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DESCRIPTION
Cardiovascular diseases, including coronary heart disease,
cerebrovascular disease, peripheral artery disease, and deep vein
thrombosis, cause blockage or stenosis of blood vessels due to
decreased blood flow or tissue damage due to improper
nutrition [1]. The annual incidence of deaths associated with
these diseases is predicted to reach 23.3 million worldwide by
2030 [2]. Treatment of cardiovascular diseases varies from diet
and lifestyle improvement to drug treatment and surgical
intervention, depending on the severity of the disease [3].
Surgical treatments can be divided into endovascular surgery
using stents and catheters and bypass surgery. Intravascular
surgery has been performed in recent years due to advances in
technology and low invasiveness to patients; however, due to
problems such as high cost and limitations on the location and
size of the affected area, the demand for bypass surgery remains
high [4].

Autologous vascular grafts and artificial vascular grafts are used
for bypass surgery. However, no artificial vascular grafts are
currently clinically applied in small-diameter sites (<5 mm), such
as coronary arteries and popliteal arteries. Therefore, autologous
vascular grafts are mainly used when performing bypass surgery
in those sites. Autologous vascular grafts mainly use the internal
sternum artery, radial artery, and saphenous vein removed from
the patient. However many restrictions, such as poor blood
vessel quality among donor patients, invasion by excision
surgery, and postoperative movement restriction, still exist. At
present, commercially available useful artificial vascular grafts are
limited to a diameter of >5 mm. In cases where a small-diameter
graft is necessary for bypass surgeries lower limbs or coronary
arteries, commercial artificial vascular graft materials may be
occluded by thrombosis or intimal hyperplasia [5]. Therefore,
development of a small-diameter artificial vascular graft having
high patency is desired.

TISSUE ENGINEERING VASCULAR
GRAFT
Thrombus formation, intimal hyperplasia, atherosclerosis, and
infection are some causes of obstruction of small-diameter
artificial vascular grafts. It is considered that long-term patency
can be enhanced by preventing the formation of thrombi that
occurs early after implantation. However, attempts to prevent
thrombus adhesion with hydrophobic materials, such as
expanded Polytetrafluoroethylene (e-PTFE), work well for
medium-diameter sites (6 mm-8 mm), but not for small-diameter
sites.

Small-diameter grafts must meet various requirements to
maintain long-term functionality. For that purpose, these grafts
need to have biocompatibility with surrounding tissues and
adjacent autologous blood vessels, in small-diameter sites.
Because commercial artificial vascular graft materials may be
occluded by thrombosis or intimal hyperplasia in cases where
small-diameter sites. Artificial vascular grafts so as not to induce
thrombosis, and at the same time have appropriate mechanical
strength and elasticity to withstand systolic blood pressure.
However, small-diameter artificial vascular grafts made by
Dacron and e-PTFE, which are used in large-and medium-
diameter vessels, have resulted in thrombus formation and
intima hyperplasia due to the lack of vascular endothelial cells
and inconsistency with autologous blood vessels.

For decades, active research has been ongoing on small-diameter
artificial vascular grafts using tissue engineering that promote
remodeling into self-tissue. The usefulness of artificial vascular
grafts prepared by seeding vascular endothelial cells into advance
and artificial vascular grafts, called biotube, has been reported,
but it takes time to prepare them [6,7]. In addition, biotube has
not been put into practical use because long-term storage is
impossible. Decellularized scaffolds have been developed to
obtain artificial blood vessels that mimic natural blood vessels in
both structural and biomechanical performances, while avoiding
harmful immune responses [8]. However, inadequate
decellularization led to adverse immune reactions and implant
failure in some cases. Therefore, no prediction can be made on
the viability of this approach. Small-diameter artificial vascular
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grafts composed of degradable synthetic materials, such as
polyglycolic acid, poly-L-lactic acid, and polycaprolactone gave
good experimental results, but these grafts have not reached
clinical application due to thrombosis and biocompatibility

In recent years, many artificial vascular grafts created with
electrospinning and 3D bio printing techniques have shown
good implantation results. However, whether they can achieve
the required mechanical strength for use in the circulatory
system remains to be seen [10,11]. Natural biopolymers, such as
elastin and silk, have better cell compatibility, biocompatibility,
and mechanical properties. A Silk Fibroin (SF) (1.5 mm) graft
implanted in a rat abdominal aorta showed higher patency
(85%) for up to 1 year than that observed for e-PTFE (30%) [12].
Although improvements are being made in SF artificial vascular
grafts, many of them are based on implantation results in small
animal models; therefore, implantation results in larger animals
are required in the future.

CONCLUSION
Many different approaches have been used to create small-
diameter artificial vascular grafts and many different
experimental results have been reported, but the best solution
has not yet been identified. Effective artificial grafting involves
selecting the most appropriate cell types to be used in small-
diameter vascular grafts and determining how to maintain the
required graft mechanical properties and most appropriate
animal models for evaluations of grafts. In addition, there are
some problems that need to be solved in order to use this
approach immediately in clinical practice. These problems
include the abundance of size and length of small-diameter
artificial vascular grafts, whether they can be stored for long
periods, and whether they are economically acceptable. It is
hoped that various research groups will continue to aim for
clinical application of small-diameter artificial blood vessels
while solving each of these problems using various methods and
technologies.
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