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Abstract

This review comprehensively examines current intestinal anastomosis techniques. Traditional manual suturing 
methods, including intermittent and continuous sutures, provide high flexibility but but vary in infection risk and 
operation time. Continuous suturing is particularly effective in reducing operative time and infection risk. Suture 
materials include non-absorbable sutures, absorbable sutures, and natural materials, with absorbable sutures the 
most preferred for intestinal anastomosis. Mechanical anastomosis has gained widespread adoption, featuring 
both linear and circular metal staplers. Linear staplers are simple to operate, while circular staplers better align 
with physiological structures. Materials used in staplers include non-degradable metals (e.g., titanium, titanium al-
loy) and biodegradable anastomosis (e.g., magnesium alloy). Metal nail anastomosis often results in fewer compli-
cations than manual suturing in specific surgeries. Magnetic pressure anastomosis, relying on magnet attraction, 
has been successfully applied in clinical scenarios following extensive research. The adhesive-based approach 
involves medical adhesives such as cyanoacrylate and fibrin glue, offering auxiliary support for anastomosis. 
Energy tissue welding encompasses laser and radio frequency energy tissue welding. While laser welding poses 
a risk of thermal damage, radio frequency welding offers significant advantages, including faster, seamless anas-
tomosis with reduced complications. The support method for intestinal anastomosis is a novel concept, involving 
the addition of support materials to the original anastomosis. It can be divided into composite and simple support 
methods. The simple support method, as evidenced by the “degradable internal scaffold method for digestive 
tract anastomosis” developed by Cai et al. in China, has demonstrated promising results in animal experiments. In 
conclusion, selecting the appropriate intestinal anastomosis technique depends on clinical scenarios to optimize 
surgical outcomes and reduce complications. The diverse technological advancements reviewed here present 
valuable opportunities for enhancing the quality and safety of intestinal surgery.

Keywords: Intestinal anastomosis technique, manual suture, mechanical anastomosis, magnetic pressure anasto-
mosis, support anastomosis

Highlights
● Continuous suturing in traditional manual suturing shortens operation time and reduces infection risk. Absorb-
   able sutures are preferred for intestinal suturing and anastomosis to minimize foreign body reactions.
● Mechanical anastomosis with linear and circular metal staples offers distinct advantages, while new biodegrad-
   able staples demonstrate good performance.
● Magnetopressure anastomosis, leveraging magnetic attraction, has shown success in specific scenarios, provid-
   ing innovative approaches to intestinal anastomosis.
● Radio frequency energy tissue welding technology enables rapid, seamless intestinal anastomosis, with 
   fewer complications and holds strong potential for future applications.
● The support method for intestinal anastomosis, particularly the “degradable internal stent anastomosis” using a 
   simple support method, shows significant promise in animal studies. 

 

I Introduction

Intestinal anastomosis is a fundamental surgi-

cal procedure that every general surgeon must 
master. It is among the most common proce-
dures in abdominal surgery. Various methods of 
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intestinal anastomosis have evolved, including 
manual suture, metal nail device anastomosis, 
and “seamless closure technology”. Despite 
advancements, these techniques cannot en-
tirely eliminate complications such as anasto-
motic leakage and stenosis [1]. Moreover, with 
the advent of the “minimally invasive era” in 
modern surgery, higher standards for intestinal 
anastomosis have been established [2, 3].

Manual suturing remains a cornerstone tech-
nique in intestinal anastomosis, relying heavily 
on the surgeon’s skill to accurately align and 
suture the intestinal tissues. The two primary 
suturing methods are interrupted and contin-
uous suture. Interrupted suturing offers high 
flexibility, allowing adjustment to accommo-
date the wound’s specific characteristics and 
facilitating effective wound observation during 
the healing process. However, this method is 
often time-consuming and more prone to infec-
tion. Conversely, continuous suturing reduces 
operative time, lowers infection risk, evenly 
distributes tissue tension, and minimizes the 
formation of dead spaces [4]. The selection of 
suture material is also critical to the success 
of manual suturing. Available materials include 
non-absorbable and absorbable sutures, as 
well as natural options. Each material offers 
distinct properties that influence the efficacy 
of the anastomosis and the patient’s recovery 
trajectory [5].

