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Abstract

Supermicrosurgical lymphaticovenular anastomosis represents an established procedure for lymphedema treatment,
the effectiveness of which has been well documented in international literature.

Nevertheless, currently, no standards for supermicrosurgical lymphaticovenular anastomosis have been established re-
garding the type, location, and number of anastomoses so that the approach to surgical scenarios still depends on the
surgeons’ preference and ability.

A comprehensive literature search for articles involving supermicrosurgical lymphaticovenular anastomosis techniques
was performed on the PubMed/Medline/SCOPUS databases. Results, including the names of the technique and their
characteristics, such as indications, surgical time, and configuration of the vessels, are reported.

Each technique included was then performed five times, and for each of them, patency was tested intraoperatively
and 30 days after surgery. Moreover, an efficacy score was assigned, taking into consideration the number of lym-
phatic vessels anastomosed, the average time for anastomosis, and the difficulty of each technique.

A total of 148 articles resulted from the literature search. In total, 16 papers met the criteria for inclusion as defined
in the methods and were included in the review as a “supermicrosurgical lymphaticovenular anastomosis technique.”
Efficacy scores ranged from 0.21 to 1, intraoperative patency ranged from 80% to 100%, and the 30-days patency
test ranged from 60% to 100%.

To perform effective anastomoses and aim to maximize the results of supermicrosurgical lymphaticovenular anasto-
mosis, a modern microsurgeon should be trained to recognize and manage the most common vessel configurations,
performing the most adequate one of the several techniques described. Further studies are required to validate and
compare the use of the supermicrosurgical lymphaticovenular anastomosis techniques reviewed.
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Introduction

Since its introduction in 2000, supramicrosurgery has
demonstrated high specificity for lymphaticovenular anasto-
mosis (LVA) for the treatment of lymphedema”.

Furthermore, in the last two decades, the consensus re-
garding the efficacy of supramicrosurgical LVA for both pri-
mary and secondary lymphedemas has grown internationally
and the number of surgeons managing this technique has in-
creased significantly”.

Although the popularity of the technique has grown expo-

nentially and is spreading internationally, still no standards
for LVA have been established regarding the type, location,
number of anastomoses to perform, and methods to identify
lymphatic vessels®.

In the present paper, the authors aim to offer a review of
the supermicrosurgical lymphaticovenular anastomosis tech-
niques and their indications depending on the intraoperative
vessel configuration and propose an efficacy score to evalu-
ate every supermicrosurgical lymphaticovenular anastomosis
(sLVA) technique and a flowchart for choosing between the
right techniques depending on the vessel configuration en-
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Table 1. Parameters for the Calculation of Efficacy Score (E).
Parameter Meaning Parameter Variability Parameter Ranges
E Efficacy Deriving from the formula results From 0 to X as per formula output
N Number of lymphatics involved 1+10 1+10
Time for anastomosis ~ Basic Minimum Time Ti =0+ 30 min 1
T = (T + XAT) First Time incremental AT =15 min +0.5
Second Time Incremental AT3 =15 min +0.5
N Time incremental ATx =15 min +0.5
Difficulty Coefficient —Basic Difficulty: close vessels, same di- Dg = first level difficulty 1
D = (Do + YAD;) ameter
Additional difficulty for different diameter =~ AD; = Vessel diameter ratio > (2:1) 0.2
vessels
Additional difficulty for distant vessels AD; = Distant vessels 0.2
Additional difficulty for shaping vessels AD; = Need to shape the vessels 0.4
before anastomosis
countered. E =N (1)
T-D
Materials and Methods where

A comprehensive literature search was performed on the
PubMed/Medline/SCOPUS databases. Papers published in
English between 2000 and March 2021 were considered.

The search terms included “lymphaticovenous” OR “lym-
phovenous” OR “lymphaticovenular” AND “‘supermicrosur-
gical” OR “supramicrosurgical” OR “supermicrosurgery”
OR “supramicrosurgery” AND “anastomosis” OR “tech-
nique.”

The reference list of articles included in the review was
examined for potentially eligible studies.

Papers were classified according to the following criteria:
(1) articles describing an sLVA technique.

