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Abstract: Background: Primary lymphedema is a chronic condition caused by a developmental
abnormality of the lymphatic system, leading to its malfunction. Various surgical options, including
physiologic and excisional procedures, have been proposed. The aim of this study was to present a
comprehensive algorithm for the treatment of primary lower extremity lymphedema: the Primary
LYmphedema Multidisciplinary Approach (P-LYMA). Methods: Nineteen patients were treated
following the P-LYMA protocol. Patients underwent pre- and postoperative complex decongestive
therapy (CDT). A variety of physiologic and excisional procedures were performed, either indepen-
dently or in combination. The primary outcome was to assess the circumferential reduction rate
(CRR). The Lymphedema Quality of Life Score (LeQOLiS), reduction in the number of cellulitis
episodes, and complications were recorded. Results: The mean CRR was 73 ± 20% at twelve months
postoperatively. The frequency of cellulitis episodes per year decreased from a mean of 1.9 ± 0.8 pre-
operatively to 0.4 ± 0.6 during follow-up. Two patients experienced minor complications. The mean
hospitalization time was 5 days. Patients’ quality of life, as measured by the LeQOLiS, significantly
improved from 70.4 ± 12 preoperatively to 24 ± 14 at twelve months postoperatively. Conclusions:
The P-LYMA algorithm maximizes surgical outcomes and improves the quality of life in patients
with primary lymphedema. CDT is essential for optimizing results.

Keywords: lymphedema; supermicrosurgery; suction-assisted lipectomy (SAL); lymphatico-venous
anastomoses (LVA); vascularized lymph node transfer

1. Introduction

Primary lymphedema is a chronic condition caused by a developmental abnormality
of the lymphatic system and its malfunction [1]. Primary lymphedema is considered rare,
and the estimated worldwide prevalence is about 1 in 100,000 individuals. It can manifest as
an isolated disease or as part of a complex syndrome [2]. Although primary lymphedema
usually presents in childhood, it may occur at any age [2]. The natural history of the
disease is variable, and it depends not only on the underlying developmental abnormality
but also on the penetrance and expression of the genetic condition. In almost 30% of
primary lymphedema patients, a genetic mutation is identifiable, and it often involves the
signaling pathway of vascular endothelial growth factor C [3]. More than 20 genes have
been related to lymphatic abnormalities in primary lymphedema with a high degree of
genetic heterogeneity [3].
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Primary lymphedema usually involves the lower extremities, but on rare occasions, it
can affect the genitalia and upper limbs. In general, this condition affects females twice as
much as males [4]. The phenotypic entities of primary lymphedema vary in age of onset,
site of edema, associated features, inheritance patterns, and underlying genetic cause [4,5].
Depending on the time of onset, primary lymphedema can be classified into three types:
congenital lymphedema, lymphedema praecox, and lymphedema tarda [5]. Congenital
lymphedema presents at birth or in the first 2 years of life, lymphedema praecox typically
presents during puberty or before the age of 35, and lymphedema tarda appears after the
age of thirty-five [5].

The pathogenesis of most lymphatic disorders is not fully understood, and it is an
evolving area of research [1]. According to Papendieck et al., primary lymphedema can
be classified into three groups depending on the histologic and anatomical components
that are affected by the developmental abnormality [6]. It can be related to interstitial
lymphatic endothelial dysplasia, lymphangiodysplasia, or lymphadenodysplasia [6]. This
classification provides the basis for a physiologic approach to primary lymphedema and
dictates how to provide a comprehensive treatment taking into consideration the needs
of patients.

Different physiologic procedures have been proposed in lymphatic surgery with the
aim of restoring lymphatic drainage. Lymphaticovenous anastomosis (LVA) is a surgical
approach design to divert lymph into the venous system, bypassing areas of damaged or
obstructed lymphatics vessels [7]. On the other hand, vascularized lymph node transfer
(VLNT) involves the auto-transplantation of functional lymph nodes to restore physiologic
lymphatic flow in a lymphedematous limb [8–10]. In advanced stages, lymph-stasis and
chronic inflammation cause alterations of the subcutaneous tissue, resulting in adipogenesis
and secondary fibrosis. In these cases, excisional procedures are required to enhance the
results of physiologic procedures. By improving the lymphatic drainage and eliminating the
densely fibrotic skin and subcutaneous tissue, the combination of physiologic and excisional
procedures can address both pathophysiological components simultaneously [11,12].

The aim of this work is to present the Primary-LYmphedema Multidisciplinary Ap-
proach (P-LYMA), a complete algorithm for the management of primary lymphedema
based on a combination of conservative and surgical therapies. Furthermore, we meticu-
lously described how physiologic and excisional procedures were chosen and performed
to address the fluid and solid components of primary lymphedema.

2. Materials and Methods

After approval by the Institutional Review Board, patients presenting to a large aca-
demic medical center in Lima, Peru, with a diagnosis of primary lymphedema of the lower
limbs were enrolled in this prospective study. Initially, patients were evaluated in an
outpatient setting and underwent further imaging tests to assess for possible lymphedema
following a clinical examination that raised concerns for primary lymphedema. Exclu-
sion criteria included concomitant vascular malformations related to the development
of lymphedema, previous operations to the affected limb, or trauma involving the lower
limbs. Patients with secondary lymphedema or patients who were not compliant with our
algorithm were excluded from this study.

2.1. Study Protocol

The diagnosis of primary lymphedema was performed by means of the medical
history and clinical evaluation. Further confirmation was determined by performing
lymphoscintigraphy and ICG lymphography (Figure 1). Additional data such as duration of
symptoms, prior episodes of infection, and previous conservative treatment were recorded.
Circumferential limb and body weight measurements together with preoperative quality
of life assessment were recorded. Circumferential measurements were taken at four levels:
midfoot, ankle (at the level of the medial and lateral malleoli), 10 cm below the knee, and
10 cm above the knee.
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Figure 1. Assessment and treatment algorithm. Primary-Lymphedema Multidisciplinary Approach
(P-LYMA) for patients with lower extremity lymphedema. CDT: complete decongestive therapy, ISL:
International Society of Lymphology, ICG: indocyanine green.

