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Introduction: In surgical applications requiring vascular anastomosis, the success of the operation depends on the anas-
tomosis stay open. In this case, the surgical technique that can be applied is of great importance. The fact that too many 
surgical techniques have been described in microvascular anastomoses shows that the search continues in this area. Our 
aim in this study was to examine the effectiveness of existing methods.
Methods: In this study, known methods of microvascular anastomosis were reviewed in chronological order.
Results: In our study, microvascular suture techniques used in end-to-end and end-to-side anastomoses since 1978 were 
examined and compared with conventional suture technique combined with interrupted eversion suture. Although the 
important point is that the surgeon knows which technique and applies that technique well, conventional suture combined 
with interrupted eversion suture was superior to other available techniques in our practice.
Discussion and Conclusion: Many microvascular suture techniques have been described and applied for microsurgical 
anastomoses, including both end-to-end and end-to-side anastomoses. Research has shown that regardless of the method, 
techniques which work in order and can provide anastomoses with good long-term results, are successful.
Keywords: Eversion suture; microvascular anastomosis; microvascular suture.

In surgical applications requiring vascular anastomosis, 
the success of the operation depends on the anastomo-

sis stay open. In this case, the surgical technique that can 
be applied is of great importance. In particular, microvas-
cular anastomosis techniques have a much more special 
sensitivity in this sense. It constitutes a very important 
step in very critical operations, from revascularization and 
replantations to free tissue transplants and organ trans-
plants. The fact that too many surgical techniques have 
been described in microvascular anastomoses shows that 

the search continues in this area. Because problems such 
as spasm, thrombus, microembolism, reperfusion injury 
can easily develop. Therefore, the method to be applied 
must first be safe, simple and easily applicable, and must 
not cause intimal lesion. Finally, it should be easy to learn 
and easy to teach.

Materials and Methods 
In this study, known methods for microvascular anasto-
moses were reviewed in chronological order. The advan-
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tages and disadvantages of 24 techniques and articles 
published between 1978 and 2018 for end-to-end and 
end-to-side anastomoses were reviewed. 

Results
Moscana et al.[1] reported the continuous suture use in 
microvascular anastomosis in 1978, Little et al.[2] reported 
microvascular anastomosis with continuous suture in 1978, 
and Colen et al.[3] reported the relationship between the 
number of sutures and the strength of the anastomosis in 
1979. Harashina et al.[4] in 1980 provided diameter match 
by widening the narrow vessel mouth in the shape of a fish 
mouth, in the case of diameter mismatch in microvascular 
anastomoses. Harris et al.[5] applied autogenic graft around 
the anastomosis in the posterior wall technique with four 
sutures in 1981. Firsching et al.[6] suggested the combina-
tion of continuous and interrupted sutures in end-to-end 
microvascular anastomoses in 1984. Hung et al.[7] experi-
mentally observed the wrapping of arterial sheath and fat 
tissue in microvascular anastomoses in 1988, and used only 
4 sutures. Robbins et al.[8] applied the vessel sleeve tech-
nique in microvascular anastomoses in 1991. Schlechter 
et al.[9] compared different microvascular techniques in 
1994. In 1994 and 1996, Ökçesiz combined interrupted ev-
ersion sutures and conventional sutures in microvascular 
anastomoses.He also applied this method with continuous 
sutures (However, applying it as individual sutures allows 
better adaptation of the vessel ends at the anastomosis site 
and prevents stenosis). It has been successfully applied in 
end-to-end anastomoses, as well as in end-to-end anasto-
moses[10,11].

In this technique, the first suture is usually the eversion 
suture and placed close to the posterior wall (on the right 
side if the right hand is used). The second eversion suture is 
placed in the middle of the anterior wall, thus avoiding the 
danger of inversion of the intima in this space. That is, the 
subendothelial tissue cannot be exposed into the lumen 
and now the part between these two sutures is sutured 
very securely with conventional sutures. The third eversion 
suture is placed on the other side of the posterior wall. Two 
gaps are formed in this suture, where inversion of the in-
tima is prevented, and these gaps are sutured seperately 
with conventional sutures. In this way, it is ensured that 
the gaps between the eversion sutures are sutured very 
securely with conventional sutures. The number of sutures 
varies according to vessel width, it is important to apply the 
least possible number of sutures. This is necessary for mini-
mal vessel trauma and adaptation.

Interrupted eversion sutures are placed in a number of 1-2 
if the vessel diameter is less than 1 mm, of 3 if the vessel 
diameter is 1 mm, and of 3-4 if the vessel diameter is more 
than 1 mm. The width of the “u” suture used here should 
not be wider than the thickness of the artery wall so that 
there is no narrowing at the anastomosis site. In case of di-
ameter mismatch, the narrow mouth is cut vertically from 
the anterior wall after the first eversion suture is placed. The 
second eversion suture is placed at the bottom of this inci-
sion. The third eversion suture is placed on the other side 
of the posterior wall. Gaps are sutured with conventional 
sutures (Fig. 1).