Extracted data included the name of the technique and its
characteristics, such as indications, surgical time, number,
and characteristics of the vessels involved. Both advantages
and disadvantages highlighted by the author were reviewed.

Each anastomosis technique that resulted from the litera-
ture search was performed at least five times by a senior
surgeon. The study was performed in accordance with the
Declaration of Helsinki and was approved by the ethics
committee of the authors’ institution.

All patients included were informed regarding the pur-
poses of the study and were invited to give their written in-
formed consent to participate.

For every anastomosis, a score from 1 to 3 on average
time (T) required to complete the anastomosis was assigned.
Time was calculated from the visualization of all vessels to
the completion of the anastomosis. In addition, a difficulty
score (D) was assigned, the calculation of which was based
on factors such as the number of vessels involved, their
characteristics and differences, and the need to shape the
vessels participating in the anastomosis. To each of these
factors, a difficulty coefficient was arbitrarily assigned by
the two senior authors. Moreover, an efficacy score (E) for
each technique was assigned, taking into consideration the
number of lymphatic vessels anastomosed and the aforemen-
tioned parameters T and D as follows:
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E = efficacy score

N = number of lymphatic vessels involved in the anasto-
mosis technique

T = time score

D = difficulty score.

Table 1 defines all parameters involved in the assessment
of the efficacy score. The rationale behind the formula for
the efficacy score is explained as follows:

A. Mathematical structure of the formula

The formula that defines the efficacy score is based on
two assumptions:

1. The relation between the efficacy score and the various
parameters involved (N, T, and D) is simple direct or inverse
proportionality. This is what emerges in the operational con-
text. Thus, each of these variables is placed to the first
power in both the numerator and denominator.

2. The three parameters N, T, and D are independent of
each other. Therefore, they interact with each other through
simple multiplication relations. This setting allows the ex-
traction and visualization of the dependence of the quantity
E on each single parameter via a simple mathematical analy-
sis. Furthermore, this simple setting allows the customiza-
tion of the formula in the future by easily introducing, if
necessary, additional parameters by other authors.

B. Choice of incremental parameters

The purpose of the development of the formula was to
give a different setting to the incremental values of the three
parameters N, T, and D based on the experience gained and
the intended use of the instrument:

1. For the N parameter, it was decided to adopt a simply
and exclusively proportional approach: for example, with
other conditions being equal (T, D), the doubling of N of
treated vessels corresponds to the doubling of the efficacy
score.

2. An incremental approach was adopted for parameter T,
identifying a weighting of 50% for each additional quarter
of an hour of activity. Time slot and weighting percentage
were derived from daily experience and could possibly be
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Table 2. Vessel Configuration and Scores for LVA Techniques.

. N N Antegrade + Time  Difficulty PO P1 Efficacy
LVA Technique . . Retrograde  Score Score
veins  lymphatics Flow (T) D) Patency  Patency Score

End-to-End (E-E) LVAD 1 1 - 1 1 5/5 5/5 1
Side-to-End (S-E) LVA® 1 1 + 1.5 1.2 5/5 5/5 0.55
End-to-Side (E-S) LVAY 1 1 - 1.5 1.2 5/5 5/5 0.55
Side-to-Side (S-S) LVA® 1 1 + 1.5 1 4/5 4/5 0.66
Lambda LVA? 1 1 + 2 1 5/5 5/5 0.50
Modified Lambda LVA®Y 1 2 + 2.5 1.6 5/5 4/5 0.50
Funnel Technique LVA® 1 1 - 2 1.6 5/5 4/5 0.31
Buffalo Skull LVA!? 1 2 - 25 1.6 5/5 4/5 0.50
Fusion Lymphoplasty LVA'D 1 2 - 2.5 1.6 4/5 3/5 0.50
Modif. Fusion Lymphoplasty LVA!? 1 2 - 2.5 1.6 4/5 4/5 0.50
Venous Branch-Plasty LVA!® 1 1 - 3 1.6 4/5 3/5 0.21
Sequential LVA'® 1 2 + 2.5 1 4/5 3/5 0.80
Diamond LVA!® 1 1 - 1.5 1 5/5 5/5 0.66
Ladder LVA!® 1 3 + 3 1.2 4/5 3/5 0.83
PiLVA!? 1 1 + 2 1 5/5 5/5 0.50
Octopus LVA'® 1 >1 - 1.5 1.2 5/5 4/5 L+1.8*