However, traditional manual stitching is not 
without limitations. The procedure is relatively 
complex, necessitating a high level of techni-
cal proficiency and experience. Furthermore, 
it is time-consuming and associated with an 
increased risk of intraoperative bleeding, which 
increases the complexity and risk of the opera-
tion. To address these challenges, mechanical 
anastomosis methods, particularly metal sta-
plers, have been developed, marking a signifi-
cant advancement in intestinal anastomosis [6]. 
Mechanical anastomosis instruments include 
linear and circular staplers. Linear staplers are 
known for their simplicity and efficiency, while 
circular staplers are designed to align with the 
intestine’s physiological structure, reducing the 
risk of anastomotic stenosis. The use of sta-
plers has demonstrated clear benefits over tra-
ditional suturing techniques, including shorter 
operation times, fewer postoperative complica-
tions, and reduced patient discomfort [7]. Fur-
thermore, the development of biodegradable 
staples offers new possibilities for improving 
intestinal anastomosis [8].

Despite the acknowledged benefits, mechanical 
anastomosis also has drawbacks. For instance, 

permanent titanium staples may induce inflam-
matory responses and lead to severe compli-
cations [9]. Consequently, exploring innovative 
anastomosis techniques has emerged as a 
focus in intestinal surgery research. Magneto-
pressure anastomosis utilizes magnetic attrac-
tion to create an intestinal anastomosis, thus 
eliminating the need for permanent foreign 
bodies and introducing a novel approach to this 
procedure. The intestinal adhesion method, 
involving medical adhesives such as cyanoacry-
late and fibrin glue, serves as a supplementary 
technique to enhance anastomosis strength 
and reduces the risk of anastomotic leakage 
[10, 11]. Energy tissue welding technology, in-
cluding laser welding and radio frequency (RF) 
energy tissue welding, employs energy sources 
such as light and electricity to achieve seam-
less anastomosis. Additionally, the concept of 
support-based anastomosis methods, which 
includes both composite and simple support 
techniques, offers an innovative strategy for in-
testinal anastomosis with promising potential.

Despite significant advancements in intestinal 
anastomosis technology, several challenges 
remain. Key research areas include improv-
ing anastomosis quality and safety to reduce 
postoperative complications and optimizing 
the selection of anastomosis methods and ma-
terials based on individual patient needs. This 
article aims to provide a comprehensive review 
of the current status and research progress of 
intestinal anastomosis technology. It evaluates 
the advantages and disadvantages of various 
techniques and offers insights into both re-
search and clinical practice. The ultimate goal 
is to drive the continuous development and 
refinement of intestinal anastomosis methods, 
contributing to improved patient outcomes.

II Review progress

Traditional manual stitching

Traditional intestinal suture methods

Intestinal anastomosis is a critical step in sur-
gical procedures, with the successful healing 
of the anastomosis significantly influencing 
surgical outcomes. Contemporary suturing 
techniques primarily include interrupted and 
continuous suture methods.

Interrupted sutures vs. continuous sutures

The history of manual suturing dates back to 
ancient China, where the renowned physician 
Hua Tuo is believed to have invented Ma Boiling 
Powder to aid in patient recovery. Since the 
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19th century, research on manual sutures for 
intestinal anastomosis has progressed rapidly 
[12]. Interrupted suturing is considered a clas-
sic method due to its high flexibility. Each stitch 
is independent, allowing for adjustments based 
on the wound’s specific conditions. Further-
more, it can be applied to wounds of various 
sizes and shapes and facilitates better obser-
vation of the healing process, enabling early 
detection and treatment of complications. How-
ever, a notable drawback is its susceptibility to 
infection, as dirt and debris can accumulate 
between knots, necessitating regular clean-
ing. Additionally, intermittent suturing is more 
time-consuming than continuous suturing since 
each knot must be tied individually.

To enhance efficacy and reduce operative time, 
the continuous suture method was developed. 
This method not only shortens the operation 
time but also maintains an intestinal patency 
rate comparable to that of interrupted sutures. 
Sert et al. conducted a comparative study, 
demonstrating that continuous suturing could 
reduce operation time by 50% [4]. The benefits 
of this method mainly include even distribution 
of tissue tension and tighter incision closure.

Suture material

A wide variety of sutures is used in manual 
suturing, all of which must meet specific cri-
teria. First, sutures must be universal, sterile, 
non-electrolytic, non-allergenic, and non-car-
cinogenic to prevent bacterial growth. Second, 
sutures should be easy to handle, provide 
secure knotting without wear or cutting, and 
maintain adequate tension and strength. Third, 
for intestinal suturing, the material should be 
absorbed by the body, triggering only a mild bi-
ological response or no response [13].

