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Abstract 
High-quality microvascular anastomosis is the foundation of successful mi-
crosurgery and one of the most important basic skills for microsurgeons. The 
traditional manual suture is recognized as the “gold standard” for microvas-
cular anastomosis, but it still has problems such as long operation time and 
easy to cause vascular damage. In order to improve the success rate of micro-
vascular anastomosis, reduce surgical complications and make the prognosis 
of patients better. In order to improve the success rate of microvascular anas-
tomosis and reduce the surgical complications, scholars at home and abroad 
have developed some new vascular anastomosis techniques that are simple, 
fast and minimally invasive while improving the traditional surgical suturing 
methods. In this paper, we review the microvascular anastomosis, and its ap-
plication research in two methods of traditional hand suture and non-suture 
anastomosis, in order to promote the application development of microvascu-
lar anastomosis. 
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1. Introduction 

With the rapid development of microsurgical techniques, clinical practice has 
evolved from simple finger (limb) transplantation to complex tissue reconstruc-
tion, achieving a comprehensive unity of function and aesthetics. In clinical 
practice, microvessels are defined as blood vessels with diameters usually less 
than 100 micrometers, including microarteries, microveins, and capillaries, and 
are the thinnest-walled vessels. Because of their extremely small vessel diame-
ters, microvascular anastomoses remain one of the most challenging and critical 

How to cite this paper: Wang, M.F., Guo, 
H.B., Zhang, G.X., Ruan, P. and Zhi, K.K. 
(2024) Development and Innovation of Mod-
ern Microvascular Anastomoses. Journal of 
Biosciences and Medicines, 12, 105-118. 
https://doi.org/10.4236/jbm.2024.1210011 
 
Received: September 13, 2024 
Accepted: October 12, 2024 
Published: October 15, 2024 
 
Copyright © 2024 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/jbm
https://doi.org/10.4236/jbm.2024.1210011
http://www.scirp.org
https://www.scirp.org/
https://doi.org/10.4236/jbm.2024.1210011
http://creativecommons.org/licenses/by/4.0/


M. F. Wang et al. 
 

 

DOI: 10.4236/jbm.2024.1210011 106 Journal of Biosciences and Medicines 
 

components of a successful anastomosis technique. French physicians first per-
formed a microvascular anastomosis using sutures in 1920. In the United States, 
the first generation of microsurgical instruments was developed in 1960, which 
successfully hand anastomosed tiny blood vessels of 1.6 mm in diameter [1]. 
With the development of technology, microvascular anastomotic coupling de-
vices (MACD) have already been an established technique for venous anasto-
mosis. However, the application of arterial MACD is controversial. The overall 
percentage of first-time arterial MACD procedures without perioperative compli-
cations, revision or thrombosis was 88.9% (569/640) in Adam et al. [2]. The Grad-
ing of Recommendations, Assessment, Development and Evaluation (GRADE) 
quality analysis showed low quality and significant heterogeneity of the meth-
odology. The use of arterial MACDs is a safe and effective alternative to manual 
suture anastomosis, and recent literature has shown excellent results. This has 
certainly taken the development of microvascular anastomotic devices a big step 
forward. 

Although microvascular anastomosis techniques are constantly undergoing in-
novation. However, at present, in clinical microsurgery operation, the anastomo-
sis of microvessels still mainly relies on manual suture technology. This process is 
not only complex, but also has a high technical threshold, which puts strict re-
quirements on the surgeon’s level of suturing, which makes it necessary to have 
extremely fine operation and high hand-eye coordination in the suturing process. 
The surgeon must accurately master the strength, angle, and spacing of the sutures 
to ensure the effective docking of blood vessels and smooth blood flow. The com-
plexity and precision of manual suturing make this technique still dependent on 
the surgeon’s experience and skill, which somewhat increases the difficulty and 
decreases the efficiency of microsurgical vascular anastomosis. 

