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Introduction 
 

econstructive microsurgery is a broad and 
complex surgical field which involves 
performing free tissue transfer procedures and 

re-attachment of amputated organs, by anastomosing 
vessels with a small diameter, using a microscope 
under high magnification, highly precise purpose-
made instruments and very fine stitches. The capacity 
to reinstate continuity and to maintain flow to these 
miniscule structures has favourably influenced the 
outcome of treatment of individuals compromised by 
trauma, cancer or congenital conditions. Nevertheless, 
despite the evolution in microsurgical techniques, end-
to-end microvascular anastomosis of blood vessels 
with diameter discrepancy remains a challenging 
exercise to microsurgeons. This difference in size 
uniformity has been observed to lead to significant 
problems post-surgery.1 Vessel size discrepancy is 
regarded as significant when it gets to a ratio 4:1 or 
greater.2  Various techniques have been described to 
overcome this problem, including end-to-side 
anastomosis which contemplates a sensible option in 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

significant vessel diameter mismatch, but the evidence 
of consensus directing choice of technique in end-to-
end microvascular anastomosis appears lacking.  

The lack of a standard procedure and 
categorization presents a conundrum in the 
microsurgical community that has resulted in different 
parties utilising different techniques as per their 
anecdotal or referred experience. With the need for 
evidence-based practice increasing over every aspect 
of medical science, a systematic review of current 
literature on the topic would provide the best available 
research evidence. The aim of this exercise is to 
review techniques used internationally in the 
management of end-to-end microanastomosis of 
vessels with diameter discrepancy, to summarise the 
literature around the topic and to clarify the relative 
strengths and weaknesses of the literature. The 
objective is to provide insight to novice as well as 
experienced microsurgeons, in terms of technique(s) 
of choice, based on patency rates and free flap survival 
in patients requiring reconstructive microsurgery with 
free tissue transfer. We anticipate this will add 
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ABSTRACT: Introduction: End-to-end microvascular anastomosis of blood vessels with 
diameter discrepancy remains a challenging exercise for microsurgeons. Various 
techniques have been described, but the evidence of consensus directing choice of 
technique appears lacking. The lack of a standard procedure and categorisation presents a 
conundrum in the microsurgical community that has resulted in different parties utilising 
different techniques as per their anecdotal or referred experience. A systematic review of 
current literature on the topic would provide the best available research evidence.  
Methods: Using key words related to the topic, a systematic literature review was 
conducted in adherence to the principles of PRISMA (2009) statement on MEDLINE, 
EMBASE, Google Scholar, Cochrane Database of Systematic Reviews, Cochrane Central 
Register of Controlled Trials. Search was conducted on studies published in the English 
language as well as all other languages, from the beginning of time to April 2019, and 
aimed to search for evidence that directed choice of technique where a discrepancy exists 
based on patency rates and flap survival. All articles included in the systematic review 
were critically appraised with the use of appropriate CASP (2018) checklists. 
Results: From the literature search 343 potential articles were identified. Of these, nine 
met both levels of screening for the final critical analysis. No randomised controlled trials 
or systematic reviews were found. No prospective case series were identified. Data 
analysis identified evidence of lower overall patency rate at the anastomosis with 
increasing diameter discrepancy, sloping anastomosis and turbulent blood flow, and 
succeeded to identify evidence of an effect of technique on patency rate.  
Conclusion: The challenge of accomplishing perfect alignment between vessels with 
different diameter remains arduous. Evidence is available that support the notion, that 
anastomotic patency increases when turbulent blood flow is eliminated, by using 
techniques that fashion a slicker conversion and a straight alignment of vessels, hence, 
promote laminar blood flow. These include the distal tapering technique with sutures or 
clips and the V-plasty technique.  
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substantially to the available evidence for clinical 
decision-making, in view to allow microsurgeons 
autonomy in decoding the best evidence. 
 
Methods 
 

The PRISMA framework has been used as a 
means of designing the outline of this paper. This 
allowed for an easier sorting process when handling 
the extensive amounts of literature that returned from 
inquiry sent to electronic databases.3 The secondary 
protocol that was followed was the CASP 2018 
appraisal method. This tool allowed for each paper to 
be systematically reviewed by two independent 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
reviewers and provided an insight into the data which 
the scholarly articles were pressing. Aside from this, 
the tool allowed for the assessment of individual 
articles which were chosen in terms of the strengths 
and weaknesses that they each might possessed. 
PRISMA has been used for sorting and layout tasks, 
while CASP has been used for critical analysis.4 

The keywords that we used were a 
combination of ‘microsurgery' OR ‘microanastomosis' 
OR ‘anastomosis' OR ‘microvascular surgery' OR 
‘vessel size' OR ‘vessel diameter' OR ‘size' OR 
‘diameter' AND ‘mismatch' OR ‘discrepancy'. Search 
was conducted in studies published in all languages 
and aimed to search for evidence that directed choice 
 

