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ABSTRACT
We previously developed a device for end-to-end anastomosis powered by negative pressure and demon-
strated that using the device allow the operator to anastomose semi-automatically with little stress. Here,
we sought to build a device for and demonstrate that negative pressure can also be used in end-to-side
anastomosis which is clinically popular as end-to-end anastomosis through animal experiment using rats.
The devices were constructed with a laser lithographic/3D-printing machine. Nine SD rats were used.
Each of the nine rats underwent end-to-side anastomosis between the superficial epigastric vein and the
femoral vein using the device. Rat was anesthetized one week later and the anastomotic site was
inspected through operative microscope for patency. The anastomotic site was harvested with the device
and the rat was euthanized. The anastomotic site was embedded in epon, sectioned, stained with tolui-
dine blue, and analyzed with light microscopy. Eight of the nine anastomoses were patent immediately
after the procedures, and two of the nine were patent at 1week after the procedures. In the failed cases,
the vessels dislocated from the device because the clamps loosened during the observation period after
the operation. The experiments have shown that the device using negative pressure can also be applied
to end-to-side microvascular anastomosis. The patency rate is low and further improvement is required.
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Introduction

Several microvascular anastomotic devices have been introduced
[1–10]. Among them, the ring-pin-type anastomotic device (e.g.
the Unilink device [8]) is the most commonly used worldwide and
has been reported in many papers to be superior to conventional
hand-sewn anastomosis [11–15]. Although the Unilink system is
considered the best ring-type device, the system has not been
updated since its release and has limitations that must be over-
come. A ring-pin device has metallic pins that remain perman-
ently, and surgeons still manually insert the metallic pins into the
vessel walls.

We found that negative pressure is an ideal method of fixing
vessel walls onto the device, replacing the use of metallic pins,
and we previously reported a device using negative pressure for
end-to-end anastomosis (the Vacuum-Assisted Microvascular
AnastoCoupler) [16]. We believe that negative pressure is very
suitable for four reasons. First, negative pressure is a non-
traumatic force for fixing vessel walls instead of traumatic metallic
pins. Second, because the device that uses negative pressure can
be built without metallic pins, it could potentially be built using
biodegradable materials in the future. Third, negative pressure
works as an ideal actuator to place the vessel walls onto the
device, allowing semi-automatic anastomosis, which will shorten
the operative time. Fourth, negative pressure is available in most
medical facilities and costs little.

In this study, we built a device using negative pressure as
actuator to work on the vessel walls to be anastomosed, and

evaluated whether the negative-pressure system could be applied
to end-to-side anastomosis as well as end-to-end anastomosis in
microsurgery.

Materials and methods

Development of micro-vacuum-device

The device was designed using 3D-CAD software (SolidWorks
2011–2012; Dassault Syst�emes). Nine sets of the device were pro-
duced. One set was made from polymers (KC1257; JSR; Japan),
including epoxy acrylate, using a laser lithographic machine
(ACCULAS; Laser Solutions; USA). The other eight were made from
polymers (VisJet Crystal; 3DSystems; USA), including urethane
acrylate, using a 3D printing machine (ProjetHD3500plus;
3DSystems). The polymer details are proprietary and not available
from the company.

The system consists of the device complex and the vacuum
delivery system. The device complex consists of two main parts
for the side vessel, one main part for the end vessel, and one
clamp for the end vessel (Figure 1(a)). The negative pressure gen-
erated in the vacuum pump is delivered to the solenoid valve
complex (VX2331G-1TLR1; SMC; Japan) and switched to the
appropriate port; this pressure is regulated by the microprocessor
(Arduino Uno; Italy) with the controller (Dual Shock2; Sony; Japan)
and then consecutively distributed to the vacuum holes through
the rubber tube, the vacuum conduit (for the main part of the
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side vessel), the collecting tunnel, and the hollow chamber inside
the main part (Figure 2).

First, the two main parts for the side vessel are set to catch
the side vessel. Then, nylon strings are inserted in the holes and
knotted to secure the assembly. As a result, the clamp on each
end of the main part catches the side vessel not only to stop the
flow from the vessel, but also to prevent the vessel from slipping
off the device. A window is made on the side vessel.

The end vessel is put inside the central opening from the
back, pulled out to the front, and clamped. The vacuum pump is

turned on, and each vessel edge is everted and fixed to the
device. The pressure on the vacuum hole is 394mmHg while the
vessel edge is set on it. Then, the two veins are pulled together
facing each other by knotting the strings laced through the
two holes such that an intima-to-intima coaptation is obtained
(Figure 1(b)). Finally, the clamps are detached. The junction
between the clamp for the side vessel and the rest is purposefully
made weak, so that the clamp is removed by breaking the junc-
tion. Then, new blood flow is established (Figure 1(c)). The device
complex is embedded, and the rest is removed(Supplementary
Material: Video).

