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End-to-Side Anastomosis With ‘‘Open-Y’’ Technique
on Small Vessels to Increase Patency and

Facilitate Anastomosis

Mithat Akan, MD,* Baris Cakir, MD,Þ Kaan Gideroglu, MD,þ
Tayfun Akoz, MD,* and Levent Kavurmacioglu, PhD§

Abstract: We report a different type of microvascular end-to-side
anastomosis using Bopen-Y[ technique to increase small recipient
vessel size and provide eversion of the vessel ends in end-to-side
anastomosis. The purpose of this study was to compare the effec-
tiveness of this technique with conventional end-to-side vessel
anastomosis. Twenty rats were used to assess the open-Y technique
in end-to-side anastomosis between carotid arteries and external
jugular veins and another 20 rats constituted the control group in
which conventional end-to-end anastomoses were performed. Statis-
tically, the results at 1 hour and 2 weeks after the procedures favored
the open-Y technique. When used in end-to-side anastomosis, the
open-Y technique both provides eversion and increases the diameter
of the vessel, which in turn ease the procedure and provide a higher
rate of patency especially in vessels with a diameter of 0.5 mm.

Key Words: End-to-side anastomosis, open-Y technique,
size discrepancy

(J Craniofac Surg 2009;20: 2226Y2229)

Anastomosis of small vessels is the fundamental principle under-
lying the practice of microsurgery. Two general categories of

microvascular anastomosis exist: end-to-side and end-to-end. Each
technique possesses both advantages and disadvantages, but they
have been shown in multiple clinical and experimental studies to be
equally efficacious procedures in obtaining long-term patency of
anastomoses.1Y5 End-to-side anastomosis has a number of advan-
tages but, from a practical standpoint, may be more difficult than
end-to-end anastomosis, and there is debate about how it is best
performed. Another disadvantage of this technique is that it is asso-
ciated with more turbulence than occurs with the simple end-to-end
procedure.6

The purpose of this study was to increase the size of the small
recipient vessel and to evert the vessel ends in end-to-side anas-
tomosis with the use of the Bopen-Y[ technique.

MATERIALS AND METHODS
Forty Sprague-Dawley rats weighing 200 to 250 g were used

for the experiment. Twenty rats were used to assess the open-Y
technique in end-to-side anastomosis between the common carotid
arteries and external jugular veins. Conventional end-to-side anas-
tomosis was performed in 20 rats in the control group. All anas-
tomoses were performed by the same surgeon. Intraperitoneal
ketamine 50 mg/kg was used for anesthesia. The rats were prepared
supine, and their necks were shaved bilaterally. A surgical micro-
scope, standard microvascular equipment, and 10-0 polyamide
suture were used. Xylocaine 2% solution was used to overcome
vessel spasm, and normal saline containing heparin 100 IU/mL was
used for irrigation of the cut vessels. Systemic anticoagulants were
not used. Left external jugular veins were prepared, divided, and
passed behind the sternomastoid muscle, and end-to-side anasto-
mosis was performed to the left carotid arteries. The standard
technique and the open-Y technique were alternated from one rat to
another.

After the skin incision, the common carotid artery and exter-
nal jugular vein were explored. During the dissection, care was taken
not to injure the vagus and phrenic nerves. The external jugular vein
dissection was performed from cervical to the mandibular region
(Fig. 1). When we reached the bifurcation site of the anterior and
posterior facial veins, dissection was carried distally on 0.5 cm of
bifurcation site. The jugular vein was 0.5 to 0.6 mm, and anterior
and posterior facial veins were 0.3 to 0.4 mm in size. Each vein was
transected obliquely 1 mm after the bifurcation. One of the arms of
the microscissors was inserted into one of the veins and brought out
from the other vein, and the 2 veins were connected by separating the
bifurcation site (Figs. 2 and 3). To achieve standardization, no pro-
cedures to overcome size discrepancy such as basic dilatation were
carried out. At the stage of anastomosis, to avoid formation of an
arteriovenous fistula and heart failure due to high-volume load, the
carotid artery was ligated proximal to the anastomosis. Arteriotomy
was done in the left carotid, using a 10-0 suture placed through the
vessel at the arteriotomy site to allow traction. A cut on both sides
of the suture was used to create an elliptical arteriotomy, which was
1.5 mm in diameter.7 Two initial sutures were placed at 180 degrees,
followed by continuous sutures to complete the anastomosis (Fig. 4).

In the conventional technique group, the external jugular
vein (0.5 mm) was anastomosed with a 0.5-mm-diameter hole on
the common carotid artery. The anastomoses were performed with
10-0 polyamide sutures, and 6 or 7 knots were applied for each
anastomosis.

After completion of each anastomosis, immediate patencywas
tested with a standard refill test, and vessels were covered with a
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moist sponge and were reexamined 60 minutes later. The skin was
then closed with nonabsorbable sutures. On the 14th postoperative
day, the animals were reanesthetized, and the patency of all vessels
was again evaluated by standard refill test. Subsequently, the vessels
were fixed with buffered 3% glutaraldehyde solution, and the
anastomotic sites were harvested for light microscopy.