To this end, we will highlight the research advances in microvascular anasto-
mosis from four perspectives: traditional microvascular suturing, microvascular 
mechanical anastomosis, vascular adhesives, and modified microvascular sutur-
ing techniques, as well as providing an outlook for the future of this field. 

2. Traditional Microvascular Suturing Technique and Method 

The key technique in microsurgery is microvascular anastomosis, and micro-
vascular suture anastomosis is still the gold standard in microvascular surgery 

[3]. Microvascular anastomosis has been developed for more than 60 years, and 
the most widely used technique in clinical practice is the standardised micro-
vascular anastomosis technique, which includes the following four require-
ments: 1) Avoiding luminal narrowing after anastomosis; 2) The endothelium 
on both sides of the dissection should be tightly connected; 3) Ensuring that the 
lumen of the blood vessel is smooth; 4) Minimising the direct contact between 
the suture material and the blood [4]. Currently, the commonly used traditional 
microvascular suture methods include interrupted suture, continuous suture 
and mattress suture. 
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2.1. Sutureless versus Interrupted Sutures 

The interrupted suture is the first used and most classic method, with the ad-
vantage of a low learning curve, applicability to arteriovenous and lymphatic anas-
tomoses, and a high patency rate. However, the interrupted suture method re-
quires repeating the same manoeuvre 4 to 6 times, and multiple knot tying results 
in a longer procedure time. In order to optimise the procedure time and improve 
efficiency, clinical researchers have proposed the continuous suture method, 
which not only reduces the procedure time, but also has a similar patency rate as 
the interrupted suture method. 

Sertg et al. [5] compared interrupted versus continuous suturing with conven-
tional knot tying and found that continuous suturing could reduce the operative 
time by 50%. However, there are potential disadvantages of continuous suturing: 
1) The anastomotic site may form a narrowing ring, resulting in anastomotic ste-
nosis due to excessive suture contraction, which reduces distal blood flow; 2) This 
technique leaves more suture material around the anastomosis, which increases 
the risk of the vessel wall coming into contact with the suture material, which may 
cause inflammation and even increase the risk of thrombosis. When anastomos-
ing large-calibre vessels, both interrupted and continuous suture methods require 
an increased number of sutures, which inevitably prolongs the duration of the 
procedure and leads to an increase in tissue ischemia and hypoxia. Multiple needle 
insertions and removals can damage the vessel wall and intima, increasing the risk 
of thrombosis, and asymmetric needle insertion can lead to anastomotic blood 
leakage and lumen narrowing. In microvascular anastomosis, the interrupted su-
ture method is significantly more difficult and requires more microsurgical skills 
from the surgeon, whereas the continuous suture method is not suitable because 
of its more obvious disadvantages. 

2.2. Maintaining the Integrity of the Specifications 

According to the results of a double-blind randomised study conducted by Sadick, 
it was found that small diameter and microvascular decubitus sutures enhance the 
quality of the anastomosis, and that modified decubitus sutures produced less hy-
pertrophic scar/scarring formation (2% vs 16%), less spread of wound scarring 
(6% vs 24%), and a higher level of patient satisfaction with their postoperative 
recovery (96%). However, occasional residual skin surface sutures can produce 
abrasion, suture breakage, local tissue necrosis, infection and reactive fibrosis at 
exposed suture sites [6]-[9]. When comparing simple sutures with mattress su-
tures, it was found that mattress sutures result in varying degrees of narrowing of 
the internal diameter of blood vessels, which affects blood perfusion to the distal 
tissues. Inadequate tissue blood perfusion may lead to infection and necrosis and 
liquefaction of the grafted (re)implanted tissue in the short term [10]-[12]. There-
fore, the disadvantages of the decubitus suture method are also obvious, as it tends 
to lead to luminal narrowing and thus more serious complications due to pulling 
the vessel wall over a longer distance. 
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2.3. Innovative Suturing Technique 

