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ABSTRACT 

Purpose: Chronic venous disease (CVD) has an excellent socioeconomic impact. 

Treatment modalities of CVD are evolving fields that could be derived from the disease's 

progressive nature.  

Materials and methods: After a wide literature search in Google Scholar (Publish and 

Perish software), extracted data was analyzed by VOSviewer software, creating network 

and overlay visualizations.  

Results: CVD has been investigated intensively in the literature from the beginning of the 

21st century. Studies aimed to understand the mechanism of CVD in the early 2000s. Later, 

the focus of scientific interest was moved to novel procedures. Researchers were motivated 

to explore the reasons for technical failures and recurrences of endovenous thermal ablation 

(EVTA) procedures and open surgery to treat saphenous incompetence. Less invasive 

procedures replaced invasive open surgery. The search for novel tissue sealants showed a 

thin centralized network. Papers were dated from 2010. Therefore, this is a very recent 

source of evidence. There were meeting points for some components of tissue sealants. 

Biomaterials for novel tissue adhesion are under development and investigation. The 

efficacy and safe application in humans is the focus of research.  

Conclusion: Researchers widely investigate CVD. An evolution from invasive open 

surgery (stripping) through EVTA to non-thermal ablation procedures could be discovered 

in the literature. There could be some versatile options for replacing cyanoacrylate in the 

future, but there are no clear paths to reach that point in scientific literature yet. 
 

Keywords: Incompetent Saphenous Vein, Varicose Vein, Tissue Adhesive, Tissue Sealant, 

Tissue Glue. 

 

1. INTRODUCTION 

1.1. Rationale 

According to recent evidence from Vein Consult Program, Edinburgh Vein Study, and Bonn 

Vein Study, CVD is age-dependent and affects 2-40% of the adult population resulting in a 

great socioeconomic impact [1-4]. A large proportion of leg ulcers develop from CVD [5-

6]. For decades, the open surgical approach (high ligation of SFJ and GSV stripping) was 

the gold standard” treatment of GSV incompetence which was replaced by less invasive but 

more efficient therapeutic modalities such as thermal ablation procedures. The most 

widespread methods are EVLA and RFA [7-11]. In the last decade, non-thermal ablations 

or chemical procedures, due to their less invasive features, are jeopardizing the hegemony 

of thermal ablation procedures such as UGFS, MOCA, and endovenous glue ablation as 

CAC [12-15]. Only the last one seems to be a real challenger for EVTA regarding efficacy 

and safety [16-21]. But what should vascular surgeons expect in the future? Will 

cyanoacrylate glue be replaced? Are there eligible bioadhesives for saphenous vein ablation? 

Objective. The purpose of this study is to seek a potential connection between bioadhesives 

and varicose vein treatment in the future. The aim of this review, including trend analysis 

and future forecasting, is to address these questions.  
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2. METHODS 

2.1. Study design 

This overview includes trend analysis and future forecasting in varicose vein treatment (GSV 

incompetence). 

2.2. Information sources, literature search, eligibility criteria, and study selection  

A wide literature search was performed in Google Scholar by Publish and Perish software 

(version 7.32) developed by Anne-Wil Harzing [22]. All studies were assessed up to the 27th 

of May in 2021. First, papers were collected with the keywords of 'varicose vein,' ' 

incompetent saphenous,' and 'saphenous incompetence.' The next search was performed with 

the keywords of 'varicose vein,' 'endovenous ablation.' 'Bioadhesive,' 'bio glue,' tissue 

adhesive,' and' tissue glue' were the keywords for the last search. All studies were 

automatically selected without filters up to a limit of 1000 publications internally defined by 

the software. The corresponding author was responsible for the literature search and study 

selection. All other reviewers helped interpret the data and write this article.  

2.3. Data collection, data items, and bias 

There were no variables defined to seek. Papers were included if the main topic was 

connected with the actual keywords regardless of the type and bias of the paper. The presence 

or absence of keywords was considered during the publication search because this overview 

focuses only on surgical trends in the treatment of varicose veins and novel tissue sealants. 

2.4. Summary measures and synthesis of results 

VOS viewer software (version 1.6.16) developed by Nees Jan van Eck and Ludo Waltman 

at Leiden University's Centre for Science and Technology Studies was applied to perform 

network and overlay visualizations and detect potential connections between publications. 

Title and abstract field content were taken into account. Binary counting was applied. 

Structured abstract labels and copyright statements were ignored. A minimal number of term 

occurrences was defined as 10 (default setting). The relevance score was calculated by the 

VOS viewer, which was the basis for selection. The default choice was to select 60% of the 

most relevant terms. Network and overlay visualizations were created. 

 

3. RESULTS 

3.1. Study selection and preparation for analysis 

The assessed papers are available in Supplement 1. 185 of the 5243 terms met the threshold 

by an occurrence for the first search. According to relevance, the number of terms to be 

selected was 111 out of 185, according to relevance. During the next search, 165 from the 

5070 terms reached the defined limit, and 99 were chosen for analysis. Of 3333 terms, 56 

met the threshold of occurrence for the last search, and 34 of them were included in the final 

assessment. Irrelevant terms were excluded manually (only ’ et al.’ for the second search). 

