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Introduction

Female breast cancer, with an estimated 2.3 million new cases 
diagnosed in 2020, remains the most commonly diagnosed 
cancer worldwide (1). After breast cancer treatment, upper 
limb lymphedema is a chronic and progressive sequela that 
impairs patients’ quality of life (2,3). The overall estimated 
incidence of breast cancer-related lymphedema (BCRL) 
is around 21% but, due to the lack of diagnostic criteria, 
ranges from as much as 5% to 30% (4). Because long-term 
survival rates in women with proper breast cancer treatment 
are as high as 80% at 15 years (5), adequate management of 
BCRL represents a major challenge for both patients and 

healthcare professionals. 
BCRL typically results from the interruption of the 

lymphatic drainage produced by surgical dissection of the 
axillary lymph nodes. A well-established risk factor for 
this complication is regional lymph node radiation (6). 
Nevertheless, the incidence of BCRL may gradually be 
decreased by current trends in less invasive axillary therapy 
in patients with a positive sentinel node biopsy (7) and less 
aggressive radiotherapy protocols (8-10). 

Traditional treatment for patients with BCRL has 
typically involved conservative methods including a 
combination of manual lymphatic drainage, compression 
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garments, exercises, and skin care (11). However, the 
efficacy of these therapies alone is limited, as the existence 
of structural damage to the lymphatic system continues to 
impede adequate lymph drainage of the affected upper limb. 

Over the last five decades, our understanding of the 
anatomy and pathophysiology of the lymphatic system 
has been enhanced by advances in imaging techniques 
and higher microscope magnification, leading to the 
development of various surgical techniques for the 
treatment of BCRL. However, the surgical management 
of BCRL is constantly evolving and there is no established 
consensus on the optimal treatment of these patients. 
Consequently, we would like to share an update of the 
therapeutic algorithm used in our centers, which has 
yielded highly encouraging results and could potentially be 
used to guide decision-making when planning the surgical 
treatment of BCRL. 

Clinical considerations

According to the International Society of Lymphology 
(ISL), accurate clinical history and physical examination 
are essential for a proper diagnosis of BCRL and its 
staging (Table 1) (12). The main clinical manifestation of 
lymphedema is swelling of part or all of the limb, which 
may be accompanied by sensations of tightness, heaviness 
or fullness, and sometimes by pain in the affected area. 

On physical examination, it is important to distinguish 
between pitting and non-pitting edema. Swelling in 
the early stages of lymphedema is characterized by the 
presence of pitting, resulting from the accumulation of 
protein-rich fluid in the interstitial space. Subsequently, 
as the inadequate lymph drainage persists, the continued 
state of lymph overload leads to a failure of the lymphatic 
pump (13). Consequently, the permanent lymph stasis 

generates a chronic inflammatory response, inducing 
progressive degeneration of functional lymphatic channels 
(from the site of the interruption to the distal area), and a 
proliferation of adipose and connective subcutaneous tissue 
(14-16). Thus, as lymphedema progresses, upper extremity 
swelling will transition from pitting to non-pitting edema 
due to progressive hypertrophy of the subcutaneous tissue. 
Therefore, the more advanced stages of lymphedema are 
characterized by the absence of pitting, which is often 
accompanied by the presence of trophic skin changes, 
and the increased arm volume may even restrict range of 
motion. 

Clinical assessment should also include measurement 
of limb circumference and volume. Girth measurements 
may be obtained by multiple circumference measurements 
of both limbs using a spring-loaded tape measure (5-cm 
intervals starting at the elbow, then progressing down to 
the dorsum of the hand, and then up to the shoulder). 
Volume measurements can be obtained using circumference 
measurements through the truncated cone model (17). 
However, other methods can also be used, including 
plethysmography and perometer. Based on the difference 
in limb volume, severity can be assessed as minimal (<20% 
increase), moderate (20–40% increase), or severe (>40% 
increase) (12). Understanding the clinical manifestations 
and pathophysiological processes of lymphedema is essential 
to comprehend the principles underlying the surgical 
treatment of this disease.