Lymphoscintigraphy was performed on patients preoperatively to assess lymphatic
drainage from lower limbs. All patients were staged according to the International Society
of Lymphology (ISL) system. Patients were also evaluated and stratified based on ICG
lymphography. ICG was injected at the second and fourth web space of the foot, the medial
and lateral border of the Achilles’ tendon, the lateral and medial aspect of the knee, and at
the groin. Prior to surgical treatment, all patients underwent physiotherapy with complete
decongestive therapy (CDT) for 6 months which consisted of manual lymphatic drainage,
multilayer bandage compression therapy, remedial exercises, and skin care [13]. Clinical
assessment and imaging were performed before starting CDT (Figure 2). Postoperatively,
patients received CDT too.
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Figure 2. P-LYMA surgical algorithm for primary lymphedema. LVA: lymphaticovenous anastomosis,
VLNT: vascularized lymph node transfer, RRRP: radical reduction with preservation of perforators,
CHAHOVA: Charles’, Homans’, and vascularized lymph node transfer procedures. Stage ISL I or IIA
was regarded as mild stages, while ISL IIB or III was considered moderate or advanced stages. The
decision to pursue a resective procedure in stage ISL IIA included a comprehensive evaluation of
duration, severity, and progression of symptoms.
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2.2. Treatment Algorithm

The surgical treatment options included physiologic procedures such as LVA or VLNT,
and excisional procedures such as liposuction, radical reduction with preservation of
perforators (RRPP), or the combined Charles’, Homan’s, and VLNT (CHAHOVA). The
choice of the procedure depended on preoperative evaluation and clinical staging. LVA
was performed when ICG lymphography showed areas of linear or splash patterns that
were interrupted by areas of dermal backflow. Depending on the number of suitable vessels
found during preoperative ICG lymphography, two or three LVAs were performed per
extremity. On the other hand, if suitable lymphatics were not found on ICG lymphography,
a gastroepiploic or supraclavicular VLNT was planned.

Depending on staging and clinical evaluation, patients were selected to receive addi-
tional excisional procedures. Patients with ISL stage IIB were treated with liposuction if
they presented with predominant adipose tissue deposition. On the other hand, in stage
III patients who presented with highly fibrotic subcutaneous tissue and recurrent skin
infections, a more invasive procedure was performed (RRPP or CHAHOVA). RRPP was
chosen in patients with extensive skin excess and good skin quality [14,15]. Conversely, the
combination of Charles’ and Homan’s procedure (CHAHOVA) was used for en bloc resec-
tion of the skin and subcutaneous tissue, and it was performed in patients with damaged
skin and indurated/fibrotic subcutaneous tissues [14,15].

Patients started CDT 5 to 24 days after surgery depending on the surgical procedure.
Patients who underwent liposuction + LVA started CDT 5 days after surgery, as early CDT
enhances LVA function. Those who received liposuction + VLNT or RRPP + VLNT started
CDT 14 days after surgery to allow the lymph node flap to adapt to new hemodynamic
changes and avoid surgical site wound disruption. Those who received the CHAHOVA
approach started CDT 21–24 days after surgery to allow skin grafts to take, avoid bleeding,
and avoid traumatic injury to the reconstruction. CDT was initially performed with
continuous multilayer bandage compression therapy and sessions of manual lymphatic
drainage for the first three months, three times per week.

Circumferential reduction rates were evaluated monthly during these first three
months. The continuous multilayer bandage compression therapy was then transitioned
into compression garments. The number of weekly sessions of manual lymphatic drainage
was progressively reduced over the following three months and completed by six months
after surgery.

2.3. Outcomes

Circumferential reduction rates (CRRs) were recorded one month and two months
after surgery. After this time, circumferential reduction rates were evaluated together
alongside the Lymphedema Quality of Life Score (LeQOLiS) at 3, 6, 12, and 24 months
after surgery. The CRR was defined as the difference in percentage, between the affected
limb (AL) circumference and the non-affected limb (NAL) circumference, as determined
with the following equation: circumference reduction rate (%) = (1 − [postoperative AL −
NAL]/[preoperative AL − NAL]) × 100. Due to the symmetrical component of bilateral
lower limb lymphedema, circumferential reduction rates were only calculated for unilateral
cases. Additionally, we recorded and analyzed the number of pre- and postoperative
episodes of cellulitis, length of stay, complications, and pre- and postoperative LeQOLiS.

3. Results

Nineteen patients with primary lower extremity lymphedema were included, three
patients with bilateral limb compromise, and sixteen with unilateral limb compromise.
Eleven patients were male (58%) and eight were female (42%). The mean age of patients
at diagnosis was 29 ± 11 years, while the mean BMI was 29 ± 5.3 kg/m2. The average
symptom duration was 13.4 ± 8 years. Five patients had been previously treated with
complete decongestive therapy (CDT) with transient good results. According to ISL staging,
two patients presented with stage IIA lymphedema, four patients with stage IIB, and
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thirteen with stage III. Using ICG lymphography, one limb presented with a splash pattern
(4.5%), seven with a stardust pattern (31.8%), and fourteen with a diffuse pattern (63.6%).

A total of 22 limbs were treated. One was treated with LVA (4.5%), one with VLNT
(4.5%), eight with liposuction + LVA (36.4%), five with liposuction + VLNT (22.7%), two
with RRPP + LVA (9%), two with RRPP + VLNT (9%), and three with the CHAHOVA
procedure (13.6%). When performing VLNT, eight patients underwent gastroepiploic
VLNT (72.7%) and three patients received supraclavicular VLNT (27.3%).