Innovative suturing techniques have also advanced microsurgery while promoting 
advances in microvascular anastomosis. The techniques of “continuous suture” and 
“posterior wall priority suture” can effectively shorten the operation time, reduce 
the number of sutures, and complete the anastomosis in deep tissues. The “para-
chute” technique proposed by Agko M et al. [13] improves knotting and simplifies 
suturing. Cigna E et al. [14] proposed the “PCA (Percutaneous Transluminal Cor-
onary Angioplasty)” technique for microvascular suturing, which was compared 
with the traditional interrupted suture method, and proved that the “PCA” tech-
nique not only saved time, but also was safe and reliable. Compared with the tra-
ditional interrupted suture method, the “PCA” technique not only saves surgical 
time, but also is safe and reliable. In addition, Volovici V et al. [15] proposed the 
“double-needle flap technique” for end-to-side anastomoses, which reduces the 
operating time and improves the efficiency of the suture, as well as ensures the 
flap of the vessel wall. Kuo S C et al. [16] further studied the microvascular anas-
tomosis technique and proposed the “multiple U technique”, which combines 
continuous horizontal mattress suture and interrupted knotting, leaving multiple 
“U” shaped sutures on both sides of the vessel, and then interrupted knotting with 
the sutures of the next anastomosis respectively. This technique combines contin-
uous horizontal mattress suturing and interrupted knotting, leaving multiple “U” 
shaped sutures on both sides of the vessel, which are then interrupted and tied to 
the next anastomotic suture, ensuring that the anastomosis is flared and the lining 
is in full contact, and is suitable for both arteries and veins. 

Although these innovative suturing techniques have achieved satisfactory results 
in animal experiments or clinical trials, they are often difficult to implement in 
microvascular anastomosis of small calibre due to the emphasis on fine manipula-
tion of their suturing techniques and their close relationship with blood vessels. 
Because of the constraints of small calibre and thin wall of microvessels and limited 
surgical space, these innovative suturing techniques are prone to damage the blood 
vessels easily, which may lead to the failure of vascular anastomosis, and therefore 
microvascular anastomosis remains one of the urgent problems to be solved in 
microsurgery. 

3. Microvascular Mechanical Anastomosis Method 

The technical threshold of microsurgery remains high as manual suturing of 
blood vessels is highly dependent on the experience and skill of the operator. On 
this basis, surgeons can only achieve higher anastomotic skills by training in seg-
ments with synthetic materials, isolated tissues and in animal experiments, and by 
accumulating experience over a long period of clinical practice. In order to reduce 
the difficulty of microvascular anastomosis and improve the quality of anastomo-
sis, people have been developing and improving microvascular anastomoses. 
Currently, the commonly used microvascular anastomoses in clinical practice 
include magnetic tubes, anastomotic clips, and ring anastomoses. Due to obvious 
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disadvantages, the internal fixation needle method and the trocar method have 
been abandoned and are rarely seen in the literature. 

3.1. Magnetic Tube 

Magnetic catheterisation is a new microvascular anastomosis produced by bond-
ing broken vessels together by means of a pair of specially designed magnetic 
rings. German scholars Klima U et al. [17] applied magnetic catheters in 32 cases 
of coronary artery bypass grafting and obtained a 100% patency rate. However, in 
China, there has not been any clinical study on the application of magnetic cath-
eters for microvascular anastomosis. Previous studies have found that traditional 
magnetic materials have weak magnetic energy, large size and poor biocompati-
bility. However , Shi Y et al. [18] achieved permanent implantation by cladding a 
layer of titanium on the surface of NdFeB, which not only improved the magnetic 
force but also reduced the size. Xue F et al. [19] experimented with splenorenal 
bypass transplantation in dogs with equally satisfactory results. 

