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Abstract

Background: Lymphaticovenular anastomosis (LVVA) with supramicrosurgical technique has
recently gained popularity as a treatment method for patients with lymphedema. The aim of
this study was to prospectively evaluate objective changes in leg volume in patients operated
with LVA for lymphedema in the lower extremity, and to find positive predictors for the

treatment method to facilitate the location of the venules and lymphatic vessels.

Patients & Methods: 31 consecutive patients with lymphedema in the lower extremity and
positive pitting test were examined with lymphoscintigraphy and indocyanine green (ICG)

lymphography. The causes of the lymphedema were either cancer or unknown cause/primary



lymphedema. Fourteen of the patients with pathological lymphangiographic patterns were
chosen for surgery and 12 of them were operated with one to four LVAs each. The
lymphedema volume in the lower extremity was measured preoperatively, 6- and 12 months
after surgery according to the truncated cone formula with the patient’s contralateral leg used
as control. Ten patients had unilateral lymphedema and two patients had bilateral
lymphedema.

Results: Five of 12 patients showed between 1-8 % edema reductions in the lower extremity
after 12 months. With examination considering edema duration, number of anastomoses,
radiotherapy and lymph node dissection we found a 6,2 % difference in edema reduction
between patients who had undergone lymph node dissection and those who had not (p=0.03).
Conclusions: The current study indicates that supramicrosurgery with LVA may reduce
edema volumes, where the most distinctive positive predictor for edema reduction with LVAs
was previous lymph node dissection.

Key words: lymphedema, LVA, supramicrosurgery, lymphaticovenular anastomosis,
indocyanin green

Highlights:

* Previous lymphnode dissection affects the outcome of supramicrosurgery in the lower
limb.

» We found no significant difference in edema reduction after LVAs in patients related

to edema duration, number of anastomosis or previous radiotherapy.

* The use of multiple operating microscopes facilitating multiple LV As might affect the
outcome of surgery, as seen in other studies.

* Preoperative location of a favorable recipient venule close to a functional lymphatic
channel has many advantages in terms of incision length, location and operative time

according to recent studies.



Introduction

Lower extremity lymphedema can be severely disabling and affect the patients’ daily
life with difficulties in range of motion, fitting into normal clothing, subjective discomfort,
risk of soft tissue infection and can also cause psychological distress (1). Complete
decongestive physiotherapy has been the most common non-surgical management in reducing
edema volumes, although it is not a curative treatment method (2). Surgical treatment of
lymphedema is an alternative and, except from debulking surgery, there are currently four
main surgical methods described; vascularized lymph node transfer, lymphaticovenular
anastomosis (LVA), lymphatico-lymphatic anastomosis and suction assisted lipectomy (3-6).

The surgical treatment depends on the severity and stage of the lymphedema. Main
advantages with the different treatment methods have been described such as reduction in
edema volume, reduced incidence of cellulitis and reduced need for compression garments
(7). In the current study, we have focused on the surgical treatment method with LVA.
Imaging, instruments and surgical techniques have been developed during the last decades.

The most recent change in performance was introduced by Koshima et al (8) where
refined techniques for supramicrosurgery made it possible to anastomose subdermal
lymphatic vessels to adjacent venules to increase lymphatic drainage in the edematous
extremity. The use of indocyanine green (ICG) has been introduced, and it is injected

preoperatively intradermally into the first web space to emit near infrared light. Using a



Photodynamic Eye (PDE) camera which detects flourescence it is possible to identify and
visualize the lymphatic vessel system before incision and and then connect lymphatic vessels
to nearby veins (9). The importance of preoperative location of a favorable recipient venule
close to a functional lymphatic channel has many advantages in terms of incision length,
location and operative time. Unfortunatelly this equipment was not available at the time of the
study.

The supramicrosurgery technique with lymphaticovenular anastomosis (LVA) in the
lower extremity has shown variable efficacy in edema reduction in a few studies (10-15) and
decreased incidence of cellulitis in the leg (16). However, there is a paucity of prospective
studies with objective evaluation of long-term outcome. We report a prospective, controlled
study for patients operated with LVA for lymphedema in the lower extremity. The aim of this
study was to evaluate objective changes in leg volume in patients operated with LV As for
lymphedema in the lower extremity, and to find positive predictors for the treatment method.
Patients and Methods

Thirty-one consecutive patients with lymphedema in the lower extremity and positive
pitting test were examined with lymphoscintigraphy and indocyanine green (ICG)
lymphangiography (Indocyanin grén Pulsion, Pulsion Medical Systems SE, Feldkirchen,
Germany) using a PDE (Photodynamic eye) camera, Hamamatsu Photonics, K.K,
Hamamatsu, Japan. Fourteen of the patients were chosen for surgery where dermal backflow
stage 1I-111 lymphedema with partial linear, stardust PDE-pattern, was observed (17, 18). The
remaining 17 patients had a stage V-V lymphedema, and were offered conservative treatment
complemented with liposuction. The patients were their own controls as the contralateral leg
was used as reference. Peroperatively, one of the patients showed fibrotic lymph vessels not
suitable for surgery with LVA, and one patient did not have venules close enough to lymph

vessels to allow LV As to be performed.