Surgical Time: 1 = <30 min; 1.5 =30 <t <45 min; 2 =45 <t <60 min; 2.5 =60 < t <75 min; 3 =75 <t < 90 min. Difficulty: the sum of all the diffi-
culty coefficients present in the technique (see Table 1). PO Patency: patency evaluated intraoperatively, expressed as the number of patent anastomo-

ses out of the total of 5 for every technique. P1 Patency: patency evaluated 30 days after surgery. Efficacy score: result of Equation 1 (see text).

*For the octopus LVA technique, the efficacy score depends on the number of lymphatics (L) used for anastomosis, which can be variable.

redefined if necessary.

3. For parameter D, weighting has been proposed with re-
spect to the basic condition, which is a function of the par-
ticular technique used: the operator may apply the necessary
correction, taking into account the large library of cases at-
tached to this paper. As in the previous case, this approach
allows further customizations with the future extension of
other possible techniques and/or the redefinition of the con-
tributions of the techniques already present due, for exam-
ple, to the evolution of the state-of-the-art technique.

During surgery, in case of any anastomosis leakage or
doubts over patency, revision of the anastomosis was per-
formed. For each anastomosis, patency was evaluated in-
traoperatively at the end of the definitive anastomosis (PO)
and 30 days postoperatively (P1), and the patency test con-
sisted of injecting intradermally 0.1 mL of a solution ob-
tained by mixing 10 mL of normal saline solution with 25
mg of indocyanine green (ICG) (Verdye, Diagnostic Green,
Aschheim-Dornach, Germany) at the second and third inter-
digital spaces of the operated limb. After injection, dynamic
fluorescence images were obtained and recorded using an
infrared camera system (Fluobeam, Fluoptics, Grenoble,
France). Anastomoses were considered patent when clear
flow of ICG could be appreciated through the anastomosed
vessels. When the flow could not be clearly identified or
when a clear absence of the ICG flow was appreciated, the
anastomoses were considered nonpatent.

Results

A total of 148 articles resulted from the literature search.
Of these, 40 full-text articles were selected and reviewed. In
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total, 16 papers were found to meet the inclusion criteria as
defined in the methods and were included in our review as
an “LVA technique” (Table 2). Figure 1 depicts the search
flow diagram. All studies were then analyzed by two senior
surgeons with more than 10 years of experience in lymphe-
dema supramicrosurgery (GG and PG). To evaluate the 16
techniques included in the study, each one of them was per-
formed at least five times in total between March 2021 and
March 2023, and numerical scores for difficulty, time, and
efficacy for each LVA technique were assigned. Each anas-
tomosis was tested for patency using ICG lymphography at
PO and P1 as described in the methods. All data retrieved
from the study are summarized in Table 2.

End-to-end (E-E) LVA

The proximal extremity of the lymphatic vessel and the
distal extremity of the venule are both cut, and end-to-end
(E-E) (Figure 2A) anastomosis is performed. It is consid-
ered the standard anastomosis when the number of vessels is
equal, their diameters are similar, and the vessels lie in
proximity and have a parallel course. This technique was
first described by Koshima in 2000, and it is still part of the
fundamentals because of its feasibility and low risk of oc-
clusion”.

Side-to-end (S-E) LVA

A window is created on a lymphatic vessel, and a side-to-
end (S-E) (Figure 2B) fashion to the venule anastomosis is
performed. It is a useful technique when the lymphatic ves-
sel diameter is bigger than the venule diameter. Both antero-
grade and retrograde lymph flows are preserved”.
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End-to-side (E-S) LVA

For end-to-side (E-S) (Figure 2C) anastomosis, an inci-
sion on the venule sidewall is required. The lymphatic ves-
sel is transected and anastomosed to the venule window in
an end-to-side fashion®.