Figure 1. Systematic review flow chart. 
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of technique where a vessel diameter discrepancy 
exists based on patency rates.5  Using keywords related 
to the topic, a systematic literature review was 
conducted in adherence to the principles of PRISMA 
2009 statement on MEDLINE, EMBASE, Google 
Scholar, Cochrane Database of Systematic Reviews, 
Cochrane Central Register of Controlled Trials. These 
databases are some of the most highly regarded 
sources of information that could be accessed for the 
investigative endeavours of this paper (Figure 1). 
Some databases have been skipped due to lack of 
resources present to avail their services.6 

 
Results 
 

From the literature search 343 potential 
articles were identified. No randomised controlled 
trials or systematic reviews were found. No 
prospective case series were identified. There was a 
specific focus on the type of operation being related 
only to microvascular anastomosis. There was a 
significant degree of corroboration between the 
articles, which was a result of overlapping areas of 
investigation between them.7 

Inclusion criteria encompassed microvascular 
studies, employing various well-described techniques 
to anastomose vessels with diameter discrepancy. 
Exclusion criteria encompassed macrovascular studies, 
case reports, ex vivo/cadaveric/simulation studies, 
studies employing prosthetic grafts and studies that did 
not address microvascular size discrepancy. Of these 
343 articles, 272 were excluded based on the above-
mentioned criteria by screening the title and abstract 
only, while another 36 articles were excluded due to 
limited relevance to the topic, i.e. not describing 
adequately the technique, by screening the entire 
content of the paper. Only 9 articles met both levels of 
screening for the final critical analysis, that was in 
depth relevance to the topic and accurate description 
of the technique with flap success rates (Table 1).8 

Important to note is that techniques presented 
in this paper are interconnected, in that some 
approaches may be actually modifications or 
improvements on other base techniques. Through our 
systematic literature review and analysis of results, it 
becomes apparent that suturing vessels of unequal 
diameter in microsurgery is one issue, while avoiding 
the harmful effects of turbulent blood flow across the 
anastomosis site is another issue. In our opinion it is 
not technically sufficient to match the mismatched 
vessels with any method, if the operator hasn’t ensured 
alleviation of harmful effects of turbulent flow and 
obtained an optimal blood flow environment across 
the microanastomosis, that is laminar blood flow. 
Every novice or experienced microsurgeon coming 

across the challenging task to anastomose vessels of 
diameter discrepancy is recommended to take 
seriously under consideration the haemodynamic 
properties of blood flow and to avoid turbulence at the 
microvascular anastomosis site, which significantly 
increases the risk of thrombosis and flap failure.9-11 

There is evidence to suggest that blood vessels 
fashioned to gradually equalize the diameter of the two 
mismatched vessels, hence gradually reducing the 
speed of blood flow, pressure and turbulence across 
the microanastomosis site, as in tapered techniques 
leading to straight line anastomoses, significantly 
reduce the risk of thrombosis and flap failure.12-14  

From the available evidence worldwide, our 
research endeavour reveals that some techniques are 
superior to other, based on the ability to create a 
tapered, linear axis structure with laminar blood flow 
across the microvascular anastomosis, as opposed to 
other techniques which create abrupt diameter change, 
or angulation, or furrowing and turbulent blood flow. 
These techniques are the distal tapering technique15 
and its comparable technique using ligation clips,16 and 
the more recent V-plasty.2  
 
Discussion 
 

There is a variety of techniques used 
worldwide to address vessel diameter discrepancy in 
microvascular anastomosis. This paper attempts to 
offer new insight into a topic by exploring the various 
aspects which have generally been left largely 
untouched by the scholar community pertaining to this 
subject. Undertaking this research effort, we propose 
the possibility of offering a better overview and 
comparison of the different techniques that are 
commonly employed, by conducting a systematic 
review of each other, in order to better understand 
their characteristics compared to each other. This 
assisted in the identification of the best suitable 
technique(s) for different applications based on the 
requirements of the microsurgeon.17  

López-Monjardin & De La Peña-Salcedo18 cite 
that size discrepancy in anastomosis is a frequently 
occurring issue in free tissue transfer operations. They 
demonstrate that the change in the blood vessel size 
can cause disruptions in the flow of blood and lead to 
platelet aggregation, which has the potential to cause 
thrombosis. While the discrepancies have been dealt 
with through the use of geometrical methods and 
devices which are low tech, such as jeweller’s forceps 
as well as higher end tech like lasers, the paper 
concludes that there is no set ideal method which can 
uniformly handle the vessel size discrepancies on a 
universal scale. The paper concludes that the best 
methods of dealing with different discrepancies will be 
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on a case by case basis and methods or devices should 
be selected on specific characteristics as per the 
requirement. 

