be increased significantly with the use of a
vein visualizer. (Plast. Reconstr. Surg. 141: 793, 2018.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Diagnostic, II.

L

ymphedema is a disease where accumulation of lymph, mostly because of obstruction or destruction of the lymphatic system
at the proximal site, can lead to swollen, heavy,
painful, and infection-prone limbs. The introduction of lymphaticovenous anastomosis as early as
the 1960s by Yamada1 has shed light on and given
hope for a disease that was once almost impossible
to treat. By anastomosing lymphatic collecting vessels to recipient veins, the accumulated lymph can
be drained back into the venous system, thereby
relieving lymphedema.
From the Division of Plastic and Reconstructive Surgery, Department of Surgery, the Department of Anesthesiology, and
the Department of Diagnostic Radiology, Kaohsiung Chang
Gung Memorial Hospital and Chang Gung University College of Medicine.
Received for publication May 13, 2017; accepted October
4, 2017.
Presented at the 26th World Congress of Lymphology, in Barcelona, Spain, September 25 through 29, 2017.
Copyright © 2017 by the American Society of Plastic Surgeons
DOI: 10.1097/PRS.0000000000004176

A successful lymphaticovenous anastomosis
relies on two key components: (1) being able to
identify “functional” lymphatic collecting vessels,
which are still capable of transporting lymph;
and (2) a nearby vein that is, ideally, reflux-free.
Because venous pressure is usually higher than
lymphatic collecting vessel pressure,2,3 a recipient vein with reflux can flood back into the lymphatic collecting vessel after lymphaticovenous
anastomosis. This can lead to a lower long-term
lymphaticovenous anastomosis patency rate, as
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Table 1. Patient Summary
Characteristic
Age, yr
 Average
 Range
Sex
 Male
 Female
ISL staging
Affected limbs
 Upper
 Lower
Lymphedema cause
 Breast cancer
 Ovarian cancer
 Endometrial cancer
 Renal cell carcinoma
 Primary biliary cirrhosis
 Infection
 Congenital
Reflux-free vein found

VeinViewer
Group

Control
Group

49
40–63

62
36–81

—
5
I–II

2
21
II–III

2
4

6
15

2
1
2

6
7
4
1
1
1
1
12/13
21/56
(92% sensitivity) (37.5% sensitivity)

ISL, International Society of Lymphology.

stated by Yamamoto and Koshima.4 The identification of functional lymphatic collecting vessels with
the use of indocyanine green has been published
extensively.5–18 The localization of a recipient vein
with a vein visualizer for lymphaticovenous anastomosis was published by Mihara et al.10,19 However, to the best of our knowledge, a publication
regarding the identification of a reflux-free vein
for lymphaticovenous anastomosis has yet to surface. In this study, the feasibility for using a noninvasive vein visualizer to identify a reflux-free vein
for lymphaticovenous anastomosis preoperatively
is demonstrated.

PATIENTS AND METHODS
This retrospective study was approved by the
institutional review board of Chang-Gung Memorial Hospital (approval number 201700705B0),
and all medical records were collected retrospectively. From October of 2016 to March of 2017
in Kaohsiung Chang Gung Hospital, Kaohsiung,
Taiwan, a total of 28 lymphedema patients were
enrolled and received supermicrosurgical lymphaticovenous anastomosis. A noninvasive vein
visualizer (VeinViewer; Christie Medical, Memphis, Tenn.) was used to select reflux-free veins
for lymphaticovenous anastomosis from five
female patients as the experimental group. As the
control, the total number of veins used for lymphaticovenous anastomosis from 23 consecutive
lymphedema patients without the use of a vein
visualizer was also recorded (Table 1).

Video 1. Supplemental Digital Content 1 demonstrates the
marking of a functional lymphatic collecting vessel on the dorsal foot after indocyanine green (ICG) being injected intradermally. The enhanced lymphatic collecting vessel was observed
under a microscope-integrated near-infrared camera, http://
links.lww.com/PRS/C663.

Statistical Analysis
The chi-square or Fisher’s exact test was used
to compare the rates of reflux-free veins found in
both vein visualizer and control groups. A value of
p < 0.05 was considered to indicate a statistically
significant difference. The number needed to
treat with the use of the VeinViewer was calculated,
which represents the minimal numbers in screening each vein to discover one reflux-free vein.
How to Identify a Reflux-Free Vein Using a Vein
Visualizer
Indocyanine green was injected intradermally
into the web spaces of each lymphedema patient’s
hand or foot, and at the wrist/ankle area. First,
the indocyanine green–enhanced functional lymphatic collecting vessel was traced and marked
with a microscope-integrated near-infrared camera (Pantero 900; Carl Zeiss AG, Oberkochen,
Germany). [See Video, Supplemental Digital
Content 1, which demonstrates the marking of
a functional lymphatic collecting vessel on the
dorsal foot after indocyanine green (ICG) being
injected intradermally. The enhanced lymphatic
collecting vessel was observed under a microscopeintegrated near-infrared camera, http://links.lww.
com/PRS/C663.] The region of premarked lymphatic collecting vessels was then placed under
the VeinViewer (Fig. 1). Veins proximal to the premarked lymphatic collecting vessel are tested in
series with milking tests, until an ideal reflux-free
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Fig. 1. Positioning of the vein visualizer for identification of the
recipient vein on the left medial ankle before lymphaticovenous
anastomosis.