RESULTS
The open-Y technique demonstrated patency in 19 anasto-

moses immediately after procedure. This was in 19 anastomoses
after 60 minutes and in 18 anastomoses after 14 days. The control
group demonstrated patency in 16, 13, and 11 anastomoses, respec-
tively (Table 1).

At the first examination, as the occluded anastomoses were
inspected, passage from the opposite wall was observed. When
the occluded anastomoses were histologically examined after
60 minutes, and after14 days, the lumens were found to be occluded
with thrombus.

For analyzing the discrete random variable, Fisher exact test
and repeated random variable McNemar test were used, and P G 0.05
was considered as significant. GraphPad V.3 packet program for
Windows (AMPL Software, Turramurra, Australia) was used for all
statistical analysis.

No significant difference between the results of immediate
assessment of open-Yand the control group was observed (P 9 0.05).
A significant difference between the results of assessment after
60 minutes of open-Yand control groups was observed (P G 0.05). A
significant difference between the results of assessment after 2 weeks
of the open-Yand control groups was observed (P G 0.05).

When the groups were considered between themselves, there
was no significant difference between the results of immediate
assessment, assessment after 60 minutes, and assessment after 2
weeks of the open-Y groups (P 9 0.05). No significant difference
between the results of assessment after 60 minutes and assessment
after 2 weeks was observed (P 9 0.05) (Table 2).

No significant difference between the results of immediate
assessment, assessment after 60 minute, and assessment after 2
weeks of the control groups was observed (P 9 0.05). Also, no
significant difference between the results of assessment after 60

FIGURE 1. Schematic preparation of the vessels and
anastomoses. Small picture demonstrates prepared anterior
and posterior facial veins.

FIGURE 2. Open-Y technique performed schematically on
the left side, preparation of the veins for the open-Y technique
on the right side.

FIGURE 3. Eversion and dilation of the vessel are clearly
demonstrated after the open-Y technique is performed.

FIGURE 4. Open-Y technique after anastomosis.
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minutes and assessment after 2 weeks was observed (P 9 0.05)
(Table 2).

DISCUSSION
End-to-side anastomosis unites 2 vessels for the purposes of

insertion of a bypass graft to reestablish flow in a normal direction
(peripheral vessel reconstruction), provision of an additional source
of blood (intracranial revascularization), or creation of an artificial
branch (free flaps).7

Either clinically or experimentally, a difference in patency
rates has not been found between end-to-end and end-to-side
anastomosis. Before Godina’s6 report of his clinical experience with
end-to-side anastomosis, this technique was not widely used. He
reported the successful transfer of 41 consecutive free flaps using
this technique as compared with a failure rate of 9 (37.5%) of 24 for
end-to-end anastomosis. Godina6 highlights the advantages of
preservation of distal limb vessels, the possibility of easier planning,
and the avoidance of arterial retraction and spasm. Albertengo et al2

found no difference in the survival rates of groin flaps transferred to
the cervical region using either the end-to-end or end-to-side anas-
tomosis. It is generally accepted that a well-performed anastomosis,
whether end-to-side or end-to-end, can provide the same blood flow
with the same peripheral resistance to a flap.4 Bass et al8 suggested
that the use of end-to-side technique for vein anastomosis, when size
discrepancy is present, can reduce the incidence of thrombosis as
compared with end-to-end procedure.

One of the most demanding tasks in making an end-to-side
anastomosis is the performance of a perfect arteriotomy.9 The shape
of the arteriotomy may be a longitudinal slit,10 a transverse slit,11

pear shaped,12 or elliptical. An overlarge arteriotomy may produce
severe and intractable bleeding from a suture line, which is made up
of numerous open gaps, whereas too small an arteriotomy causes
reduced blood flow.6 It is harder to perform an arteriotomy for a
vessel of less than 1 mm. The open-Y technique has been described
by Akan et al13,14 to expand the smaller vessel when great size (1:3)
discrepancy is present in the end-to-end anastomosis. It is easier to
anastomose a vessel that is 1.5 mm in size to a hole of 1.5 mm in
diameter than with a 0.5-mm vessel to a hole of 0.5 mm in diameter.
The increased amount of patency achieved with open-Y technique
was believed to be due to the increase of the diameter of the
anastomosis.

Inversion of the vessel ends with exposure of the adventitial
surface to the flow of blood generally causes thrombosis. Eversion of
the vessels is possible with meticulous technique, but it can be
difficult in end-to-side anastomosis especially in small vessels.
Another advantage of open-Y technique in end-to-side anastomosis
is that it parallels the ends of the recipient and donor vessels (Fig. 3).
The spontaneous eversion caused by the technique fairly eases the
suturing. As opposed to separate sutures, the continuous suture
technique decreases the duration of anastomosis and results in less
leakage.

