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Objective  To explore the feasibility and efficiency of a novel magnetic compression anastomats 
(MCAs) in intestinal anastomosis.  

Methods  A total of 36 male mongrel canines underwent intestinal anastomosis using traditional 
hand-sewn (n=18) or a novel MCAs (n=18). We compared the anastomosis time, postoperative complica-
tions, bursting strength of anastomoses, gross appearance, and pathology between two groups at each time- 
point of follow-up. 

Results  The mean anastomosis time with MCAs was significantly less than that with hand-sewn 
(8.50±1.95 vs. 31.1±4.32 minutes, P<0.001). The blood stools and intussusceptions occurred in both 
groups during follow-up period. Only 1 mongrel canine receiving intestinal anastomosis by MCAs expe-
rienced anastomotic leakage. The average bursting pressure of anastomoses obtained from mongrel canines 
undergoing intestinal anastomosis by MCAs was significantly higher than that by traditional hand-sewn at 1 
week’s follow-up time (P<0.05). Gross appearance of the anastomoses constructed by MCAs was relatively 
smoother and flatter. Pathological evalution of anastomoses revealed that general inflammation was greater in 
hand-sewn anastomoses than magnetic anastomosis.   

Conclusion  The magnetic compression anastomat is a safe and effective device of sutureless intes-
tinal anastomosis in canine models. 
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HE hand-sewn has always been the most tradi-

tional method in intestinal anastomosis over the 

past 160 years. Although the suture materials in 

wound closure  have been developed and the 
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surgical skills have been greatly improved, the hand-sewn 

anastomosis seems complicated and time-consuming. In 

addition, the suture material itself is a potential source for 

foreign body reaction, and will stir chronic inflammation in 

the anastomosis which would compromise the healing 

process and initiate secondary anastomotic leakage and 

stenosis. The staple suturing facilitates the surgical pro-

cedure and saves much time, however, retained titanium in 

anastomosis is still the potential problem.1, 2 Moreover, its 

T
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availability is limited by its high cost. Herein, we invented a 

novel magnetic compression anastomats (MCAs), to ex-

plore the feasibility and efficiency of the MCAs in intestinal 

anastomotic construction.  

MATERIALS AND METHODS 

Device design 

The anastomats were designed by our research center and 

manufactured by College of Mechanical Engineering, Xi’an 

Jiaotong University. The anastomats consist of 2 parts 

designated as the mother part and the daughter part. The 

magnetic rings made of sintered-type neodymium-iron- 

boron (NdFeB, N52) are the main bodies of the MCAs, 

which have an outer diameter of 16 mm and 18 mm; inner 

diameter of 13 mm and 15 mm; width of 3 mm; thickness 

of 4 mm. The magntic ring is covered with a magnetic 

shield, which made of superparamagnetic material. The 

thickness of magnetic shield is 1 mm and bottom thickness 

is 1.5 mm. Both NdFeB ring and magetic shield were  

coated with titanium-nitride surface to make sure that the 

anastomats have good stability and good biocompatibility 

with body cells. The specific structures of the anastomats 

are shown in Figs. 1 and 2. 

Figure 1.  Schematic view of the end-to-side intestinal magnetic compression anastomats (MCAs). 

A. Axial representation of the mother part;  

B. A schematic upward view of the mother part;  

C. A schematic side and top view of the daughter part. 

The black area indicates the magnetic area, and the grey area indicates magetic shield outside the magnetic ring. There is a duct

at the center of mother part (Fig. 1B) to guide the two parts of anastomat coupling together and make immediate patency of the

intestinal lumen. The length and the thickness of the central duct are 13 mm and 1 mm respectively. The sharp-edged end of

central duct facilitates the cutting of intestinal wall greatly during two parts of anastomat coupling in end-to-side intestinal

anastomosis. The overall shape of MCAs is blunt when two parts couple together to prevent scraping of the intestinal mucosa

during passage. 

A                           B                            C 

Figure 2.  Schematic view of the end-to-end intestinal MCAs.  