Experimental study

Ethical approval was obtained from the University of Tokyo
Animal Ethics Committee (Med.P10-041) before beginning the
experiments. Nine end-to-side anastomoses were performed with
the devices on nine male Wistar rats weighing 450–535 g. The
superficial epigastric veins (diameter: 0.75–0.95mm) were used as
end-vessels, and the femoral veins (diameter: 1.1–1.5mm) were
used as side-vessels (Figure 3). The rats were anesthetized with
intraperitoneal administration of sodium pentobarbital (3.0mg/
100 g body weight). A cutaneo-adipose flap, which depends on
the superficial epigastric artery, was elevated and assumed to be
useful as a monitor of the patency of the anastomosis. The epi-
gastric vein was dissected from the junction with the femoral
vein, peripherally to the point where it had its first large branch.
The femoral vein was dissected and exposed from the inguinal
ligament to the junction with the superficial epigastric vein. All
small branches of these vessels were ligated and divided. The
device was placed on the femoral vein, 8mm proximal to the
junction. The superficial epigastric vein was transected a little dis-
tal to the junction and placed in the device. The femoral vein was
clamped on both ends using the two clamp parts of the device
for the side vessel. A window was made on the femoral vein
through the central opening. The lumen of the vein was irrigated

Figure 1. The device complex consists of two main parts for the side vessel, one main part for the end vessel, and one clamp for the end vessel. The main part for
the side vessel has two clamps. The junction between the clamp and the other parts are designed to be weak so that they can be removed after assembly (a). Cross-
sectional view: the vessel wall in the anastomotic site is everted 90� from the original position in the side vessel and 180� in the end vessel (b). The side vessel is
clamped and fixed by the device. Negative pressure is delivered to the main parts for the side vessel through the vacuum conduit. All clamps are removed after the
anastomoses are complete (c-1,2,3,4).

Figure 2. Outline of the vacuum delivery system. The negative pressure gener-
ated in the vacuum pump is delivered to the solenoid valve complex and
switched to the appropriate port, which is regulated by the microprocessor with
the controller. The negative pressure is then consecutively distributed to the vac-
uum holes through the rubber tube, the vacuum conduit (only in the main part
for the side vessel), the collecting tunnel, and the hollow chamber inside the
main part.
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with heparinized natural saline and prepared for the anastomosis.
Each edge of the vein was installed in the device and assembled
with the device (Figure 4). Right after the procedure, the patency
was assessed by a distal squeeze test on the end vessel; when
the blood flow came from the side vessel and filled the lumen of
the end vessel after the forceps’ clamping was released, the anas-
tomosis was assessed patent.

One week after the procedure, the rats were again anesthe-
tized. The flap was elevated in the same manner, and the anasto-
mosed vein was dissected all the way from the inguinal ligament
to the flap. The anastomotic site was exposed, and patency was
assessed with a distal squeeze test as previously described. The

femoral artery and vein were ligated and divided peripheral to
the device. The femoral vein was cut proximal to the device to
judge whether the venous blood had returned from the flap. If
active venous blood was clearly observed, it was deemed to be
patent. By elevating the flap, we could exclude the possibility that
blood flow from the femoral artery and the femoral vein were
due to other new blood vessels arising during the observation
period. The vein on the anastomotic site was harvested with the
device, and each rat was euthanized. Each specimen was fixed in
4% buffered formalin, embedded in epon, sectioned at 1.5lm
thickness, stained with toluidine blue, and examined with
light microscopy.

Figure 3. Rat femoral veins and superficial epigastric veins were used as the side vessel and the end vessel, respectively. A cutaneo-adipose flap that was dependent
on the superficial epigastric artery was elevated to monitor the patency of the anastomosis (a). The superficial epigastric vein was transected a little distal to the junc-
tion (b). A window was made on the femoral vein 8mm proximal to the junction where the end-to-side anastomosis was performed with the device (c).

Figure 4. Views from the operating microscope. The vessel wall was everted and fixed on the device by negative pressure with the assistance of forceps (end vessel:
(a), side vessel: (b)). After the vessels were set (c), the two-device complex was assembled (d).
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Results

All rats survived the experimental period without complications.
Eight of nine veins were patent immediately after the implant-
ation procedure. Two of nine veins were patent after 1week
(Figure 5). At the anastomotic site of the patent specimens, the
endothelial lining was restored (Figure 6). The time from the inset
of the vessels to the removal of the clamps was 32min in average
(the standard deviation: 6.02). In most failed anastomoses, the
edge of the side vessel around the window had detached from
the device. A large, old hematoma was found in each failed case.
In each specimen, a gap of approximately 300 mm was found
between the main part of the end vessel and that of the side ves-
sel, and was thought to be one of several causes of the vessels
detaching from the device.

