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Abstract: Objective: Cancer-related lymphedema represents a potential complication of cancer
treatment. The aim of this study is to evaluate the effectiveness of the combination of lymphatico-
venular anastomosis and liposuction in the treatment of secondary lymphedema. Methods: We
present a retrospective analysis of patients affected by cancer-related unilateral limb lymphedema.
Inclusion criteria included previous neoplastic pathology with the consequent development of
unilateral limb lymphedema, while the exclusion criteria included the presence of comorbidities
and the persistence of cancer, as well as previous lymphatic surgery. The outcomes to be included
were a reduction in the limb volume and lymphangitis rate, and an improvement in the quality of
life. Patients’ data were assessed before surgery and 1 year after surgery. Perioperative management
included clinical and ultrasonographical evaluations. Under local anesthesia, lymphatico-venular
anastomosis with the supramicrosurgical technique and the liposuction of the affected limb was
performed in the same surgical session. Results: A total of 24 patients were enrolled in the study. One
year after the surgery, an average volume reduction of 37.9% was registered (p = 0.0000000596). The
lymphangitis rate decreased after surgery from 4.67 to 0.95 per year (p = 0.000007899). The quality-of-
life score improved from 68.7 to 16 according to the LLIS scale. Conclusions: The combination of
LVA and liposuction represents a valid strategy for treating cancer-related lymphedema, ensuring
stable results over time. In addition, it can be performed under local anesthesia, resulting in being
minimally invasive and well-tolerated by patients. This paper reports on the short-term efficacy of
this combined technique.

Keywords: lymphatic; cancer; lymphedema; LVA; microsurgery; quality of life

1. Introduction

Lymphedema is a complex progressive pathologic condition characterized by the
accumulation of protein-rich fluid and the deposition of fibro-adipotic tissue in the sub-
cutaneous layers. Lymphedema mostly occurs as a complication of oncologic treatments,
in particular, lymphadenectomy and radiotherapy. The majority of data available regard-
ing breast cancer show that the incidence varies from 15% to 54% four years after breast
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cancer treatment; the overall estimated incidence of this pathology was found to be 21.4%,
affecting one in every five breast cancer patients [1–3].

In recent years, the understanding of the pathological processes accompanying lym-
phedema has substantially improved the therapeutic strategies in lymphedema manage-
ment [4]. A growing body of evidence supports the effectiveness of modern surgical
techniques, which can be categorized as physiologic, including lymphovenous bypass and
lymph node transplant, or debulking by suction-assisted lipectomy [4–6]. Over time, both
derivative and debulking treatments have been employed. In particular, the development of
novel microsurgical techniques such as lymphatico-venular anastomosis or bypasses (LVA
or LVB) has contributed to the amelioration of the prognosis of lymphedema patients [7].
Vascularized lymph node transfer (VLNT) involves the microvascular transplantation of
functional lymph nodes into an extremity to restore physiological lymphatic function. The
management of the advanced stages of lymphedema still remains difficult [8]. In fact, over
time, chronic lymph stasis progressively alters the lymphatic vessels and regional tissues,
causing fibrosis and fatty deposition in the affected area. Consequently, fibro-adipotic
tissue is not responsive to derivative approaches nor to physiotherapy, and needs to be
treated by adopting different strategies aiming to reduce excess tissue [9,10].

The majority of lymphedema patients who arrive to clinical observation and who
manifest clinical complications show the intermediate stages of the condition, where a fluid
component coexists with fibro-adipose tissue [1]. Among the most relevant complications,
it is worth mentioning lymphangitis, i.e., inflammatory findings of the lymph vessels,
clinically manifesting redness, tenderness, and/or heat, along the lymph vessels with or
without limb swelling, and fever.

Upon careful clinical and instrumental examination, as well as in accordance with
the results of histopathological studies, it has been shown that they have both a fluid
component and an increase in fibro-adipose tissue. Therefore, to ensure effective treatment,
it is appropriate to combine different techniques. Ultrasound and ICG lymphography have
proved to be reliable to evaluate lymphedematous limbs, in particular regarding staging
and function. Stage 1 and stage 2 patients show minimal or segmental dermal backflow,
stage 3 patients show an intermediate condition, while stage 4 patients show a variable
amount of dermal backflow involvement; finally, stage 5 patients show a diffuse pattern
involving the entire limb. The combination of physiological approaches and debulking
techniques on a regional basis appears to be effective and to offer long-lasting results [11].
Recently, some authors have reported some data regarding the possible role of liposuction
and LVA in the treatment of lymphedema patients. Ciudad et al. reported good results
in terms of the reduction in the limb circumference and infection rate with this combined
technique [12]. Brazio and Nguyen also reported good results over 2.4 years with this
combined technique [13].

In this manuscript, we present a case series of 24 patients affected by secondary
lymphedema treated with the combination of LVA and lymph-sparing liposuction. The
study aimed to evaluate the improvement of short- and long-term outcomes in patients
with secondary lymphedema treated simultaneously with lymphatico-venular anastomosis
and liposuction.

2. Materials and Methods

This is a retrospective observational study to evaluate the effectiveness of LVA and
lymph-sparing liposuction in secondary lymphedema patients with a single limb affected.
Treatment planning was discussed and the benefit/risk ratio was explicated to each patient,
who subsequently signed a written informed consent form for participation in the present
study, for the processing of personal data and images, and for publishing purposes. The
study obtained approval by the Ethics committee (Comitato Etico Regionale per la speri-
mentazione Clinica della Regione Toscana, approval number 11048 2020), in accordance
with the Helsinki Declaration for biomedical research involving human subjects and Good
Clinical Practice Guidelines (General Assembly of the World Medical Association 2014).
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Inclusion criteria included the following: previous neoplastic pathology which re-
quired the removal of lymph nodes, with the consequent development of secondary lym-
phedema; exclusion criteria included the presence of comorbidities or pathologies that
precluded surgery and the persistence of neoplastic pathology, as well as previous lym-
phatic surgery. Outcomes to be assessed included the reduction in limb volume and in the
lymphangitis number per year, as well as the improvement in quality of life as measured
by the LLIS scale.