vein can be found. (See Video, Supplemental Digital Content 2, which demonstrates how to find a
reflux-free vein with the milking test under a vein
visualizer, which is located proximal to the previously marked functional lymphatic collecting
vessel, http://links.lww.com/PRS/C664. See Video,
Supplemental Digital Content 3, which demonstrates how a reflux-free and a reflux-positive vein
behaved with the milking test under a vein visualizer, http://links.lww.com/PRS/C665.)

RESULTS
In the experimental group, a total of 12 of
13 veins (92 percent sensitivity) preselected by
the VeinViewer were confirmed to be reflux-free
intraoperatively during lymphaticovenous anastomosis. In the control group, only 21 of 56 veins
(37.5 percent sensitivity) showed no venous reflux.
Statistical analysis with the chi-square test showed
p < 0.001 (number needed to treat = 2.706).

DISCUSSION
More than one in five women who are breast
cancer survivors will eventually suffer from upper
limb lymphedema.20 The rate of gynecologic
cancer survivors developing lower limb lymphedema ranged from 11.1 to 45.2 percent.21–25 To
solve this universal health problem, the first animal study using lymphaticovenous anastomosis to
treat lymphedema was reported in 1963,26 which
was followed by Yamada1 and O’Brien et al.27 in

Video 2. Supplemental Digital Content 2 demonstrates how to
find a reflux-free vein with the milking test under a vein visualizer, which is located proximal to the previously marked functional lymphatic collecting vessel, http://links.lww.com/PRS/
C664.

treating human patients. Because of the small size
(0.3 to 0.8 mm) of lymphatic collecting vessels,
the supermicrosurgical technique for lymphaticovenous anastomosis was first introduced and
popularized by Koshima et al.28–30 With the application and advancement of indocyanine green,
it brought revolutionary changes to the diagnosis,6,15,31–37 staging,33,34,38 and identification of
functional lymphatic collecting vessels for lymphedema.5,8–10,12,17–19,39,40 As for the identification of
small recipient veins for lymphaticovenous anastomosis, ultrasound,41 Doppler ultrasound,42,43
computed tomographic venography, and magnetic resonance venography44 can identify only
the location. The use of a noninvasive vein visualizer to locate recipient veins for lymphaticovenous
anastomosis was introduced by Mihara et al.10,11,19
However, no publication has yet to discuss the
much needed information regarding a “refluxfree” recipient vein.
By using a commercially available, noninvasive “vein visualizer,” similar to what Mihara et
al.10,11 have used, this study took one step further: the vein visualizer was used not only for
recipient vein localization, but also for selecting
a reflux-free vein simultaneously. The instantaneous, live image from the vein visualizer
enables the use of the milking test to identify an
ideal reflux-free vein. A significant difference
(p < 0.001) was found for the identification of
reflux-free recipient vein with and without the
vein visualizer, such as in the control group.
The advantages for having the locations of
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Video 3. Supplemental Digital Content 3 demonstrates how a
reflux-free and a reflux-positive vein behaved with the milking test
under a vein visualizer, http://links.lww.com/PRS/C665.

both functional lymphatic collecting vessels
and reflux-free recipient veins preoperatively
are as follows: (1) preoperatively plan for the
incision site, allowing for a smaller incision;
(2) predetermine the orientation of lymphaticovenous anastomosis (e.g., end-to-end, endto-side, side-to-end, or side-to-side); (3) reduce
the operative time, because of less time needed
for exploration; (4) improve surgical outcome,
mainly because of better long-term lymphaticovenous anastomosis patency rate; and (5)
reduce the need for valvuloplasty.4,45 The efficiency of using a vein visualizer for identifying a
reflux-free vein is also demonstrated by a number needed to treat of 2.706, showing that it is
highly efficient. However, there are limitations
to finding a reflux-free vein with a vein visualizer. Because of its limitation as to the depth of
superficial vein it can detect, it can be used only
for mild lymphedema cases, and reserved for
anatomical locations such as dorsal hand/foot,
wrist and elbow. Despite this limitation, the use
of a vein visualizer is easy, is associated with a
short learning curve, and offers an ideal solution for identifying a reflux-free vein in suitable
patients.

CONCLUSION
The odds of identifying reflux-free veins can
be significantly increased with the use of a vein
visualizer.
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