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Abstract—This  research study about anastomosis
configuration of end-to-side brachioaxillary arteriovenous
graft (AV graft) by comparing flow pattern of different
angles, i.e., 20< 30< 45< and 90°at the anastomosis sites.
The study assumption is that the angle of anastomosis relate
to intimal hyperplasia at inner vessel wall. The AV graft
models were constructed by Computational Fluid Dynamics
(CFD) analysis. Since the shear stress are an initiator and
modulator of Intimal Hyperplasia (IH). Flow pattern and
corresponding wall shear stress are analyzed. The result
shows that the anastomosis with small angle is more proper
to use than large angle in order to reduce intimal
hyperplasia at inner vessel wall which decrease the
incidence of stenosis. Also the rate of AV graft reoperation
will be decrease.

Index Terms—stenosis, CFD, intimal hyperplasia,
brachioaxillary graft, wall shear stress, anastomosis angle

. INTRODUCTION

End Stage Renal Disease (ESRD) is the malfunction of
kidneys, which unable to remove waste or excess fluid
from blood effectively [1]. The most common treatment
(approximately 1.3 million patients worldwide) of this
disease is hemodialysis. The patient was treated by using
dialysis machine to draw blood flow from the body and
return blood back to the body via Arteriovenous (AV)
accesses. Hemodialysis is one choice for treatment.
Hemodialysis patients require AV accesses, which are
either arteriovenous fistula or arteriovenous graft in order
to make it easier to insert the catheter for blood drawing.
The AV access is the connection between artery and vein
on arm. The connection site is called an anastomosis.
Two types of AV accesses are an autogenous and
prosthetic. This study focused on brachioaxillary
arteriovenous graft on the upper arm, which is one type
of prosthetic AV access. The problem is found post AV
graft surgery is Intimal Hyperplasia (IH). That is the
injured reaction of connective tissue in the vessel wall
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[2]-[4]. The prosthetic AV graft appears the IH at the
outflow vein after the vascular injury [5]. The 60% of
AV fistulas fail to mature primarily near the anastomosis
area. The AV grafts are not probable to different. This
study hypothesis is the different flow pattern and wall
shear stress of each angle are the main cause of IH
occurring which affect to patency of AV graft.

[6] As other study about the hemodynamics pattern of
the end-to-side vascular graft in canines, the results show
flow separation was occurred at the toe side. In the other
words, the anastomaosis effects to normal flow pattern [7].
The other anastomosis angle study is an end-to-side
anastomosis in vivo. The result reported the small angle
appeared least flow disturbance and the reverse velocity
at the preferential site, that effect to IH occurring.

A study on hemodynamic is the blood flow pattern
analysis. The simulation model is an alternative for this
study that can predict the flow patterns inside the vessel.
In addition, the outcome of the simulation model shows
the regions of flow pattern and wall shear stress. It
benefits to AV access creation in the future.

Il. METHODS
A. Geometric Models
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Figure 1. Model of brachioaxillary graft anastomois.

The geometries of our model compose of AV graft and
vein. The AV graft uses common prosthetic vascular
graft size with diameter of 6mm. The diameter of
connected refers to vein nominal value of human size,
which is 6mm. At the anastomosis site, the end of
brachial artery connects with graft and graft connects
with side of axillary vein as shown in Fig. 1. All models
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length is 20cm and distance between inlet site and an
anastomosis site is 10cm. The distance of anastomosis
site to outlet is 10cm. Angles at the anastomosis sites are
20< 30< 45< 60°and 90< respectively. The different
flow pattern and wall shear stress of each angle will be
analyzed.

B. Boundary Condition

The models were assumed as rigid wall and the fluid
properties were chosen to approximate human blood. The
blood is incompressible and non-Newtonian fluid with
constant density (p) is 1,060kg/m* and dynamic viscosity
(W) is 3.0382x10°kg/m.sec. The Reynolds number at
inlet 1 and inlet 2 of all cases were 432 and 617
respectively. The flow rate at inlet and outlet were
obtained from medical data. The volume flow rates are
350ml/min at inlet 1 and 50ml/min at inlet 2. Outlet
pressure was set zero. Numerical models were creating
based on five different connection angles.

C. Computational Fluid Dynamics

The models were created and analyzed by using
commercial SolidWorks 2014 [8]. The CFD codes are
computed using the numerical algorithm to solution. In
this study, grid resolutions were ranged approximately
740,000 cells to 990,000 cells. The computation cells
within each model are shown in Table I. Navier-Stokes
equations (1a)-(1c) for three dimensional flows were
solved by finite volume method.

ow, ouw, ou u_ 100 Hy2
6t+ 6x+v6y+ 6z_X pax+pvu (16.)
WG 10 kg
6t+u6x+v6 + 3 Y pay+va (1b)
w W aw L ow s 10 s
at+uax+vay+waz—Z paz+pVW (1c)

The ratio % is the kinetic viscosity of the fluid, and V?

is the Laplacian operator.
The stress tensor equation is:

) (2 g 2
Tjj = u(y).(axi + axj) (2
where shear rate is:
. ad i ou;
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TABLE I.  GEOMETRIC CONFIGURATION OF THE NUMERICAL
MODELS
Angle 20° 30° 45° 60° 90°
Comg‘éﬁg'ona' 953337 | 980349 | 941434 | 747967 | 842303
IIl. RESULTS

A. Flow Pattern

The connection of artery and vein disturbs the normal
blood flow in vessel because both of them have a
different flow. High flow from artery encounter with low
flow in vein, the flow pattern will be changed. That is, at
the connection area fluid has a pressure drop and energy
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loss. The velocity will be decreased due to raising the
cross-sectional area in this site. As follow in Fig. 2, the
axial circulation flows appear in with large angle models
there are 45< 60<=and 90< respectively. The location is
beside the toe of anastomosis area. The connection with
small connection angles models, 20° and 30<
respectively, absence the spiral circulation flow. That
shows in Fig. 2. The circulation flow effects of wall shear
stress. It makes connective tissue injury then activates IH
occurring, describes in conclusion part.