Patient demographics, history of lymphedema, objective findings, frequency of celluli-
tis, and hospitalizations were recorded preoperatively and 1 year after surgery, and were
statistically analyzed. The lymphedema stage was evaluated according to the International
Society of Lymphology. A quality-of-life questionnaire was proposed and patients were
classified according to the stage of lymphedema. The study was reported in line with the
STROCSS criteria [14].

2.1. Treatment

All patients underwent intensive physical therapy treatment one month before surgery.
Patients were treated with elasto-compressive bandages, wherein they wore class II or
III custom-made seamless compression garments, and manual lymphatic drainage ses-
sions 3 times per week. Preoperative evaluation included clinical and photographical
examination. Limb volume measurement was performed using the following truncated
cone formula of both the affected and non-affected limbs: there were 2 circumferential
measurements taken at opposite sides of the measured region and the volume of the limb
was approximated by the truncated cone between them [14]. Moreover, quality of life was
also assessed before and after treatment using the Lymphedema Life Impact Scale (LLIS). It
consists of 18 questions distributed across physical, functional, and psychological domains
and recorded on a 0-4 scale [15]. The quality of life in cancer patients represents a strong
issue. In the recent literature, various lymphedema assessment tools have been reported,
including the ULL-27 for upper limbs, the FLQA-L for arms and legs, and the WCLS in
postmastectomy chronic disease. The LLIS scale is based on questions which cover the
following four domains: symptoms, body image/appearance, function, and mood, and
each item in each domain is scored between 1 and 4. In particular, patients complained of
pain, the worsening of body image, and difficulty in wearing clothes [16].

All patients underwent preoperative ultrasonography of the affected limb using a
linear multifrequence 14-4 mhz probe with the aim of identifying the areas of major fluid
component from areas rich in fibro-adipotic tissue. Additionally, ICG lymphography was
performed bilaterally with 3 subdermal injections of 0.1 mL of indocyanine green dye
(Pulsion®) according to the existing literature [17,18]. This technique was employed to
evaluate lymphedema using the Arm Dermal Backflow system [19].

After the injections, lymphatic drainage was studied using an infrared camera system, the
Photodynamic Eye (PDE), Hamamatsu Photonics, Hamamatsu, Japan. The number and quality
of lymphatic collectors, lymphatic function, and dermal backflow patterns were analyzed, and
the data were integrated with the ultrasonography results [20] (Figures 1 and 2).

In each limb were identified both areas with residual lymphatic function, where the
fluid component was predominant, and areas showing dermal backflow and the prevalence
of fibro-adipose tissue. Consequently, the areas with the predominant fluid component
and good lymphatic function were addressed with LVA, in most cases at the wrists and
ankles, whereas the areas with major fibro-adipose tissue and poor lymphatic function
received liposuction.

All surgeries were carried out under local anesthesia and light sedation. In accordance
with the collected data and the preoperative mapping, the LVA and liposuction were per-
formed in a single session. The LVA was performed by adopting the supramicrosurgical
technique, as already described by the authors [21]. Multiple 2–3 cm cutaneous incisions
(4 on average) were performed at the distal portion of a limb, in accordance with the lym-
phography findings. Supramicrosurgical anastomoses were practiced using 11/0 sutures in
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end-to-end, side-to-end, or octopus fashion according to the local vessels’ condition [22]. A
milking test was performed at the completion of each anastomosis in order to verify its pa-
tency. Cutaneous incisions were closed with a non-resorbable 5/0 suture. Liposuction was
performed after the completion of the LVA in the selected areas. The tumescent technique
in a lymph-sparing fashion was adopted. Areas were infiltrated with a mix of a standard
tumescent solution consisting of 1000 mL of saline solution, 50 mL lidocaine 1%, 1 mL
epinephrine 1:1000, and 10 mL bicarbonate 8.4% for each liter. The infiltration volume was
approximately from 0.5 to 1 L for the upper extremities and 1–2 L for the lower extremities.
Two to four millimeter 3-hole blunt cannulas were employed. The aspiration technique was
as parallel as possible along the lymphatic network pattern from the superficial to the deep
layers. Areas where lymphatic vessels were previously identified at ICG lymphography,
as well as the sites of LVAs, were spared. The volume of the aspirate was aimed to be
approximately 80 percent of the volume difference between the affected and non-affected
side in order to offset the increase in the limb volume due to the deposition of fibro-adipotic
tissue in the subcutaneous layers, which cannot benefit from LVA treatment. Liposuction
incisions were left open. The number and type of anastomoses were recorded as well as the
amount of removed lipoaspirate.
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Figure 1. Instrumental and histological findings in the distal portion of an upper-limb stage III 

lymphedema. US demonstrates fluid accumulation with the consequent loss of subdermal pattern. 
Figure 1. Instrumental and histological findings in the distal portion of an upper-limb stage III
lymphedema. US demonstrates fluid accumulation with the consequent loss of subdermal pattern.
ICG shows dermal backflow of a linear type with residual lymphatic function. Immunohistochemical
examination with the lymphatic endothelial marker D2-40 (a monoclonal antibody to podoplanin) of
a lymphatic vessel sample taken during the LVA shows lymphatics showing thin-walled vessels and
patent lumen. These kinds of vessels still have contractility. The finding confirms that this area can
receive effective LVA treatment.
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Figure 2. Instrumental and histological findings of the proximal portion of an upper-limb stage III
lymphedema. US demonstrates fibro-adipose tissue with no fluid. ICG shows dermal backflow
of the diffuse type with no apparent vessels. Even if the limit of depth of ICG lymphography
and if lymphatics still persist and can be found, the overall residual lymphatic function is poor.
Immunohistochemical examination with the lymphatic endothelial marker D2-40 (a monoclonal
antibody to podoplanin) of a lymphatic vessel sample taken for scientific purposes for other studies
shows a thick wall and restriction. These kinds of vessels have poor patency and contractility. The
area should receive liposuction.
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Patients were discharged the day of the surgery; they received oral antibiotic and
low-molecular heparin therapy for 1 week. Tight bandage compression was administrated
24/24 h for thirty days after surgery; then, they started physiotherapy again.