Non-absorbable sutures

Non-absorbable sutures provide long-term 
support for tissues requiring sustained rein-
forcement, such as in cardiac or macrovascular 
surgeries. However, their use in intestinal anas-
tomosis is limited due to the risk of chronic 
inflammation and foreign body granulomas 
formation. Nylon, a synthetic polyamide known 
for its high strength and durability is associat-
ed with a significant tissue reaction. Polyester, 
a synthetic polyethylene terephthalate, offers 
strength and longevity but also provokes a large 
tissue reaction.

While non-absorbable sutures offer advantag-
es in scenarios requiring long-term support, 
their propensity to trigger substantial tissue 

reaction makes them less suitable for intestinal 
suturing. This limitation is primarily due to their 
foreign body response, a characteristic that re-
stricts their broader application in this context.

Absorbable sutures

Absorbable sutures are designed to be ab-
sorbed by the body gradually, reducing the risk 
of long-term foreign body reactions. They are 
particularly recommended for intestinal anas-
tomosis. VicrylPlusTM, developed by Zhao et al. 
in 2008, contains triclosan, an antimicrobial 
agent, effectively inhibiting bacterial growth 
around the sutures [14]. Biosutures, synthe-
sized by Pascual et al. in 2008, is a novel su-
ture that uses adipose-derived mesenchymal 
stem cells for cladding, promoting intestinal 
healing through stem cell differentiation [15]. 
V-LocTM, featuring a barbed design that intro-
duced in 2009 by Demyttenaere et al., elimi-
nates the need for knotting, thereby reducing 
the risk of anastomosis disruption by knotting. 
This design facilitates the suturing operation 
under laparoscopic or robotic assisted suturing, 
enhancing the ease and efficiency of the proce-
dure [5, 16].

Natural materials

While synthetic materials dominate modern 
surgical sutures, natural materials continue 
to hold clinical value in specific contexts. Silk, 
composed of silk fibroin, a protein with high ten-
sile strength offers durability but are associated 
with a significant tissue reaction. Additionally, 
its rapid water absorption nature can lead to 
swelling, limiting its use in contemporary intes-
tinal anastomosis. Catgut (Gut), made from an-
imal tendon collagen, is absorbable; however, 
its short absorption time and propensity to elic-
it tissue reactions have reduced their frequency 
of use in modern practice. Recent innovations 
have introduced multifunctional sutures. For 
instance, antimicrobial-coated sutures, coated 
with substances like triclosan, can significant-
ly reduce the risk of wound infection, making 
them suitable for surgeries with a high risk of 
contamination. Smart sutures, which integrates 
nanotechnology and shape memory materials, 
enable real-time monitoring of wound condi-
tions and can release medications on demand, 
promoting targeted and accelerated healing.

Intestinal mechanical anastomosis

Metal nail stapler

Metal nail staplers are designed to apply pres-
sure to deploy staples that reconnect tissues 
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through staple deformation, achieving tissue 
anastomosis. Different structural types, includ-
ing linear and circular staplers, are developed 
to match the physiological characteristics of 
specific anatomical sites.

Linear staplers

The conventional manual suturing techniques 
are often time-consuming, with a higher risk 
of intraoperative bleeding. In recent years, 
gastrointestinal staplers, particularly linear 
staplers, have become increasingly popular 
for lateral anastomosis or when tissue resec-
tion and anastomosis are required. Common 
applications include: gastrointestinal bypass 
procedures (e.g., gastrojejunal anastomosis) 
to create a wide anastomosis; partial intestine 
resection with posterior anastomosis to prevent 
intestinal lumen narrowing; and rectal stump 
closure during low anterior rectal resection. 
The mechanism of action of linear staplers in-
volves inserting two rows of interlaced staples 
into the intestinal wall, facilitating efficient and 
neat anastomosis. They are simple to operate, 
enabling quick anastomosis and producing a 
clean anastomotic line. The selection of stapler 
depends on the intestinal diameter and specific 
surgical requirements. For instance, in colon 
surgery, a linear stapler with a longer staple 
chamber and wider stich spacing may be more 
suitable to accommodate the larger diameter 
of the colon.

Circular staplers

Circular staplers are frequently used for the 
end-to-end anastomosis of the intestine, offer-
ing distinct advantages in specific surgical sce-
narios, including esophagogastric anastomosis, 
colorectal anastomosis (especially in cases 
of narrow pelvic space), and ileal pouch-anal 
anastomosis to maintain mucosal alignment in-
tegrity. The mechanism of action involves a nail 
seat and a nail bin, where the broken ends of 
the intestine are secured. Upon firing, a circu-
lar stapler anastomosis is achieved in a single 
step. The primary benefit of circular staplers 
is their ability to create a round anastomotic 
connection that closely matches physiological 
structures, thereby reducing the risk of anasto-
motic stenosis.