These two patients were offered conservative treatment complemented with
liposuction. In total, 12 of the patients were operated between 2011 and 2014 and received 1-
4 LVAs each (Figure 1). Ten patients had unilateral lymphedema, and two patients had
bilateral lymphedema among the twelve patients that underwent surgery with LVAs.
Background data were collected from the medical records (Table 1). The causes of the
lymphedema in the patients were either cancer surgery or unknown cause/primary
lymphedema. Edema duration, number of anastomoses, previous radiotherapy and lymph
node dissection were studied to find potential positive predictors for treatment with
lymphaticovenular anastomosis.

The lymphedema volume in the lower extremity was measured and calculated using
the formula for a truncated cone according to Brorson et al (19), with the patient’s
contralateral leg used as control. The patients underwent volume measurements
preoperatively, 6 and 12 months after surgery. One patient was not present at the 12-months
follow up, and the 6 months’ measurement was duplicated and used as the 12-month
observation. All operations were performed by the same surgeon and the median operating
time was 223.5 minutes. The patients were discharged within 24 hours after surgery.

Surgical technique The surgery was performed under general anesthesia. The reason
for choosing general anesthesia instead of local anesthesia was the long operating time
(median 223.5 minutes) due to the usage of only one operating microscope. ICG was injected
intradermally into the first web space of the affected leg to locate the lymphatic vessels
suitable for anastomosis. Short skin incisions were made over the selected vessels using an
operating microscope, and if the vessels were difficult to locate, a complementary injection of
0.3-1.0 mL patent blue (Patentblau, Guerbet, Germany V 25 mg/mL) was given intradermally
a few centimeters distal to the skin incision. Suitable subdermal venules (each 0.5 mm in

diameter) were explored adjacent to the lymphatic vessels. End-to-end lymphaticovenular



anastomoses of size matched vessels were performed, using 50-micron needle sutures (with
12-0 nylon) with a supramicrosurgery needle holder under high magnification (20 to 30
times). Lymphatic flow was observed over the anastomosis after release of 1V vessel clamps
(Figure 2). Postoperatively, the leg was kept elevated at night, and a low-pressure bandage
was applied the day after surgery.

Data were collected and evaluated in Microsoft Excel 2016. Mann-Whitney U-test
was used for the statistical analysis and the significance level was set to 0.05. Data were
analyzed using SPSS statistics. The study was done in accordance with the ethical standards
of the Regional Ethical Review board and with the Helsinki Declaration with informed
consent obtained from each participant.

Results

Median age of the patient group was 51 years (range 41-66 years). The median
duration of the lymphedema was 4 years (range 3-11 years) and median preoperative edema
volume was 626 ml (range -756-1871 ml). Two of the patients had bilateral lymphedema,
which explains the negative preoperative volume. One of those patients had fibrotic lymphatic
vessels (stage 1V-V) in the leg with larger edema volume and was therefore operated on the
leg with lower edema volume. The other patient had better preoperative PDE-pattern (stardust
pattern stage I1) in the leg with lower edema volume (Table 1). The patient was later operated
on the other leg and had a volume reduction (not included in the study). The method of using
the contralateral leg as control works well in both unilateral and bilateral lymphedema, since
only one limb was operated during the study time, and the contralateral leg could therefore be
used as control.

Five of 12 patients showed 1-8 % edema reduction in the lower extremity after 12
months, representing from -30 ml to -1945 ml respectively. Four of 12 patients showed a

slight increase of the edema and three of twelve were unchanged (Figure 3-4). No significant



decrease in volume was seen when comparing pre- and postoperative volume measurements
in the whole group. The two patients not suitable for LVAs and the 17 patients not chosen for
surgery were referred back to the physiotherapist for conservative treatment and to a different
hospital for liposuction.