Diagnostic imaging techniques

After clinical diagnosis and ISL staging, imaging techniques 
play an essential role in assessing the structural and 
functional features of the lymphatic system. One of the 
main diagnostic imaging techniques is indocyanine green 

Table 1 Staging of lymphedema of the ISL

ISL stage Features 

0 Latent or sub-clinical condition where swelling is not evident despite impaired lymph transport. It may exist months or years 
before overt edema occurs

I Early accumulation of fluid relatively high in protein content and subsides with limb elevation. Pitting may occur

II Limb elevation alone rarely reduces tissue swelling and pitting is manifest. Late in Stage II, the limb may or may not pit as 
tissue fibrosis supervenes

III Lymphostatic elephantiasis where pitting is absent and trophic skin changes such as acanthosis, fat deposits, and warty 
overgrowths develop

ISL, International Society of Lymphology.
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lymphography (ICG-L), which can be used to assess the 
functionality of the superficial lymphatic system. The 
findings can be classified into linear or dermal backflow 
patterns. Linear patterns correspond to normal active 
subdermal lymphatic channels (up to a depth of 1.5 to 2 cm),  
while nonlinear or dermal backflow patterns represent the 
accumulation of lymphatic fluid in the interstitial space. 
Dermal backflow patterns can be further divided into 
splash, stardust, and diffuse patterns, which correspond to 
the degree of severity of lymphedema (Figure 1) (18,19). 

The other main diagnostic imaging technique for the 
assessment of the lymphatic system is lymphoscintigraphy 
(LS). This imaging modality allows qualitative assessment 
of the functionality of the deep lymphatic system. Among 
the main parameters evaluated are tracer uptake and 
migration speed, visualization of major lymphatic collectors 
and axillary lymph node basins, as well as the time taken by 
the tracer to reach them, and calculation of the transport 
index (Figure 2) (20). 

Generally, ICG-L and LS provide sufficient information to 
determine the most appropriate surgical strategy. However, a 
third imaging technique, magnetic resonance lymphography 
(MRL), has been introduced in the last decade, which we 
request in our center to complement certain limitations of 
the two previous imaging techniques or resolve discrepancies 
between their findings. MRL provides three-dimensional 
high-resolution anatomic images of the superficial and deep 
lymphatic systems, including lymph node basins, as well as 
useful information on the function of the lymphatic system. 
This imaging modality also provides detailed characterization 
of lymphedema-associated soft tissue changes and detailed 
limb circumference measurements that can be used to 
calculate limb volume (21,22). More recently, ultra-high 

frequency ultrasound (UHFUS) has also been introduced, 
which provides more acurate imaging of the structure of the 
subdermal lymphatic vessels. This technique can even detect 
the lymphatic vessels, where dermal backflow patterns were 
revealed by ICG-L. However, acquisition of accurate images 
by UHFUS is highly operator-dependent (23,24).

Surgical techniques

Surgical techniques for BCRL treatment can be divided 
into physiologic procedures, which attempt to re-establish 
lymphatic drainage and increase lymphatic fluid clearance, 
and ablative procedures, which aim to remove excess 
subcutaneous tissue in order to reduce limb volume. 
Currently, the three main pillars for the surgical treatment 
of BCRL are lymphatic-venous anastomosis (LVA), 
functional vascularized lymphatic tissue transfer (FVLTT), 
and liposuction (25). The three techniques have different 
therapeutic aims and their indications depend on the 
pathophysiological changes of the affected upper limb. 

LVA is a supermicrosurgical physiologic procedure 
that connects lymphatic channels to nearby subdermal 
veins to redirect lymph drainage to the venous system in 
the limb (26). We recommend the use of this technique 
when functional lymphatic channels remain throughout 
the limb. Patient suitability for LVA can usually be 
determined by ICG-L. ICG-L or MRL can be used for 
preoperative planning. However, the combination of these 
two techniques allows for better location and selection of 
the most suitable functional lymphatic channels for LVA 
(Figure 3) (27). Moreover, if UHFUS is available, it may be 
employed for a more accurate preoperative identification of 
the subdermal lymphatic channels and nearby veins to be 