3.2. Anastomosis Clip 

Vessel closure system (VCS) is a new method proposed by Kirsch WM et al. [20] 
in 1992, the basic principle of which is to achieve smooth anastomosis of vessels 
without penetrating the tube wall by mechanically tightening the ectopic vessel 
breaks together [21]. The clamping force of VCS is based on elasticity, and a snap 
structure is also used; the material is mainly nickel-titanium alloy, and adsorbent 
substances such as polytetrafluoroethylene can also be used. However, VCS has 
three major obvious defects: 1) The surgical requirements for vascular ectasia and 
alignment at the severed port are high, and the surgical operation is cumbersome 
and the auxiliary device is complicated, which is not easy to be applied repeatedly; 
2) The clamping force of VCS is difficult to be controlled, which may cause anas-
tomotic leakage in the light case, or rupture of anastomosis and stenosis of the 
anastomosis in the heavy case; 3) The non-absorbable material of VCS will lead to 
loss of growth and diastolic ability of blood vessels in the area, so it is not suitable 
for the use of VCS. 

3.3. Needle-Ring Anastomosis 

The needle-ring anastomosis is one of the most commonly used and well-estab-
lished microvascular anastomoses, and its basic principle is to form a ring of fine 
holes around the anastomotic rings. During the procedure, the severed vessel is 
suspended from the two anastomotic rings with an external flap and closed. This 
method has been clinically applied for many years and tested on animals, and has 
the following advantages: 1) Easy to operate without auxiliary tools; 2) Fast and 
can be operated on certain blood vessels under the human eye; and 3) Higher pa-
tency rate than the hand-stitching method. However, needle-ring fixation is not 
suitable for patients with atherosclerosis. Zhang Qiong used poly (lactic acid) and 
poly (caprolactone) to prepare biodegradable needle-ring microvascular anastomosis, 
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whose needle and ring were made of PLA, and the hot water at 50˚C could be 
contracted and wrapped to enhance the strength of the needle-ring system. It was 
confirmed by animal tests that this method could shorten the time needed for su-
turing and there was no statistical significance between the two compared with 
manual suturing. 

4. Vascular Adhesive Method 

Adhesion is a method of regenerating blood vessels by gluing broken vessels to-
gether. It has the advantages of being less invasive, easy to use, and faster anasto-
mosis, and is suitable for all types of microvascular anastomosis. The commonly 
used bioadhesives are fibrin glue, cyanoacrylate glue, BioGlue bioprotein glue, and 
a new tissue glue [22]. 

4.1. Fibrin Glue 

It is a collagen gel with fibrinogen as the main component which is a final step 
similar to the natural clotting process. This technology has the ability to promote 
cell growth, is non-toxic, bioabsorbable, biocompatible, and can control coagula-
tion and degradation time. Sacak et al. [23] found that combining biogel with ve-
nous cuffs significantly shortened anastomotic time, reduced bleeding, and did 
not have a significant effect on patency in a study on rats. However, due to its low 
mechanical strength, easy to form antibodies, cause coagulation dysfunction, 
prone to thrombosis, and prone to vascular embolism, there is no study on the 
application of fibrin gel alone as a microvascular anastomosis [24]. 

4.2. Cyanoacrylate Adhesives 

Cyanoacrylate gel can quickly react with alkaline media such as water, blood and 
human tissue, so that it quickly adheres to the surface of the target material, and 
then through exothermic polymerisation, a film is formed at the break, which ul-
timately achieves the purpose of anastomosis. Currently, cyanoacrylate gel has 
been widely used for wound closure, wound coverage and prevention of wound 
infection, and is expected to replace suture anastomosis. The effectiveness of this 
method has been confirmed in many studies [25]-[27]. However, its application 
in deep tissues is still in the preliminary stage of research due to its debated tissue 
toxicity. In addition, the low tensile strength of this adhesive may cause side effects 
such as asthma, deep burns and tissue necrosis [28]. 