2.2. Follow-Up

Follow-up was scheduled at 1 month, 3 months, 6 months, and 1 year after surgery.
Conservative postoperative treatments were carried out by specialized physiotherapists
who followed discharged patients on a weekly basis; according to the LLIS scale, quality
of life improved to 16. Moreover, after the first year, 1-year-after-surgery patient data
were collected. Volume measurements and photos were taken, highlighting a significant
reduction in lymphedema and a delay in physiotherapy treatment based on the evaluation
of specialized personnel.

2.3. Data Analysis

We used the Shapiro–Wilk test, from which it emerged that the variables deviated
from a hypothesis of normality (p < 0.05). As a result, we proceeded with a nonparamet-
ric approach using a Wilcoxon test for paired samples in order to compare the pre- vs.
postmeasurements.

Then, we adopted the following statistical hypothesis system, where a p value of less
than 0.05 was considered significant: H0:µ1 = µ2 {H1:µ1 > µ2.

3. Results

No postoperative major complication occurred. A total of 24 patients were enrolled
in the study, including 22 females (92%) and 2 males (8%). They were free from cancer
disease at the time of the study, but they had a history of neoplastic pathology which,
regardless of the stage of the disease, had involved the surgical removal of lymph nodes
resulting in the development of unilateral limb lymphedema. They presented with a history
of mammary or gynecological cancer treated both with chemotherapy and surgery, and
underwent periodical physiotherapy treatment, but did not present any disease which
could interfere with the surgery.

The average age was 58± years old and ranged from 56 to 78 years old. The average
duration of lymphedema was 5.66 years (range 2–8 years). A total of 20 (83%) were upper
limbs, and 4 (17%) were lower limbs. All patients complained of recurrent lymphangitis;
the average lymphangitis rate was 4.7 times per year. All patients were non-smokers. BMI
was also calculated (Supplementary Materials).

All patients were affected by secondary lymphedema: 83% due to breast cancer, 8%
due to ovarian cancer, and 8% due to uterine cancer. In particular, considering the stage
according to the International Society of Limphology, 75% of patients presented stage III
lymphedema, 20% presented with stage IV, and 4% presented with stage II. The average
duration of the procedure was 170 min. The mean number of anastomoses was 5.5. The
mean volume suctioned was 824 mL (500–1600 mL), in particular 773 mL (500–1000 mL)
for the upper limbs and 1140 mL (1300–1600 mL) for the lower limbs (Figures 3 and 4).
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Figure 3. Patient affected by upper limb breast-cancer-related lymphedema. Preoperative and
postoperative evaluation at 1 year. A volume reduction of 41% was measured.
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Figure 4. Patient affected by lower-limb cancer-related lymphedema. Preoperative and postoperative
evaluation at 1 year. A 46% volume reduction was measured. The patient suffered from recurrent
lymphangitis that significantly decreased after surgery.

The average volume reduction was 37.9%, ranging from 27 to 51%. In particular, it
was 27 to 51%, with a mean of 37.9% for the upper limbs, and 26% to 33% with an average
of 30.2% for the lower limbs. (Figure 5) The lymphangitis rate after surgery reduced to
0.95 per year. (Figure 6).
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Figure 5. Statistical analysis of the volume measurements before and after surgery. Postoperative
volume was significantly reduced. Average volume reduction was 37.9%.

The preoperative LLIS average score registered was 68.7. The postoperative quality-
of-life index according to the LLIS was evaluated, demonstrating an average index of
16. In particular, patients appreciated the reduced sense of heaviness, improved body
image, and ability to perform everyday duties and get dressed. Overall, significant
differences (p = 0.0000000596) were found between pre- and postoperative volume mea-
sures. Regarding the groups of the number of lymphangitis cases, a significant difference
(p = 0.000007899) was found between the pre- and postoperative conditions.
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Figure 6. Statistical analysis of the lymphangitis rate before and after surgery. While before surgery
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year.

4. Discussion

Lymphedema is a progressive disabling condition characterized by the accumulation
of interstitial fluid with subsequent inflammation, adipose tissue hypertrophy, and fibro-
sis [23]. Lymphedema and its complications have a heavy impact a patient’s quality of
life, with high costs both for the healthcare systems and individuals [24]. According to
the literature, there are approximately 1:1000 individuals affected by cancer-related lym-
phedema [25]. Chronic lymphatic insufficiency produces irreversible histological changes
in the tissues of the affected areas. Overloaded lymphatic collectors progressively reduce
their patency due to smooth-cell hyperplasia and the deposit of collagen; on the other hand,
chronic inflammation leads to the accumulation of fibro-adipose tissue in the subcutaneous
layers. Different factors have been identified as responsible for the adipose transformation
in lymphedematous limbs. It has been shown that macrophages play an active role in
adipocyte differentiation [26]. Furthermore, the interaction between inflammatory cells and
the surrounding environment determines the upregulation of adipogenesis differentiating
factors resulting in both hypertrophy as well as an increased number of adipocytes. In
fact, the progression of lymphedema relates to the chronic evolution of the sclerotic and
adipogenic mechanism [27]. Consequently, considering the nature of the pathology itself,
on one hand, reducing lymph stasis and the fluid component will reduce the adipogenic
mechanism; on the other hand, the removal of the para-physiological fat hypertrophy will
downregulate the fluid overload and the chronic inflammation. Given the incidence and
prevalence of this pathology, the identification of an effective surgical and conservative
treatment is therefore of primary importance.

