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Background The art of reconstructive microsurgery is still progressing after Carrel’s
original description of “vascular repair” in 1902. Reports of the successful repair of
vessels smaller than 1 mm in diameter are currently commonplace. However, the
technique of microvascular anastomosis to connect vessels with large diameter
discrepancy, greater than 1 mm, has not yet been perfected. This article reports a
novel option to anastomose two vessels of different sizes by adapting the diameters of
the two stumps and creating a gentle slope that dramatically reduces turbulences in the
blood stream.

Methods The “V-plasty” consists in designing a v-shaped flap on the wall of the large
vessel and a longitudinal incision on the small one. The V-flap is then introduced into the
V-defect of the small vessel, creating a smooth transition of the diameters between the
two vessels. Mathematical calculation of the dimensions of the V-flap was conducted
with different ratios’ discrepancies of the two vessels ranging from 1.5 to 4. Clinically, 14
microvascular V-plasty were performed in 8 patients.

Results The theoretical simulation and our clinical experience of 14 cases allowed us to
propose the different dimensions (length and width) of the V-plasty according to the
ratio of vessels discrepancies.

Conclusion The V-plasty microanastomosis is an alternative method to attach vessels
with size discrepancy. It simply equalizes the donor and recipient vessels’ diameters. Its
main advantage is to maintain a linear axis between the two vessels whatever the
discrepancy ratio is.

Microvascular anastomosis remains a fundamental surgical
step in free flap transfers and replantation surgery. Despite
the many advances in microsurgical techniques, vessel size
discrepancies during free flap transfer add a challenge to
surgeons and may increase the risk of complications1 in some
circumstances. The risk for anastomotic patency disturbances
increases as vessel size discrepancy becomes greater.
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Although an end-to-side anastomosis may seem to be a
logical solution to address vessel size discrepancy, the angu-
lation created in this type of vessel anastomosis approach
generates turbulence within the vessel, risking blood flow
obstruction.? Since 1975, it has been documented that im-
proved patency rates can be achieved by a refined technique
alone, rather than by pharmacological agents.? The literature
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is flooded with publications exploring the optimal technique
for microvascular anastomosis. The purpose of this article is
to share a novel technique of anastomosing vessels of unequal
calibers coupled with an overview of the previously described
anastomotic methods.

Methods

Between 2010 and 2012, a total of 14 consecutive microvas-
cular cases with vessel discrepancy ratio of at least 2 were
analyzed and included in the study.

The V-Plasty Microanastomosis Technique

Operative Technique

The V-plasty microanastomosis starts by creating a v-shaped
flap in the vessel of larger diameter. The size of the v-shaped
flap, “its length and width at the base,” is completely depen-
dent on the difference between the diameters of the larger
and smaller vessels. To accommodate a smooth transition
change in the vessel caliber, the v-shaped flap dimensions
increase as the diameter discrepancy becomes more marked.
The v-shaped flap is designed on the anterior part of the
vessel wall, while the posterior segment is totally resected.

The smaller vessel is longitudinally bounded, creating a
triangular defect when the edges of the incision are stretched
out. The depth of the small vessel wall incision should exactly
fit the length of the V-flap previously designed on the larger
vessel. The V-flap of the larger vessel is then incorporated
within the V-triangular defect created within the wall of the
smaller vessel. By enlarging the diameter of the smaller
vessel, the edges of the latter fit in perfect alignment with
those of the larger vessel (~Fig. 1).

The two vessels are fixed together by interrupted micro-
vascular sutures (=Fig. 2), between the tip of the V-flap and
the bottom of the V-defect (c with ¢'), and between each
lateral base of the V-flap and the corresponding areas of the
V-defect (a with a’ and b with b"). The two lateral sides of the
V-flap are then fixed to the lateral edges of the V-defect by
interrupted microvascular sutures to complete the anterior
vessel anastomosis. After turning the vessels to expose the
posterior walls, the quality of the anterior wall sutures is
assessed from the inner surface of the anastomosis before
achieving the posterior wall anastomosis. The latter is then
completed by fixing the vessel walls according to the classical
microanastomosis techniques.