Tucker and colleagues19 cite that the 
anastomotic site is a vital part in the success of 
operation in microvascular procedures. It is 
demonstrated that it is imperative that the amount of 
turbulence in blood flow is kept to a minimum level so 
that a steady stream of blood flow between the two 
vessels is maintained.  
                Harii and Ohmori20 described the oblique 
incision technique which involves a diagonal cut on 
the smaller vessel to increase its diameter. Then, a 
simple end-to-end microvascular anastomosis is 
performed, yet, with a creation of an angulation at the 
anastomotic site, a condition which predisposes to 
turbulence, endothelial damage, platelet aggregation 
and potential thrombosis. The greater the discrepancy 
between the two vessels, the greater the oblique cut 
required to match the vessels, and therefore, the 
greater the angulation at the anastomosis.2 Angulation 
at the anastomosis has a potential detrimental effect on 
the patency rate of any microsurgical procedure, with 
an equivalent risk of flap loss.  

Rickard et al.12 using a computational model, 
studied and compared experimentally, four different 
techniques of microvascular anastomosis of vessels 
with 2:1 diameter mismatch, including the oblique cut 
and the fish-mouth incision of the smaller vessel, the 
wedge excision of the larger vessel technique (distal 
tapering) and the invagination technique. He 
demonstrated that the distal tapering technique 
sustained a laminar blood flow across the 
microanastomosis, while the other three techniques 
created turbulence and ring vortex, to suggest that the 
gentler the slope in the anastomotic site, the more 
laminar the blood flow, and therefore the highest the 
patency rates.  
              It is well recognised that end-to-end 
anastomosis eliminates or greatly reduces 
complications which are more commonly associated 
with end-to-side anastomosis. That is because end-to-
side anastomosis consists of two vessels connected in 
a perpendicular fashion, causing sudden shift in the 
blood flow direction, hence, a significant change in the 
pressure of blood, which by definition would result in 
possible blood flow turbulence, endothelial damage, 
increased platelet aggregation and potential 
thrombosis. Angulation at the anastomosis has a 
potential detrimental effect on the patency rate of any 
microsurgical procedure, with an equivalent risk of 
flap loss. The abrupt change in the flow dynamics of 
blood as it crosses the angled microanastomosis causes 
turbulence which harms the endothelium and sets the 
ground for potential thrombosis and flap failure.2  
Connecting the vessels in an end-to-end fashion allows 

the flow of the blood to take place without much 
hindrance.21  As the flow of the blood remains the 
same, there is a decreased chance of pressure 
difference (Δp) occurring except when there is a more 
significant discrepancy in size. The larger the 
discrepancy between the vessels, the more abrupt the 
change of blood flow at the anastomosis site, the more 
likely to encounter complications associated with 
turbulent blood flow, endothelial damage and platelet 
aggregation with resultant thrombosis and flap failure. 
Henceforward, the gentler the slope created in 
diameter mismatched vessels in end-to-end 
microvascular anastomosis by individual techniques, 
the least the chance of complications associated with 
thrombosis and the better the outcomes. 

Distal tapering techniques with sutures15 or 
with ligation clip(s),16 perhaps represent two of the 
most significant methods which take into account the 
difference in pressure created from the sudden change 
in the vessel diameter and its effects and represent a 
procedure to resolve the issues surrounding 
microsurgical anastomosis of vessels with diameter 
discrepancy. Tapering technique with sutures creates a 
wedge cut on the vessel and then sutures it 
progressively smaller, starting from the larger vessel 
towards the end of it and to the smaller vessel, while 
the similar technique with ligation clips tapers the 
larger vessel in an oblique manner towards the 
opposite end using ligation clip(s).  This tapering 
causes the Δp between the two vessels to balance out 
over time. Instead of being subjected to a sudden 
change in Δp, the blood now experiences a lower force 
overtime of Δp, which preserves the integrity of the 
vessel structure as well as the microvascular 
anastomosis site.22  The tapered gradient of the vessel 
provides the blood with a less of a change in the 
amount of pressure over a longer period of time as 
contrasted with the sudden shift that would occur if the 
there was no tapering present. From the literature 
review, these techniques may be applied universally in 
end-to-end microsurgical anastomosis of vessels with 
diameter discrepancy. Yet, these two techniques don’t 
come without limitations. The suturing tapering 
technique requires more than usual suturing material, 
which in turn has a potential thrombogenic effect as 
well as require more time to be placed. On the other 
hand, the ligation clip is a foreign body, and thus has 
the chance to migrate from the application site, with 
detrimental consequences. In addition, the tapering 
step will require some vascular material which can be 
tapered. This can present a potential problem in cases 
where there may be extensively damaged or 
atherosclerotic vessels, or where there may not be 
enough spare vessel available for the tapering 
procedures to the carried out. Furthermore, tapering 
can require a certain amount of skill from the 
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microsurgeon, as they will have to take into account 
the gradient at which the tapering is occurring. Too 
steep or flat of a taper will not be effective in 
mitigating the effects of Δp.23 

