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Abstract

Studies show that in the US alone, approximately 8 million people are affected by Peripheral Vascular Disease
and approximately 26.6 million have cardiovascular disease. This report will discuss the usage of lab-on-a-chip
devices and artificial blood vessels as vascular prostheses and compare the strengths and weaknesses of the two
methods to measure relative efficacy and possible applications in the fields of angiology and cardiology. Lab-on-
a-chip devices, machines which operate on a liquid scale of micro- or nano-meters and manipulate blood flow and
shear stress, may be used as long-term, compact prostheses for smaller blood vessels. Artificial, man-made blood
vessels, made either from cells or synthetic material, are become increasingly effective when they are made larger.
Both methods may someday be instrumental in saving lives and eliminating vascular disease.

Vascular

Keywords:

prostheses; Peripheral vascular disease

Microfluidics;  Artificial blood vessels;

Introduction

According to the National Institute of Health, 1 in every 20 people
over the age of 50 has Peripheral Vascular Disease in the United States.
Many of these patients are in need of vascular prostheses that do not
clog easily, prevent bloodstream infections, avoid triggering immune
responses, are structurally sound, and can maintain patency for years
on end. To find methods of treating or entirely eradicating vascular
disorders, two devices that serve as alternatives for human blood
vessels will be compared: the lab-on-a-chip device, a compact machine
equipped with miniscule channels [1], and artificial blood vessels,
which are versatile and can be grown or constructed using numerous
methods [2]. Both lab-on-a-chip devices and artificial blood vessels
can be used as vascular prostheses but they are made in different ways
and from various materials with different functions. The lab-on-a-chip
device is more effective and more efficient than artificial blood vessels
in delivering fluids and nutrients to surrounding tissue and cells, while
artificial blood vessels are generally more potent in providing barriers
against infection and can be grown from a wide range of substances
and tissues. In this review we will focus on comparing different aspects
of these two methods.

Lab-On-Chip Technology
Lab-on-chip device

Lab-on-chip technology focuses on hybrid devices integrating
fluidic and electronic components onto the same chip [3,4]. A typical
lab-on-chip device contains microchannels, measurands, sensors,
signal conditioning front-ends, analogue-to-digital converters (ADC)
and a digital signal processor which analyses the signal. The analyzed
data could be sent to a computer or visualized on integrated displays

[1].
Advantages of lab-on-chip devices

There are many advantages of lab-on-chip devices, so they have
become very attractive in many fields. Some notable advantages of

lab-on- devices are compactness, automated sample handling, limited
power consumption and embedded computing [1]. In addition these
devices need only a minimal quantity of samples or reagents, enclosed
in microchannels which could reduce the contamination of samples.
Due to the small fluidic sample volumes, the lab-on-chip devices could
reduce the time of analysis and measure samples while increasing
precision. Moreover, these devices support a wide range of processes
including sampling, transport, mixing and routing [1,5,6].

Applications of lab-on-chip devices

For clinical medicine, lab-on-chip technology is applied to drug
tests, glucose monitoring, diabetic control, diagnosis of disease, tests
for observing pandemics and numerous other applications [1,7]. Also,
lab-on-chip devices enhance biomedical research related to mixing,
analysis and separation of cell suspensions, nucleic acids, proteins
and so on. For example, lab-on-chip devices are being developing to
perform a variety of diagnostic tests for low-resource settings, such as
HIV diagnosis [8]. Rapid purification systems using antibody-based
capture for subsequent diagnostic analysis also are generated with lab-
on-chip devices [9]. Recently, a new category of lab-on-chip devices
named organ-on-chip have sought to replicate in vitro organ function
for drug development and specialized diagnostic applications [9]. Most
importantly, lab-on-chip technology holds great promise to overcome
the challenge of performing in vitro experiments in vascular research.
The applications of lab-on-chip devices in vascular cell biology include
the endothelial mechanorespose, migration assays, cell interactions,
three-dimensional culturing, compound screening assays and stem
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cells and tissue engineering.
Artificial Blood Vessels

Artificial blood vessels

Initially surgeons transplanted arteries or veins from donors to
replace damaged or diseased arteries or veins, but these transplants
usually failed. Even for procedures in which surgeons used vessels
from patient’s own body, patients would have to undergo multiple
surgeries. Artificial blood vessels overcome these problems, as they are
tubes made from synthetic (chemically produced) materials to restore
blood circulation [2,10]. There are basic elements for the construction
of an artificial vessel, including a structural scaffold, living cells and a
nurturing environment [11,12].

Materials for production of artificial blood vessels

The scaffold provides a temporary skeleton to support cell growth
and molds the desired shape for the tissue. Most artificial blood vessels
are based on collagen and biodegradable scaffolds, but some do not
utilize structural scaffolding to this extent. Collagen scaffolding includes
natural collagen, type I and type II collagen. Several biocompatible
and biodegradable polymers have been used as scaffolds, such as
polyglycolic acid (PGA) or PGA with polyhydroxialkanoate (PHA),
poly-4-hydroxybutyrate (P4HB), poly-L-lactic acid (PLLA), and
polyethylene glycol (PEG) [13]. Then smooth muscle cells, fibroblasts
or endothelial cells can be seeded onto a scaffold and cultured until
an optimal vessel is created. Vascular cells should be cultured in
bioreactors which mimic the in vivo environment [14].

Advantages of artificial blood vessels

Nowadays artificial blood vessels are ideally composed of viable
tissue. These artificial vessels are able to contract and relax, responding
to forces and stimuli while secreting normal blood vessel products.
Furthermore there is no any immunologic reaction of these artificial
vessels, and we can remodel damaged vessels according to the needs
of the environment. These vessels could grow even when transplanted
into children [15].