Mathematical Calculation of the Dimensions of the
V-Plasty

The theoretical dimensions and the simulation work of the
V-plasty, the length and width of the v-shaped flap according
to the percentage of vessels discrepancy, were derived from the
rules applied to fluid dynamics. Considering the vessels to be
attached as a unique tube formed by two segments of different
diameters, the ideal slope of transition from the bigger diame-
ter to the smaller one or vice versa should not exceed 7 degrees
to maintain a laminar flow without generating any areas of
turbulences. A calculation derived from the basic rules of fluid
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Fig. 1 The different steps to perform the V-plasty microanastomosis
technique.

hydrodynamics is used to determine the length and the width
of the V-flap which should be designed on the wall of the big
vessel and is applied to our model for attaching vessels.

We have selected the six situations of vessel discrepancy
ratios (1.5, 2, 2.5, 3, 3.5, and 4 times) and calculated the

Fig. 2 The v-shaped flap designed on the wall of the big vessel is
introduced on the v-shaped defect created by the incision done on the
wall of the small vessel.
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Fig. 3 The different variables used to calculate the dimensions of the V-flap on the big vessel, the depth of the incision on the wall of the small

vessel, and the slope angle of transition between them.

corresponding dimensions of the V-flap. For example, a 1.5
discrepancy ratio can correspond to a small vessel with a
diameter of 2 mm, while the large one is 3 mm, and a
discrepancy ratio of 3 can correspond to a 1-mm small vessel
diameter and a 3-mm large vessel diameter.

Calculation of the v-shaped Flap Length and Width
Considering the following different variables: “d” as the small
vessel diameter, “D” as the large vessel diameter, “p” as the
vessel diameter ratio (D - d), “I” as the cut length in the small
vessel wall, “b” as the v-shaped flap base length on the large
vessel, and “a” as the intermediate vessel slope (~Fig. 3).
Given that the diameters of the small vessel (d) and the
large vessel (D) are known. The angle a of the slope between
the two vessels should be equal to 7 degrees and the vessels
diameter ratio p > 1; the length (I) and the width (b) of the
triangular flap are obtained by these two formulas:

d(p-1)
/= 2 sin o and b =1d (p-1)
The different values of the length and width of the v-shaped
flap are listed in =Table 1 according to the extent of the vessel
discrepancies.

To further illustrate the advantages of the V-plasty technique,
we have mathematically calculated the angle (a) formed be-
tween the large and the small vessels after applying the most
commonly used procedure for correcting vessels discrepancies,
the oblique cut of the small vessel (~Fig. 4). Given two vessels of

different diameters, the smaller vessel is cut at an oblique angle
(a) to enlarge its cross-sectional diameter. The length of both
vessels edges must be equal for a perfect connection. The
constraint that equalizes the length of the edges determines
the angle of the oblique cut of the smaller vessel. To compute this
cut angle, the larger and smaller vessels have diameters D and d,
respectively (=Fig. 5). Thus, for the larger vessel, the length of
the edge is simply given by the length of the circumference:

Lon=2xD

For the smaller vessel, since cut at an oblique angle (a), the cut
edge will be an ellipse. Thus, the length of the smaller vessel
edge after the cut is given by the perimeter of the ellipse. As
for the minor and major axis of the ellipse, we define them by
their half-lengths as

a—i db—id
T MU 2 sin(a)

Given the above minor and major axes of the ellipse, one can
estimate the perimeter of the ellipse by the following

formula:
s(a5h)

10 +/4 S@Igf)

Li=n{at+h) (l |

To simplify some expressions, we define the following vari-
ables, as shown in =Fig. 6. Let p be the ratio of the larger vessel

Table 1 The dimensions of the V-flap (length and width) which should be theoretically applied according to different discrepancy

ratios situations

D 1.5d 2d 25d 3d 35d 4d
L 2.05d 4.1d 6.15d 8.2d 10.25d 123 d
b 1.57d 3.14d 4.71d 6.28 d 7.85d 9.42d
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Fig. 4 An angle (a) is created at the site of anastomosis after an
oblique cut of the small vessel to enlarge its diameter to reach the
diameter of the bigger vessel.

Fig. 5 Different variables used to calculate the angle a.