However, it is important to note that circular 
staplers are not without limitations. For in-
stance, there is a potential for for incomplete 
anastomosis or leakage if not properly aligned. 
Besides, the cost of circular staplers is rela-
tively high, which increases the overall cost of 
surgery.

Anstomosis Material

Traditional non-degradable anastomoses

Titanium and titanium alloys are widely used 
in traditional non-degradable anastomoses, 
offering several advantages for gastrointesti-
nal anastomosis. Titanium, with a density of 
approximately 4.5 g/cm³ at room temperature, 
provides the ideal balance of strength and 
lightness, allowing anastomosis nails to remain 
in the body long-term without adding undue 
stress. The non-magnetic nature of titanium al-
loys renders them well-suited for gastrointesti-
nal anastomoses, especially in scenarios involv-
ing magnetic resonance imaging environments. 
The low elastic modulus of titanium alloys 
enables the material to deform under external 
forces, which is critical for forming anastomotic 
pinching and reducing the risk of postoperative 
leakage. Titanium alloys exhibit excellent resis-
tance to erosin by biological fluids, including 
intestinal fluid, which ensures long-term dura-
bility. Furthermore, high mechanical strength 
and toughness can maintain the structural 
stability and functionality of anastomosis nails 
in complex human environments. Titanium al-
loys such as Ti-3Al-2.5V and Ti-6Al-4V exibit en-
hanced mechanical properties while retaining 
the excellent biocompatibility and corrosion re-
sistance of pure titanium by adding aluminium 
and vanadium. In the domain of general sur-
gery gastrointestinal reconstruction, titanium 
alloys are extensively utilised in the fabrication 
of anastomosis nails, aiding in reliable tissue 
fixation and effective reduction of postoperative 
complications. However, the permanent pres-
ence of titanium in the human body is associ-
ated with certain drawbacks, such as imaging 
artifacts in CT, which could potentially lead to 
misdiagnosis, and postoperative complications 
like congestion, inflammation, and the risk of 
developing hepatic granulomas [9, 17, 18].

Biodegradable anastomoses

Magnesium alloys have a long history of bio-
medical exploration, with the earliest docu-
mented use dating back to 1907. Zheng et al. 
implanted tubular magnesium connectors in 
the stomach and intestines of dogs, demon-
strating the preliminary feasibility of magne-
sium-based implants in the gastrointestinal 
tract [19]. Nevertheless, the support duration 
and degradation rate of these implants were 
highly dependent on their anatomical position 
and size. Consequently, the utilisation of mag-
nesium alloy in clinical settings necessitates 
careful consideration of the clinical titanium 
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staple diameter of 0.3 mm, balancing the chal-
lenge between effective tissue engagement 
and optimal device degradation time. Modern 
advancements in magnesium alloys processing 
have revitalized interest in their clinical appli-
cations, particularly in gastrointestinal anas-
tomosis. Research has focused on enhancing 
the mechanical strength and biodegradability 
of high-purity (HP) Mg and its alloys. In 2016, 
Wu et al. developed a novel HP Mg anasto-
mostomosis device [7]. Qu et al. evaluated the 
biocompatibility and degradation behaviour of 
HP Mg staples in small intestinal anastomosis, 
showing reduced inflammatory responses [20]. 
Xu et al. reported that adjusting local Mg2+ ion 
concentrations could potentially support an-
ti-tumor therapy [21]. These reports highlight 
an innovative application of biodegradable 
magnesium-based materials with numerous 
benefits.

Recent studies suggest that there is no differ-
ence in the complication rate between metal 
nail anastomosis and manual suturing in gas-
trointestinal anastomosis, small intestine anas-
tomosis, and colonic anastomosis [6, 22-25]. 
However, the complication rate of esophago-
gastric anastomosis and ileocolic anastomosis 
is lower with metal nail anastomosis than that 
with manual suturing, which may be related to 
the improvement of stapler manufacturing pro-
cesses [26, 27].