4.3. BioGlue Bio-Protein Gel 

BioGlue Bio-Protein Gel is made of 45% BSA + 10% glutaraldehyde, which is co-
valently crosslinked to BSA (Bulked Segregant Analysis) by glutaraldehyde (Glu-
taraldehyde) to rapidly generate hydrogel and form a mechanical seal at the 
wound. Its main features are: 1) Strong adhesion, good sealing, can improve the 
tensile and shear strength of the product; 2) Room temperature storage, easy to 
use; 3) Good biodegradability. The U.S. FDA (Food and Drug Administration) 

https://doi.org/10.4236/jbm.2024.1210011


M. F. Wang et al. 
 

 

DOI: 10.4236/jbm.2024.1210011 111 Journal of Biosciences and Medicines 
 

approved BioGlue BioProtein Gel in 2001 for use as an adjunctive therapy for hae-
mostasis after open surgery on large vessels. The limitations of this technique are 
1) it needs to be performed in a blood-free zone and the blood in the target zone 
needs to be drained first; and 2) slow absorption, which can cause local inflam-
mation associated with tunica fibrosis, stenosis, and thrombosis [29]-[31]. There 
is now another breakthrough in BioGlue’s research. Yu K [32] has invented a bi-
oadhesive material inspired by spider webs and barnacles. It’s a moisture-resistant 
adhesive material that stops bleeding and promotes repair and healing of damaged 
tissues and organs. And it is very easy to use compared to its competitors, this 
nature-inspired adhesive holds promise for wound healing and bleeding control. 

4.4. Emerging Tissue Adhesive 

An ideal adhesive must meet the following conditions: 1) Be easy to handle and 
can be used on-site; 2) Have good mechanical elasticity and be able to adapt to a 
variety of different anastomotic modalities; 3) Have good biocompatibility; 4) 
Have suitable mechanical and physical properties, such as compressive, tensile, 
and shear resistance; 5) Have the ability to adhere to moist tissues or organs with 
high strength [33]. However, there is still a big gap between the bone glue used at 
present and the international standard, and it is necessary to study the existing 
bone glue. For example, conventional gelatin is used as raw material, and its hy-
drophobicity is improved by introducing dibutyldiimide, tartaric acid, polyeth-
ylene glycol, sodium alginate, etc., which enhances the gluing ability and bonding 
strength. Biomimetic glues are inspired by animals such as slugs, mussels, geckos, 
octopuses, etc., and can work under wet conditions [34]. In addition, Bacillus sub-
tilis (Bacillus subtilis) peritoneum is a carrier for self-regeneration and environ-
mental response [35]. However, the novel sealing materials are still in the experi-
mental research stage, and their adhesive properties and potential clinical appli-
cation risks are unknown. 

5. Improved Microvascular Suturing Technique and Method 

In clinical practice, traditional microvascular suturing techniques and methods 
often have difficulty in solving difficult problems such as asymmetric and deep 
microvascular anastomosis. In order to improve the quality of microvascular 
anastomosis, researchers have proposed a variety of improved suturing tech-
niques and methods for different application scenarios. 

5.1. Asymmetric Calibre Anastomosis 

The calibre of the vessels varies considerably from proximal to distal limb, espe-
cially at the branches, e.g. the diameter of the apical arteries in adults is 0.1 - 0.2 
mm, whereas the diameter of the proximal innominate arteries varies to 0.3 - 0.5 
mm. Surgeons need to use special methods of anastomosis for such vessel breaks 
with significant variations in calibre. Sleeve sutures (or cuff sutures) are used to su-
ture small-calibre vessels into large-calibre vessels and have a high rate of anastomotic 

https://doi.org/10.4236/jbm.2024.1210011


M. F. Wang et al. 
 

 

DOI: 10.4236/jbm.2024.1210011 112 Journal of Biosciences and Medicines 
 

patency. Studies by Ensninger SM et al. [36], Rowinska Z et al. [37] have shown 
that the sleeve suture is an alternative technique to end-to-end anastomosis for 
vessels with diameters of less than 1 mm and has been successfully used in a rat 
model. Zou YQ et al. [38] applied end-to-end anastomosis, cuff suture and cuff 
suture techniques to mouse models of grafted vessels, respectively, and found that 
the cuff suture technique not only significantly shortened the time for anastomo-
sis of microvessels, but also had certain advantages in terms of bleeding and pa-
tency rate. However, this method requires vessel length and calibre, and is not 
applicable to microcalibre vessels; sufficient vessel length is needed for the snap-
ping of the broken ends, and the calibre of the proximal vessel needs to be smaller 
than or equal to that of the distal end in order to be operated. In addition, this 
method may theoretically lead to anastomotic stenosis. 