Big vessel

Small vessel

Ellipiical cut an small vessel

Fig. 6 Different variables used to calculate the angle f.
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diameter and the smaller vessel diameter and let A be the
ratio of the major axis to the minor axis of the ellipse, that is,
D

p = ; and }., = g
Now we equate the two lengths Lp and I, to solve for the cut
angle a to arrive at the following relationship between the
ratios of the diameters to that of the axes of the ellipse:
2+

2

(A+1) (A=1)

3
P2
21004+ 1) + 4/ 1+ A4+ 14)

p=

Using the above equation, one can also solve for the ratio of
the ellipse’s axes, A, given the ratio of the vessel diameters, p.
Then, one can solve for the cut angle:

ing=2=d

51N 0 = B = ﬂ
Finally, one can solve for the angle, B, between the axes of the
vessels to get

i . e |

a=f- < Then sin(f — ?J=I

Simulations to verify the effect of the diameter ratio versus
the cut angle were run and are reported in =Table 2.

Results

A total of 14 microvascular V-plasty anastomosis performed
in 8 patients were included in the study. Patients’ ages ranged
between 4 and 64 years. Donor vessel diameter ranged
between 1 and 8 mm, whereas that of the recipient site
varied between 1 and 6 mm. Venous as well as arterial
microvascular anastomosis with donor to recipient discrep-
ancy ratios up to 4 was performed successfully using the
described technique (=Table 3). Direction of flow included
both small to large vessel and large to small vessel blood flow
at the anastomosis site. All patients were followed for at least
1 year following the procedure.

Table 2 Different results of the angle  formed between two vessels with different discrepancy ratios after applying an oblique cut
incision of the small vessel

Discrepancy

1.5

2

2.5

3 3.5 4

Angle B

132 degrees

120 degrees

113 degrees

109 degrees 107 degrees 105 degrees
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Discussion

Over the past three decades, reconstructive microsurgery
expanded widely to become an entirely independent field.
Reconstructive microsurgery addresses the complex and
composite defects involved with connecting different types
of tissues resulting from traumatic circumstances, tumors
resection, or extensive blast injuries. Also, reconstructive
microsurgery allows the reattachment of amputated organs
from a very distal fingertip to a total amputated limb, a
detached ear, or an amputated penis. Reconstructive micro-
surgery not only restores the body integrity but also can
reestablish a missing function by transferring a motorized
muscle. Often, the reconstructive microsurgeon is faced with
technical challenges due to the difference in size and diameter
between the donor and the recipient vessels. The discrepancy
ratio is variable and considered major when it reaches the
ratio of 1 to 4.

A myriad of techniques have been described and proposed
for solving vessels size discrepancy in reconstructive micro-
surgery. A comprehensive overview of those different meth-
ods is essential for both basic knowledge and further
understanding of the novel approach of the V-plasty
technique.

Mechanical dilation is one of the earliest described pro-
cedures and is commonly used for minimal discrepancy in
vessel sizes. Mechanical dilation of the smaller vessel is
sufficient when the vessel discrepancy ratio is less than 1.5.
In this approach, the smaller vessel is typically expanded
mechanically and gently by stretching its wall using forceps or
special dilator.* However, a transluminal catheter angioplasty
inserted through a collateral branch has been also described
in the literature as a technique to dilate the vessel. Due to the
potential damage to the endothelial cells of the vessels from a
transluminal catheter angioplasty approach, this technique
should be abandoned.” As the discrepancies between vessels
become greater, simple dilation may not be sufficient and
anastomosis can create furrows that predispose to thrombo-
sis® or to a leak at the anastomosis. Moreover, vessel dilation
is a transient phenomenon lasting only few minutes during
which the anastomosis should be accomplished. The vessel
dilation can be maintained by the application of vasodilators,
such as lidocaine or papaverine, or by infiltrating them into
the adventitia.”

For a vessel discrepancy ratio of 2, several techniques have
been proposed:

* Spatulation, first reported by Kunlin in 1951, consists of
making a longitudinal incision in the wall of the small vessel,
transforming it from a cylinder to a spatula-like flap. The
“spatula flap” borders are then aligned across the larger vessel
perimeter.8 Later, Sullivan® and Fossati et al'® advocated that
the longitudinal incision must be at least the diameter of the
small-sized vessel to double its diameter.’