Side-to-side (S-S) LVA

In side-to-side (S-S) (Figure 2D) LVA, a window is per-
formed on both the lymphatic vessel and venule sidewalls.
The two orifices are then sutured one over the other. In this
way, normal flow for both vessels is preserved”.
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Lambda LVA

The lambda-shaped LVA (Figure 3A) technique is per-
formed between the two ends of a transected lymphatic ves-
sel and a vein in an end-to-end and end-to-side fashion, re-
spectively, for each extremity, draining both normograde and
retrograde lymph flows into one vein”.

Modified lambda LVA

Modified lambda-shaped LVA (Figure 3B) allows the
channeling of the lymph flow from two lymphatic vessels to
one vein using the distal ends and proximal ends of two cut
lymphatic vessels anastomosed to one vein. Both distal and
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Figure 2. Schematics of four supermicrosurgical lymphaticovenular anastomosis (SLVA)
techniques: A) end-to-end LVA, B) side-to-end LVA, C) end-to-side LVA, and D) side-to-

side LVA.
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Figure 3. Schematics of four supermicrosurgical lymphaticovenular anastomosis (SLVA)
techniques: A) lambda LVA, B) modified lambda LVA, C) funnel technique LVA, and D)

buffalo skull LVA.
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Figure 4. Schematics of four supermicrosurgical lymphaticovenular anastomosis (SLVA)

techniques: A) fusion lymphoplasty, B) modified fusion lymphoplasty, C) venous

branch-plasty, and D) sequential.

proximal lymphatic ends are tied, resulting in two large cali-
ber ends (lymphoplasty). Subsequently, the larger caliber ex-
tremity is anastomosed to the vein in an end-to-end fashion
and the other in end-to-side anastomosis. The present tech-
nique is recommended when there are two lymphatic vessels
and one vein in a surgical field. Lymphoplasty reduces the
difference in caliber between lymphatic vessels and veins®.

Funnel technique E-E

This is an E-E anastomosis performed when a small lym-
phatic vessel is sutured to the edge of a bigger venule,
which is cut in an oblique fashion. The remaining part of
the venule edge is sutured using a conventional technique
(Figure 3C). This is useful when there is a relevant mis-
match between vessels of equal number”.

Buffalo skull E-E

This is an E-E anastomosis where two small lymphatic
vessels are anastomosed to a single bigger vein (Figure 3D).
The venous stump is cut obliquely and is sutured in an E-E
fashion to both lymphatic vessels. The remaining part of the
venous stump is closed with conventional sutures. The tech-
nique is useful in case of a large distance between vessels'”

Fusion lymphoplasty E-E

The fusion lymphoplasty technique (Figure 4A) consists
of the longitudinal fusion of two lymphatic vessels, creating
a neo-orifice, which is then anastomosed to a bigger vein in
an E-E fashion. This technique has similar indications to the
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buffalo skull technique, being useful when there is a dis-
crepancy in number and diameter between vessels'™'".

Modified fusion lymphoplasty E-E

Modified fusion lymphoplasty (Figure 4B) is a modified
technique, which is useful when there are two distant lym-
phatic vessels with similar diameters in a surgical field. The
lymphatics are approximated and transected to create a neo-
lymphatic channel, which is anastomosed to the vein in an
S-E fashion'.

Venous branch-plasty E-E

In the venous branch-plasty (Figure 4C) procedure, the
venous wall is incised and a flap is raised. The flap edges
are sutured to create a neo-branch with a diameter similar to
that of the lymphatic, to which it is anastomosed in an E-E
fashion"”

Sequential S-S + S-E

This technical procedure is represented by a double LVA,
which can be performed in two different configurations
(Figure 4D). In the first option, two lymphatic vessels are
anastomosed to one vein. One lymphatic vessel is connected
in a side-to-side manner and the other lymphatic vessel in a
side-to-end manner (Figure 4D-1). The second option is
represented by a double side-to-side LVA in which two lym-
phatic vessels are anastomosed both in a side-to-side style to
the vein. This one is then ligated distal to the anastomosis
site to avoid venous backflow (Figure 4D-2). This technique
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Figure 5. Schematics of four supermicrosurgical lymphaticovenular anastomosis (SLVA)
techniques: A) diamond LVA, B) ladder LVA, C) pi LVA, and D) octopus LVA.

should be preferred when there are multiple lymphatic ves-
sels and only one vein is found in a surgical field"’.