A. A schematic side view of the mother part;  

B1, B2, B3. Schematic side views of the daughter part between fully extended state and retracted state;  

C1. Approximation of the two parts;  

C2. The two parts of the anastomat couple together. 

The mother part of the end-to-end MCAs is the same as that of the end-to-side MCAs. The most important difference is that in

end-to-end MCAs, the daughter part has a retractable central duct, and it can be totally retracted in deep groove at bottom once

two parts of MCAs coupled. 

A                   B1                     B2                  B3 
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Animals and grouping 

The study protocol was approved by the Institutional 

Animal Care and Use Committee of our medical college and 

conducted in accordance with the Guide for the Care and 

Use of Laboratory Animals published by the National In-

stitutes of Health. 

A group of 36 healthy male mongrel canines over 1 

year old and more than 15 kg in weight were provided by 

Experimental Animal Center of Medical College of Xi’an 

Jiaotong University, and all of them were vaccinated. The 

mongrel canines were individually housed in 1.5 m3 cages, 

fed with standard chow and free access to water. 

The canines were randomly allocated to a study group 

and a control group (n=18). Both groups were subjected to 

intestinal anastomosis with either end-to-end or end-to- 

side technique with 9 cases in each subgroup. The mongrel 

canines in the study and the control groups underwent 

intestinal anastomosis by MCAs and traditional hand-sewn 

respectively. At 1 week, 1 month and 3 months after 

surgery, anastomosis time, postoperative complications, 

bursting pressure of anastomoses, gross appearance, and 

pathology were evaluated.  

 

Surgical procedure 

All canines were intraperitoneally anaesthesized with an 

injection of 3% sodium pentobarbital liquid (1 mL/kg) after 

1-day fast. To avoid postoperative infection, benzylpeni-

cillin sodium was intravenously administered at 100 000 

U/kg of body weight 30 minutes before surgery. Water was 

freely available after recovery from anaesthesia, but solid 

food was not provided until the 3rd day after operation. All 

canines continued to receive the prophylactic benzylpeni-

cillin sodium intravenously at 100 000 U/kg of body weight, 

twice a day for 3 consecutive days. 

Surgery was initiated through an upper mid-line la-

parotomy incision. The procedures are performed by the 

same surgeons. Roux en Y jejunojejunostomy was perfor- 

med. The jejunum was incised at 20 cm distal to Treitz's 

ligament. 

End-to-side anastomosis technique: In the control 

group, end-to-side anastomosis was performed between 

the proximal jejunal end and jejunum 50 cm distal to the 

jejunal incision with 3-0 suture (Mersilk®, ETHICON; John- 

son & Johnson Medical Ltd., Shanghai, China). In the study 

group, the proximal jejunum was purse-string sutured with 

4-0 suture (Prolene®, ETHICON, Johnson & Johnson, Som- 

erville, NJ, USA), and the mother part was fixed right there. 

The daughter part was then placed at 50 cm distal to in-

cision. Gently press mother part against daughter part, the 

sharp-edged end of central duct of mother part will cut the 

jejunum wall above daughter part (Fig. 3). With the 

coupling of the two parts, the continuity of jejunum be-

came reconstructed. Then the blind jejunum loop was 

closed. 

End-to-end anastomosis technique: In the control 

group, end-to-end anastomosis was reconstructed with a 

double layer closure using 3-0 suture (Mersilk®) in situ. In 

the study group, both ends of jejunum were purse-string 

sutured with 4-0 suture (Prolene®). The two parts of the 

end-to-end MCAs were fixed at the proximal and distal 

jejunal ends, respectively. Once the mother part and dau- 

ghter part coupled together, the end-to-end anastomosis 

Figure 3.  Surgical procedure of end-to-side intestinal anastomosis with MCAs.  

A. The daughter part is put in the incised distal jejunal stump. 

B. The daughter part is placed at 50 cm distal to incision.  

C. Put the mother part in the proximal jejunal stump.  

D. Fix the mother part at the proximal jejunal stump.  

E. Join the two parts of MCA.  

F. Two parts are coupled together. 

A                                 B                                 C 
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was completed (Fig. 4). 