Pressurized anastomosis

Regardless of whether manual suturing or 
mechanical stapling is used, both methods 
introduce foreign materials to close the intes-
tinal tube, leading to the presence of a foreign 
body at the anastomosis [28]. In contrast, 
compression anastomosis; the third generation 
of anastomosis techniques, offers a method 
that potentially reduces foreign body residues. 
This technique is particularly advantageous in 
intestinal stricture or complex anatomical struc-

tures, where avoiding foreign body presence 
is crucial. Common applications include low 
recto-anal anastomosis, duodenal, and jejunal 
anastomosis.

The origins of compression anastomosis date 
back to the early 20th century, with early ex-
periments involving compression rings for in-
testinal anastomosis. In 1826, Lambert et al. 
pioneered the use of compression anastomo-
sis rings, demonstrating the feasibility of this 
approach [29]. Denan subsequently achieved 
a seamless intestinal anastomosis using a 
compression ring in late 19th century. In 1892, 
Murphy invented the “Murphy Button,” a metal 
anastomosis ring that applied pressure to the 
anastomotic wall, causing tissue atrophy and 
necrosis, and allowing the compression ring 
to eventually detach and enter the intestinal 
lumen [30]. While effective, the high cost and 
complexity of the procedure limited its wide-
spread adoption (Figure 1) [31]. In the 1980s, 
research shifted towards magnetic compres-
sion anastomosis rings for intestinal anasto-
mosis [32]. The feasibility and effectiveness of 
this technique were demonstrated in studies 
[33]. In 1984, the “AKA-2” compression anas-
tomosis ring was developed by Kanshin et al. 
and gained clinical acceptance [34]. Material 
science advancements in the 1990s led to the 
creation of the Valtrac BAR, a biodegradable 
compression anastomosis ring (Figure 2A) [31]. 
Its anastomosis principle is similar to that of 
the “Murphy button”, but with notable improve-
ments: reduced tissue ischemia and necrosis 
as well as low incidence of anastomotic steno-
sis. However, the Valtrac BAR technique is tech-
nically demanding. Surgeons must accurately 
select the size of the anastomosis ring based 
on intestinal tube diameter and intestinal wall 
thickness. The gap between the rings must be 
adjusted manually, relying heavily on the sur-
geon’s experience.

The development of memory alloy pressurized 

Figure 1. Murphy Button and its operational functionality. (A) Murphy Button in general; (B) Exploded view of the 
Murphy Button; (C) Schematic diagram of the Murphy Button at work. This figure is adapted from [31].
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anastomosis rings represents a significant ad-
vancement in compression anastomosis tech-
nology. The Nitinol memory alloy pressurized 
anastomosis ring (Figure 2B) was authorised 
by the China Food and Drug Administration for 
clinical application [31]. Fudan University Can-
cer Hospital successfully completed the first 
clinical anastomosis in Asia using this technolo-
gy. The Nitinol ring remained in the body for 12-
18 days, effectively reducing the risk of anasto-
motic inflammation [35].

Despite its advantages, the pressurized stapler 
technique presents several technical challeng-
es, particularly related to the precise alignment 
of magnets. The dynamic peristalsis of the 
intestines poses a significant obstacle to the 
accurate placement of magnets within the in-
ternal environment. One potential solution is to 
employ advanced imaging techniques, such as 
intraoperative real-time ultrasound imaging, to 
enhance the visualization of magnet position-
ing, promoting more accurate alignment during 
anastomosis procedures. Additionally, the vari-
ability in intestinal anatomy, such as curvature 
and thickness, affect the effective alignment of 
the magnetic field. To address this, developing 
magnet systems capable of adjusting magnetic 
strength and field direction could accommodate 
anatomical variations among patients, thereby 
improving the success rate of pressurized sta-
pler anastomosis.

Intestinal adhesion method

Medical adhesives used in intestinal anasto-
mosis can be broadly categorized into two main 
types: chemical glue (primarily α-cyanoacrylate 
adhesives; e.g., OB and EC glues) and biologi-
cal glue (e.g., fibrin sealants).

Cyanoacrylate adhesives

The binding mechanism of cyanoacrylate adhe-
sives involves interaction with proteins present 
in all cellular structures. Organic amines act 
as catalysts in the polymerisation of cyanoac-
rylate monomers, allowing for rapid curing at 
room temperature. The natural moisture in the 
body further accelerates the curing process. 
Conversely, due to its nature as an ester com-
pound, cyanoacrylate demonstrates reduced 
bonding strength in wet conditions, limiting its 
use in organs with secretory functions, such as 
the digestive tract. Currently, α-cyanoacrylate 
is used solely as an adjunct to manual suturing 
or instrumental anastomosis, serving primarily 
to reinforce anastomosis and reduce the risk of 
anastomotic leakage [10, 36].