The conventional suture application combined with the in-
terrupted eversion suture, as stated by Ökçesiz, was made 
to make the conventional suture technique, which is actu-
ally the fastest and easiest microvascular anastomosis tech-
nique, safe, and was applied using the least possible num-
ber of eversion sutures according to the vessel width. The 
eversion suture mentioned is a horizontal mattress suture 
for eversion (i.e. “U” suture). 

Bowen et al. in 1996[12] performed sleeve anastomosis with 
only 2 sutures and used fibrin glue together. Together with 
all auxiliary agents and methods, they achieved high suc-
cess, as a common feature in the studies. 

Tellioglu et al. in 1997[13] modified the end-to-side anas-
tomosis by adding 2 lateral incisions in their experimental 
study.

Yildirim et al. in 1998[14] performed z-plasty in end-to-end 
microvascular anastomoses. They claimed that by this way, 
they increased the lumen diameter and prevented va-
sospasm by disrupting the circular musculature. However, 
in this technique, the anastomosis time was prolonged 
and more sutures were required, and the intimal lesion in-
creased.

Turan et al. in 2001[15] used 2 classical interrupted and 2 
horizontal mattress sutures that everted vessels with fish 
mouth incision in end-to-end anastomoses. In this way, 
they reduced the anastomosis time by half. They also re-
ported that less foreign body reaction developed in the 
vessel lumen because they used less sutures. The possi-

Figure 1. Conventional suture technique combined with interrupted 
eversion suture (schematic illustration).
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ble disadvantages of this method are the longer pedicle 
requirement, narrowing of the vessel lumen, diameter 
change and prolonged bleeding time and hemodynamic 
turbulence. It is also unclear whether the horizontal mat-
tress suture is intended for inversion or eversion.

Tetik et al.[16] used continuous horizontal mattress su-
ture for microvascular anastomoses in their experimental 
study in 2005. Şimşek et al.[17] performed microvascular 
anastomosis with a continuous horizontal mattress su-
ture in the rat carotid artery in their experimental study 
in 2006. Orak et al.[18] reported a new microvascular anas-
tomosis method in 2006. They applied 3 incisions at 120 
degrees intervals to the vessel ends and made 3 eversions 
with a total of 3 horizontal mattress sutures. Although this 
technique has the same disadvantages and advantages as 
the technique of Turan et al., they stated that it is diffi-
cult to make 3 equally spaced incisions on the vessel wall. 
They also stated that it causes higher intimal and medial 
damage compared to the classical technique. Şen et al.[19] 
reported in 2006 that they achieved a simple and safe 
application with the 'diamond' technique in end-to-side 
microvascular anastomoses. Aygün et al.[20] suggested 
the use of vascular vertical mattress sutures in 2008. In-
version of the intima cannot be reliably prevented with 
this method. Akan et al.[21] defined the technique they 
named 'open Y' in 2009 as a method that can be used for 
diameter mismatch in end-to-end anastomoses. In this 
technique, the bifurcation region of the pedicle is incised 
horizontally. Diameter mismatch is overcome by obtain-
ing a single large lumen. 

Alghoul et al.[22] reviewed anastomoses performed with 
different suture techniques, from interrupted single sutures 
to complex spiral sutures in microvascular anastomoses. 
Odobescu et al.[23] described the application of horizontal 
mattress suture in vessels with diameter mismatch in 2015. 
In 2018, Ooi et al.[24] reported the application of geometric 
three-dimensional end-to-side microvascular anastomosis 
(Table 1). 

Discussion
Except for the conventional suture application combined 
with interrupted eversion suture[10,11] all of the later meth-
ods outlined in the article are different modifications of this 
idea. As a result, in techniques other than the interrupted 
eversion method, vessel length would be wasted in critical 
areas. As a result, it may be necessary to use a vein graft. In 
addition, these additional modified methods can never be 
applied in vessels with a diameter of 0.5 mm and less. In 

addition, incisions made on the vessel cause additional in-
timal lesions within the vessel. These additional intimal le-
sions also cause thrombus. Another disadvantage of these 
methods is that the anastomosis site which is expanded 
by the use of flaps or z-plasty, etc., causes thrombus with 
turbulence caused by disrupting the fluid dynamics. All of 
the modified methods described are very time consuming 
techniques. 

When evaluating microvascular anastomosis techniques, 
it was always examined whether the anastomosis site 
remained open. In other words, thrombus formation 
and spasm development were seen as the main prob-
lems. Although great care is taken with anticoagulant, 
antiplatelet drugs and antispasmodic measures for this 
problem, despite the open anastomosis provided with this 
precision both during and after the operation, the lack of 
circulation in the periphery is generally attributed to reper-
fusion injury, and the possibility of early rejection in organ 
transplants can often be considered. This results in prema-
ture tissue or organ loss. However, in both microvascular 
anastomoses and wider vascular anastomoses, there is an 
issue that is easily overlooked and not emphasized even 
by the most experienced hands, which is the exposure of 
subendothelial tissue into the lumen. The basic philosophy 
of the eversion suture is to provide eversion of this suben-
dothelial tissue and to prevent any exposition of this tis-
sue into the lumen.[25] In this way, platelets are prevented 
from being activated by striking the subendothelial tissue. 
Therefore, the “platelet-endothelium interaction” of ac-
tivated platelets in the periphery is also prevented. This i 
salso the situation in the leukocyte-endothelium interac-
tion in reperfusion injury. And unfortunately, it is an im-
portant overlooked cause of the “no flow” phenomenon in 
clinical practice.[10,12]