The length of hospital stay was one day for patients treated with LVA alone or com-
bined with liposuction or RRPP, seven days for patients treated with VLNT alone or
combined with liposuction or RRPP, and fourteen days for patients treated with the CHA-
HOVA approach. Two patients experienced minor complications: hematoma formation
in one patient treated with liposuction and LVA, and a chronic ulcer in a patient treated
with the CHAHOVA approach. The mean follow-up was 19 months (range: 12–24 months)
(Table 1).

The mean CRR was 65% ± 10%, 73% ± 13%, 79% ± 14%, 78% ± 17%, and 73% ± 20% at 1,
2, 3, 6, and 12 months postoperatively (Table 2). Only thirteen limbs were evaluated at 24 months
with a mean reduction rate of 74% ± 29%. The episodes of cellulitis per year decreased from a
mean of 1.9 ± 0.8 preoperatively to 0.4 ± 0.6 during follow-up (Figures 3 and 4).
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Table 1. Primary lymphedema patients treated with P-LIMA algorithm: preoperative data and procedures.

Patient Age Gender BMI Affected
Lower Limb ISL Stage ICG Pattern

Duration of
Symptoms

(Years)

Previous
CDT LeQOLiS Physiologic

Procedure
Excisional
Procedure

1 29 F 27.5 Left III Diffuse 13 No 70 VLNT (SC) SAL

2 45 F 29.4 Left III Diffuse 20 Irregular 86 LVA SAL
Right III Diffuse 20 Irregular LVA SAL

3 16 M 22.4 Right III Diffuse 2 No 76 LVA SAL
4 35 F 30.0 Right III Stardust 28 No 82 VLNT (SC) SAL
5 23 M 22.8 Right II-B Stardust 8 Irregular 85 LVA SAL
6 16 M 24.5 Left III Diffuse 14 No 66 VLNT (GE) RRPP
7 33 F 31.0 Left III Diffuse 30 Irregular 64 LVA RRPP
8 15 M 19.2 Left II-A Stardust 2 No 66 VLNT (GE) -
9 21 M 32.0 Left III Diffuse 15 No 56 VLNT (SC) SAL
10 15 M 18.8 Right II-B Stardust 3 No 76 LVA SAL

11 19 F 28.4
Left III Diffuse 16 Irregular

56
VLNT (GE) SAL

Right III Diffuse 15 Irregular VLNT (GE) SAL
12 45 M 35.2 Left III Diffuse 25 Irregular 52 VLNT (GE) RRPP
13 42 M 32.4 Right III Diffuse 8 No 65 LVA RRPP
14 36 M 34.4 Right III Diffuse 15 No 88 VLNT (GE) CHAHOVA

15 39 F 30.4
Left III Diffuse 10 No 90 VLNT (GE) CHAHOVA

Right III Stardust 11 No VLNT (GE) CHAHOVA
16 42 M 30.2 Left III Stardust 12 No 66 LVA SAL
17 23 F 24.8 Right II-B Stardust 5 No 68 LVA SAL
18 37 F 32.4 Left II-A Splash 18 No 57 LVA -
19 17 M 18.6 Left II-B Diffuse 5 No 68 LVA SAL

Average 28.8 29.0 13.4 70.4
SD 11.1 5.1 7.9 11.6

Abbreviations: P-LYMA, Primary-LYmphedema Multidisciplinary Approach; BMI, body mass index; ISL, International Society of Lymphedema; ICG, indocyanine green; CDT,
complex decongestive therapy; LeQOLiS, Preoperative Lymphedema Quality of Life Score; VLNT, vascularized lymph node transfer; SC, supraclavicular; GE, gastroepiploic; LVA,
lymphaticovenous anastomosis; SAL, suction-assisted lipectomy; RRPP, radical reduction with preservation of perforators; CHAHOVA, combined Charles’, Homan’s, and vascularized
lymph node transfer procedures.
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Table 2. Data collected prior to surgical treatment and at 12 months and 24 months after P-LYMA treatment.

Variable Pre-Operative Postoperative
12 Months

Postoperative
24 Months

Circumferential reduction rate (%) 72.8 ± 19.6 73.9 ± 28.8
Lymphedema Quality of Life Score 70.4 ± 11.6 24.2 ± 13.9 25.3 ± 14.4
Infection occurrence rate 1.9 ± 0.8 0.4 ± 0.6
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Figure 3. Female patient with primary bilateral lower extremity lymphedema who underwent
VASER-assisted liposuction and distal LVA according to P-LYMA algorithm. (A) Preoperative
picture. (B) Preoperative picture at 6 months post completion of decongestive therapy (CDT) showing
improvement in the lymphatic drainage. (C) Postoperative picture at 24 months after surgery showing
drastically significant improvement and decrease in the size of the affected limb. During the period
of follow-up, the patient completed 6 months of CDT, after which it was discontinued and replaced
by a single compression garment.
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Figure 4. Female patient with primary right lower extremity lymphedema who underwent simultane-
ous VASER-assisted liposuction and supraclavicular VLNT. (A) Preoperative picture. (B) Placement
of supraclavicular lymph node flap in the recipient area. (C) Intraoperative picture of the supraclavic-
ular lymph node flap. (D) The patient completed 6 months of complete decongestive therapy and
then started to wear compression garments.
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In terms of CDT, the transition of multilayer compression therapy to traditional
compression garments was performed at 3.2 months after surgery (Figures 5 and 6). All
patients were able to resume normal daily activities, but they all maintained the use of
compression garments. Patients’ quality of life was evaluated with LeQOLiS preoperatively
with a mean score of 70 ± 12. The LeQOLi score improved to 20 ± 10, 23 ± 17, and 24 ± 14
at 3, 6, and 12 months postoperatively (Figure 7). Only 12 patients had a longer follow-up
of 24 months with an LeQOLi score of 25 ± 14 (Table 3).
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Figure 5. (A) Preoperative image showing ISL 3 lower extremity lymphedema. (B) Immediate
postoperative photograph following Charles’ and Homan’s procedure, and VLNT (CHAHOVA). (C)
Intraoperative picture after implantation of the gastro-epiploic lymph node flap at the foot dorsum.
(D) Picture during follow-up at postoperative year 2 showing complete resolution of lymphedema.
Complete healing and resurfacing of extremity despite chronic ulceration.
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Figure 6. Picture shows patient with left lower extremity lymphedema using multilayer garment.
This was used in all patients as part of the P-LYMA protocol during the preoperative period and 3
to 4 months postoperatively. (A) Materials and supplies used for multilayer bandage compression
therapy. (B) Multilayer bandage compression therapy applied to patients left lower extremity.
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Table 3. Lymphedema Quality of Life Score collected prior to surgical treatment and at 3, 6, 12, and
24 months after P-LYMA treatment. (Quality of Life, QOL).