In this study, the majority of cases presented intermediate lymphedema stages, in
particular stages III (75%) and IV (20%). These findings overlap with what lymphedema
experts can observe in clinical practice worldwide. In fact, patients displaying lymphedema
stage III to IV show complications which cannot be controlled only by conservative treat-
ment or derivative surgical approaches. Derivative strategies appear to be more effective
in the early stages, where the fluid component prevails in fibro-adipose tissue. In the
intermediate stages of lymphedema, the overloaded fluid component is worsened by the
accumulation of fibro-adipose tissue, therefore being eligible for the combination of LVA
and liposuction. Scrupulous instrumental examinations are mandatory to evaluate the
affected limb. ICG lymphography has been demonstrated to be reliable for several uses in
surgery, especially for evaluating lymphatic flow both in lymphedema and in oncologic
cases. Both ICG lymphography and ultrasonography are essential to gather information
regarding the soft-tissue composition and lymphatic function. Both examinations should
always be performed after having completed proper physiotherapeutic treatment [28]. ICG
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should be performed early after the injection with the aim of gathering more information
regarding the lymphatic function. A lymphatic MRI can be employed to obtain both the
identification of the lymphatic vessels and also to evaluate the composition of the subder-
mal compartments of the limbs [29]. In particular, in those areas where the extravasation of
the lymph nodes and the loss of the dermo-epidermal junction were the prevalent features,
liposuction appeared to be the elective choice.

Furthermore, an individual limb can present different stages of lymphedema. That
leads to the necessity of a regional approach [30]. Different techniques can be combined in
the same surgical session in order to address areas with different characteristics. Moreover,
it is important to underline that the degeneration of the lymphatic system runs from
proximal to distal areas [15]. Therefore, over time, generally the distal portion of a limb
maintains a greater number of functioning lymphatic vessels; the increased volume has
been shown to have a predominantly fluid component, and less adipose tissue can be
found. Both the US and ICG can confirm these findings [16].

The US evidences areas with a fluid component where the extravasation of the lymph
nodes and the loss of the dermo-epidermal junction can be observed. Likewise, in some
cases, lymphatic vessels can be seen even if the US does not provide information about
the lymphatic function. In the mentioned areas, early lymphography frequently shows
a linear pattern, so that lymphatics with a good residual function can be identified and
subsequently anastomized [16]. Those findings can often be observed in the distal portion
of a limb. Conversely, the early examination of areas rich in fibro-adipose tissue through
ICG lymphography does not demonstrate a linear pattern. In the majority of cases, a
stardust or diffuse pattern with overloaded lymphatics can be observed. These types of
lymphatics lack sufficient function and LVA is not recommendable [15].

Additionally, intraoperative findings with the histological analysis of lymphatic vessels
demonstrate residual patency and contractivity. For this reason, distal areas can be treated
by adopting derivative strategies. According to our experience, LVA appears to be the
first-choice option [28].

Conversely, the proximal portions of the limbs show a lower number of functioning
lymphatics, and adipose tissue tends to accumulate. In these areas, lymphatic liposuction
should be considered. Therefore, in all intermediate stages, we propose a combined
technique in a single session using a regional approach. In fact, the combination of LVA
and liposuction in a single stage is more effective than LVA or liposuction alone, or the
adoption of the two techniques in two stages, since it simultaneously offers the benefits of
both techniques. Moreover, the functionality of the Mascagni pathway should be evaluated
and preserved. Amongst all the derivative microsurgical techniques, LVA has proved to
be a reproducible, effective, and minimally invasive procedure [30] able to treat various
lymphatic conditions [31]. Many authors have reported its efficacy, and solid evidence can
be found in the international literature. Also, liposuction represents a safe and standardized
procedure with a small risk of complications. According to the infiltration/aspiration ratio,
it can be dry, wet, super-wet, or tumescent [32]. Liposuction in lymphedema was first
described by Brorson [28]. Dry liposuction under tourniquet control has been standardly
performed in lymphedema in general anesthesia and with lifelong use of compression
garments [33]. Currently, with this standard technique, a lifelong compression is requested,
while a tumescent regional approach combined with LVA allows for the reduction in
compression garments and the overall amount of physiotherapy. Common experience
indicates that, in healthy individuals, tumescent liposuction does not provoke lymphatic
dysfunction. Usually, in the physiologic condition, liposuction causes minimal injuries to
the subcutaneous lymphatic network, which usually heals by itself with no consequence.
Hence, in patients with pre-existent lymphatic dysfunction, it is fundamental to adopt a
technique which must tend to spare, as much as possible, the functioning lymphatic tissues
in order to prevent any further lymphatic injury [31–33].

Overall, LVA combined with liposuction has been found to be effective in treating secondary
lymphedema, with better outcomes compared with a step-by-step procedure [9,34,35]. Therefore,
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the employment of the tumescent technique, small-diameter blunt cannulas, and meticulous US
and ICG control is advisable. According to our experience, no skin excision was necessary, since
the skin excess is expected to resolve with spontaneous skin contraction. We have observed an
average volume reduction of 37.9% (Figures 3 and 4).

A mean aspirate volume of 734 mL for the upper limbs and 1425 mL for the lower
limbs has been reported. In the intermediate stage, the combination of LVA and liposuction
is more effective than LVA and liposuction alone because lymphedematous limbs show
both fluid and fibroadipose components. In addition, improvements are also related to the
reduction in BMI after liposuction. Not only has the relation between increased BMI as
a risk factor for lymphedema been widely demonstrated, but also the immediate benefit
in terms of the volume reduction in improving patients’ compliance. Moreover, by the
reduction in the BMI after liposuction, the lymphatic output is also reduced. Similarly, a
significant reduction in the lymphangitis rate has been reported. The lymphangitis rate
decreased from 4.7 to 1 per year, leading to a reduction in hospitalizations, pharmacological
treatments, and healthcare costs. This finding can be mainly related to the LVA and its
efficacy in reducing lymph stasis [20,36]. In addition, acute recurrent infections seem to be
unfavorable for lymphedema evolution [37,38].

Some authors suggest that pitting edema can be treated adequately only by using
continuous compression therapy without any lymphatic-derivative procedure. That can
be true in selected cases, but clinical experience shows how difficult it is to treat and
obtain satisfactory and stable results in a large number of patients. Moreover, it should
be considered that the accessibility to physiotherapy changes widely from one country to
another, and often inside different areas of the same country.