The other technique that promotes laminar 
flow through a straight-line microvascular anastomosis 
is the V-plasty,2 which fashions both vessels’ ends to 
match the discrepancy. In the larger vessel, V-shaped 
flap is created, the size of which is dependent on the 
size of the smaller vessel. On the smaller vessel, an 
incision is made to fashion a triangular defect, the 
depth of which should match the dimension of the V-
shaped flap of the larger vessel. It is safely applicable 
in all discrepancy ratios and the authors illustrate a 
detailed mathematical calculation of the dimensions of 
the V-plasty depending on different sizes of vessels, 
which maintains a linear axis and laminar blood flow 
through the anastomosis for respective discrepancy 
ratios. This technique’s weakness is the lack of 
simplicity in its design, and the expert microsurgical 
skill required to execute it. 
              The different number of methods 
demonstrated within the studies is corroborative 
evidence of the fact that no standard universal 
technique exists worldwide to resolve this issue. 
Different cases of anastomosis may require a case by 
case analysis on what method is to be used, as there is 
a general lack of consensus between microsurgeons in 
terms of the technique of choice. This great diversity 
demonstrates that there are different standards 
regarding this over the entire world and that they are 
practised based on the parameters of those who are 
operating under those respected regions or locales. 
This may be as a result of the limited amount of 
literature that is available on the topic, which 
represents an important factor that appoints great 
significance to the issue. There is also a lack of 
systematic review of various techniques used across 
the globe. This is a problematic aspect, because of the 
factor that different surgeons may be using techniques 
to overcome vessel diameter mismatch in 
microvascular anastomosis, with a degree of critical 
inaccuracy and appraisal compared to other 
techniques. This means there is no generally 
established and accepted standard which has been 
created to streamline and optimise the overall process.  

 
Conclussion 
 

Patent vascular anastomosis is undoubtedly 
one of the most significant factors influencing free flap 
outcome after microsurgical reconstruction. There is, 
in fact, a lack of a standard in terms of categorising 
and extensively describing, analysing and presenting 
information on the different microvascular 
anastomosis techniques in vessels with diameter 

discrepancy. This was observable throughout all the 
articles which were analysed. They all presented the 
conundrum of not having a standard reference they 
could use in their operations and as such often had to 
rely to what they already knew or being experimental 
and trying out their own techniques. The lack of 
homogeneity amongst relevant clinical articles deemed 
a meta-analysis impossible, as there were no two or 
more primary studies that addressed the same 
hypothesis in the same way and there was no 
randomised control trials comparing different 
techniques. Homogeneity was only found in animal-
model experimental research articles. There was also 
some bias present within the studies; this was mainly 
connected to the usage of techniques which the 
microsurgeons were most familiar with. This 
familiarity led to them consistently using the same 
technique, led to them becoming significantly biased 
in their approach on how they evaluated the efficacy 
of the different microvascular anastomosis techniques.  
Despite the scarcity of research and the limitations 
faced, this systematic review demonstrates that there is 
enough research evidence to suggest that 
microsurgical anastomosis of vessels in an angled or 
perpendicular position renders the site prone to 
turbulent blood flow, endothelial damage, platelet 
aggregation and potential thrombosis, with 
catastrophic results to the reconstruction executed. In a 
systematic approach, this study examined the 
international scientific literature to identify which 
techniques eliminate the element of turbulence and its 
adverse effects, clearly highlighting the superiority of 
some techniques over some other, in terms of patency 
rates.  

High level of microsurgical skill is required to 
perform either technique, therefore constant practice 
and proficiency in the field is mandatory. Adhering to 
basic microsurgical principles and respecting blood 
flow dynamics may be much more important than any 
technique performed, but there is yet a lot of work to 
be done to bridge this knowledge deficiency. To 
bridge the potential gap of knowledge in this 
challenging field, further research is strongly 
recommended, ideally in the form of an international, 
multicentre, randomised control trial with a high study 
power. There is also a need to investigate the creation 
of a standard system to present the information in a 
comprehensive manner to the microsurgical 
community. 
 
Limitations 
 

The scarce of a considerable amount of well-
designed, quality literature, was a limitation of our 
paper and demonstrates that this area has not been 
adequately explored. The scarcity of exploration is 
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corroborated with the lack of consensus amongst the 
different surgeons who are related to the field of 
microsurgery.24 
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