Another approach to asymmetric microvascular anastomosis is to expand the 
calibre by side-cutting small vessels to facilitate the anastomosis. This method is 
called “fish-mouth suture”, which is suitable for cases where the difference in cal-
ibre between the two ends is not more than half. Chung SR et al. [39] further pro-
posed a four-cornered fish-mouth suture technique, and compared it with the tra-
ditional interrupted suture method through animal experiments, and found that 
the four-cornered fish-mouth suture technique not only reduced the number of 
sutures, but also shortened the operation time and reduced vascular complica-
tions. number of times, shorten the operation time, and also reduce the vascular 
complications. For large-calibre vessel dissection, the calibre can be reduced by 
oblique incision for anastomotic purposes. Although these methods are easy to 
operate and the anastomosis is fast, the secondary injury to the vessel may cause 
anastomotic thrombus and anastomotic leakage, so they are not suitable for the 
case where both severed ends are small-calibre vessels. Bali Z U et al. [40] success-
fully completed 12 free tissue grafting surgeries by obliquely placing the vascular 
clips to make the large-calibre vessels smaller, and the results showed that all the 
flaps successfully survived.  

5.2. Shaped Microvascular Anastomosis 

Based on the traditional method of microvascular anastomosis, the trapezoidal 
bisection method proposed by Feng Yagao and others [41] was modified, which 
can effectively reduce the loss of the inner and outer vessel membranes. The spe-
cific method is to cut off a small isosceles triangle at the 0˚ and 180˚ positions of 
the severed end of the vessel, so that the severed end is in the shape of a symmet-
rical trapezoid, which is more convenient for suturing after distinguishing the ves-
sel level. Animal experiments and clinical trials verified the feasibility of this 
method. Li Tao et al. [42] studied the “T-shaped” microvascular anastomosis 
formed by the main stem of the peroneal artery and its perforating branches, and 
the results showed that the flaps of nine patients with limb defective wounds re-
paired by this method were all viable after the operation, and the therapeutic effect 
was satisfactory. The “sliced-pants” technique, proposed by Nicolaides M et al. 
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[43], allows suturing to larger recipient vessels by incising the sidewalls of the 
main vessel and the branch vessels so that the two luminal diameters form a uni-
form lumen. These methods are more in line with the principle of personalised 
treatment by altering the shape of the vascular cross-section to suit a particular 
situation or to achieve a specific purpose. While expanding the calibre of micro-
vascular anastomosis, they also place higher demands on vascular trimming tech-
niques, requiring the operator to have extensive experience in microvascular anas-
tomosis for successful completion of the procedure. In addition, increasing the 
number of microvascular anastomotic needles also increases the risk of throm-
bosis, which makes it difficult to be widely used in clinical practice. 

5.3. Laser-Assisted Vascular Anastomosis 

Laser-assisted vascular anastomosis (LAVA) requires the selection of appropriate 
laser parameters (wavelength, spot size, energy density, etc.) based on the size of 
the vessel to be anastomosed and matched to the welding material and time. Dif-
ferent types of lasers have different wavelengths, i.e., variations in depth of pene-
tration [44]. The most common lasers currently available are carbon monoxide 
lasers, Nd: YAG, semiconductor lasers and argon lasers. Weld material (Solder), 
also called enhancer, is an excipient that absorbs laser light at specific wavelengths 
and has the ability to mitigate vascular damage and enhance anastomotic stability. 
From the initial liquid form (e.g., blood), later semi-solid materials such as fibrin, 
methylene blue-based proteins, and protein/dye mixtures [45]. In recent years, the 
use of solid brazing materials based on poly (lactide-co-glycolide) PLGA (poly 
(lactide-co-glycolide) PLGA) and polyethylene oxide (polyethylene oxide, PEO) 
can effectively reduce the difficulty of the surgery and postoperative complica-
tions. Currently, there are few clinical applications of this technique, and in-depth 
studies on laser parameter setting, brazing material selection, and biosafety are yet 
to be carried out. Leclé et al. [46] achieved microvascular anastomoses of less than 
15 mm using semiconductor laser-assisted manual suturing in 11 hand surgery 
patients. 