The limitations of this study include that it was not possible to free patients from long-
term physiotherapeutic treatment, and the fact that patients with concomitant diseases,
including cancer, were excluded from recruitment, which represents a relevant percentage
in clinical practice. The measurement of postoperative values and a careful analysis is
fundamental for evaluating the success of the procedures described. Some clinical cases may
present evident results numerically but not optimally from an iconographic or statistical
point of view; for this reason, it is important to increase the number of patients and for the
follow-up to have a more clearly homogeneous result, and to not have influences dictated
by a single case. In the case of a non-optimal but numerically evident result, it is important
to underline the role of bandages and physiotherapy to also increase these sporadic cases.

The aim of the surgical treatment is to reduce the amount of physiotherapy over time.
In fact, one year after surgery, patients were encouraged to reduce the number of sessions
as well as the compression class at the minimum in order to maintain the results obtained,
which was in agreement with their physiotherapist. In addition, economic costs, time
consumption, and patients’ compliance are issues to be considered, making the lifelong
necessity for continuous compressive treatments impracticable for many patients and not
realistic in many countries nowadays. So, performing LVA and liposuction in a single
session has the advantage of offering an immediate effect on patients, since it allows
for the reduction in the volume of the affected limb and the feeling of heaviness, and in
problems with clothing, thus producing an improvement in the patients’ quality of life.
The LLIS represents a reliable and valid measure of quality-of-life impairment caused by
lymphedema. Reliability was confirmed through excellent internal consistency and test–
retest reliability. Although limb volume represents a common outcome measure employed
in the treatment of lymphedema, the literature demonstrates a weak correlation between
the edema volume and the function or quality of life; in fact, Cheng et al. [39] reported a
reduction in the above-knee circumference, body weight, and episodes of cellulitis, and an
improvement in the quality of life after lymph node transfer and LVA in lymphoedema
patients. Losco et al. [40] suggested that timely treatment and BMI reduction are relevant in
order to decrease the number of episodes of cellulitis and improve the quality of life. Arm-
related symptoms and physical limitations adversely impact on the quality of life more
than arm swelling. Evaluating impairments associated with lymphedema represents an
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important feature of treatments [10,18]. The high incidence of cancer-related lymphedema,
its considerable impact, and the number of patients underline the importance of adopting
effective and reproducible strategies and monitoring lymphedema patients [14].

5. Conclusions

A combination of LVA and liposuction based on a regional approach offers an effective
and reproducible one-stage strategy to treat cancer-related lymphedema. Patients showing
intermediate stages of lymphedema, especially stages III-IV, can be eligible to receive this
technique. A significant reduction in the volume of the affected limb, in the lymphangitis
rate, as well as stable results over time were observed.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm13102872/s1.

Author Contributions: Conceptualization: G.G.; Data curation, A.N.; Formal analysis, A.N.; Investi-
gation, G.C.; Methodology, E.K.-T., H.H., K.K. and M.M.; Project administration, O.M.; Resources,
G.G.; Supervision, P.G.; Validation, G.C. and F.C.; Writing—original draft, G.C.; Writing—review and
editing, G.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study obtained approval by the Ethics committee
(Comitato Etico Regionale per la sperimentazione Clinica della Regione Toscana, approval number
11048 2020, approval date 22 May 2017), in accordance with the Helsinki Declaration for biomedical
research involving human subjects and Good Clinical Practice Guidelines (General Assembly of the
World Medical Association 2014).

Informed Consent Statement: Written informed consent has been obtained from the patients to
publish this paper.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. International Society of Lymphology. The diagnosis and treatment of peripheral lymphedema: 2013 Consensus Document of the

International Society of Lymphology. Lymphology 2013, 46, 1–11. [PubMed]
2. Huang, T.W.; Kuo, K.N.; Chen, K.H.; Chen, C.; Hou, W.H.; Lee, W.H.; Chao, T.Y.; Tsai, J.T.; Su, C.M.; Huang, M.T.; et al.

Recommendation for axillary lymph node dissection in women with early breast cancer and sentinel node metastasis: A
systematic review and meta-analysis of randomized controlled trials using the GRADE system. Int. J. Surg. 2016, 34, 73–80.
[CrossRef] [PubMed]

3. Alagkiozidis, I.; Weedon, J.; Grossman, A.; Wang, P.; Mize, B.; Wilson, K.; Shah, T.; Economos, K.; Salame, G.; Abulafia, O.; et al.
Extent of lymph node dissection and overall survival in patients with uterine carcinosarcoma, papillary serous and endometrioid
adenocarcinoma: A retrospective cohort study. Int. J. Surg. 2015, 24 Pt A, 9–13. [CrossRef] [PubMed]

4. Weber, E.; Aglianò, M.; Bertelli, E.; Gabriele, G.; Gennaro, P.; Barone, V. Lymphatic Collecting Vessels in Health and Disease: A
Review of Histopathological Modifications in Lymphedema. Lymphat. Res. Biol. 2022, 20, 468–477. [CrossRef] [PubMed] [PubMed
Central]

5. Yamamoto, T.; Yoshimatsu, H.; Yamamoto, N. Complete lymph flow reconstruction: A free vascularized lymph node true
perforator flap transfer with efferent lymphaticolymphatic anastomosis. J. Plast. Reconstr. Aesthet. Surg. 2016, 69, 1227–1233.
[CrossRef] [PubMed]

6. Park, J.K.; Seo, J.; Yang, E.J.; Kang, Y.; Heo, C.Y.; Myung, Y. Association of lymphatic flow velocity with surgical outcomes
in patients undergoing lymphovenous anastomosis for breast cancer-related lymphedema. Breast Cancer 2022, 29, 835–843.
[CrossRef] [PubMed]

7. Nguyen, T.T.; Hoskin, T.L.; Habermann, E.B.; Cheville, A.L.; Boughey, J.C. Breast Cancer-Related Lymphedema Risk is Related to
Multidisciplinary Treatment and Not Surgery Alone: Results from a Large Cohort Study. Ann. Surg. Oncol. 2017, 24, 2972–2980.
[CrossRef] [PubMed] [PubMed Central]