 The oblique incision technique of small-sized vessels was
published by Harii and Ohmori in 1976."" To increase the
area of anastomosis, an oblique cut is made in the vessel of
minor diameter and a simple end-to-end anastomosis is
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performed.'? The procedure is useful but an angle may be
formed (~Table 2) at the site of anastomosis, increasing
the chances of turbulence formation.

» The fish-mouth incisions, described by Harashina and
Irigaray in 1980,'3 consists of designing two opposite
longitudinal incisions on the smaller vessel to expand its
diameter. These incisions are done at two points, 180
degrees apart. The four corners of the square-edged vessel
flaps are trimmed and the two vessel ends are attached in
an end-to-end fashion.

All above-mentioned techniques share a common end
point, the angulation at the site of anastomosis, generating
a sudden alteration in the orientation of the blood stream.
We have mathematically calculated that when vessel dis-
crepancy ratio is only 1.5, the oblique cut of the small vessel
to equalize the vessels diameters will create an angle of 132
degrees at the site of vessels anastomosis. This angle can
reach 105 degrees for vessel discrepancy ratios of 4. If one
opts for spatulation, a vessel discrepancy ratio of 2 will
inevitably create an angle of 90 degrees at the site of
attachment and turbulences are unavoidable.’ The main
disadvantage of the fish-mouth technique is the creation of
a sudden change of the caliber from the small to the wider
vessel.'> Some modifications have been reported to smooth
the slope at the site of attachment and avoid the acute
change of the vessels caliber. The distal tapering technique
consists of the resection of a single wedge in the distal
vessel that is sutured longitudinally to equal the diameter
of the smaller proximal end.'” The advantages of this
technique to create a subtle change in diameter are bal-
anced by the need for much more suture materials to be
applied between the two vessels.

A vessel discrepancy ratio of greater than 2 should theo-
retically dictate an end-to-side vessel anastomosis. However,
the attachment of two vessels at 90 degrees will systemati-
cally create areas of turbulences.

Other procedures have also been reported in the literature
for the attachment of vessels of different diameters but have
not yet been adopted by the medical community as routine
practice:

 The hemostat clip has been used for a gradual reduction of
the larger vessel caliber.'* It creates a gentle slope on the
big vessel'® but it lacks precision and can create kinking
and be predisposed to vessel twisting.'®

« The sleeve anastomosis, described by Lauritzen in 1978,
consists of inserting the smaller vessel into the big one fixed
with minimal suture placement. Contact between vessel
walls is then maintained by the pressure of the blood flowing
through the smaller vessel toward the larger one. This
technique always creates turbulence on the blood stream at
the step level formed by the contact between the small and
the large vessels. Moreover, this technique cannot be used in
the cases where blood should flow from the larger vessel
toward the smaller one due to the sudden reduction of vessels
calibers and the breakdown of the blood cells when hitting
the edges of the smaller vessel.'®
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» The unequal bite technique, published by Xiu and Song in
1993,"? relies on taking a bigger bite from the larger vessel
wall than that which is taken from the smaller vessel. The
main disadvantage is the creation of furrows that can lead
to bottlenecking of the blood flow and spasms.?°

» The micro-mattress technique consists of applying a ver-
tical mattress on the smaller vessel while applying a
horizontal mattress on the larger vessel. Nevertheless,
the percentage of flap failure in the series reported by
its inventors is still too high to be accepted.?’

* The v-shaped anastomosis is an end-to-end anastomosis
between three vessels: two smaller vessels on one side and
a large one on the other side.?? This situation, however, is
anatomically dependent and rare in the clinical practice.