Diamond S-S

This is a modified S-S anastomosis for vertically crossing
vessels (Figure 5A), where the incisions are performed lon-
gitudinally on both vessels to keep the orifice open'.

Ladder S-S

This technique is represented by a triple side-to-side lym-
phatic anastomosis (Figure 5B) that allows us to converge
the lymph flow of three lymphatic vessels into one vein.
This is useful when there are three lymphatic vessels and
one vein and one of the three lymphatics is distant from the
vein in a surgical field. Two lymphatic vessels that lie next
to a vein are anastomosed to it in a side-to-side style. The
other lymphatic vessel is anastomosed to the next lymphatic
vessel in a side-to-side style. In summary, two S-S LVA and
one lymphatico-lymphatic S-S anastomoses are performed,
tying the vein distal to the LVA site to avoid venous back-
flow'”

Pi E-S

This is a double end-to-side LVA. The two ends of a tran-
sected lymphatic vessel are anastomosed to a vein in an
end-to-side manner, draining both antegrade and retrograde
flows from the lymph vessel. This double end-to-side LVA
describes the shape of a pi (Figure 5C)"
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Octopus

Before performing the octopus technique, all lymphatic
vessels in a surgical field must be skeletonized. The suture
of the anastomosis is performed by grasping transversely the
adventitia of each lymphatic vessel and then by suturing the
complex of lymphatic vessels to a vein of an adequate cali-
ber. The completed LVA resembles the aspect of an octopus
due to the multiple lymphatics (Figure 5D). This technique
allows the surgeon to obtain a high number of LVA with
only a single anastomosis'

Discussion

Supermicrosurgical lymphaticovenular anastomosis and its
precursor, microsurgical lymphovenous bypass, have been
developed as a physiological approach to lymphedema treat-
ment, with the aim to recreate an anterograde lymphatic
flow in the affected extremity'**”.

First described by Koshima in 1997, supermicrosurgery
technique is defined as the microsurgical anastomosis of
vessels with a diameter smaller than 0.8 mm. This evolution
appeared like the natural progress of microsurgery, the first
steps of which were made in the 1960s, due to new surgical
techniques, intraoperative magnification, finer instruments,
and microsutures”. With supermicrosurgery, this field was
brought to a whole new dimensional level. Nowadays, op-
erative microscopes can reach a magnification of over 60x
and 12-0 microsutures with 30 um needles are available™”.

In the last 10 years, LVA has grown in popularity. The
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Figure 6. Flowchart guiding the choice of the SLVA technique.

number of surgeons, and consequently also scientific pro-
duction on lymphatic supermicrosurgery, has incredibly in-
creased”. Despite the intrinsic difficulty of performing LVA,
the need for specific training and instrumentation, and the
growing interest for the newly introduced techniques for
lymphedema treatment, such as the vascularized lymph node
transfer (VLNT)™, the lymphatic vessel transfer, and lipo-
suction”, LVA remains one of the best procedures in terms
of cost-effectiveness, especially for moderate severity lym-
phedema. Among its advantages, LVA has demonstrated
high efficacy in treating some of the most severe complica-
tions of lymphedema, such as cellulitis™ and genital lym-
phedema™.

On the field, supermicrosurgical LVA remains technically
challenging: a variety of surgical scenarios can be encoun-
tered during the procedure, such as vessel number and size
mismatch, and unfavorable pressure gradients and vessel po-
sition, so that different anastomotic configurations have been
proposed. As suggested by Narushima et al., the ultimate
goal of the microsurgeon approaching this type of surgery
should be to prefer anastomotic configurations that decom-
press both anterograde and retrograde lymphatic flows,
maximizing the lymphatic flow in a markedly altered lym-

phedematous disease state, thus relegating the use of the E-
26)

E anastomosis as the last resort

Regarding this topic, recently, some controversies have
been raised regarding the effects of retrograde anastomoses,
as highlighted by the work of Yang et al.”” and by the work
of Mackie et al.”®, although larger studies will be needed to
assess the impact of retrograde anastomoses on LVA out-
come.