Edema duration, number of anastomoses, previous radiotherapy and lymph node
dissection were compared between patients with and without edema reduction after LVAs.
Five patients treated with LV As had undergone previous lymph node dissection and seven
patients treated with LVAs had not. We found a 6.2 % significant difference in edema
reduction (p = 0.03) in patients who had undergone lymph node dissection compared to
patients who had not undergone lymph node dissection (Figure 5). No comparison of
previous lymph node dissection was made in the 17 patients who were not treated with LV As.
We found no significant difference in edema reduction after LVAs in patients related to
edema duration, number of anastomosis or previous radiotherapy (p=n.s).

Discussion

Previous studies have shown that surgery with LVAs in the lower extremity can
reduce edema volume, but the results are variable and in general inferior to LVAs performed
in the upper extremity (10-15). Koshima et al presented a study including 25 patients where
conservative treatment vs. LV A-surgery was compared. LVVA-surgery had better outcome
with edema reduction in 8 of the 13 LVVA-operated patients compared with the 14 patients
treated conservatively. The average decrease in leg circumference in the patients operated
with LVA was 4.7 cm +/- 2.8 cm. Those patients had a follow up time of on average 4.6 years
(10).

Furthermore, a study including over 1500 patients operated with LV As for peripheral
lymphedema done by Campisi et al shows a 75 % volume reduction in 83 % of the patients.

However, the results are difficult to interpret and compare because the measurement method



and edema volumes are not presented (11). Another study from Olszewski, including 1300
patients operated in the lower extremity and followed over 45 years, demonstrates greatest
edema reduction in patients operated at an early stage, young patients with congenital non-
hereditary hyperplastic lymphedema and patients operated with inguinal and iliac
lymphadenectomy (12). The latter finding is now further supported in a prospective setting by
our results, for the first time to our knowledge. In another prospective analysis by Chang et al
including 100 patients, seven were operated with LVAs in the lower limbs and the rest were
operated in the upper limb. Four of the seven patients operated in the lower limb noticed
symptom improvement. Only two of the patients where available for postoperative
measurements and both of these patients were operated bilaterally. One of the two showed a
significant decrease of maximum 33% edema reduction after three years, the other patient did
not show a significant edema reduction. In that study LV As seems to be more effective in the
upper extremities than in the lower extremities (13).

A study by Maegawa et al investigated 57 patients operated with LVA in the lower
extremity. Of those, 34 patients had at least one patent anastomosis 12 months
postoperatively. However, the anastomoses were only investigated with ICG fluorescence in
the foot and ankle, and efficiency of more proximal anastomosis could not be evaluated.
Volume measurements in the group with patent anastomoses vs. the group with no sign of
patent anastomoses showed no significant difference in leg volume reduction (14). Different
types of anastomosis configuration can be used (Narushima et al 2010). In this study we
found Y-shape veins in four patients making flow-through LV As possible. In the other eight
patients end-to-end LVVAs were performed as we found veins and lymphatic vessels of
matching diameters. Overall, it is difficult to find a common method for the volume
measurements. Many different measurement protocols have been used; it is therefore difficult

to compare the present study with previous results. We used the formula for a truncated cone,



earlier described as a reliable volume measurement method (19), compared to the
contralateral leg as a reference in a prospective setting.

Limitations of the study need to be acknowledged. The study has a limited sample
size, but due to its prospective, controlled design it can still contribute to the knowledge about
the treatment of lymphedema. One of our patients (nr 10) had a postoperative infection, which
can explain a temporary increase in edema volume 6 months postoperatively. Another patient
(nr 6) had erysipelas in the leg at the time for the 12 months’ control, which can explain the
increase in edema volume (Figure 3-4). We also want to note that some of our patients mainly
had edema in their foot and ankle, and therefore our measurement method might not describe
the change properly. The protocol to select, prepare, surgically treat and follow the patients
was decided on the base of the literature when the study was started, in 2011.

The interest in this field has led to a number of studies (20-29) and development of
new approaches both from the surgical and the medical point of view. The recent review of
the literature from Scaglioni et al (30), clearly shows how many different protocols can be
applied and how difficult is to find evidence-based superiority of one method.

A multitude of factors related to patient demographics and history (ethiology, severity,
year from onset, infectious episodes, previous medical- or surgical treatments), diagnostic
methods, single or combined surgical options, results and evaluation are involved. Critical
revision of the literature is therefore very difficult. Without sufficient evidence, the optimal
treatment of the lower limb lymphedema patient is still not known. However, the available
literature, despite the numerous variables described, seems to confirm favorable results of
LVA in the treatment of lower limb lymphedema. While hoping for a consensus on this
subject, we believe that a few tips may help in approaching this field to have a more rapid

learning curve and satisfactory results of a condition that highly compromises the quality of
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life. Our experience, together with the retrospective comparison of the published studies, led
us to a series of thoughts on optimization of LVAs in lower limb lymphedema (Table 2).