5.4. Tissue-Engineered Blood Vessels 

When severe trauma is repaired, heart bypasses are performed, or there is a lack 
of adequate blood vessels, a portion of the blood vessel is often extracted from the 
patient, which can increase the patient’s pain. Tissue-engineered blood vessels 
(TEBVs) are a new type of vascular material. From glass and metal tubes at the 
beginning of the twentieth century to today’s fluoropolymers used to repair large 
arteries in the human body, their diameters are usually more than 1 cm. Thinner 
tube diameters can lead to thrombosis and endothelial proliferation. Although 
much progress has been made in engineering vascular grafts for large and small 
diameter arterial repair or bypass grafts, extending these results to the microsur-
gical size scale has been challenging. 

Currently, there has been considerable progress in the study of small-calibre 
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vascular microsurgery. Li et al. [47] preimplanted vascular endothelial cells into 
collagen tubes to make 1 mm diameter TEBVs, which were implanted into femo-
ral arteries and femoral veins of mice. The endothelialised dense collagen tubes 
could remain patent for up to 7 days after microvascular microsurgery without 
the addition of any anticoagulant drugs. Kimicata et al. [48] prepared biomixed 
blood vessels with a diameter of 1 mm by combining decellularised pericardial 
extracellular matrix with polypropylene fumarate. Jirofti et al. [49] used poly (ter-
ephthalic acid) tetramethylene terephthalate (PET), polyurethane (PU) and poly-
caprolactone (PCL) composite to prepare TEBVs with good circumferential stress, 
fracture pressure and structural flexibility. 

6. Summary and Outlook 

In the development of microvascular anastomosis, the traditional microvascular 
suture technique is still the foundation, which mainly includes interrupted and 
continuous suture, mattress suture and other methods. These traditional methods 
are widely used in clinical practice due to their reliability and universal applica-
bility. However, as microsurgical techniques continue to advance, innovative su-
turing techniques are emerging. These new techniques include, but are not limited 
to, the use of biomaterials and mechanically assisted anastomoses, which provide 
more options for microsurgery. These innovative approaches have not only demon-
strated the potential to improve the quality and efficiency of suturing, but have 
also contributed to the development and optimisation of microvascular anasto-
mosis by reducing the difficulty of the operation, increasing the efficiency of the 
procedure and reducing the incidence of postoperative complications. 

Among the microvascular mechanical anastomosis methods, the magnetic tube 
method, anastomotic clip method, and needle loop method each have their own 
characteristics, which have significantly improved the anastomosis efficiency and 
effectiveness. In addition, the vascular adhesive method is constantly developing, 
and adhesives such as fibrin glue, cyanoacrylate glue, and BioGlue bioprotein glue 
provide reliable choices for vascular anastomosis, and the emerging tissue adhe-
sives have injected new vitality into this field. In terms of improved microvascular 
suturing techniques, new techniques such as asymmetric calibre anastomosis, 
shaped microvascular anastomosis and laser microvascular anastomosis are being 
gradually promoted and applied. Meanwhile, the research on tissue-engineered 
blood vessels has also made remarkable progress, providing more possibilities for 
the future development of microvascular anastomosis. 

In summary, although microvascular anastomosis technology is developing at 
a high speed, it is still at a very early stage, and there is still a long way to go before 
it enters the clinic and becomes commercialised. It is believed that with the con-
tinuous maturation of microscopic technology and the deepening of related re-
search, the difficulties hindering the application of microvascular anastomosis will 
be solved eventually. By then, microvascular anastomosis technology will play an 
important role in microsurgery. 
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