However, despite the fact that new interesting preoperative
lymphatic imaging modalities are under development™”, the
ultimate decision as to which type of anastomosis to per-
form can only be made intraoperatively. This leads to the
need to have experience with as many anastomotic configu-
rations as possible and to choose the technique that should
theoretically have the best efficacy, maximizing the number
of lymphatics involved while avoiding venous backflow.

The standard LVA technique is represented by the end-to-
end (E-E) anastomosis, but this configuration requires con-
tiguous vessels and similar diameters. In all other cases,
when caliber and/or number mismatches between the vein
and lymphatic vessel are present or when the lymphatic and
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vein are distant, other anastomosis strategies must be found.

As a general rule, the choice of the technique to address
each configuration should aim to maximize the number of
lymphatics anastomosed while considering surgical time,
technical difficulty, and the patency of the anastomosis.

To this regard, in this paper, we aimed to summarize and
evaluate all supermicrosurgical LVA configurations described
in literature while offering a proposal of an efficacy score
based on the intrinsic characteristics of each technique.
From the results of our study, end-to-end sLVA, owing to
the very short time of anastomosis and basic difficulty, still
represents the workhorse for sLVA with a high-efficacy
score. However, despite the choice of which anastomosis
technique to use should follow the aforementioned princi-
ples, it can ultimately be made only intraoperatively and
should be as effective as possible. Some techniques require
more experience than others to be effectively performed be-
cause of their intrinsic characteristics (i.e., the need to shape
the vessel end before anastomosis), and this factor, which
we included in the difficulty parameter, lowers their efficacy
and should be considered when choosing what technique to
perform.

Figure 6 represents the proposal of a flowchart algorithm
to aid in the choice of the technique based on the vessel
configuration encountered.

In case of equal numbers and diameters of lymphatics and
veins, E-E and lambda-shaped LVA can be performed. This
last technique allows us to direct both normograde and ret-
rograde lymph flows inside the venule.

When encountering a bigger diameter in the lymphatic
vessel compared to the vein, a side-to-end (S-E) anastomosis
can be carried out.

In case of a configuration with a bigger venule and a
smaller lymphatic, techniques such as the end-to-side (E-S),
side-to-side (S-S), funnel, diamond, or venous branch-plasty
can be performed.

When a larger venule is present but there are two lym-
phatics, anastomosis techniques such as modified lambda,
octopus, sequential, buffalo skull, pi, fusion lymphoplasty,
or modified fusion lymphoplasty can be chosen, also de-
pending on the distance between the vessels.

Instead, in cases of multiple lymphatic vessels and a sin-
gle larger vein, techniques such as the ladder or octopus
should be chosen. The first one, despite being an advanced
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technique, is useful when one of the lymphatics is distant
from the vein.

Despite the vast majority of the studies included in this
comprehensive review not including clear data over the
patency of the described sLVA techniques, our patency tests
performed for every technique showed a good to excellent
mid-term patency rate (Table 2).

To the best of our knowledge, this study is the first to re-
view all supermicrosurgical techniques described in litera-
ture, aiming to give the microsurgeon who treats lymphe-
dema a global view of all technical opportunities available
and proposing a score to evaluate both the current tech-
niques and those that will be described in the future.

Between the limitations of the experimental part of the
study in which patency and the efficacy score are assessed,
there is the limited number of times in which each tech-
nique was performed. Further comparative studies are war-
ranted to support our findings.

Moreover, because of the recent increase in doubts re-
garding the beneficial effects of retrograde flow anastomosis
in lymphedema reduction”*”, further studies are required to
assess the impact of retrograde flow bypass on the results of
sLVA.

Conclusion

LVA represents the first line approach in lymphatic dys-
function due to its efficacy and less invasive surgical strat-
egy. A variety of surgical scenarios has led to the develop-
ment of different anastomosis techniques that should be used
according to local vessel conditions to ensure the efficacy of
the anastomoses. A modern microsurgeon who wants to en-
gage lymphatic supramicrosurgery at its best should be
trained to recognize and manage the most frequent anasto-
motic configurations to choose a high-efficacy technique that
should optimize the clinical results. In this regard, very few
works statistically determine the superiority of a technique
over the others*****", For this reason, long-term prospective
comparison studies with large numbers of patients are re-
quired.
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