A B C D

Figure 1 Indocyanine green lymphography images. Linear pattern (A): represents the normal lymphatic channel. Splash pattern (B): is 
observed as scattered dye twinkling in tortuous lymphatic channels. Stardust pattern (C): is observed as dimly luminous, spotted fluorescent 
signals. Diffuse pattern (D): a widely distributed dye is observed without twinkling or identifiable spots. 
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anastomosed (23,24).
FVLTT is a microsurgical physiologic procedure 

involving the transfer of a vascularized flap with a functional 
lymphatic network. This functional lymphatic tissue flap 
is transferred from another region of the body to an area 
where the native lymph node basins and/or lymphatic 
channels are no longer functional. The exact mechanism 

of FVLTT is still under debate. One hypothesis is that 
the transferred functional lymphatic tissue may induce 
lymphangiogenesis and act as a wick to bridge gaps between 
the proximal and distal lymphatic vessels in the recipient 
site (28,29). The other hypothesis proposes that the 
vascularized lymphatic tissue acts as “lymph pumps”. These 
pumps absorb lymph fluid from the surrounding interstitial 
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Figure 2 Lymphoscintigraphy images of the upper limbs of a patient with right-side lymphedema: early phase (above) and late phase 
(below). 

A B

Figure 3 Lymphatic-venous anastomosis technique. (A) Pre-operative indocyanine green lymphography (green) and magnetic resonance 
lymphography (blue) markings. (B) End-to-end lymphatic-venous anastomosis. 
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tissue and then expel it into the venous circulation by means 
of lymphovenous communication within the nodes in the 
transferred flap (29,30). 

Various donor sites can be used for the FVLTT 
technique, with the most common being the iliac-inguinal 
region, with the superficial circumflex iliac vessels being 
used as the vascular pedicle. When planning FVLTT 
through the use of a groin flap, computed tomography 
angiography is needed to provide information on the 
location of the vascular pedicle of the flap and inguinal 
lymph nodes. In our practice, the recipient area for the 
FVLTT is the axillary region and proximal part of the limb 
(Figure 4). Both LS and ICG-L are usually needed to assess 
the functionality of the lymphatic system of the proximal 
part of the arm, and to determine whether the patient is 
suitable for FVLTT. In some cases, FVLTT can even be 

combined with autologous breast reconstruction. For this 
purpose, the ideal donor site is the lower abdominal region. 
For lymphatic tissue transfer, tissue is taken from the iliac-
inguinal region, with the superficial circumflex iliac vessels 
providing a vascular pedicle. For breast reconstruction, 
tissue is taken from the lower abdomen, with the deep 
inferior epigastric vessels providing a pedicle. The two flaps 
are then harvested as one and positioned in the thorax (31). 
This combined reconstructive procedure is known as total 
breast anatomy restoration (TBAR) (32).

Despite the revolutionary concept of restoring the 
functionality of the lymphatic system together with 
effective maintenance decongestive therapy, neither of these 
techniques completely reduces limb circumference in more 
advanced stages of lymphedema, because the excess volume is 
mostly related to fat hypertrophy and fibrosis. In this context, 
liposuction is the preferred surgical procedure to remove 
excess subcutaneous tissue. This reductive technique helps 
to achieve similar circumference measurements to those of 
the contralateral limb, improve patient comfort, and reduce 
the incidence of erysipelas episodes (33). For this procedure, 
we recommend the use of power-assisted liposuction with 
vibrating cannulas (Figure 5). The liposuction technique is 
executed circumferentially from the wrist to the shoulder. 
Postoperative compression therapy is crucial to obtain 
favorable results (34). 

The Barcelona lymphedema algorithm for 
surgical treatment (BLAST)

Because both the speed and severity of the pathophysiological 
changes of lymphedema are unpredictable and vary widely 
among patients, the surgical management of BCRL is 
complex. Therefore, the approach should be individualized 

A B

Figure 4 Functional vascularized lymphatic tissue transfer technique. Flap harvesting from the groin (A). Skin island of the functional 
vascularized lymphatic tissue flap transferred to the axillary region, anastomosed with the thoracodorsal vessels (B). 

Figure 5 Liposuction technique with vibration-assisted device.
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based on the degree of involvement of the lymphatic 
system and hypertrophy of the subcutaneous tissue (32,35). 
The surgical strategy may often involve a combination 
of techniques, either in the same intervention or in two 
stages. Below, we summarize the main clinical scenarios 
that can arise, depending on the findings of diagnostic 
imaging techniques and clinical assessment, and our surgical 
approach to the treatment of BCRL (Figure 6). 
 Functional lymphatic system above the elbow on 

ICG-L/MRL: these findings generally correspond 
to ISL stages I–II. We recommend performing 
the LVA technique to improve lymph drainage by 
redirecting the flow of the functional lymphatic 
channels to the venous circulation in the limb itself. 
Subsequent periodic follow-up is also needed to 
assess the response to treatment and outcomes.