8. Schaverien, M.V.; Badash, I.; Patel, K.M.; Selber, J.C.; Cheng, M.H. Vascularized Lymph Node Transfer for Lymphedema. Semin.
Plast. Surg. 2018, 32, 28–35. [CrossRef] [PubMed] [PubMed Central]

9. Chen, W.F.; Zeng, W.F.; Hawkes, P.J.; Man, J.; Bowen, M. Lymphedema Liposuction with Immediate Limb Contouring. Plast.
Reconstr. Surg. Glob. Open 2019, 12, e2513. [CrossRef] [PubMed] [PubMed Central]

https://www.mdpi.com/article/10.3390/jcm13102872/s1
https://www.mdpi.com/article/10.3390/jcm13102872/s1
https://www.ncbi.nlm.nih.gov/pubmed/23930436
https://doi.org/10.1016/j.ijsu.2016.08.022
https://www.ncbi.nlm.nih.gov/pubmed/27562691
https://doi.org/10.1016/j.ijsu.2015.10.006
https://www.ncbi.nlm.nih.gov/pubmed/26476418
https://doi.org/10.1089/lrb.2021.0090
https://www.ncbi.nlm.nih.gov/pubmed/35041535
https://www.ncbi.nlm.nih.gov/pmc/PMC9603277
https://www.ncbi.nlm.nih.gov/pmc/PMC9603277
https://doi.org/10.1016/j.bjps.2016.06.028
https://www.ncbi.nlm.nih.gov/pubmed/27449876
https://doi.org/10.1007/s12282-022-01363-z
https://www.ncbi.nlm.nih.gov/pubmed/35553019
https://doi.org/10.1245/s10434-017-5960-x
https://www.ncbi.nlm.nih.gov/pubmed/28766228
https://www.ncbi.nlm.nih.gov/pmc/PMC5737818
https://doi.org/10.1055/s-0038-1632401
https://www.ncbi.nlm.nih.gov/pubmed/29636651
https://www.ncbi.nlm.nih.gov/pmc/PMC5891655
https://doi.org/10.1097/GOX.0000000000002513
https://www.ncbi.nlm.nih.gov/pubmed/31942304
https://www.ncbi.nlm.nih.gov/pmc/PMC6908351


J. Clin. Med. 2024, 13, 2872 11 of 12

10. Brorson, H.; Ohlin, K.; Olsson, G.; Långström, G.; Wiklund, I.; Svensson, H. Quality of life following liposuction and conservative
treatment of arm lymphedema. Lymphology 2006, 39, 8–25. [PubMed]

11. Mihara, M.; Hara, H.; Hayashi, Y.; Narushima, M.; Yamamoto, T.; Todokoro, T.; Iida, T.; Sawamoto, N.; Araki, J.; Kikuchi, K.; et al.
Pathological steps of cancer-related lymphedema: Histological changes in the collecting lymphatic vessels after lymphadenectomy.
PLoS ONE 2012, 7, e41126; Erratum in PLoS ONE 2013, 8. [CrossRef] [PubMed] [PubMed Central]

12. Ciudad, P.; Manrique, O.J.; Bustos, S.S.; Agko, M.; Huang, T.C.; Vizcarra, L.; Nuñez, M.L.; Lo Torto, F.; Forte, A.J. Single-stage
VASER-assisted liposuction and lymphatico-venous anastomoses for the treatment of extremity lymphedema: A case series and
systematic review of the literature. Gland Surg. 2020, 9, 545–557. [CrossRef] [PubMed] [PubMed Central]

13. Brazio, P.S.; Nguyen, D.H. Combined Liposuction and Physiologic Treatment Achieves Durable Limb Volume Normalization
in Class II-III Lymphedema: A Treatment Algorithm to Optimize Outcomes. Ann. Plast. Surg. 2021, 86 (Suppl. S3), S384–S389.
[CrossRef] [PubMed]

14. Chromy, A.; Zalud, L.; Dobsak, P.; Suskevic, I.; Mrkvicova, V. Limb volume measurements: Comparison of accuracy and decisive
parameters of the most used present methods. Springerplus 2015, 4, 707. [CrossRef] [PubMed] [PubMed Central]

15. Yamamoto, T.; Matsuda, N.; Doi, K.; Oshima, A.; Yoshimatsu, H.; Todokoro, T.; Ogata, F.; Mihara, M.; Narushima, M.; Iida, T.;
et al. The earliest finding of indocyanine green lymphography in asymptomatic limbs of lower extremity lymphedema patients
secondary to cancer treatment: The modified dermal backflow stage and concept of subclinical lymphedema. Plast. Reconstr. Surg.
2011, 128, 314e–321e. [CrossRef] [PubMed]

16. Deptula, P.; Zhou, A.; Posternak, V.; He, H.; Nguyen, D. Multimodality Approach to Lymphedema Surgery Achieves and
Maintains Normal Limb Volumes: A Treatment Algorithm to Optimize Outcomes. J. Clin. Med. 2022, 11, 598. [CrossRef]
[PubMed] [PubMed Central]

17. Lasso, J.M.; Alonso-Farto, J.C. Indocyanine green-guided liposuction for patients presenting with residual nonpitting edema after
lymphovenous anastomosis. J. Plast. Reconstr. Aesthet. Surg. 2022, 75, 2482–2492. [CrossRef] [PubMed]

18. Agha, R.; Abdall-Razak, A.; Crossley, E.; Dowlut, N.; Iosifidis, C.; Mathew, G.; STROCSS Group. STROCSS 2019 Guideline:
Strengthening the reporting of cohort studies in surgery. Int. J. Surg. 2019, 72, 156–165. [CrossRef] [PubMed]

19. Jørgensen, M.G.; Toyserkani, N.M.; Hansen, F.C.G.; Thomsen, J.B.; Sørensen, J.A. Prospective Validation of Indocyanine Green
Lymphangiography Staging of Breast Cancer-Related Lymphedema. Cancers 2021, 13, 1540. [CrossRef] [PubMed] [PubMed
Central]

