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Traditionally, secondary lymph edemas are (micro)surgically treated by lymphovenous anastomosis and vascularized lymphatic node transfer. A novel surgical 
option is the implantation of a fibrillar collagene matrix (BioBridgeΡ; Fibralign Corporation, Union City, CA). Due to its specific nanostructure, it induces directional 
lymphangiogenesis, an effect that has been confirmed in animal trials and clinical pilot studies. 

In the present paper, the first experiences of our clinic with BioBridgeΡ will be presented. BioBridgeΡ was implanted in a patient cohort in conjunction with 
conventional microsurgical therapy options. Therapy planning, intraoperative procedure and the course of therapy are to be presented, evaluated on the basis 
of patient satisfaction and objectified by volumetric measurements as well as indocyanine green fluorescence lymphangiography (ICG-FLAG). 
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Objective: Volume evaluation is the most commonly applied method for extremity lymphedema evaluation. However, volume comparison between different 
patients with different body-physique is difficult to be appropriately interpreted, because body-physique difference significantly affects extremity volume rather 
than lymphedematous conditions. This study aimed to evaluate feasibility of lymphedema indices, body-physique corrected volume, compared to conventional 
volumetry. 
  
Methods: Extremities of participants who had no history of edema or cancer were included in this study. Extremity volumes were calculated based on a 

summed truncated cone model using tape measurement, and lymphedema indices were calculated using circumferences and body mass indices (BMIs). 

([DPLQHHV¶�%0,�ZDV�FODVVLILHG� LQto 3 groups; low-BMI (BMI < 20), middle-BMI (BMI, 20-25), and high-BMI (BMI > 25). Extremity volume and lymphedema 

indices were compared according to BMI groups. 

 

Results: Ninety eight extremities were included. Extremity volume significantly increased with increase of BMI; volume was lowest in low-BMI group, and 

highest in high-BMI group (P < 0.001). On the other hand, there was no statistically significant difference in lymphedema indices between the 3 BMI groups (P > 

0.05).  

 

Conclusions: Extremity volume increases with increase of BMI, indicating inappropriateness of the use of volumetry for comparison of different patients with 

different body-physique. Lymphedema indices allows body-physique corrected lymphedematous volume evaluation, and should be routinely used for 

lymphedema management as a basic volume evaluation. 
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Introduction: /\PSKHGHPD�LV�D�FKURQLF��SURJUHVVLYH�YDVFXODU�GLVHDVH�HQWDLOLQJ�OLIHORQJ�PDQDJHPHQW�WKDW�VKRXOG�FRQVLGHU�D�SDWLHQW¶V�
physical, psychological, social, and economical perspectives. A multidisciplinary lymphedema management and care is essential, and 
the first step is recognizing and early diagnosing this neglected condition. Awareness of the clinicodemographic characteristics of 
patients with lymphedema is imperative in optimizing conservative, first-line management through complex lymphatic therapy (CLT).   
  
Purpose: To determine the clinicodemographic profiles and outcomes of CLT among patients with lymphedema from a tertiary 
referral hospital 
  
Methods: Utilizing a retrospective-cohort design, 153 records of purposively-sampled adult in- and out-patients with lymphedema 
and received CLT from the Lymphedema Clinic of a tertiary referral hospital were examined. Alongside demographic and clinical 
data, baseline and post-CLT limb measurements were extracted and recorded. Limb volumes and circumferences and post-CLT 
lymphedema status were analyzed using Wilcoxon Signed-Rank test and polynomial logistic regression.  
  
Results: Most patients had secondary lymphedema (96.73 %) attributed to cancer treatment (47.97%), and the upper extremities were 
commonly affected (67.30%; RUE=46.73%, LUE=49.53%, BUE=3.74%). Majority had Stage I lymphedema (58.82%), had 
lymphedema for less than 12 months (62.09%), and had undergone surgery (92.81%), chemotherapy (61.44%), and radiotherapy 
(55.56%). With a median of five CLT sessions, baseline limb volumes (UE: MD=2,550.43mL; LE: MD=998.98mL) and 
circumferences (UE: MD=0.71cm; LE: MD=1.85cm) significantly decreased (p=0.001), and 78.57% had improved lymphedema. The 



percentage change in upper and lower limb volumes were ±7.01% and ±1.19%, respectively, while percentage change in upper and 
lower limb circumferences were ±2.88% and ±4.15%. Moreover, higher completed CLT sessions increased the likelihood of improved 
lymphedema by 35% (OR=1.35, p=0.044).  
  