Discussion

For many years, the vessel has been hand-sewn during micro-
vascular anastomosis because of its small size. Most efforts and
struggles of surgeons have been directed toward improving the
suturing technique, not making an “automatic sewing machine”
for micro-vessels. The first and foremost device for microvascular
anastomosis was the Unilink-Device, which has two ring pins that
face each other to fix vessels walls, allowing the surgeons to eas-
ily anastomose the micro-vessels. The device has a simple and
excellent design, but it has no actuator to work on the vessels, so
surgeons still have to do all the tedious work of installing vessels
onto the device. It is a simple “static” device, not a “dynamic”
machine. We have been eager to power the device for automatic
microanastomosis, and have found that negative pressure is the
best power source to use as an actuator. Device-assisted micro-
vascular anastomosis would require micro-actuators that are too
small to be built. On the other hand, negative pressure is
promptly conveyed to the destination through tiny tunnels inside
a small device from a distant location, and even works as a form-
less actuator that allows the device to function automatically. In
our experiment, the device was designed small (dimension of the
two main assembled parts: height: 3.0mm, thickness: 1.6mm,
length: 6.0mm). The vacuum hole is 0.15mm in height and
0.70mm in diameter, and yet no occlusion occurred in the nega-
tive pressure airway during the experiment. Right after the pump
was turned on, the device instantly attached the side vessel to its
vacuum hole.

We previously built and reported that this device that is pow-
ered by negative pressure works well for end-to-end anastomosis
[16]. This time, we have found that the negative-pressure system
can also be applied to end-to-side anastomosis, which is as clinic-
ally popular as end-to-end anastomosis. The most important
feature is that we built a “semi-automatic” microvascular anasto-
motic device that functions as an actuator and proved that the
negative-pressure system works for both end-to-end and end-to-
side anastomosis in rats. An additional advantage in using this
negative pressure system is that during the anastomosis, surgeons
often find blood and fluid at the anastomotic site that hinder the
procedure. The device worked perfectly with suction, and the pro-
cedure was performed in a clean, fluid-free operative site with
no stress.

On the other hand, one big problem remains to be solved.
Because fixation using negative pressure is far weaker than fix-
ation with metallic pins, the procedure carries a risk that the ves-
sels will slip off the device during and after the procedure. In our
previous experiments with devices for end-to-end anastomosis,
the vessels sometimes slipped off the device during the assembly,
which hindered the procedure. These situations become harder in
end-to-side anastomosis because the side vessel has two intact
ends that are embedded in the tissue, producing strong tension
between the vessel and the bottom of the operative area. Thus,
we improved the structure in two ways.

First, the shape of the vacuum hole of the main part was
improved. In the previous end-to-end device, the vacuum hole
was a tiny round hole that generated weaker negative pressure
than expected. The end-to-side device has slit-shaped vacuum
holes that are much larger than those in the end-to-end device
which allowed the device to hold the vessel wall of the side ves-
sel tight enough to prevent slip-offs during the procedure.
Second, a pair of removable clamps was added to the main part.
They held the side vessel firmly during the procedure and also
worked as vessel clamps.

Figure 5. A view from the operating microscope: one week after the anasto-
mosis before harvest of the anastomotic site. The vessels are patent. The black
arrows indicate the side vessels, and the yellow arrow indicates the end vessel.
The anastomotic site was covered with strong scar and granulation tissues.

Figure 6. Image of a patent specimen under light microscopy (stained with
toluidine blue). The endothelium was restored at the anastomotic site. The black
arrows indicate the endothelial lining of the anastomotic site. The red arrows
indicate the junction between the endothelial lining of the end vessel and the
side vessel. LE: lumen of the end vessel. LS: lumen of the side vessel. DE: device
for the end vessel. DS: device for the side vessel. G: gap between the two
main parts.
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Although eight of nine anastomoses were patent right after
the implantation procedure, only two of nine anastomoses were
patent after 1week. In each failed case, a large, old hematoma
was found, and the side vessel had dislocated from the central
opening in the specimen, as seen with light microscopy. The
clamps worked perfectly and prevented the vessel from slipping
off during the surgery. However, after the negative pressure was
turned off, the device had to hold the vessel by itself with its
small area to catch the vessel, which could not prevent the ves-
sel’s falling off. Acute movement of the rat just after the surgery
may have been another cause of the dehiscence of the anasto-
mosed vessels. If several additional small spicules are designed on
the surface, they may increase the friction force and prevent the
falling off. Ideally, all sets of the devices should have been made
by laser lithographic machine using epoxy acrylate, which had
higher manufacturing accuracy than that of the 3D printing
machine. The cost which was extremely high in using laser litho-
graphic machine made us use 3D printing machine, sacrificing the
resolution of the devices. If all sets of the devices were made by
laser lithographic machine, the loosening might have been less-
ened and the patency rate might have been improved.

The device was supposed to be built from biodegradable or
biocompatible materials, however because of the cost and tech-
nical reasons the device had to be made from non-biodegradable
polymers which details were not available. We concluded that the
tension between the vessels caused the dehiscence of the anasto-
mosis and was the major cause of the failure.

Conclusions

A novel actuator-loaded microvascular anastomotic device for
end-to-side anastomosis powered by negative pressure was
designed, constructed and tested in rats. The idea and the mech-
anism have been introduced. The device needs further
investigation.
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