Comparison with Lab-On-A-Chip Devices and Artificial
Blood Vessels

Fundamental differences

Both lab-on-a-chip devices and artificial blood vessels can be
used as vascular prostheses, though on different scales. Lab-on-a-chip
(microfluidic) devices control the flow of very small quantities of fluids
on a scale of micro- or nano-meters (Table 1) [16]. In contrast, artificial
blood vessels tend to collapse or cause clots if they become too narrow,
so they are more suitable for maintaining blood flow on a larger, visible
scale, mimicking the function of major human blood vessels (Table
1) [17]. Liquids may be manipulated on both scales on the same time
when artificial blood vessels are grown from microchannels in lab-on-
a-chip devices [18]. This can be achieved by seeding artificial blood
vessels made from living tissue into premade molded channels in lab-
on-chip devices [19]. Because of these fundamental differences, the
lab-on-a-chip and artificial blood vessels have separate sets of strengths
and weaknesses.

Different clinical applications

Along with lab-on-a-chip devices, artificial blood vessels, which
mimic the tasks and form of human arteries and veins, can be used

to restore unusable blood vessels and can treat vascular disease in
vivo. Artificial blood vessels usually have several flexible layers, can be
easily integrated into the human body without triggering an immune
response, and should be infection-proof (Table 1) [20]. Some other
vital traits found in artificial blood vessels are non-thrombogenicity,
vasoactivity, and the ability to withstand sufficient burst pressure from
within (Table 1) [13]. Non-thrombogenicity is the ability to prevent
excessive clots in smaller blood vessels while vasoactivity is the ability
to contract and relax, as valves in veins do [20]. Materials used for
scaffolding act as structural support for artificial blood vessels while the
use of polyurethane, a compound found in paints, forms a protective
layer around the outer layer [21]. Artificial capillaries are often more
difficult to replace and tend to clot more often than larger blood
vessels (Table 1), so as a preventative measure, collagen scaffolding is
implemented and artificial capillaries are grown from donor cells [13].
Any materials which are put into artificial blood vessels into should be
screened for effects on the human body and the effects on the function
of the artificial blood vessels as a whole [22]. The most commonly used
synthetic materials in artificial blood vessels are Teflon and Dacron,
readily available, non-toxic components which do not work well with
smaller blood vessels [23]. Artificial blood vessels can be used for many
purposes to advance the field of tissue engineering.

Microfluidics has many applications, several of which relate to the
fields of vascularology and angiology. Microfluidics is used in cancer
detection or diagnosis (Table 1), conduction of experiments on the
molecular level (Table 1), and in culturing cells [16]. Lab-on-a-chip
devices can manipulate the environment in which cells are cultured
and regulate different aspects such as burst pressure, shear stress, and
the amount of liquid being studied at a time [17]. In addition, these
devices are used in the analysis of wound-healing procedures along
with cell formation (Table 1) [24]. The micro channels in lab-on-a-chip
devices can be used as molds to form artificial blood vessels and other
types of tissue [19]. Microfluidics and artificial blood vessels may one
day be implemented in the changing of lives through the construction
of vascular prostheses.

Different roles in biomedical research

Both microfluidics and artificial blood vessels can be used in
numerous fields in medicine. Possible future applications for artificial
blood vessels include creating artificial organs and improving the
process of dialysis (Table 1) [23]. Artificial blood vessels can also make
way for alternate forms of treatment, like fistulas, which are hollow
passages in the body. The clinical test “Vascular Access Survival and
Incidence of Revisions: A Comparison of Prosthetic Grafts, Simple
Autogenous Fistulas, and Venous Transposition Fistulas from the
United States Renal Data System Dialysis Morbidity and Mortality
Study” showed that conventional vascular prostheses like tissue grafts
were less likely to be able to retain functionality after several months
than fistulas would [25]. A condition such as kidney failure, which
is shown to require frequent dialysis sessions, could be treated with
implantable vascular grafts which purify blood in place of the kidneys
[26]. There are two types of hemodialysis access: Fistula and graft [25].
In “ Effectiveness of Haemodialysis Access with an Autologous Tissue-
engineered Vascular Graft: A Multicentre Cohort Study”, vascular grafts
are not likely to cause thrombosis in patients, but likely to dilate [26].
Artificial blood vessels can be used to treat various medical conditions
while lab-on-a-chip devices can improve mechanical procedures to
treat and modernize the diagnosis of vascular diseases (Table 1).

Conclusion
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Lab-on-a-chip devices
control the flow of very small quantities of fluids on a scale of
micro- or nano-meters;

used in cancer detection or diagnosis; conduct experiments

on the molecular level; used in the analysis of wound-healing

procedures along with cell formation; used as molds to form
artificial blood vessels and other types of tissue;

Fundamental differences

Different clinical applications

Different roles in biomedical research

improve mechanical procedures to treat and modernize the
diagnosis of vascular diseases;

Artificial blood vessels

maintain blood flow on a larger and visible scale; mimic
the function of major human blood vessels

without triggering an immune response, and is
infection-proof; non-thrombogenicity, vasoactivity,
and the ability to withstand sufficient burst pressure;
is difficult to replace and tend to clot more often than
larger blood vessels;

creating artificial organs and improving the process of
dialysis;

Table 1: Comparison with lab-on-a-chip devices and artificial blood vessels.

Through comparison, it has been found that the lab-on-a-chip

device is more effective and more efficient than artificial blood vessels
in delivering fluids and nutrients to surrounding tissue and cells.
However, artificial blood vessels are generally more potent in providing
barriers against infection and can be grown from a wide range of
substances and tissues. Both can be combined to improve the quality
of life for those ailing from vascular disease and other debilitating
conditions.
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