Conclusion: Complex lymphatic therapy is effective against lymphedema, with substantial reduction in limb volumes and 
circumferences. Cognizant of its benefits, clinicians should encourage patients to adhere with CLT schedule to increase completed 
sessions and reduce lymphedema. 
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 Background. The subclinical stage of breast cancer related lymphedema (BCRL) usually requires the invasive methods of diagnostics such as 
radionuclide lymphoscintigraphy or fluoroscopic lymphography. The early detection of lymph flow disturbance among patients after breast cancer 
treatment allows for beginning the treatment or paying attention to prevention measures.   

 The search of biomarkers - molecules whose concentration changes significantly in the case of a disease is one of the most effective approaches to 

the early diagnosis of diseases. Therefore, the current research objectives are: to identify metabolomic markers - precursors of BCRL in the blood plasma 

of patients at the early stages of the disease, which is especially important for patients after complex treatment of breast cancer.  The second task is to 

identify changes in metabolic cycles in various human biological fluids during the development of lymphedema, followed by the development of 

individualized approaches to the prevention and treatment of the disease. The metabolomic profile of biological tissues is the most dynamic and susceptible 

to external factors compared to such conservative components of a living organism as the genome, transcriptome, or proteome. Thus, the development of 

pathological processes can lead to significant changes in the metabolic cycles of both the affected tissue itself and in the metabolome of important human 

biological fluids ± blood and interstitial (intercellular) fluid. In this regard, the study of the composition of low-molecular compounds in these biological 

fluids is a primary scientific task.  

Methods. Human blood and interstitial fluid were obtained in the morning time at the Research Institute of Clinical and Experimental Lymphology 

± Branch of Institute of Cytology and Genetics SB RAS (NIIKEL-a branch of the ICG SB RAS) from patients with BCRL stage II (8 patients) and stage 



III (1 patient) in age 70 [65;71] years without progress of cancer.  Time after surgery (radical mastectomy and radical resection with axillar 

lymphadenectomy) was 8 [5; 12] years. Control blood samples were obtained from patients of the similar age, but without BCRL or breast cancer and 

other cancer in anamnesis, age 69 [67,8; 70,3] years. The study was approved by the local ethics committee of Research Institute of Clinical and 

([SHULPHQWDO�/\PɪKRORJ\�± Branch of the Institute of Cytology and Genetics SB RAS.  

The quantitative metabolomic profiling of samples has been performed with the combined use of high frequency  proton nuclear magnetic 

resonance spectroscopy (1H NMR) and  high performance liquid chromatography with high resolution mass-spectrometric detection (HPLC-MS). 

5HVXOWV��7KH�FRQFHQWUDWLRQV�RI����PHWDEROLWHV�LQ�KXPDQ�VHUXP�DQG�LQWHUVWLWLDO�IOXLG�KDYH�EHHQ�PHDVXUHG��7KH�PRVW�SURQRXQFHG�GLIIHUHQFH�LQ�VHUXP�

YV��IOXLG�ZDV�REVHUYHG�IRU�NHWROHXFLQH��DFHWRDFHWDWH��LQRVLQH�DQG�DFHWRQH��&RQFHQWUDWLRQ�RI�WKHVH�FRPSRXQGV�DW�OHDVW�����WLPHV�KLJKHU��S�������WKDQ�LQ�

LQWHUVWLWLDO�IOXLG��REWDLQHG�IURP�XSSHU�OLPEV�RI�SDWLHQWV�ZLWK�%&5/� 

  Accumulation of protein rich liquid in the interstitial space have an impact to metabolic process in patients with BCRL. This preliminary report 

gives hope for finding of new perspective and less invasive methods of early diagnosis of BCRL.  