Altogether, the outcomes from many previous studies have been difficult to interpret.
Especially the lack of a standardized method for lymphedema measurement has hampered
adequate comparisons between techniques and indications. However, multiple
lymphaticovenular anastomoses seem to be favorable for the reduction of edema volume.
LV As seem also to be more effective in upper, compared to lower, extremities. The current
study indicates that patients who have undergone previous lymph node dissection have a
better outcome than others after treatment with LV As. This may be explained by the fact that
patients with lymphedema of other causes (i.e. blunt trauma, radiation only and idiopathic)
may have a lymphatic system with less ability to adapt to new routes of drainage. In order to
select the right patients, there is a need for further evaluation of the treatment method and
finding other positive predictors of importance in larger prospective controlled studies.
Conclusions

Results from the current prospective controlled study indicates that supramicrosurgery
with LVAs may reduce edema volumes in the lower extremities, where the most distinctive
positive predictor for edema reduction with LVAs was previous lymph node dissection.
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Legends

Figure 1. Inclusion and exclusion criteria.
Figure 2. Lymphaticovenular anastomosis with lymphatic flow into the vein, stained with
Patentblau V.
Figure 3. Patients operated with lymph node dissection (n = 5), edema reduction in percent
over time.
Figure 4. Patients operated without lymph node dissection (n = 7), edema reduction in percent
over time.
Figure 5. Difference in postoperative edema reduction (6.2 %) after 12 months (p = 0.03).
This paper is part of a Supplement supported by the European Federation of Societies of
Microsurgery (EFSM)

31 patients with pitting edema and patologic lymph scintigraphy.

17 patients excluded with stage V- 2 patients were excluded

lymph edema/non suitable PDE-pattern, peroperatively (see text)

Intotal 12 patients included in the study.
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Table 1. Epidemiological aspects of the study group.

Patients operated with LVA (n = 12)

Gender (male/female) 1/11

Cause of lymphedema

Cancer surgery 8

Unknown cause/primary 4

lymph edema

Age (years)

Median (range) 51 (41-66)
Years of edema

Median (range) 4 (3-11)
Preoperative edema volume* (mL)

Median (range) 626 (-756-1871)
Preoperative edema volume *(%)

Median (range) 8.5 % (-6-27 %)
Operating time (min)

Median (range) 223.5 (197-273)
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OPTIONS in literature
Age of patients

Etiology

Physiopathological
factors

Time since onset
(months)
Severity

Cellulitis

Imaging for finding

vessels

Anastomotic technique

Number of anastomoses

Combined surgical
treatment

Following treatment
Subjective results

Objective results

OUR study
All ages

Primary vs secondary

VEGFR3 signaling
pathway

6 to 127

Mild to severe
lymphedema (Stage | to
V)

Direct correlation
cellulitis/lymphedema

ICG, Ultrasound,
Doppler ultrasound,
Computed tomographic
venography, magnetic
resonance

venography

End-to-end, end-to-side,
side-to-end

2-10 mean (Chang,
Suami, & Skoracki,
2013; Mihara et al.,
2016; Szuba &
Rockson, 1998)

Compressive therapy or
additional debulking
surgery (Liposuction).
Surgical resection of
excess tissue.
Vascularized
lymphnode

transfer.

Compressive garments,
massage

Symptom improvement

Circumference,
Volumetric
measurements, Lower
Extremity Lymphe-
dema

OUR preference

51(41-66)

Primary 4 pts vs
Secondary 8 pts

36 to 132
Stage I1to 111
lymphedema

Not studied

ICG

End-to-end

1-4

Only LVA in present
study

Compressive garments
Symptom improvement

Lower limb volume
truncated cone formula

Only adults in the
present study

Two different groups.
Best to divide them.
(Connell et al. 2013,
Scaglioni 2017)
Subgroups of patients
may be found (Mendola
2013)

Early treatment better

Early stage better
(Schaverien 2019,
Rosian

2019)

Improving lymphedema
reduces numbers of
cellulitis episodes
(Sharkey 2017)

ICG, Ultra sound, Vein
viewer (Yang 2018,
Visconti 2018)

Technique related to
anatomy of vessels
(Schaverien 2019)
Advantage with more
anastomoses. Anatomy,
surgical settings and
time are deciding
factors. (Scaglioni
2017)

LVA studied separately.

Compressive garments

Symptom improvement
(Scaglioni 2017)
Lower limb volume
(calculated or
volumetric
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