20. Weiss, J.; Daniel, T. Validation of the lymphedema life impact scale (llis): A condition-specific measurement tool for persons with
lymphedema. Lymphology 2015, 48, 128–138. [PubMed]

21. Gennaro, P.; Gabriele, G.; Mihara, M.; Kikuchi, K.; Salini, C.; Aboh, I.; Cascino, F.; Chisci, G.; Ungari, C. Supramicrosurgical
lymphatico-venular anastomosis (LVA) in treating lymphoedema: 36-months preliminary report. Eur. Rev. Med. Pharmacol. Sci.
2016, 20, 4642–4653. [PubMed]

22. Kwon, J.G.; Kim, Y.; Jang, M.Y.; Suh, H.P.; Pak, C.J.; Keeley, V.; Jeon, J.Y.; Hong, J.P. The Quality of Life after Lymphaticovenous
Anastomosis in 118 Lower Limb Lymphedema Patients. Arch. Plast. Surg. 2023, 50, 514–522. [CrossRef] [PubMed] [PubMed
Central]

23. Borman, P.; Yaman, A.; Denizli, M.; Karahan, S.; Özdemir, O. The reliability and validity of Lymphedema Quality of Life
Questionnaire-Arm in Turkish patients with upper limb lymphedema related with breast cancer. Turk. J. Phys. Med. Rehabil. 2018,
64, 205–212. [CrossRef] [PubMed] [PubMed Central]

24. Chen, W.F.; Yamamoto, T.; Fisher, M.; Liao, J.; Carr, J. The “Octopus” Lymphaticovenular Anastomosis: Evolving Beyond the
Standard Supermicrosurgical Technique. J. Reconstr. Microsurg. 2015, 31, 450–457. [CrossRef] [PubMed]

25. McLaughlin, S.A.; Staley, A.C.; Vicini, F.; Thiruchelvam, P.; Hutchison, N.A.; Mendez, J.; MacNeill, F.; Rockson, S.G.; DeSnyder,
S.M.; Klimberg, S.; et al. Considerations for Clinicians in the Diagnosis, Prevention, and Treatment of Breast Cancer-Related
Lymphedema: Recommendations from a Multidisciplinary Expert ASBrS Panel: Part 1: Definitions, Assessments, Education, and
Future Directions. Ann. Surg. Oncol. 2017, 24, 2818–2826. [CrossRef] [PubMed]

26. McLaughlin, S.A.; DeSnyder, S.M.; Klimberg, S.; Alatriste, M.; Boccardo, F.; Smith, M.L.; Staley, A.C.; Thiruchelvam, P.T.R.;
Hutchison, N.A.; Mendez, J.; et al. Considerations for Clinicians in the Diagnosis, Prevention, and Treatment of Breast Cancer-
Related Lymphedema, Recommendations from an Expert Panel: Part 2: Preventive and Therapeutic Options. Ann. Surg. Oncol.
2017, 24, 2827–2835. [CrossRef] [PubMed]

27. Sleigh, B.C.; Manna, B. Lymphedema; Stat Pearls Publishing: St. Petersburg, FL, USA, 2020.
28. Cheng, H.; Luan, J.; Mu, D.; Wang, Q.; Qi, J.; Li, Z.; Fu, S. M1/M2 Macrophages Play Different Roles in Adipogenic Differentiation

of PDGFRα+ Preadipocytes In Vitro. Aesthetic. Plast. Surg. 2019, 43, 514–520. [CrossRef] [PubMed]
29. Li, C.Y.; Kataru, R.P.; Mehrara, B.J. Histopathologic Features of Lymphedema: A Molecular Review. Int. J. Mol. Sci. 2020, 21, 2546.

[CrossRef] [PubMed] [PubMed Central]
30. Gennaro, P.; Chisci, G.; Mazzei, F.; Gabriele, G. Magnetic resonance lymphangiography: How to prove it? J. Magn. Reson. Imaging

2016, 44, 509–510. [CrossRef] [PubMed]
31. Barone, V.; Borghini, A.; Tedone Clemente, E.; Aglianò, M.; Gabriele, G.; Gennaro, P.; Weber, E. New Insights into the Pathophysi-

ology of Primary and Secondary Lymphedema: Histopathological Studies on Human Lymphatic Collecting Vessels. Lymphat. Res.
Biol. 2020, 18, 502–509. [CrossRef] [PubMed]