Funding Statement. Metabolomic research was supported by Russian Science Foundation (23-25-00462).  Research Institute of Clinical and 

Experimental /\PɪKRORJ\ ± Branch of the Institute of Cytology and Genetics SB RAS thanks the Ministry of Education and Science of Russia (�ʋ 

FWNR -2023-0008). 
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The lymphatic system is an important part of the vascular system of the body, exercising immune control, participating in homeostasis and lipid 
absorption. Any acquired or congenital defect in the architecture or function of the lymphatic system can contribute to lymphatic dysfunction and the 
development of lymphedema [1]. Matrix metalloproteinases (MMP), acting on collagen and proteoglycan matrix, regulate vascular tissue remodeling 
and participate in lymphangiogenesis [2].  The genetic predisposition can be one of the risk factors of the breast ±cancer related lymphedema as the 
most frequent form of the secondary lymphedema [3]. Since the regulatory regions of the MMP genes are polymorphic, it is possible that a different 
level of their expression may be associated with the development of edema characteristic of lymphedema. Aim: The analysis of the promoter 
polymorphism of the matrix metalloproteinases genes MMP 2, MMP3, MMP9 and their combinations in patients with secondary lymphedema. 
Materials and methods: The study included 101 patients with a diagnosis of secondary lymphedema, 97 women and 4 men, median age 58 [51;65] 
years. Concomitant diseases in the secondary lymphedema group are hypertension 47 (46,%), type 2 diabetes mellitus 19 (18.6%), hypofunction of the 
thyroid gland 16 (15.7%) osteochondrosis of the lumbar spine 14 (13.7%). The majority of patients with secondary lymphedema of the upper 
extremities underwent complex treatment of breast cancer (66 patients - 97.1%). All patients included in the study had no progression or recurrence of 
the malignant tumor. Informed consent for participation in the study and for molecular genetic blood testing was signed by each participant of the 
study. The protocol of the clinical trial was approved by the NIIKEL Local Ethics Committee (Protocol No. 127). The healthy group consisted of 339 
people without signs of lymphedema of a similar age. The polymorphism of the genes MMP 2 rs2438650, MMP3 rs3025058, MMP9 rs3918242 was 
analyzed using Real-Time PCR commercial test systems by the TaqMan probe method (Syntol, Russia). Statistical processing was carried out using a 
specialized application software package IBM SPSS Statistics 23 (USA) and a software package for volumetric processing of bioinformation, 



including multidimensional genetic analysis. Results. The frequency of MMP3-11715A5A and MMP 9-1562 CT genotypes was significantly increased 
in the group of patients relatively healthy (OR=2.06 P=0.0353 and OR=1.71 P=0.0252, respectively) The frequency of complex genotypes MMP3-
11715A5A:MMR9-1562CC is also increased  in this group (OR=2.59 P=0.0314). On the contrary, the frequency of the complex genotype MMP2-1306 
TC:MMP3-11715A6A:MMP9-1562CC was reduced relative to the control group (OR=0.36 P=0.0401) and are protective. Conclusion: Thus, the data 
obtained may indicate a certain significance of polymorphism of matrix metalloproteinases in the pathogenesis of secondary lymphedema of the 
extremities. 

Funding statement. The study was funded by Research Institute of Clinical and Experimental Lymɪhology ± Branch of the Institute of Cytology and 
Genetics SB RAS 
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The perforator-based monitoring skin island ± a human model for secondary lymphedema 
 

Secondary lymphedema results from pathological accumulation of interstitial fluid due to inadequate drainage of lymphatic fluid.  The 

pathophysiology, underlying pathomechanisms and signaling pathways of secondary lymphedema are not well understood. Since current knowledge 

has been largely based on studies in animal models and to advance comprehensive basic research, the establishment of a human lymphedema model 

is essential. 

 

The perforator-based monitoring skin island (PBM) in vascularized free muscle flaps is used in plastic reconstructive surgery to monitor blood flow 

of transferred muscle flaps. The PBM receives arterial and venous blood supply but is disconnected from the lymphatic system. We postulate that 

the PBM is suitable as a human model of secondary lymphedema.  

 

In our study, tissue samples were obtained from a total of 15 patients that received tissue transfer with free muscle flaps at the BG Trauma Centre in 

Ludwigshafen, Germany. Excess skin tissue was collected intraoperatively and compared with the PBM from the same patient between 7 and 14 

days after surgery.  

Histologically, the PBM tissue showed swelling of the epidermis and dermis, smoothing of the dermis with leukocyte infiltration and loosening of 

subcutaneous tissue correspond to the microscopic features of lymphedema.  