The search process is shown on the flow chart (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Flow chart of search process. 

 

Records identified from first 
search:  
(n = 5243 terms) 

Records met threshold:  
(n = 185) 

Records met threshold:  
(n = 165) 

Records met threshold:  
(n = 56) 

Terms included in review 
(n = 111) 

Identification of studies via Goggle Scholar 

Id
e

n
ti

fi
c
a

ti
o

n
 

S
c

re
e

n
in

g
 

 
In

c
lu

d
e
d

 

Records identified from second 
search:  
(n = 5070 terms) 

Records identified from third 
search:  
(n = 3333 terms) 

Terms included in review 
(n = 99) 

Terms included in review 
(n = 34) 



Surg Insights.2022;650 3 

Istvan Bence Balint et al.                                                                                                   Trend analysis for the treatment of incompetent GSV 

  

  
 

 

3.2. Results of analysis 

The first search demonstrated that CVD had been investigated intensively in the literature 

from the beginning of the 21st century (Figures 2 and 3). The aim of the studies was to 

understand the mechanism of CVD (valvular incompetence in GSV, connection between 

recurrence and neovascularization, and the role of deep and perforator veins) in the early 

2000s. Later, the focus of scientific interest was moved to novel procedures such as EVLA, 

CAC, and foam sclerotherapy for varicose vein treatment based on GSV incompetence. CAC 

and QOL also represented a subfield of interest. 

The second search (Figures 4 and 5) showed that researchers were motivated to explore the 

reasons for technical failures and recurrences of EVTA procedures and open surgery in 

treating GSV and SSV incompetence around the end of the first decade of the 21st century. 

In trials, invasive open surgery was replaced by EVLA, RFA, and UGFS. Later, non-thermal 

ablation techniques gained more and more popularity. First was UGFS, and it evolved into 

MOCA. 

The last search was a surprise (Figures 6 and 7). The visualization showed only a thin 

centralized network around the keywords ’tissue’ and ’treatment effect.’ Papers were dated 

from 2010. Therefore, this is a very recent source of evidence. There were meeting points 

for glutaraldehyde, a polymerization agent for many tissue sealants such as bio glue, and for 

mussel, which is a basis for bioinspired adhesives. Biomaterials for novel tissue adhesion 

are under development and investigation. The efficacy and safe application in humans is the 

focus of research. 

 
 

Figure 2: Network analysis of the first search. 

 

 
Figure 3: Overlay visualization of the first search. 
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Figure 4: Network analysis of the second search. 

 
 

Figure 5: Overlay visualization of the second search. 

 

 
Figure 6: Network analysis of the third search. 
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Figure 7: Overlay visualization of the third search. 

 

 

4. DISCUSSION 

4.1. In general 

CVD resulting in limb swelling, itching, varicose veins, and leg ulcers have a tremendous 

socio-economic impact. CVD treatment modalities, especially saphenous reflux, have been 

evolving fields since the beginning of this century. This could be derived from the 

progressive nature of the disease and the lack of a "gold standard" technique. This may not 

be true because recommendations for treating GSV incompetence are always available, but 

recent evidence of evolving procedures (more efficient, less invasive) overwrite previous 

guidelines. Nowadays, endovenous glue seems the most appropriate option due to its non-

invasive nature and high efficacy in GSV reflux treatment. 

4.2. Interpretation of results 

It is essential to understand that CVD is a chronic progressive disease. The evolution of 

treatment was described well by the literature. Madelung and Narath introduced invasive 

open surgery in the 19th century [23]. It was revolutionized by Smetana-knife and Müller-

hook (further developed by Váradi) [23]. In terms of less invasivity, liquid and foam 

sclerotherapy (applied simultaneously or sequentially) replaced such methods in tributary 

elimination [23]. Stripping was introduced by Keller and Mayo in the first decade of the 20th 

century and was less invasive than previous surgical attempts to remove GSV [23]. It was 

later modified by Babcock and Oesch [23]. Cryostripping was an alternate to wire-stripping 

[23]. The first endovenous thermal ablation method was cryoslcerosis, developed by Milleret 

and LePivert in the 1980s [24], and it was forgotten before the era of EVTA. EVLA, RFA, 

and UGFS were introduced at the end of the 20th century and brought a real revolution in 

varicose vein treatment [25-32]. Nowadays, International, European and American 

guidelines suggest EVTA (EVLA and RFA) as the primary choice in GSV incompetence 

treatment. Steam ablation, MOCA, and CAC are under evaluation due to a lack of long-term 

results. Non-thermal ablation methods are good alternates to EVTA [33-35].   