When the open-Y technique is performed in end-to-side
anastomosis, instead of a right angle, a smooth angle is achieved at

the side of anastomosis as seen in the branching sites of normal
vessels. This smooth passage provides a less turbulent flow than
conventional end-to-side anastomosis.

As a result, in end-to-side anastomoses, the use of open-Y
technique, because of provision of eversion and increment of the
diameter of the vessel, eases the anastomosis procedure. It also
increases the patency in small vessels.

End-to-side anastomosis is a kind of anastomosis that pro-
vides an additional branch and protects the distal flow especially in
free tissue transfers.7 From time to time, end-to-side anastomosis is
more difficult to perform than end-to-end anastomosis. There is an
ongoing argument about the best way to perform the technique.
Another disadvantage of this technique is that it causes more tur-
bulent flow than the simple end-to-end anastomosis.6 The inversion
of the vessel ends into the luminal side causes coagulation due to
contact of the adventitia with the blood flow.15 With the help of
a precise technique, it is easy to provide eversion. However, this is
quite difficult when end-to-side anastomosis is applied to small
vessels.

Another advantage of the open-Y technique is that the donor
and recipient vessel sides become parallel in end-to-side anastomo-
sis. The natural eversion supplied by this technique provides easier
suturing (Fig. 3). Both this eversion and the increase in the vessel
size enable the use of the continuous suture technique. When com-
pared with the separate suture technique, the continuous technique
results in less leakage and decreases the duration of the anastomosis
(Fig. 4).

There are 2 flow patterns involving the fluids flowing through
pipe systems. The flow is laminar when the velocity is decreased.
Osborne Reynolds has investigated the dynamics of the fluid
through the pipe systems and has reported that when the BReynolds
coefficient[ is above 2000, the flow becomes turbulent. This co-
efficient is calculated as follows: density � velocity � diameter /
viscosity. This coefficient is about 50 in the vessels of 1.5-mm
diameter and about 3000 at the exit from the heart. According
to these values, the flow in the aorta is turbulent. However, the flow
in the small-size vessels of microsurgery with diameters of 2 to
3 mm or less is absolutely laminar.16,17

The fluids in the pipes demonstrate different actions among
limitations of the vessel diameter. The velocity of the flow increases
as the diameter is decreased, and a separation of the flow from the
vessel wall occurs after this narrow zone. A zone called recirculation
zone occurs between the zone of detachment of the flow from the
wall and the zone that it contacts again. There is a circular flow here
with less velocity when compared with the flow in the center of the
vessel. Recirculation bubbles occur after the sudden turn in classic
end-to-side anatomosis.15,16

According to all this information about the flow mechanics,
Reynolds number is about 50 in the vessels with diameters of 1 to
3 mm. The flow is also laminar within them. When dealing with

TABLE 2. Open-Y and Control Group Repeated
Measurements

McNemar Test
Open-Y

(n = 20), P
Control

(n = 20), P

Immediate assessment/assessment
after 60 min

90.05 90.05

Immediate assessment/assessment
after 2 wk

90.05 90.05

Assessment after 60 min/assessment
after 2 wk

90.05 90.05

TABLE 1. Distribution of Patency, Comparison Between the
2 Groups

Group
Open-Y
(n = 20)

Control
(n = 20) Fisher Test P

Immediately assessment 19 (95%) 16 (80%) 90.05
Assessment after 60 min 19 (95%) 13 (65%) G0.05
Assessment after 2 wk 18 (90%) 11 (55%) G0.05
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small-size vessels of microsurgery, the small amount of increase of
turbulence intensity in the middle of the vessel, away from
the anastomosis site, will avoid erythrocyte and thrombocyte
breakdown.17

There are 2 dangerous effects in small vessels in end-to-side
anastomosis (turbulence is the third dangerous effect in big vessels).
The opposite side to the bloodstream of the anastomosis is under the
effect of shear stress; the nearest side of the bloodstream is under the
recirculation bubble effect. The low speed and different character-
istic of blood and shear stress of the bloodstream increase the risk
of thrombosis. The liquids produce shear stress where they meet at
90 degrees to the wall of the vessel. In the classic end-to-side anas-
tomosis, the sutures are where the shear stress is at its strongest.
If there is any irregularity in this area, coagulation occurs very
quickly. In open-Y technique, the anastomosis sutures are far from
the danger areas, and this technique, which is similar to natural
vessel branching, produces very few recirculation bubbles (Fig. 5).

CONCLUSIONS
The open-Y technique provides spontaneous eversion, in-

creases the diameter of the anastomosis site, imitates the normal vessel
anatomy, and causes less irregular flow than end-to-side anastomosis.
These, in turn, ease the anastomosis, increase the safety of the
operation, and eliminate the disadvantages of the end-to-side anas-
tomosis reported in the literature.6 We believe that this technique will
enable microsurgeons to perform difficult microsurgical procedures
even at the level of perforator vessels, encouraging them increasingly
to use it in the future.
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FIGURE 5. Open-Y technique mimics the luminal structure close to normal. Similarity is noticed on the outer surface of the
lower vessel.
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