In the analysis of gene expressions, we were able to demonstrate on a molecular level that the PBM exhibits specific lymphedema gene clusters. The 

lymphangiogenic marker (PROX-1, FLT4, LYVE-1), inflammation-associated (IL-6, IL-1, IL-10, TNF-alpha, TGF-beta, IFN-gamma), typical 

extracellular matrix (MMP-9, CCN2, ACTA2, COL1A1) and adipogenic marker (adiponectin) genes showed alterations consistent with 

lymphedematous molecular changes. Further examinations at the protein level and immunofluorescence staining are planned to ensure a 

comprehensive analysis regarding the suitability of the model. 

 

Our previous investigations on the PBM show similarities with the characteristics of the acute and subacute phases of secondary lymphedema. 

These findings support the assumption that the PBM is a suitable human model of lymphedema. The establishment of such a model will enable us, 

for the first time in the future, to investigate the molecular foundations of lymphedema, especially in its onset phase, using human samples. This 

forms the basis for a holistic understanding of the pathophysiology of human secondary lymphedema and the development of causal therapeutic 

concepts to alleviate the suffering of patients with chronic lymphedema. 
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Combined treatment of lower limbs of patients affected by elephantiasis as results of multiple bariatric surgery:  

 

 

The study that we are presenting deals with a clinical case of primary lymph. in the lower left limb and of lipofibromatosis in the lower right limb, involving both 
superficial and deep structures. 

The patient had multiple bariatric surgeries with weight loss, opposed by worsening lymphatic disease: reaching the 3rd stage of elephantiasis, ulceration, 
movement difficulties, worsening the general conditions. When the patient first arrived we measured with the perometer a volume of 16753mL for the left leg 
and 20176 for the right leg. After multiple medications on several ulcerations and functional multilayered bandages to reduce the edema, the patient began to 
perform the CPT. After one month the clinical status of the patient has improved enough for a MLVA to the left leg. The results were astonishing, showing 
weight loss, decrease of edema, improved physical abilities. Volumes have decreased, with the right leg measuring 9153mL and the left leg 8670mL. The 
patient will have more MLVA and FLLA surgeries in order to reach a standard quality of life. 

Author: Demoro A. Risso R. Parodi E. Ponsini M. Campisi C. 
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Background: Near Infra-red fluorescence imaging (NIRFI) with Indocyanine Green (ICG) has been shouwn to detect lymph leakages in patients 
with complete axillary lymph node dissection (CALND) for breast cancer. The current study investigates the impact of the pre-operative (Pre) 
and per-operative (Per) administration of ICG on the volumes (V) of liquids collected in the drains (Vd) and/or in the punctures (Vp). 
Methods:  Fifty-five women had one subcutaneous injection of ICG in the ipsilateral hand either the day before (n = 26) or the same day as the 
op (n = 29). The volumes of liquids (Vd, Vp and Vd+Vp) were compared in pre- and per-operative injections of ICG  and in the function of the 
presence or absence of fluorescence in the axillary drains, in the axillary lymph nodes (LN) and of the per-op detection of fluorescence on the 
compress put in the axilla. 
Results: Pre and Per groups of patients did not differ statistically. Vd in pre and per groups did not differ significantly while Vd and Vd+Vp 
trended to be lower in the pre-op group than in the per-op one. When fluorescence was observed in the drains, in LN, and on the compress put 
in the axilla, no differences between the pre and per-op ICG injected groups were observed. On the opposite, when no fluorescence was 
detected, VD and Vd+Vp were significantly lower in the group with ICG injected pre-operatively. 
Conclusion:  ICG NIRFI enables us to detect lymph leakages and ICG  injected pre-operatively seems to reduce collected volumes when no 
fluorescence is observed in the axilla. 
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Purpose was to study the volumetric flow rate changes of fluid delivery into the interstitium by means of syringe pump 
during lymphotropic therapy under various conditions.  

The volumetric flow rate during fluid delivery in the hip joint region and interspinous ligaments at the level of C6-7 were 
calculated.     