Fibrin gule

Fibrin glue is primarily composed of fibrinogen 
and thrombin, which work together to form a 
fibrin network upon application to intestinal 
tissues. When thrombin activates fibrinogen, 
this network traps surrounding cells and tis-
sues, forming a stable adhesive structure that 
bonds effectively with the intestinal tissue. The 
fibrin glue offers several advantages, such as 
reducing operation time and complexity and mi-
nimising tissue damage. However, it is import-
ant to note that fibrin glue does have certain 
drawbacks. Firstly, the adhesive strength of 
fibrin glue is low compared to traditional suture 
methods, making it unsuitable for high-tension 
applications. Secondly, it is more expensive 
and requires special storage and handling 
conditions. Currently, fibrin glue is primarily 
used as an adjuvant in intestinal anastomosis. 
Subsequent to manual suturing or instrumental 
anastomosis, it reinforces the anastomosis and 
helps reduce the risk of anastomotic leakage. 
In recent years, there have also been reports of 
“seamless” intestinal anastomosis using fibrin 
glue-coated collagen patches or fleece [11, 37].

Figure 2. Several typical pressurized anastomosis devices. (A) Valtrac BAR; (B) Ni-Ti memory alloy pressurized 
anastomosis ring. This figure is adapted from [31].
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Energy tissue welding

Energy tissue welding anastomosis involves 
applying heat energy to tissues using light, 
electricity, and other energy forms. This process 
alters the molecular structure of tissue pro-
teins, enabling tissue connection. Two primary 
methods in this domain are laser welding and 
RF energy tissue welding.

Laser welding

Laser energy was among the first energy-based 
methods explored for tissue welding. Compared 
to conventional manual sutures and mechan-
ical anastomosis, laser welding produces a 
smoother intestinal wall surface and eliminates 
foreign body residues, reducing the likelihood 
of postoperative complications [38]. In the 
1960s, Yahr proposed the concept of laser 
tissue welding [39]. Subsequent research by 
Cochrane  demonstrated that laser anastomo-
sis in rat colons achieved anastomotic strength 
comparable to manual sutures within 7 days 
post-surgery [40]. Yamada conducted intesti-
nal closure tests on sick cats and dogs using 
various laser types, and optimal results were 
observed at laser power settings of 6-10 W [41]. 
To boost anastomotic strength, researchers de-
veloped techniques to apply biological coatings 
to the anastomosis site during laser welding. 
These coatings, such as proteins, help regulate 
laser energy release by providing feedback sig-
nals [42]. Huang et al. used elastin as a binding 
agent to laser weld the ruptured porcine small 
intestine, and the experimental results showed 
that the use of elastin significantly improved 
the tensile strength and burst pressure of the 
welded intestinal tissue [43].

Ultrasound energy

Ultrasound energy involves sound waves with 
frequencies above 20 kHz, which transmit ener-
gy through mechanical vibrations. When ultra-
sound is applied to biological tissues, it produc-
es mechanical, thermal, and physicochemical 

effects, contributing to tissue cutting and anas-
tomosis. The mechanisms of action include 
the following asepects. Oscillatory movement: 
ultrasound induces vibrations that lead to the 
vaporization of water molecules in tissues; the 
protein structure is disrupted, acilitating tissue 
cutting and mechanical separation. Thermal 
effect: Tissues absorb ultrasonic energy, lead-
ing to a temperature increase, which causes 
denaturation and recoagulation of extracellu-
lar matrix proteins, promoting tissue bonding. 
Physicochemical effect: this enhances protein 
synthesis, blood vessel formation, and injury re-
pair and healing; the physicochemical changes 
contribute to stable tissue adhesion, aiding the 
anastomosis process.

However, the uneven transmission of ultrasonic 
energy during tissue welding presents a sig-
nificant challenge in achieving precise control 
over the welding depth and width, affecting the 
stability of the anastomosis site. Current ultra-
sound-anastomosed tissues do not meet the 
biomechanical demands of normal physiolog-
ical functions, limiting clinical applicability. In 
future research, the research direction should 
focus on developing technologies to ensure uni-
form distribution of ultrasonic energy, enhanc-
ing control over welding precision. Concurrently, 
new materials that improve the effectiveness 
of tissue welding and enhance biomechanical 
strength are also a promising research focus.