Evalution of anastomosis time  

The anastomosis time was defined as from the very be-

ginning of anastomotic construction to completing the 

continuity of the intestine. The time spent on each anas-

tomosis was recorded. 

 

X-ray examination 

After operation, plain abdominal X-ray was immediately 

taken to confirm the accurate coupling of the MCAs. The 

routine X-ray test was daily carried out to verify the pas-

sage of the MCAs in the digestive tract until it disappeared 

in the photograph. The expulsion time was recorded ac-

cording to the time of the devices disappearing from X-ray 

photographs .  

 

Bursting strength test 

The bursting strength was measured by a sphygmoma-

nometer. One end of anastomotic specimen was attached 

to the sphygmomanometer and submerged in water, and a 

catheter was introduced through the other end and hold in 

place by a tightened suture. For end-to-side anastomosis, 

the third end of specimen should be ligated with silk suture 

or clamped by hemostatic forcep. The intraluminal pres-

sure was then gradually increased and the readings were 

recorded as air first bubble rise to the surface of the water. 

The maximum hydraulic pressure when the specimen 

ruptures, was recorded. 

 

Pathological examination 

At each time-point, 6 canines (3 for end-to-end and 3 for 

end-to-side modalities) would be sacrificed in both groups, 

and anastomotic specimens were harvested. After gross 

observation, all samples were fixed in 10% formalin at pH 

7.0 and processed according to standard histological 

procedures. Sections of 4–6 µm thickness were stained 

with haematoxylin and eosin. 

 

Statistical analysis 

Data were expressed as mean±SD. Differences between 

groups were analyzed by the Independent-Samples T Test, 

Mann-Whitney U Test, and Fisher’s Exact Test, respectively. 

In all of the tests, the significant level was set at P<0.05. 

RESULTS 

Anastomosis time 

The mean anastomosis time of MCAs was significantly less 

than that of traditional hand-sewn method (8.50 ± 1.95 vs. 

31.1 ± 4.32 minutes, P<0.001). The anastomosis time of 

end-to-side (7.80±2.17 vs. 30.90±4.28 minutes, P<0.001) 

and end-to-end intestinal anastomoses in the study group 

(9.20±1.48 vs. 31.20±4.60 minutes, P<0.001) was sig-

nificantly shortened compared with the control group. 

Because two purse-string sutures required to fix two parts 

of MCAs, the anastomosis time of end-to-end anastomosis 

with MCAs was slightly longer than that of end-to-side 

anastomosis.  

 

Postoperative complications 

Figure 4.  Surgical procedure of end-to-end intestinal anastomosis with MCAs.  

A. Clamp and incise the jejunum.  

B. The two incised stumps are purse-string sutured respectively.  

C. Put the mother part in one stump. 

D. Two parts of MCAs are fixed in the jejunal stumps.  

E. Put the two parts of MCAs together.  

F. The two parts are coupled together. 
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No intestinal obstruction and anastomotic stricture ocurred 

in both groups during the follow-up period. Four canines 

revealed blood stools with 2 animals in each group. The 

blood in the stool of three canines after hemostasis and 

gastric acid suppression therapy disappeared. One canine 

in the control group died on postoperative day 6 because of 

the descending colon hemorrhage, and autopsy revealed 

that multiple red-black punctate mucosal hemorrhages in 

the descending colon. In addition, another 3 canines died 

within one week after operation. Two canines died of je-

junal intussusceptions located just at the site of the 

end-to-side jejunojejunal anastomosis. One of them re-

ceived traditional hand-sewn and the other one underwent 

magnetic compression anastomosis. One canine in the 

study group died of anastomotic leakage because of failure 

of coupling. The total mortality rate of the 36 mongrel 

canines was 11% (2/18 in the study group vs. 2/18 in the 

control group) and the incidences of postoperative com-

plications were 22% (4/18) and 16% (3/18) for the study 

and control groups respectively (P>0.05). 

 

Expulsion time of MCAs  

MCAs disappeared from X-ray photographs between 3 and 

5 days postoperatively, and the mean time was 3.70±1.01 

and 3.50±0.79 days for end-to-side subgroup and end-to- 

end subgroup respectively (P>0.05). The necrotic tissue at 

the site of anastomotic ring formed by two kinds of tech-

niques could be observed. HE staining manifested the 

tissue structures disappeared. 