Objectives and methods. 6.0 and 9.6 ml/hour volumetric flow rates of syringe pump (vfrSP) were used in 3 patients aged 20, 
45 and 46 years, without and with vibroacoustic therapy and massage. The patients with osteochondrosis of the cervical spine and 
hip joint disorders were kept for observation in polyclinic. Chondrolone liophylisate for injection (50 ȝg) was administered to 
patients lymphotropically (subcutaneously) after dissolving in 10.0 ml of normal saline. The volumetric rate was calculated as 
volume fluid travelled through the infusion system for every 5 minutes.   

Results. Only one peak volumetric rate of administered fluid in hip joint region, from 0.12 ml/min at the procedure beginning 
to 0.24 ml/min by 65 minute was observed in 46-year-old patient when the vfrSP was 9.6 ml/hour. After the peak there was a 
gradual decrease of the index to 0.16 ml/min. Time period from 20 to 60 minutes showed a plateau with 0.16 ml/min. 

At lower vfrSP, 6 ml/h, two peaks in the 15th and 75th minutes were found (0.12 ml/min and 0.17 ml/min, respectively). 20th 
minute performs a significant decrease of index till 0.08 ml/min. Within 30 minutes before the second peak, a plateau formed with 
0.12 ml/min. All 5 minute-points of volumetric rate corresponding to 6 ml/hour vfrSP were less than those at 9.6 ml/hour.   

Analysis of the volumetric rate in hip joint region at 6 ml/hour vfrSP in 20-year-old patient revealed an earlier time second 
peak and it 1.5 times exceeds (40 minutes and 0.24 ml/min, respectively) the same index in 46-year-old patient. The peak volumetric 
rate was almost 3 times higher than the initial volumetric rate, 0.07 ml/min. The plateau before the second peak was short and 
amounted to 10 min, the time distance between two peaks was about 30 minutes.  



Thus, similar 46-year-old patient qualitative regularities were observed in 20-year-old patient in hip joint with vfrSP. 
However, the volumetric rate of the second peak at 6 ml/h vfrSP exceeded 1.5 times the same time point corresponding to higher 
vfrSP (9.6 ml/h) (0.24 and 0.19 ml/min, respectively).     

We studied the influence of various physical factors, massage and vibroacoustic therapy, on the volumetric rate of fluid 
injected into interspinous ligaments at the C6-7 level at 6 ml/hour vfrSP in 45-year-old patient. Without physical factor influence, 
two peak volumetric rates were also revealed (0.15 ml/min and 0.16 ml/min, correspondingly), but with a short time interval 
between them, at 55th and 65th minutes. Further, the volumetric rate levelled off at 0.10 ml/min. 

After manual massage of the collar zone lymphotropically injected fluid performed only single peak, by 35th minute of the 
procedure. It reached 0.18 ml/min, which was 1.2 times higher than that of without massage. Further, the volumetric rate GLGQ¶W�
exceed 0.12 ml/min. 

The most pronounced changes were observed after vibroacoustic exposure. There were two peaks, in the 35th and 70th 
minutes. The volumetric rate showed 0.22 ml/min and 0.15 ml/min, respectively. Further, the volumetric flow rate was 0.12 ml/min. 

Conclusion. The administration of additional fluid volume into the interstitium by means of lymphotropic therapy leads to 
an increase in the functional activity of the lymphatic system, which is expressed in the volumetric rate increase, which is more 
pronounced in hip joint region and in younger patient. Massage or vibroacoustic exposure contribute to further increase in the 
reserve capacity of the lymphatic system. 
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Abstract: 

Background: 2QH�RI�WKH�SUHYDOHQW�EUHDVW�FDQFHU�WUHDWPHQW�VLGH�HIIHFWV�LV�O\PSKHGHPD�ZKLFK�DIIHFW�SDWLHQW¶V�TXDOLW\�RI�OLIH�QHJDWLYHO\��
This study aimed to select an appropriate model to predict the risk factors of lymphedema occurrence in breast cancer patients. 

Methods� This study was conducted on data of 970 breast cancer patients with lymphedema referred to a lymphedema clinic, Tehran, 
Iran. This study was designed in two phases: The first phase included data preprocessing, optimizing feature selection for each base 
learner by the Genetic algorithm, optimizing the combined ensemble learning method, and estimating fitness function for evaluating an 
appropriate model for predicting the risk of lymphedema. In the second phase, the influential variables were assessed and introduced 
based on the average number of variables in the output of the proposed algorithm. 