Patient
Lymphedema QoL

Score
Pre-Operatively

Lymphedema QoL
Score

Post-Op 3 Months

Lymphedema QoL
Score Post-Op 6

Months

Lymphedema QoL
Score

Post-Op 12
Months

Lymphedema QoL
Score Post-Op 24

Months

1 70 35 30 40 32
2 86 20 22 20 20
3 76 44 55 66 66
4 82 25 78
5 85 15 8 8 8
6 66 20 22 25 22
7 64 18 10 18
8 66 29 30 33
9 56 10 15 18 22

10 76 6 6 8
11 56 10 12 14
12 52 20 25 27
13 65 14 12 12 16
14 88 18 22 24 24
15 90 18 18 20 22
16 66 22 18 20 16
17 68 14 12 20 24
18 57 15 18 22 32
19 68 35 34 40

Average 70.4 ± 11.6 20.4 ± 9.6 23.5 ±17.4 24.2 ± 13.9 25.3 ± 14.4

4. Discussion

Primary lymphedema represents a challenge in lymphatic surgery as its pathophysiol-
ogy is still poorly understood [16]. Moreover, few studies focus on primary lymphedema
as it is less common than secondary lymphedema [17–21]. The treatment of secondary
lymphedema, especially in mild cases, can still rely on a partially functional lymphatic
system. Hence, the primary goal of the surgical approach is often to restore its function
by locating and bypassing the disrupted areas. In primary lymphedema, however, the
lymphatic system is often dysfunctional at different levels due to abnormal congenital
development (i.e., aplasia, hypoplasia, and hyperplasia) and is characterized by the absence
of a clear surgically correctable site [22,23]. For this reason, reconstructive approaches for
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primary lymphedema present numerous challenges, as the unique characteristics of the
condition can significantly impact treatment effectiveness.

The present study evaluated the results of the application of an algorithm of treatment
for primary lower limb lymphedema. Nineteen patients were included in this study, with a
total of twenty-two limbs treated. The treatment protocol merged pre- and postoperative
CDT with a combined surgical approach in order to address both the lymphatic drainage
and the degeneration of the subcutaneous tissues and skin. Lymphatic drainage was im-
proved by performing physiologic procedures (LVA or VLNT), while fibrotic adipose tissue
changes were treated by reducing the burden to the limbs through excisional procedures
(liposuction, RRPP, CHAHOVA).

Several authors have contrasting opinions regarding the suitability of certain physio-
logic procedures, such as LVA, in primary lymphedema patients. According to O’Brien,
80% of patients affected by primary lymphedema present with aplastic or hypoplastic distal
superficial lymphatics. This would represent a contraindication to LVA and would limit its
use to primary lymphedema patients who only have proximal obliteration of the lymphatic
channels, which are only 10% of the total according to their experience [24].

On the other hand, other authors advocate that suitable lymphatics for LVA can be
found in 84% of primary lymphedema patients [18]. In our experience, the wide range of
different clinical conditions that can be found in patients affected by primary lymphedema
strongly alters the surgical outcomes. Therefore, a complete algorithm which comprises
multiple diagnostic and treatment levels is necessary to address these patients.

It is important to highlight the significance of CDT as a primary and long-lasting
treatment for these patients. CDT aims to increase fluid transfer through residual func-
tioning lymphatics, thereby reducing limb volumes and preventing disease progression
caused by chronic inflammation, recurrent skin infections, and fibrosis of the subcutaneous
tissues. CDT is composed of two phases: the intensive phase, aiming to reach the goals of
the treatment (improve lymphatic drainage), and the maintenance phase, aiming to help
preserve the current lymphodynamic properties of postoperative results [13,25–27]. In
our study, all patients underwent CDT for six months before surgery. While CDT did not
prevent surgery in our patients, it is an integral part of treatment as it helps improve the
patients’ preoperative condition and prevents disease progression.

According to recent trends in lymphedema surgery, procedures performed in these
patients can be divided into physiologic and excisional—with the general concept that
physiologic surgery allows us to achieve better results in milder cases and earlier stages
of the disease, whereas excisional procedures are more beneficial in complex and severe
cases [28,29]. In our practice, we often combine a physiologic procedure with an excisional
procedure in the same patient [30]. The concept behind this approach is that primary
lymphedema patients are characterized by a long-lasting condition of a progressively
dysfunctional lymphatic system that inevitably evolves into a chronic disorder. Therefore,
in these patients, we enhance results by addressing both aspects of the disease.