 

Bursting strength 

The mean bursting strength was 133.6 ± 22.86 mm Hg in 

the study group and 91.2±18.47 mm Hg in the control 

group after 1 week’s follow-up (P<0.05). However, 1 and 3 

months after surgery, the bursting strengths of anasto-

motic specimens obtained from canine both in the control 

group and the study group were above 300 mm Hg.  

 

Gross appearance of anastomosis 

Gross appearance of the anastomosis from mongrel ca-

nines undergoing traditional hand-sewn was different from 

that receiving magnetic compression anastomosis (Fig. 5). 

The mucosa at the anastomosis site constructed by MCAs 

was relatively smoother and flatter (Figs. 5D, 5E, 5F), and 

it was hard to find the anastomotic line at the 3rd month 

after surgery (Fig. 5F). The retained silk knots can be 

observed in the mucosa at the anastomosis site undergoing 

traditional hand-sewn during the follow-up period (Figs. 5A, 

5B, 5C). At 1 week after surgery, the retained suture knots 

were tightened, and the anastomotic line appeared red for 

foreign body reaction (Fig. 5A). After 1 month, the suture 

retained in anastomosis became loose and disorderly (Fig. 

5B). After 3 months, almost all the suture knots disap-

peared from the mucosa (Fig. 5C).  

 

Histological appearance of anastomosis  

The anastomosis in the study group (Figs. 6D, 6E, 6F) 

seemed to heal much better and quicker than that in the 

control group (Figs. 6A, 6B, 6C). Histological examination 

of the anastomoses in the study group revealed the mucus 

layer was continuous with a relatively smooth surface. 

There was an absence of the silk-related foreign body 

granulomas and slight infiltration of the inflammation  

cells in the muscular layer and serous layer. Healing was 

completed at the anastomosis in the study group by 3 

months of follow-up, and there was continuity of serosal, 

submucosal, and mucosal layers without ischemia or ne-

crosis (Fig. 6F).   

Figure 5.  Gross images of the anastomoses from mongrel canines undergoing traditional hand-sewn (A, B, C) and magnetic compression

anastomosis (D, E, F). 

A, D. Images of mucosa at the anastomosis site 1 week after operation;  

B, E. Images of mucosa at the anastomosis site 1 month after operation;  

C, F. Images of mucosa at the anastomosis site 3 months after operation. 

A                                   B                                  C 
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DISCUSSION  

Throughout two centuries’ history of intestinal con-

struction, hand-sewn and stapled anastomosis have been 

two types of the most influential techniques. Although  

they have been widely used in clinical practice, they could 

not meet all criteria of ideal anastomotic technique, which 

should be easy and fast to be performed, feasible to be 

carried out at any time, easy to learn and to teach, safe, 

and as inexpensive as possible, most importantly, the 

constructed anastomosis should not contain any foreign 

materials.3, 4 

Magnamosis is one kind of compressive anastomosis 

technology, just like other compressive devices, which are 

used for connecting severed portions of hollow viscera to 

form sandwich. The magnamosis has been used to resolve 

certain clinical dilemmas in some case reports,5-7 and it has 

been proved that the magnamosis is equivalent or superior 

to anastomoses created by traditional suture or staple 

techniques.8 However, relative research on magnamosis 

was rare and the histological observation on anastomoses 

was seldom reported. In this study, we introduced one 

novel MCAs and certified the advantages in construction of 

the intestinal anastomoses over hand-sewn method. 

The magnets of our MCAs are of sintered NdFeB, which 

is the third generation of rare earth permanent magnetic 

material, and have good cost/benefit ratio. The magnetic 

shields can concentrate the magnetic line of magnet on the 

polar region, where mother and daughter part would 

couple together. Such design of structure not only 

strengthens the bond between two parts, but also avoids 

the interaction of other part of anastomat. Thereafter, 

multiple anastomoses construction with such MCAs would 

be used without the worry of bowel leakage and fistula 

ocurring9-11 when they pass through digestive tract.    