Results� The Support Vector Machine algorithm with RBF kernel had the best medical and clinical data results regarding sensitivity 
(92%) and accuracy (89%). While in ensemble learning method, the sensitivity and accuracy were increased to 94% and 91%. The 
significant lymphedema risk factors in the proposed model consisted of the number of involved to excised lymph nodes ratio (68%), 
feeling of heaviness (67%), decreased range of motion (65%), the number of the excised lymph nodes ( 64%), radiotherapy (63%), 
misalignment of the dominant and the involved limb (62%), having fibrotic tissue (62%), type of surgery (62%), paresthesia (62%), 



involved lymph nodes number (61%), BMI (61%), the number of chemotherapy sessions (60%), age (58%), limb injury (53%), 
chemotherapy regimen (53%), and occupation (50%). 

Conclusion� Achieved risk factors through the confirmed model in this study can predict the likelihood of developing lymphedema 
with a high accuracy. Designing applications considering these risk factors can be helpful in estimating the lymphedema risk and 
introducing the feasible and effective preventive or therapeutic methods. 

Keywords: Breast cancer, Lymphedema, Risk factors, Ensemble learning 
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Background: A novel type of cell underwent identification between 2005 and 2008 and 

ZDV�GHQRPLQDWHG�WKH�³WHORF\WH´�LQ�������,Q�������WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�

revealed the presence of telocytes in the dermis. Objective: The aim of the present study 

is report changes in immunostained CD34 cells following the treatment of lower limb 

lymphedema using a technique Godoy method of lymphatic therapy.  Method: A 

clinical study involving the evaluation of changes in immunostained CD34 cells in the 

epidermis and dermis (20 randomly selected histological fields) of a patient before and 

after intensive treatment for clinical stage II lymphedema was conducted using the 



Godoy Method, which was adapted to the treatment of skin fibrosis. The evaluation 

involved the use of the Weibel multi-point morphometric method. Comparisons were 

performed using the t-test with a 95% significance level. Results: An important 

increase in CD34 cells was found with redistribution occurring following treatment. 

Conclusion: The treatment of primary lymphedema of the lower limbs resulted in the 

clinical reversal of fibrosis and an increase in the number of immunomarked CD34 

cells. 

Key words: Lymphedema, telocyte, fibrosis, histological. 
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Physiological stimulus of the synthesis of proteins of the basement membrane 
leading to its reconstruction skin in treatment of lymphedema by Godoy Method 

 

Abstract  

%DFNJURXQG��%DVHPHQW�PHPEUDQHV��%0V��DUH�WKLQ�ODPLQD�RI�H[WUDFHOOXODU�PDWUL[�WKDW�

SURYLGH� VXSSRUW� IRU� HSLWKHOLD�� PXVFOH� ILEHUV�� EORRG� YHVVHOV� DQG� SHULSKHUDO� QHUYHV��

Objective: The aim of the present study was to report the remodeling of the basement 

membrane through physiological stimulus during the treatment of fibrosis in a lower limb 

with lymphedema. Method: A clinical trial was conducted involving the evaluation of 

the basement membrane in skin biopsies before and after treatment for clinical stage II 

lower limb lymphedema using the Godoy Method® for the reversal of lymphedema and 

skLQ�ILEURVLV��7KH�VDPSOHV�ZHUH�VWDLQHG�ZLWK�*RPRUL¶V�UHWLFXOLQ�VWDLQ�DQG�HYDOXDWHG�XVLQJ�

:HLEHO¶V�PXOWLSRLQW�PRUSKRPHWULF�PHWKRG�DW�WKH�Clinica Godoy-Brazil in 2022. Prior to 

treatment for lymphedema, rupture and important discontinuity of the basement 



membrane was found. After treatment, structural continuity and thickness had returned to 

the regions of previous rupture. Results:  The difference was statistically significant (p 

<0.05, paired t-test). Conclusion: The present study reports that physiological stimuli 

targeting the lymphatic system lead to the clinical reversal of fibrosis as well as stimulate 

the synthesis of extracellular matrix proteins and the reconstruction of the basal lamina 

of the skin. 

Key Words: Physiological stimulus, Synthesis of proteins, Basement membrane. 

 