Conclusion
Many microvascular suture techniques have been de-
scribed and applied for microsurgical anastomoses, both 
end-to-end and end-to-side anastomoses. Research has 
shown that whatever method is used, techniques that are 
in working order and can provide anastomoses with good 
long-term results are successful. All techniques have their 
advantages and disadvantages when the studies were ex-
amined. The important thing is that although the surgeon 
knows which technique and applies that technique well, 
conventional suture combined with interrupted eversion 
suture is superior to other available techniques in our prac-
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tice. As a matter of fact, in the years after the presentation 
of this method, a significant increase was observed in the 
number of surgeons dealing with microvascular surgery 
at national microsurgery meetings. In addition, it can be 
investigated from the literature that the success in small 
vessel organ transplantations has increased and the early 
complications have decreased after this date.
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Table 1. Summary table of reviewed microsurgical technique studies 

Researcher Date Study

Moscana et al. 1978 The use of continuous sutures in microsurgery has been described.
Little et al. 1978 Microvascular anastomosis with continuous suture has been described.
Colen et al. 1979 The relationship between the number of sutures and the strength of the anastomosis has been  
   investigated. 
Harashina et al. 1980 In microvascular anastomosis, they eliminated the diameter mismatch between the 2 vessels by making a 
   fish-mouth incision on the vessel wall.
Harris et al. 1981 Posterior wall technique with 4 sutures: After suturing, an autogenous cuff was applied around the  
   anastomosis line. They reported that they obtained working anastomoses in a shorter time.
Firsching et al. 1984 They applied a combination of continuous and interrupted sutures.
Hung et al. 1988 They applied both artery cuff and fat wrap around the microvascular anastomosis and used only 4 sutures.
Robbins et al. 1991 Sleeve technique for microvascular anastomosis: They used only a few sutures, wrapping a vascular cuff  
   around the anastomosis.
Schlechter et al. 1994 Microvascular suture techniques have been compared.
Ökçesiz et al. 1994-1996 Combination of intermittent eversion suture and conventional suture: The least possible number of  
   eversion sutures were applied and conventional sutures in between, according to the vessel width.
Bowen et al. 1996 They applied sleeve anastomosis using only 2 sutures and used fibrin glue together.
Tellioğlu et al. 1997 They modified the end-to-side anastomosis by adding 2 lateral incisions.
Yıldırım et al. 1998 They applied the z-plasty technique in end-to-end microvascular anastomoses. In this way, they suggested  
   that they increase the lumen diameter and prevent vasospasm by disrupting the circular muscle structure.
Turan et al. 2001 In end-to-end anastomosis, fish-mouth incision and eversion were applied; they used 2 classically  
   interrupted and 2 horizontal mattress sutures.
Tetik et al. 2005 They experimentally used continuous horizontal mattress sutures in microvascular anastomoses.
Şimşek et al. 2006 They performed microvascular anastomosis in the rat carotid artery with a continuous horizontal mattress  
   suture.
Orak et al. 2006 They applied eversion with a total of 3 horizontal mattress sutures by making 3 incisions at 120-degree  
   intervals on the vessel ends that would be anastomosed.
Şen et al. 2006 The 'diamond' technique in end-to-side microvascular anastomosis:
   They performed an arteriotomy in the recipient vessel and made a perpendicular incision of the same  
   length to the vessel wall in the pedicle vessel, adapting both vessels to each other with interrupted sutures.
Aygün et al. 2008 Vertical mattress suture technique: They suggested that it reduces intimal damage and foreign body  
   reaction by everting the vessel wall like the horizontal mattress suture technique.
Akan et al. 2009 Open-Y technique in end-to-end anastomosis: They eliminated the diameter mismatch between the vessels  
   by horizontally incising the bifurcation region of the pedicle and obtaining a single large lumen. 
Alghoul et al. 2011 Comparison of microvascular suture techniques: 6 basic microvascular suture techniques have been  
   mentioned [Continous suture, interrupted (conventional) suture, locked continuous suture, continuous  
   horizontal mattress suture, horizontal mattress suture with interrupted eversion and sleeve anastomosis  
   suture]
Odobescu et al. 2015 For vessels with diameter mismatch, horizontal mattress sutures have been used to pass longer than vessels  
   with larger diameters.
Ooi et al. 2018 Geometric three-dimensional end-to-side microvascular anastomosis: They elevated a triangular flap in  
   the recipient vessel and made an incision in the equidistant pedicle. Elevated flap and recipient vessel were  
   adapted to pedicle vessel with interrupted sutures.
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