Physiologic procedures are aimed at improving the system’s capability of draining the
lymphatic fluid, whereas the excisional procedures allow the removal of the excess adipose
and/or fibrotic tissue already formed and tissue that will not respond to physiologic
treatment alone. Only in two patients with early-stage lymphedema (Stage IIA) was
a single physiologic procedure performed as an excess of fat or fibrotic tissue was not
identified upon clinical evaluation. The P-LYMA algorithm also aims at directing surgeons’
choice regarding the appropriate procedure to perform in each patient. However, part of
the decision making is based on the experience of the surgeon.

Currently, the most commonly performed physiologic procedures are LVA and VLNT.
According to the literature, the preoperative evaluation of primary lymphedema patients
with lymphoscintigraphy or ICG lymphography is essential to determine which procedure
would be more beneficial [31,32]. LVA has produced promising results for early-stage
disease in carefully selected lymphedema patients. However, long-term results are less
encouraging in advanced lymphedema stages, probably due to permanent damage from
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an increased interstitial pressure, recurrent infections, and lack of the functional smooth
muscle required to successfully impel the lymphatic fluid into recipient veins.

Hara et al. (2015) conducted a study in which they found that preoperative ICG
lymphography revealing a stardust or diffuse dermal backflow pattern in the distal aspect
of the lower limb is indicative of hypoplasia in the lymphatic vessels. Based on these
findings, it is suggested that in such cases, VLNT may be a more favorable treatment option
compared to LVA [17]. Other studies have shown similar results in secondary lymphedema
patients [33]. The P-LYMA algorithm follows this approach. Furthermore, we selected the
physiologic treatment according to ICG lymphography. Patients with wide areas of dermal
backflow and no suitable lymphatics were addressed with VLNT.

VLNT is a very common procedure for lymphedema patients with many studies
reporting satisfying results in secondary lymphedema patients [8,34–36]. VLNT should
be implemented in patients with minimal or no response to conservative treatment, when
dermal fibrosis and sclerotic lymph vessels prevent LVA from being performed, and when
postoperative outcomes following LVA are unsatisfactory. Becker et al. evaluated the
effectiveness of VLNT in patients affected by primary lymphedema and reported that all
cases with distal limb lymphedema experienced a reduction in the circumferences of the
limbs, while in 46% of patients, the limb circumference was normalized [20]. Bolletta et al.
also published an article on the adequate results of the combined approach of gastroepiploic
VLNT and liposuction in patients affected by Milroy disease, a particular form of primary
lymphedema [37].

The use of suction-assisted lipectomy in lymphedema patients has been evaluated
in many studies and found to be effective in reducing the excess adipose tissue in the
subcutaneous layer caused by adipogenesis and chronic inflammation [38,39]. In com-
parison to lymphedematous limbs with a predominant fluid constituent, which may be
treated with physiologic procedures such as LVA and VLNT, suction-assisted lipectomy is
preferably used in the cases where the solid component is predominant, as it targets the
trophic changes in the subcutaneous tissue. Additionally, suction-assisted lipectomy is
usually used in patients with mild fibrosis or minor trophic skin changes. This procedure,
however, may not be very effective in advanced stages of disease with skin redundancy,
fibrosis of the subcutaneous tissue, and recurrent infections.

A more radical approach may be required in more severe cases. One such approach
is RRPP. The combination of this excisional procedure with VLNT has previously been
evaluated by our senior author [11]. Advantages of RRPP when compared to liposuction
include the removal of the hardened fibrotic tissue and safe redundant skin reduction by
the preservation of perforators that allow us to maintain sufficient blood supply to the
skin. On the other hand, chronic lymphedema can alter not only the subcutaneous tissue,
which becomes fibrotic, but also the overlying skin and the underlying deep fascia [40]. The
difficulties that arise in keeping the thick, papillomatous skin clean together with bacterial
colonization, as well as in local immune system compromise associated with the disease,
require a treatment that addresses not only limb size but also the frequent infections [41,42].

The CHAHOVA approach combines multiple procedures such as the Charles’ pro-
cedure, Homans’ procedure, and VLNT [12]. This procedure is highly invasive with
frequently voiced concerns related to the aesthetic outcome. While the appearance of the
limb is significantly altered by the procedure, accurate postoperative care can improve the
esthetic results by reducing the rates of skin graft loss, functional joint contracture, and
hypertrophic scarring. Moreover, in most of these patients, as the preoperative condition
drastically reduces the function of the limb, size improvement and an improved contour of
the extremity are perceived as being much more important than limb esthetics. This was
confirmed in the current study, as those treated with the CHAHOVA approach reported
a significant improvement in quality of life seen by the data collected with the LeQOLiS.
This observation was also related to the significant reduction in the number of episodes of
cellulitis which were frequent in these patients before surgery. We achieved this by treating
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the toes, which represented the major source of infection, as well as improving lymphatic
function by transferring the lymph node flap at the distal aspect of the limb.

According to our protocol, patients are encouraged to start CDT as soon as they
are diagnosed and to continue this treatment in the postoperative period. Since primary
lymphedema patients are characterized by a genetically determined deficient lymphatic
system, we strongly believe that the results of surgical treatment can be enhanced when
combined with CDT. All our patients were evaluated throughout the follow-up and we
observed that the circumference reduction rates kept improving over time. We believe
this is the result of the cumulative effect of the partial lymphatic restoration and the
application of decongestive therapy. In our experience, even though patients experienced
an improvement as seen by the CRR and it was possible to progressively reduce the use
of compression garments, we suggest that patients do not discontinue its use to maintain
their results. In primary lymphedema, the lymphatic system is affected by developmental
disorders, resulting in the inability of surgical procedures to completely restore the system.
For this reason, the use of compression garments remains a useful tool to preserve results
over time.