 Functional lymphatic system up to or below the 
elbow on ICG-L/MRL: these findings usually 
correspond to ISL stage II. We recommend a 
combined surgical approach using the FVLTT 

technique to improve lymph drainage of the 
proximal part of the limb, and the LVA technique 
at the level of the functional lymphatic channels to 
improve lymph drainage of the distal part of the 
limb. This combined approach can be performed 
either in the same intervention or in two stages. 
It should also be considered if the patient needs 
a breast reconstruction, to assess the possibilities 
of performing the TBAR technique. Subsequent 
periodic follow-up is also needed to assess the 
response to treatment and outcomes.

 Non-functional lymphatic system on ICG-L/LS/
MRL: these findings generally correspond to ISL 
stage III. In patients with a moderate (20–40% 
increase) or severe (>40% increase) difference in the 
volume of the limb, and a history of erysipelas, pain, 
or reduced arm mobility, we recommend liposuction.

 Patient with previous physiologic procedures 
(LVA, FVLTT ± LVA or TBAR ± LVA) and excess 
subcutaneous fat and fibrosis. In some patients who 

Figure 6 Barcelona lymphedema algorithm for surgical treatment. ICG-L, indocyanine green lymphography; LS, lymphoscintigraphy; 
MRL, magnetic resonance lymphography; UHFUS, ultra-high frequency ultrasound; LVA, lymphatic-venous anastomosis; TBAR, total 
breast anatomy restoration; FVLTT, functional vascularized lymphatic tissue transfer. 
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have undergone successful physiological surgical 
interventions, the volume of the limb may not 
decrease to that of the contralateral side. This is 
due to the development of excess subcutaneous fat 
and fibrosis. These patients may correspond to ISL 
late stage II. In patients with a moderate (20–40% 
increase) difference in the volume of the limb that 
affects the quality of life, we recommend performing 
liposuction as a complementary surgical procedure. 

Risk reducing lymphedema surgery

The earlier reconstructive procedures are performed, the 
greater their effectiveness. Accordingly, the most recent 
trend is BCRL risk reducing surgery. This new approach 
involves intraoperative evaluation of the axillary lymphatic 
system in patients undergoing lymph node dissection 
and immediate surgical repair of the sectioned lymphatic 
channels. 

This innovative approach was first reported by Boccardo 
et al. (36) and was named the lymphatic microsurgical 
preventive healing approach (LYMPHA). The surgical 
technique consists of injecting a blue dye to visualize the 
afferent lymphatic channels during axillary lymph node 
dissection and the sectioned lymphatic channels are then 
introduced inside the nearby veins cut end using a U-shaped 
stitch. 

The reported incidence of BCRL with the LYMPHA 
was highly encouraging (4.34% in the LYMPHA group 
vs. 30.43% in the control group not undergoing surgical 
prevention) (37). However, some studies show that the 
lymphatic-venous implantation technique is associated with 
a very high rate of blood clot formation and subsequent 
blood vessel obstruction (38,39). 

More recently, a similar surgical approach was developed 
by our team for the prevention of upper limb lymphedema 
secondary to breast cancer treatment, the targeted-
lymphatic axillary repair (T-LAR) approach. This technique 
involves axillary reverse mapping using ICG-L and blue 
patent V dye to identify afferent lymphatic channels 
during axillary lymph node dissection. When interruption 
of lymphatic channel is confirmed, an immediate bypass 
is performed between the transected lymphatic channel 
and small tributaries of axillary veins through end-to-
end lymphatic-venous anastomosis. Because of the high 
precision of axillary reverse mapping in identifying 
sectioned afferent lymphatic channels and the feasibility of 
lymphatic venous bypass through “true” anastomoses that 

maintain the continuity of the intima of the vessels, the 
T-LAR approach is a promising procedure to significantly 
reduce the incidence of BCRL (40). 

Conclusions

The key to successful management of BCRL is optimal 
patient selection and individualized surgical treatment 
based on the structural and functional involvement of 
the lymphatic system. Screening for BCRL by ICG-L in 
patients with previous axillary lymph node dissection should 
be standard practice for early diagnosis and prompt surgical 
treatment. Nevertheless, risk-reducing lymphedema surgery 
is becoming a highly promising approach to decrease the 
incidence of this debilitating condition.
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