* Finally, the venous coupler initiated by Ostrup and Bergg-

en,?> and developed by Nakayama et al?* is very useful to
achieve venous anastomosis.2® It is used only for venous
anastomosis?® and not really suitable when marked size
discrepancy is present.27'28

In comparison to the above-mentioned surgical techni-
ques, the proposed V-plasty microanastomosis respects the
ideal conditions of fluid hydrodynamics to maintain a laminar

134 A Novel Microsurgical Technique for Anastomosis of Vessels with Marked Size Discrepancy Bakhach et al.

blood flow. Rickard et al®® conducted experimental studies on

different types of microarterial anastomosis with size dis-
crepancies by computational modeling. Four microanasto-
mosis techniques were modeled with 1:2 size discrepancies.
The invaginating anastomosis, the fish-mouth incision of the
smaller vessel, an oblique section of the smaller vessel, and a
wedge excision of the larger vessel were selected for this
study. Ring vortices, turbulences, and flow separation oc-
curred on the invaginating, the fish-mouth incision, and the
oblique section of the smaller vessel techniques, while on the
wedge excision of the larger vessel the flow stayed laminar
without turbulences, particularly when the length of the
excision equals twice the diameter of the larger vessel. These
results corroborate our findings and show that more softer is
the slope in the transition zone, more laminar is the flow, as
reproduced by the V-plasty microanastomosis.

Of course, in some circumstances, particularly when the
vessel discrepancy is very marked, it is not feasible to design a
v-shaped triangular flap on the wall of the larger vessel
having a length reaching 12 times and a width 9 times the
diameter of the smaller vessel. These rules are applied in
experimental circumstances with tubes presenting rigid
walls, using a Newtonian fluid flowing at a continuous

F.G

H

Fig. 7 (A) Distal amputation of the left thumb in a 64-year-old man with hook nail deformity. (B) A custom-made free composite flap was
harvested from the right big toe. (C and D) A discrepancy ratio of 2 was encountered between a donor dorsal metatarsal vein “2 mm” and
the recipient left lateral wrist vein “4 mm.” (E and F) A discrepancy ratio of 3 was encountered between a donor dorsal metatarsal vein “3 mm”
and the recipient left dorsal metacarpal vein “1 mm.” (G) Immediate postoperative result after the insertion of the custom-made composite flap.
(H) The result at 3-year follow-up with complete integration of the flap to its recipient site with normal nail growth.
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flow. In clinical practice, the conditions are different from
experimental ones, with the vessels continuously changing
their diameter and far from being rigid tubes. In addition,
blood is not a Newtonian liquid; it contains cells and big
particles and blood flow is a pulsating flow due to the
heartbeat. Despite all these differences, the microsurgical
V-plasty seems to be the ideal technique to equalize vessel
dimensions and to easily solve vessel discrepancies in recon-
structive surgery (=Fig. 7A-H).

The following guidelines were proposed in our early
clinical experience to easily and rapidly calculate the dimen-
sions of the v-shaped flap according to the vessel discrepancy
to be treated:

* In a two times vessel discrepancy, the v-shaped flap base
should have a width corresponding to a third of the larger
vessel diameter and a length equal to the diameter of the
smaller vessel.

* In a three times vessel discrepancy, the width of the
v-shaped flap base should equal the half of the larger
vessel perimeter and the length of 1.5 times the smaller
vessel diameter.

* In a four times vessel discrepancy, the width of the
v-shaped flap base should reach the two-thirds of the
larger vessel diameter and the length two times the
smaller vessel diameter.

The main advantage of the V-plasty technique is to main-
tain a linear axis between the two vessels whatever the
discrepancy ratio is. This methodology ensures direct vessel
wall alignment at the anastomotic site without the creation of
furrows. Limitations include the need of an advanced exper-
tise in the microsurgery skills to be able to design the V-flap
particularly in vessels with less of 1 mm of diameter. More-
over, this technique requires suturing of the vessel ends along
an increased distance as compared with previously described
and used anastomotic techniques, thus more suture inset.

Conclusion

The V-plasty approach is an innovative technique introduced to
the microsurgical field. This technique requires some expertise
in microvascular skills. It involves molding both sides of the
anastomosis to allow a good tapering of the vessel caliber while
maintaining a straight axis of flow. The main advantage of this
approach lies in being able to use it on a wide array of vessel size
discrepancy ratios and tailor it accordingly. V-plasty approaches
the optimal conditions to maintain a laminar blood flow by
creating a smooth transition in the connecting zone. V-plasty
also maintains a straight anastomotic direction that is invariable
as vessel discrepancy increases.
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