While a limitation of this study is the small number of patients treated, it is important
to remember that primary lymphedema is less common than secondary lymphedema.
Moreover, some of the patients, especially in the very early stages, are responsive to
conservative treatment and are not, at least initially, addressed with surgery. To our
knowledge, this is the first study that presents a complete algorithm that combines different
approaches and techniques for primary lower extremity lymphedema patients. Larger
multi-center studies would be needed to determine which specific methods have efficacy in
certain types of the patient population. Studies with prolonged follow-up can help identify
long-term outcomes and complications associated with the procedures incorporated in
our algorithm.

5. Conclusions

The P-LYMA algorithm combines different techniques, both physiologic and exci-
sional procedures, as well as preoperative and postoperative concomitant CDT, in order
to maximize results in primary lymphedema patients and preserve them over time, thus
improving patients’ quality of life in an enduring manner.

Author Contributions: Conceptualization, P.C.; methodology, P.C.; software, P.C.; validation, P.C.;
formal analysis, P.C.; investigation, P.C.; resources, P.C.; data curation, P.C.; writing—original draft
preparation, all authors; writing—review and editing, all authors; visualization, all authors; supervi-
sion, P.C.; project administration, P.C.; funding acquisition, P.C. and O.J.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of Arzobispo
Loayza National Hospital (IRB#:86535128—approval date: 22 May 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: Data are unavailable due to privacy or ethical restrictions.

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

References
1. Connell, F.; Brice, G.; Mortimer, P. Phenotypic characterization of primary lymphedema. Ann. N. Y. Acad. Sci. 2008, 1131, 140–146.

[CrossRef] [PubMed]
2. Smeltzer, D.M.; Stickler, G.B.; Schirger, A. Primary lymphedema in children and adolescents: A follow-up study and review.

Pediatrics 1985, 76, 206–218. [PubMed]
3. Brouillard, P.; Vikkula, M. Genetic causes of vascular malformations. Hum. Mol. Genet. 2007, 16, R140–R149. [CrossRef] [PubMed]
4. Browse, N.L.; Stewart, G. Lymphoedema: Pathophysiology and classification. J. Cardiovasc. Surg. 1985, 26, 91–106.

https://doi.org/10.1196/annals.1413.013
https://www.ncbi.nlm.nih.gov/pubmed/18519967
https://www.ncbi.nlm.nih.gov/pubmed/4022694
https://doi.org/10.1093/hmg/ddm211
https://www.ncbi.nlm.nih.gov/pubmed/17670762


J. Clin. Med. 2024, 13, 5161 13 of 14

5. Rockson, S.G.; Rivera, K.K. Estimating the population burden of lymphedema. Ann. N. Y. Acad. Sci. 2008, 1131, 147–154.
[CrossRef]

6. Papendieck, C.M. Lymphatic dysplasia in paediatrics. A new classification. Int. Angiol. 1999, 18, 6–9.
7. Koshima, I.; Narushima, M.; Yamamoto, Y.; Mihara, M.; Iida, T. Recent advancement on surgical treatments for lymphedema.

Ann. Vasc. Dis. 2012, 5, 409–415. [CrossRef]
8. Scaglioni, M.F.; Arvanitakis, M.; Chen, Y.-C.; Giovanoli, P.; Chia-Shen Yang, J.; Chang, E.I. Comprehensive review of vascularized

lymph node transfers for lymphedema: Outcomes and complications. Microsurgery 2018, 38, 222–229. [CrossRef]
9. Agko, M.; Ciudad, P.; Chen, H.-C. Staged surgical treatment of extremity lymphedema with dual gastroepiploic vascularized

lymph node transfers followed by suction-assisted lipectomy—A prospective study. J. Surg. Oncol. 2018, 117, 1148–1156.
[CrossRef]

10. Ciudad, P.; Manrique, O.J.; Date, S.; Agko, M.; Perez Coca, J.J.; Chang, W.L.; Lo Torto, F.; Nicoli, F.; Maruccia, M.; López Mendoza,
J.; et al. Double gastroepiploic vascularized lymph node tranfers to middle and distal limb for the treatment of lymphedema.
Microsurgery 2017, 37, 771–779. [CrossRef]

11. Ciudad, P.; Manrique, O.J.; Adabi, K.; Huang, T.C.T.; Agko, M.; Trignano, E.; Chang, W.L.; Chen, T.W.; Salgado, C.J.; Chen,
H.C. Combined double vascularized lymph node transfers and modified radical reduction with preservation of perforators for
advanced stages of lymphedema. J. Surg. Oncol. 2019, 119, 439–448. [CrossRef] [PubMed]

12. Ciudad, P.; Agko, M.; Huang, T.C.; Manrique, O.J.; Chang, W.L.; Nicoli, F.; Maruccia, M.; Lo Torto, F.; Chen, H.C. Comprehensive
multimodal surgical treatment of end-stage lower extremity lymphedema with toe management: The combined Charles,’
Homan’s, and vascularized lymph node transfer (CHAHOVA) procedures. J. Surg. Oncol. 2019, 119, 430–438. [CrossRef]

13. Sezgin Ozcan, D.; Dalyan, M.; Unsal Delialioglu, S.; Duzlu, U.; Polat, C.S.; Koseoglu, B.F. Complex Decongestive Therapy
Enhances Upper Limb Functions in Patients with Breast Cancer-Related Lymphedema. Lymphat. Res. Biol. 2018, 16, 446–452.
[CrossRef]

14. Salgado, C.J.; Mardini, S.; Spanio, S.; Tang, W.-R.; Sassu, P.; Chen, H.-C. Radical reduction of lymphedema with preservation of
perforators. Ann. Plast. Surg. 2007, 59, 173–179. [CrossRef] [PubMed]