RF energy tissue welding

RF energy tissue welding employs electric cur-
rent to heat biological tissues, a mechanism 
similar to laser welding. When tissues are 
heated to a specific temperature range, protein 
denaturation occurs. By maintaining a uniform 
and stable temperature, protein reaggregation 
is prevented, promoting the formation of stable 
protein linkages and enabling tissue incision 
anastomosis (Figure 3).

In RF tissue welding, the frequency of the RF 
current is typically 450-500 kHz [44, 45]. Ra-
diofrequency tissue welding, employed in de-
vices like LigaSure (Medtronic), was first used 
for vascular anastomosis [46, 47]. Building on 
the success of radiofrequency energy in the 
domain of vascular anastomosis, researchers 
have explored its application in intestinal anas-
tomosis. Tu et al. investigated the impact of var-
ious control parameters (power, time interval, 
terminal impedance) on intestinal anastomosis 
using radiofrequency energy, and employed two 
indicators, burst pressure and thermal injury, 
to assess the quality of intestinal anastomosis 
[48]. The findings revealed that when the power 

Figure 3. Radiofrequency energy tissue welding.



73

Progress in Medical Devices 2025; 3 (1): 66-76. PMD25010425

Progress in Medical Devices

was set at 100 W, the time interval was 2000 
ms, and the terminal impedance was 50 Ω, the 
maximum burst pressure could reach approx-
imately 8.46 kPa following intestinal anasto-
mosis. Pan et al. conducted intestinal closure 
experiments on 18 pigs using radiofrequency 
energy (LigaSure, Valleylab), with traditional 
manual suturing and mechanical anastomosis 
serving as control groups [49]. Histological 
examination showed collagen fibers filling the 
muscular layer gaps in the RF-welded anas-
tomosis, in comparison to the control groups, 
indicating superior tissue fusion. Wang et al. 
used custom RF platform with adjustable volt-
age, action time, and applied pressure, to as-
sess the effect of RF energy-based anastomo-
sis in the small intestine [44]. The anastomosis 
quality was evaluated based on burst pressure 
and microstructure observations. The results 
demonstrated that maintaining impedance 
between 61.0 and 86.2 Ω yielded satisfactory 
anastomosis quality. Lacitignola et al. used RF-
based laparoscopic vascular occlusion devic-
es to test small intestine closure in pigs, and 
demonstrated that the burst pressure of the 
RF-closed small intestine reached approximate-
ly 40 mmHg, demonstrating robust anastomot-
ic strength [50].

RF energy tissue welding technology facilitates 
rapid and seamless anastomosis of tissues and 
organs, exhibiting notable advantages, includ-
ing the absence of foreign body intervention, 
high initial tensile strength, expedited postoper-
ative healing with minimal complications. This 
technique holds considerable clinical research 
value and surpasses alternative anastomosis 
techniques.

Intestinal anastomosis by the support method

Intestinal anastomosis by the support method 
is a novel concept involving the placement of a 
supportive material within the intestinal wall to 
reinforce anastomosis during traditional anas-
tomotic procedures [29]. This approach is cat-
egorized into composite support anastomosis 
and simple support anastomosis.

Composite support method

The healing process of intestinal anastomosis 
involves restoring intestinal wall continuity, bal-
ancing intraluminal pressure and intestinal wall 
pressure. From a biomechanical perspective, 
maintaining this pressure balance is crucial 
to prevent anastomotic leakage. The principle 
underpinning this method is that as long as 
the intestinal wall force at the anastomosis site 
exceeds the intraluminal pressure, the risk of 

anastomotic leakage remains low. Traditional 
techniques such as manual suturing, stapling, 
bonding, and welding anastomosis all aim to 
restore this balance by reconstructing the in-
testinal wall’s structural integrity. While not pro-
viding strong compressive force, compression 
anastomosis effectively resists intraluminal 
pressure, contributing to pressure equilibrium 
between the intestinal lumen and intestinal 
wall The composite support method enhances 
the original anastomosis technique by adding a 
layer of supportive material. While this reduces 
the intestinal pressure at the anastomosis to a 
certain extent, it concomitantly increases the 
intestinal wall pressure.