32. Brorson, H. Liposuction in Lymphedema Treatment. J. Reconstr. Microsurg. 2016, 32, 56–65. [CrossRef] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/16724506
https://doi.org/10.1371/annotation/6fff4d28-3f99-44eb-82d6-ccd885a1ba11
https://www.ncbi.nlm.nih.gov/pubmed/22911751
https://www.ncbi.nlm.nih.gov/pmc/PMC3404077
https://doi.org/10.21037/gs.2020.01.13
https://www.ncbi.nlm.nih.gov/pubmed/32420290
https://www.ncbi.nlm.nih.gov/pmc/PMC7225499
https://doi.org/10.1097/SAP.0000000000002695
https://www.ncbi.nlm.nih.gov/pubmed/33976067
https://doi.org/10.1186/s40064-015-1468-7
https://www.ncbi.nlm.nih.gov/pubmed/26618096
https://www.ncbi.nlm.nih.gov/pmc/PMC4653131
https://doi.org/10.1097/PRS.0b013e3182268da8
https://www.ncbi.nlm.nih.gov/pubmed/21921744
https://doi.org/10.3390/jcm11030598
https://www.ncbi.nlm.nih.gov/pubmed/35160049
https://www.ncbi.nlm.nih.gov/pmc/PMC8836570
https://doi.org/10.1016/j.bjps.2022.02.081
https://www.ncbi.nlm.nih.gov/pubmed/35387757
https://doi.org/10.1016/j.ijsu.2019.11.002
https://www.ncbi.nlm.nih.gov/pubmed/31704426
https://doi.org/10.3390/cancers13071540
https://www.ncbi.nlm.nih.gov/pubmed/33810570
https://www.ncbi.nlm.nih.gov/pmc/PMC8063087
https://www.ncbi.nlm.nih.gov/pmc/PMC8063087
https://www.ncbi.nlm.nih.gov/pubmed/26939160
https://www.ncbi.nlm.nih.gov/pubmed/27906440
https://doi.org/10.1055/a-2117-4478
https://www.ncbi.nlm.nih.gov/pubmed/37808336
https://www.ncbi.nlm.nih.gov/pmc/PMC10556310
https://www.ncbi.nlm.nih.gov/pmc/PMC10556310
https://doi.org/10.5606/tftrd.2018.2843
https://www.ncbi.nlm.nih.gov/pubmed/31453513
https://www.ncbi.nlm.nih.gov/pmc/PMC6657787
https://doi.org/10.1055/s-0035-1548746
https://www.ncbi.nlm.nih.gov/pubmed/26086669
https://doi.org/10.1245/s10434-017-5982-4
https://www.ncbi.nlm.nih.gov/pubmed/28766232
https://doi.org/10.1245/s10434-017-5964-6
https://www.ncbi.nlm.nih.gov/pubmed/28766218
https://doi.org/10.1007/s00266-018-1294-8
https://www.ncbi.nlm.nih.gov/pubmed/30552469
https://doi.org/10.3390/ijms21072546
https://www.ncbi.nlm.nih.gov/pubmed/32268536
https://www.ncbi.nlm.nih.gov/pmc/PMC7177532
https://doi.org/10.1002/jmri.25147
https://www.ncbi.nlm.nih.gov/pubmed/26752609
https://doi.org/10.1089/lrb.2020.0037
https://www.ncbi.nlm.nih.gov/pubmed/32716244
https://doi.org/10.1055/s-0035-1549158
https://www.ncbi.nlm.nih.gov/pubmed/25893630


J. Clin. Med. 2024, 13, 2872 12 of 12

33. Gennaro, P.; Gabriele, G.; Salini, C.; Chisci, G.; Cascino, F.; Xu, J.F.; Ungari, C. Our supramicrosurgical experience of lym-
phaticovenular anastomosis in lymphoedema patients to prevent cellulitis. Eur. Rev. Med. Pharmacol. Sci. 2017, 21, 674–679.
[PubMed]

34. Sood, J.; Jayaraman, L.; Sethi, N. Liposuction: Anaesthesia challenges. Indian J. Anaesth. 2011, 55, 220–227. [CrossRef] [PubMed]
[PubMed Central]

35. Park, K.E.; Allam, O.; Chandler, L.; Mozzafari, M.A.; Ly, C.; Lu, X.; Persing, J.A. Surgical management of lymphedema: A review
of current literature. Gland Surg. 2020, 9, 503–511. [CrossRef] [PubMed] [PubMed Central]

36. Campisi, C.C.; Ryan, M.; Boccardo, F.; Campisi, C. Fibro-Lipo-Lymph-Aspiration with a Lymph Vessel Sparing Procedure to Treat
Advanced Lymphedema after Multiple Lymphatic-Venous Anastomoses: The Complete Treatment Protocol. Ann. Plast. Surg.
2017, 78, 184–190. [CrossRef] [PubMed]

37. Ly, C.L.; Kataru, R.P.; Mehrara, B.J. Inflammatory Manifestations of Lymphedema. Int. J. Mol. Sci. 2017, 18, 171. [CrossRef]
[PubMed] [PubMed Central]

38. Grada, A.A.; Phillips, T.J. Lymphedema: Pathophysiology and clinical manifestations. J. Am. Acad. Dermatol. 2017, 77, 1009–1020.
[CrossRef] [PubMed]

39. Cheng, M.H.; Loh, C.Y.Y.; Lin, C.Y. Outcomes of Vascularized Lymph Node Transfer and Lymphovenous Anastomosis for
Treatment of Primary Lymphedema. Plast. Reconstr. Surg. Glob. Open 2018, 6, e2056. [CrossRef] [PubMed] [PubMed Central]

40. Losco, L.; Bolletta, A.; de Sire, A.; Chen, S.H.; Sert, G.; Aksoyler, D.; Velazquez-Mujica, J.; Invernizzi, M.; Cigna, E.; Chen, H.C. The
Combination of Lymph Node Transfer and Excisional Procedures in Bilateral Lower Extremity Lymphedema: Clinical Outcomes
and Quality of Life Assessment with Long-Term Follow-Up. J. Clin. Med. 2022, 11, 570. [CrossRef] [PubMed] [PubMed Central]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.ncbi.nlm.nih.gov/pubmed/28272717
https://doi.org/10.4103/0019-5049.82652
https://www.ncbi.nlm.nih.gov/pubmed/21808392
https://www.ncbi.nlm.nih.gov/pmc/PMC3141144
https://doi.org/10.21037/gs.2020.03.14
https://www.ncbi.nlm.nih.gov/pubmed/32420285
https://www.ncbi.nlm.nih.gov/pmc/PMC7225501
https://doi.org/10.1097/SAP.0000000000000853
https://www.ncbi.nlm.nih.gov/pubmed/27404468
https://doi.org/10.3390/ijms18010171
https://www.ncbi.nlm.nih.gov/pubmed/28106728
https://www.ncbi.nlm.nih.gov/pmc/PMC5297803
https://doi.org/10.1016/j.jaad.2017.03.022
https://www.ncbi.nlm.nih.gov/pubmed/29132848
https://doi.org/10.1097/GOX.0000000000002056
https://www.ncbi.nlm.nih.gov/pubmed/30656125
https://www.ncbi.nlm.nih.gov/pmc/PMC6326612
https://doi.org/10.3390/jcm11030570
https://www.ncbi.nlm.nih.gov/pubmed/35160022
https://www.ncbi.nlm.nih.gov/pmc/PMC8836833

	Introduction 
	Materials and Methods 
	Treatment 
	Follow-Up 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