15. Salgado, C.J.; Sassu, P.; Gharb, B.B.; Spanio di Spilimbergo, S.; Mardini, S.; Chen, H.-C. Radical reduction of upper extremity
lymphedema with preservation of perforators. Ann. Plast. Surg. 2009, 63, 302–306. [CrossRef] [PubMed]

16. Maclellan, R.A.; Couto, R.A.; Sullivan, J.E.; Grant, F.D.; Slavin, S.A.; Greene, A.K. Management of Primary and Secondary
Lymphedema: Analysis of 225 Referrals to a Center. Ann. Plast. Surg. 2015, 75, 197–200. [CrossRef] [PubMed]

17. Hara, H.; Mihara, M.; Ohtsu, H.; Narushima, M.; Iida, T.; Koshima, I. Indication of Lymphaticovenous Anastomosis for Lower
Limb Primary Lymphedema. Plast. Reconstr. Surg. 2015, 136, 883–893. [CrossRef]

18. Demirtas, Y.; Ozturk, N.; Yapici, O.; Topalan, M. Comparison of primary and secondary lower-extremity lymphedema treated
with supermicrosurgical lymphaticovenous anastomosis and lymphaticovenous implantation. J. Reconstr. Microsurg. 2010, 26,
137–143. [CrossRef]

19. Lee, B.; Andrade, M.; Bergan, J.; Boccardo, F.; Campisi, C.; Damstra, R.; Flour, M.; Gloviczki, P.; Laredo, J.; Piller, N.; et al.
Diagnosis and treatment of primary lymphedema. Consensus document of the International Union of Phlebology (IUP)-2009. Int.
Angiol. 2010, 29, 454–470.

20. Becker, C.; Arrive, L.; Saaristo, A.; Germain, M.; Fanzio, P.; Batista, B.N.; Piquilloud, G. Surgical treatment of congenital
lymphedema. Clin. Plast. Surg. 2012, 39, 377–384. [CrossRef]

21. Van der Walt, J.C.; Perks, T.J.; Bruce-Chwatt, A.J.; Graewe, F.R. Modified Charles procedure using negative pressure dressings for
primary lymphedema: A functional assessment. Ann. Plast. Surg. 2009, 62, 669–675. [CrossRef] [PubMed]

22. Lee, B.B.; Andrade, M.; Antignani, P.L.; Boccardo, F.; Bunke, N.; Campisi, C.; Damstra, R.; Flour, M.; Forner-Cordero, I.; Gloviczki,
P.; et al. Diagnosis and treatment of primary lymphedema. Consensus document of the International Union of Phlebology
(IUP)-2013. Int. Angiol. 2013, 32, 541–574. [PubMed]

23. Lee, B.B.; Laredo, J.; Lee, T.S.; Huh, S.; Neville, R. Terminology and classification of congenital vascular malformations. Phlebology
2007, 22, 249–252. [CrossRef]

24. O’Brien, B.M.; Mellow, C.G.; Khazanchi, R.K.; Dvir, E.; Kumar, V.; Pederson, W.C. Long-term results after microlymphaticovenous
anastomoses for the treatment of obstructive lymphedema. Plast. Reconstr. Surg. 1990, 85, 562–572. [CrossRef] [PubMed]

25. Lawenda, B.D.; Mondry, T.E.; Johnstone, P.A.S. Lymphedema: A primer on the identification and management of a chronic
condition in oncologic treatment. CA Cancer J. Clin. 2009, 59, 8–24. [CrossRef] [PubMed]

26. Rockson, S.G. Diagnosis and management of lymphatic vascular disease. J. Am. Coll. Cardiol. 2008, 52, 799–806. [CrossRef]
27. De Sire, A.; Losco, L.; Cigna, E.; Lippi, L.; Gimigliano, F.; Gennari, A.; Cisari, C.; Chen, H.C.; Fusco, N.; Invernizzi, M. Three-

dimensional laser scanning as a reliable and reproducible diagnostic tool in breast cancer related lymphedema rehabilitation: A
proof-of-principle study. Eur. Rev. Med. Pharmacol. Sci. 2020, 24, 4476–4485.

28. Chang, D.W.; Masia, J.; Garza, R.; Skoracki, R.; Neligan, P.C. Lymphedema: Surgical and Medical Therapy. Plast. Reconstr. Surg.
2016, 138 (Suppl. 3), 209S–218S. [CrossRef]

29. Lee, J.H.; Chang, D.W. Surgical Treatment of Primary Lymphedema. Lymphat. Res. Biol. 2017, 15, 220–226. [CrossRef]
30. Ciudad, P.; Vargas, M.I.; Bustamante, A.; Agko, M.; Manrique, O.J.; Ludeña, J.; Castro, J.; Wiegering, G.; Navarro, W.; Reynaga, C.

Combined radical reduction with preservation of perforators and distal lymphaticovenular anastomosis for advanced lower
extremity lymphedema. Microsurgery 2020, 40, 417–418. [CrossRef]

https://doi.org/10.1196/annals.1413.014
https://doi.org/10.3400/avd.ra.12.00080
https://doi.org/10.1002/micr.30079
https://doi.org/10.1002/jso.24969
https://doi.org/10.1002/micr.30168
https://doi.org/10.1002/jso.25360
https://www.ncbi.nlm.nih.gov/pubmed/30609042
https://doi.org/10.1002/jso.25356
https://doi.org/10.1089/lrb.2017.0061
https://doi.org/10.1097/SAP.0b013e31802ca54c
https://www.ncbi.nlm.nih.gov/pubmed/17667412
https://doi.org/10.1097/SAP.0b013e31818d45aa
https://www.ncbi.nlm.nih.gov/pubmed/19692901
https://doi.org/10.1097/SAP.0000000000000022
https://www.ncbi.nlm.nih.gov/pubmed/24691335
https://doi.org/10.1097/PRS.0000000000001631
https://doi.org/10.1055/s-0029-1243299
https://doi.org/10.1016/j.cps.2012.08.001
https://doi.org/10.1097/SAP.0b013e318180cd24
https://www.ncbi.nlm.nih.gov/pubmed/19461283
https://www.ncbi.nlm.nih.gov/pubmed/24212289
https://doi.org/10.1177/026835550702200604
https://doi.org/10.1097/00006534-199004000-00011
https://www.ncbi.nlm.nih.gov/pubmed/2315396
https://doi.org/10.3322/caac.20001
https://www.ncbi.nlm.nih.gov/pubmed/19147865
https://doi.org/10.1016/j.jacc.2008.06.005
https://doi.org/10.1097/PRS.0000000000002683
https://doi.org/10.1089/lrb.2017.0007
https://doi.org/10.1002/micr.30569