Simple support method

The simple support method of intestinal anasto-
mosis represents a significant innovation in tra-
ditional anastomotic techniques. This method 
uses two binding lines (or alternative methodol-
ogies) to secure the intestinal wall and support 
material, thereby establishing a “zero pressure 
zone” within the intestinal healing region be-
tween the two binding lines. This pressure-neu-
tral environment is conducive to optimal tissue 
healing. A similar bundle anastomosis was first 
documented in the late 19th century. In 1894, 
Abbe tied grooved glass tubes to the severed 
vessel ends and achieved “seamless” end-to-
end anastomosis of the blood vessels [51]. In 
1980, Payr refined the “Abbe method” using a 
magnesium ring equipped with a grooved end 
[52]. This innovation involved initially placing 
the magnesium ring on the adventitia of the 
blood vessel during anastomosis, followed by 
exteriorizing the severed vessel end to expose 
the intima. The procedure was completed by 
inserting the contralateral intima of the blood 
vessel into the exposed intima, thereby achiev-
ing a secure and seamless binding.

In China, Peng et al. advanced this concept 
through the development of the “degradable 
internal stent gastrointestinal anastomosis”, 
building upon their prior work with bundled line 
pancreatic anastomosis and bundled pancre-
atic-gastric anastomosis [53-55]. Prior animal 
experiment has demonstrated the safety and 
feasibility of this method, demonstrating its 
capacity to complete gastrointestinal, small 
intestine, and colonic anastomosis in a nor-
mal abdominal environment, but also to repair 
anastomotic leakage or colonic perforation in 
phase I of infectious environments [56, 57].

III Conclusion

The development of intestinal anastomosis 
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technology is crucial for advancing intestinal 
surgery. This paper systematically reviewed and 
analyzed various intestinal anastomosis tech-
niques, demonstrating that each method has 
unique advantages and limitations. Selecting 
the appropriate technique requires careful con-
sideration of clinical factors to optimize surgical 
outcomes.

(1) Traditional manual suturing constitutes the 
fundamental method of intestinal anastomosis. 
Intermittent suture offers high flexibility but is 
time-consuming and prone to infection. Con-
tinuous sutures reduce the operation time and 
the risk of infection. The selection of suture ma-
terial is of paramount importance, with absorb-
able sutures offering distinct advantages in the 
context of intestinal suturing, thereby mitigating 
the risk of foreign body reactions. The advent 
of novel multifunctional sutures expands the 
possibilities for intestinal anastomosis. Howev-
er, the technical complexity of manual suturing 
demands high surgical expertise, potentially 
limiting its effectiveness in complex surgeries.

(2) Intestinal mechanical anastomosis is a 
widely applied technique, and the advent of 
metal nail staplers has significantly improved 
surgical efficiency. Linear stapler is simple to 
operate, and the circular stapler anastomo-
sis aligns well with physiological structure. 
However, there are also limitations, such as 
incomplete anastomosis, anastomotic leakage, 
and high cost. The continuous improvement of 
staple materials, such as the emergence of bio-
degradable staplers, provides a new solution to 
the problem of long-term retention of traditional 
non-degradable stasmosis staples. Neverthe-
less, the mechanical properties of biodegrad-
able staples still need to be further improved.

(3) Magnetic pressure anastomosis is a novel 
technique that utilizes magnetic attraction to 
facilitate intestinal anastomosis, effectively 
eliminating the risk for foreign body residues at 
the anastomosis. This technology demonstrates 
significant potential in specific clinical scenari-
os. Nevertheless, this technology may still have 
certain limitations in terms of operation accu-
racy and scope of application, necessitating 
further research and clinical trials to refine the 
technique and expand its applicability.

The adhesion method employs medical ad-
hesives as intestinal anastomosis adjuvants, 
contributing to reinforced anastomosis and a 
reduced risk of anastomotic leakage. Howev-
er, challenges such as inadequate adhesive 
strength and high cost persist. Energy tissue 
welding technology, particularly RF energy tis-

sue welding, offers a promising alternative. RF 
energy welding provides strong initial tensile 
strength, and no foreign body intervention, 
making it a viable choice for intestinal anasto-
mosis. However, laser welding is hindered by 
problems such as thermal damage, which lim-
its its application.

The the support method in intestinal anasto-
mosis is a novel concept, offering innovative 
approaches through the composite support 
method and simple support method. For in-
stance, the “biodegradable internal stent gas-
trointestinal anastomosis” has demonstrated 
favourable outcomes in animal experiments; 
however, further clinical studies are required to 
substantiate its safety and efficacy.

In conclusion, the field of intestinal anasto-
mosis techniques is undergoing continuous 
evolution, driven by innovative research and 
technological advancement. The emergence of 
safer, more effective, and user-friendly meth-
ods is expected. These advancements will likely 
contribute to improved quality of care, reduced 
complication rates, and better surgical out-
come.
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