4.3. Possible future direction 

There is an escalating need to develop more sophisticated tissue sealants that could provide 

many advantages over classical surgical efforts for tissue adhesion in wound closure and 

hemostasis. The perfect agent is tissue-specific and biocompatible. It offers controllable 

polymerization, adhesion, and cohesive sealing strength [36,37]. Natural (fibrin, albumin, 

and gelatin) and synthetic (cyanoacrylate, polyethylene-glycol, polyurethane, catechol, and 

methacrylic anhydride) polymer-based adhesives are known now [36,37]. There is no "gold 

standard" tissue sealant for different applications (hemostasis, wound closure, anastomosis 

strengthening, closure of veins and arterial defects, meniscus repair, dural closure) [37]. 

Some of the adhesives are commercially available, but there are efforts for evolving new 

agents due to the drawbacks of traditional products. 

Fibrin sealants have been in use for decades. These adhesives are composed of concentrated 

fibrinogen cryoprecipitate, factor XIII, and thrombin (this component - starter solution - 

contains calcium and antifibrinolytic agent). Fibrin sealants are non-toxic and provide good 

hemostasis, but they have weak and short-lasting adhesion due to complete absorption, and 

there is a risk for infectious disease transmission, allergic reactions, and coagulopathy due 

to antibody formation and embolization [36,37]. 

Crosslinked albumin adhesives are also commercially used. Two trademarks are composed 

of bovine albumin, and one product is manufactured from human albumin. These agents 

provide a good and rapid hemostatic effect due to mechanical sealing. The polyaldehyde or 
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glutaraldehyde component means the risk of cytotoxicity. The use of human albumin 

represents a concern of immunogenicity [36,37]. 

Gelatin-based glues have been in use since the 1960s. A polymerizing agent is also a type of 

aldehyde for commercially available products. These are low-toxic adhesives providing high 

bonding capability. There are novel chemical or photo-crosslinking gelatin sealants 

combined with other agents (alginate, kaolin with montmorillonite, xanthene dye, and 

ruthenium) under development [36]. 

Polyethylene glycol is a synthetic sealant. It provides good polymerization properties if 

adequate functional groups are applied. Hydrophilicity decreases the potential effect of these 

biocompatible adhesives in wet conditions [37]. Polyurethane adhesives provide improved 

biocompatibility due to isocyanate modification. However, carcinogenicity and toxicity are 

great concerns [37]. 

Cyanoacrylate is a cheap sealant providing a rapid and strong adhesion by a strong film due 

to the exothermic polymerization of cyanoacrylate molecules. Toxic degradation products 

(cyanoacrylate compounds and formaldehyde), besides limited strength in wet conditions, 

are the major drawbacks of this adhesive. [36,37]. 

Because of previous concerns about commercially available sealants, there are great efforts 

in the development of promising new glues. Natural-based biopolymers have human or 

animal origins which could lead to disease transmission and immune reactions [37]. 

Cithosan, a fungal and anthropoid polysaccharide, is a source of novel sealants that have 

promising haemostatic properties, providing stronger tissue adhesion than fibrin sealants. 

Researchers try to combine cithosan-based adhesives with other glue types to increase 

mechanical properties, solubility, and biosafety [37]. Aldehyde-linked dextran may be 

another tissue sealant with favorable hemostatic effects [37]. Biopolymers made of plants 

(photoactivatable Rose Bengal, Genipin) are promising agents for wound closure, especially 

in combination with other sealants [37]. 

Future research is directed towards evolving synthetic free radical polymerization agents. 

The process could be geared up by crosslinking initiators. Polymerization is induced by 

external light, heat, or ultrasound. Polymethyl methacrylate is a commercially available 

adhesive used in dental and spinal surgery. Allergic reactions represent a potential risk for 

this sealant. There are some promising products based on methacrylate combined with 

recombinant human tropoelastin or glycerol and sebacate acid. These polymers act well in 

wet conditions [37]. 

There are efforts to develop novel biomimetic adhesives mimicking mussel foot proteins. 

The catechol component of L-dihydroxy-phenylalanine has adhesive properties. Multiple 

covalent crosslinking results in a strong, cohesive effect. Tests showed good 

biocompatibility, strong adhesion, and instant hemostasis. Combinations of polyethylene 

glycol and dihydroxy-phenylalanine are another future direction to develop modified 

adhesive hydrogels [37]. 

Living glues are based on the biofilm formation of bacteria. Bacillus subtilis is the focus of 

genetic engineering. It produces biofilms under control in different locations, which can be 

a basis for a potential sealant for medical purposes [36]. 

The criteria for a novel desired biosealant are biocompatibility, appropriate wet bonding 

capabilities, biodegradation, good tension strength, and low cost. 

4.4. Limitations 

This work was based neither on a systematic review nor on a meta-analysis, and the authors 

did not analyze bias because it was not the aim to describe the present efficacy of known and 

widespread procedures or forecast any secure scientific direction. 

 

5. CONCLUSION 

CVD is widely investigated by researchers. An evolution from invasive open surgery 

(stripping) through EVTA to non-thermal ablation procedures could be discovered in the 

literature. There could be some versatile options for replacing cyanoacrylate in the future, 

but there are no clear paths to reach that point in scientific literature yet. 
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