J. Clin. Med. 2024, 13, 5161 14 of 14

31. Maegawa, J.; Mikami, T.; Yamamoto, Y.; Satake, T.; Kobayashi, S. Types of lymphoscintigraphy and indications for lymphati-
covenous anastomosis. Microsurgery 2010, 30, 437–442. [CrossRef] [PubMed]

32. Yamamoto, T.; Yoshimatsu, H.; Narushima, M.; Yamamoto, N.; Hayashi, A.; Koshima, I. Indocyanine Green Lymphography
Findings in Primary Leg Lymphedema. Eur. J. Vasc. Endovasc. Surg. 2015, 49, 95–102. [CrossRef]

33. Tashiro, K.; Yamashita, S.; Saito, T.; Iida, T.; Koshima, I. Proximal and distal patterns: Different spreading patterns of indocyanine
green lymphography in secondary lower extremity lymphedema. J. Plast. Reconstr. Aesthet. Surg. 2016, 69, 368–375. [CrossRef]

34. Ciudad, P.; Agko, M.; Perez Coca, J.J.; Manrique, O.J.; Chang, W.L.; Nicoli, F.; Chen, S.H.; Chen, H.C. Comparison of long-term
clinical outcomes among different vascularized lymph node transfers: 6-year experience of a single center’s approach to the
treatment of lymphedema. J. Surg. Oncol. 2017, 116, 671–682. [CrossRef] [PubMed]

35. Ciudad, P.; Manrique, O.J.; Bustos, S.S.; Coca, J.J.; Chang, C.C.; Shih, P.K.; Nicoli, F.; Lo Torto, F.; Agko, M.; Huang, T.C.T.; et al.
Comparisons in long-term clinical outcomes among patients with upper or lower extremity lymphedema treated with diverse
vascularized lymph node transfer. Microsurgery 2020, 40, 130–136. [CrossRef]

36. Ciudad, P.; Maruccia, M.; Socas, J.; Lee, M.H.; Chung, K.P.; Constantinescu, T.; Kiranantawat, K.; Nicoli, F.; Sapountzis, S.; Yeo,
M.S.W.; et al. The laparoscopic right gastroepiploic lymph node flap transfer for upper and lower limb lymphedema: Technique
and outcomes. Microsurgery 2017, 37, 197–205. [CrossRef]

37. Bolletta, A.; Di Taranto, G.; Chen, S.H.; Elia, R.; Amorosi, V.; Chan, J.C.; Chen, H.C. Surgical treatment of Milroy disease. J. Surg.
Oncol. 2020, 121, 175–181. [CrossRef] [PubMed]

38. Brorson, H.; Svensson, H.; Norrgren, K.; Thorsson, O. Liposuction reduces arm lymphedema without significantly altering the
already impaired lymph transport. Lymphology 1998, 31, 156–172.

39. Ciudad, P.; Manrique, O.J.; Bustos, S.S.; Agko, M.; Huang, T.C.T.; Vizcarra, L.; Nuñez, M.L.; Torto, F.L.; 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]

40. Rockson, S.G. The lymphatics and the inflammatory response: Lessons learned from human lymphedema. Lymphat. Res. Biol.
2013, 11, 117–120. [CrossRef]

41. Olszewski, W.L.; Engeset, A.; Romaniuk, A.; Grzelak, I.; Ziolkowska, A. Immune cells in peripheral lymph and skin of patients
with obstructive lymphedema. Lymphology 1990, 23, 23–33. [PubMed]

42. Olszewski, W.L.; Jamal, S.; Manokaran, G.; Pani, S.; Kumaraswami, V.; Kubicka, U.; Lukomska, B.; Dworczynski, A.; Swoboda, E.;
Meisel-Mikolajczyk, F. Bacteriologic studies of skin, tissue fluid, lymph, and lymph nodes in patients with filarial lymphedema.
Am. J. Trop. Med. Hyg. 1997, 57, 7–15. [CrossRef]

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://doi.org/10.1002/micr.20772
https://www.ncbi.nlm.nih.gov/pubmed/20878726
https://doi.org/10.1016/j.ejvs.2014.10.023
https://doi.org/10.1016/j.bjps.2015.10.042
https://doi.org/10.1002/jso.24730
https://www.ncbi.nlm.nih.gov/pubmed/28695707
https://doi.org/10.1002/micr.30508
https://doi.org/10.1002/micr.22450
https://doi.org/10.1002/jso.25583
https://www.ncbi.nlm.nih.gov/pubmed/31165487
https://doi.org/10.21037/gs.2020.01.13
https://doi.org/10.1089/lrb.2013.1132
https://www.ncbi.nlm.nih.gov/pubmed/2352440
https://doi.org/10.4269/ajtmh.1997.57.7

	Introduction 
	Materials and Methods 
	Study Protocol 
	Treatment Algorithm 
	Outcomes 

	Results 
	Discussion 
	Conclusions 
	References