A potential advantage of this technique is the costs.3, 12 

The MCAs used in the experiment were manufactured by 

our partner, College of Mechanical Engineering, and the 

cost was controlled within 100 RMB.  

According to our study, the duration difference in 

anastomotic construction between two groups was signif-

icant. The anastomosis time taken in MCAs group was 

within 6 minutes, which was less than one third of time 

taken in hand-sewn group, even comparable of circular 

stapler of 7.7 minutes (range, 5 to 12 minutes).13 The 

significantly shortened anastomotic time can not only re-

duce the possibility of infection, but also improve the sur-

vival rate of patients in emergency instances. 

Leakage has happened in MCAs group. The reason was 

that we failed to identify the poles of the magnets when 

assembling the MCAs. Therefore, two parts of the MCAs 

rejected each other and could not couple together. Owing 

to nontechnical defect, such misadventure would be 

eliminated by professional manufacture of MCAs.  

Although the incidences of mortality and morbidity 

after operation were similar between the control group and 

the study group, we still regarded the MCAs was much 

safer in intestinal anstomosis because bursting strength 

was significant higher measured in the study group at 1 

week of follow-up, and early strengthened anastomosis 

with MCAs means fast wound healing and less risk to being 

anastomotic leakage.14 In the control group, however, the 

suture produces a significant inflammatory response dur-

ing lag phase and proliferation phase, and the activated 

bowel-wall collagenase degrades the collagen within the 

Figure 6.  Histological images of the anastomosis from mongrel canines undergoing traditional hand-sewn (A, B, C) and magnetic

compression anastomosis (D, E, F). HE ×40 

A, D. Images at the anastomosis at 1 week after operation;  

B, E. Images at the anastomosis at 1 month after operation;  

C, F. Images at the anastomosis at 3 months after operation. 
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wound, eroding the foundation in which sutures are anc-

hored.15 Moreover, in remodeling phase, the silk suture can 

increase the risk of anastomotic stenosis16 and limit the 

expansion of anastomosis with fluctuations of pressure, 

potentially induce the likelihood of obstruction.8  

Although the magnamosis is safe and simple, the 

mucosal tears and failure of anastomat coupling still 

happened in the study group. Appropriate purse-string 

suture should never be underestimated during the opera-

tion, and the stitch distance should be 2.5-3 mm and 

border distance should be 1.5-2 mm in this procedure. The 

successful purse-string suture makes the stump edges 

around the central duct of mother part without mucosal 

tearing, and guarantees the watertight compression of 

intestinal stumps in MCAs without leakage happening. The 

Prolene was recommended in purse-string suture because 

of its smooth surface and high fracture strength. Accurate 

coupling of the two parts of MCAs can prevent misadven-

tures in alignment and orientation. To make the parallel 

coupling of the two parts of anastomat during anastomosis, 

the abdominal X-ray examination routinely taken after 

operation should always keep in mind. One case of dislo-

cation of anastomat was identified upon X-ray on the 2nd 

day postoperatively. Fortunately, there was no bowel 

leakage and the anastomat was not still retained in situ. 

After a slightly adjustment, the anastomat was found in the 

feces in next day and the canine was uneventful in the 

following days.  

By virtue of small size and simple application, if relative 

auxiliary tools, such as purse-string suture clamp and MCAs 

holding device could be used at the same time, the stan-

dardization of magnamosis with MCAs would be improved a 

lot, and the clinical application in intestinal anatomosis 

would be much easier. Thereafter, the MCAs can be in-

troduced by digestive endoscopy, percutaneous and lapa- 

roscopic techniques, and even natural orifice transluminal 

endoscopic surgery. 

In short, as we have already proved in the experiment, 

the novel MCAs not only meet the requirements of intes-

tinal anastomosis: hemostatic, circumferentially air-tight, 

and having inverted edges,17 but also have the advantage 

of simple manufacturing, cheap price, shortened healing 

duration, minor inflammation and excellent alignment of 

wall layers, which make the magnanosis nearly an ideal 

modality and should be introduced in clinical application as 

soon as possible. 
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