(e) 90°

Figure 2. The velocity streamlines of models of each anastomosis
angle.

B. Wall Shear Stress

The shear stress distributions are graphically shown in
Fig. 3 and shear stress contours are shown in Fig. 4. The
results present high wall shear stress at the anastomosis
area in all models. In this area, the wall shear stresses
begin to increase at 10cm and decrease at 12cm
approximately from inlet. The highest shear stress is
found at 90<of angle with 4.13Pa, as shown in Fig. 3(e)
and the lowest is found at 30°of angle with 2.09Pa, as
shown in Fig. 3(b). Note that, the wall shear stress is
steeper with an increasing of the angle from 45< 60<and
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90<as shown in Fig. 3(c), Fig. 3(d) and Fig. 3(e). On the
other hand, the wall shear stresses are quite similar when
increase the angle from 20<and 45<as shown in Fig. 3(a)
and Fig. 3(c). The maximum shear stress at the vessel
wall is shown in Table II.
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Figure 3. Wall shear stress distribution of each anastomosis angle.
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TABLE Il. MAXIMUM SHEAR STRESS AT THE VESSEL WALL
Angle 20° 30° 45° 60° 90°
Length (cm) 10.71 | 10.79 | 10.72 | 10.53 | 10.61
Wall shear stress (Pa) | 2.41 2.09 2.40 2.57 4.13
(b) 30°
5.00
o 4.44
3.89
333
- 2.78
& 222
167
111
0.56
- 0
\7 g B — Shear Stress [Pa)
(e) 90°
Figure 4. Wall shear stress contours distribution of each anastomosis

angle.

Shear distribution contours are indicated by the color
scale with scale as include in the Fig. 4. The 45< 60<and
90 models represent maximum wall shear stress are
shown in Fig. 4(c), Fig. 4(d) and Fig. 4(e), respectively.
Red color corresponds to higher shear stress level. The
maximum shear stress occurs at the toe site of
anastomosis area in 30< 45< 60 <and 90 °models. The 20°
model shows the lowest shear stress than other models
that shown in Fig. 4(a). Therefore, the magnitude of the
shear stress values depends on anastomosis angle. Since
flow pattern considerations compare with wall shear
stress. The models, which appeared the axial circulation
flow, show the high wall shear stress.

IV. DISCUSSION

The connections between artery and vein effect to flow
pattern transformation. [9] Because both vessels are
different, that is the pressure in vein much lower than in
artery at the same general location [10]. The veins have
thin walls and easy to collapsed in a normal function. The
velocity blood flow in vein is lower than in the artery
because blood flow in this site return to the heart. The
effect of connection geometry, the fluid has the energy
loss and pressure drop. [11] The energy loss is affected
from increasing of cross-sectional area at the anastomosis
site. That is, the flow rate will decrease large cross-
sectional area. The circulation flow would cause the
momentum loss and lead to the pressure drop. Flow
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structure that appeared the stagnation region was effect
from pressure drop. Fig. 2 show the velocity streamlines
of each angle model. The 20=and 30<of the angle show
smooth flow pattern along the lines. Since the small
angle, the momentum of fluid flow from inlet to the
connection area is less than large angle. That is a bit
energy loss, flow pattern will not change. The secondary
flow patterns appear in large angle of the models. The
spiral secondary flow at toe area is shown in 45< The re-
circulations of flow are appeared in 60< 90<and wide
area in 90< The primary stagnation region is found in 45
then 60°and 90 °respectively [12], [13]. In the theories,
the IH is induced by flow disturbance. Therefore, to find
the suitable angle of the anastomosis help to reduce flow
disturbance occurring. As the result, the small angles
show least flow disturbance appear in Fig. 2(a) and Fig.
2(b). So that it should be considered with wall shear
stress. Because the walls shear stress is an effect from
flow pattern changing.

Fig. 4 shows wall shear stress contour distribution of
each model. Higher shear stress show red color. The red
area is vast in 90°of the angle that shows in Fig. 4(e).
The small angles show low shear stress. The large angles
widely appear red area that is high wall shear stress.
Table 11 shows the maximum shear stress. The length in
Table 11 is measured from inlet to outlet. The high wall
shear stress locations are quite similar to all of models
that are anastomosis area [14]. The study of flow and
wall shear stress in end-to-side and side-to-side
anastomosis of bypass grafts reported the wall shear
stress increase when the blood velocity gradient is
increase.

V. CONCLUSION

[15] Hemodynamic theories refer to the wall shear
stress in a vascular are related to IH [16], [17]. The
mediators will release in the arteries under the steady
flow and laminar blood flow conditions when stimulates
on an average approximately 1.5Pa of shear stress. From
the references, the wall shear stress is considered to the
main influence that occur IH. Numerical results in all
models show shear stress value more than 1.5Pa. That
means every angles of the anastomosis are possible to IH
occurring. However, the results found that the reducing
of angle can be decreased the wall shear stress, which
decrease the IH occurring. Result considerations
conclude that the small angles of anastomosis are suitable
for AV access construction more than the large angle.
Finally, this study is not only predicted the wall shear
stress in a vascular but also helpful for AV access
construction. [18], [19], [20] Therefore the anastomosis
angle is suitable that help to decrease pathologic process
after surgery. This study regards as hemodynamic pattern
design, which desire to benefit to the future.
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