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Implantable wireless devices may allow localized real-time biomedical treating and monitoring. However, such devices require a
power source, which ideally, should be self-powered and not battery dependent. In this paper, we present a novel self-powered
light therapeutic device which is designed to implement blood irradiation therapy. This device is self-powered by a miniaturized
turbine-based generator which uses hydraulic flow energy as its power source. The research presented in this paper may become
the first step towards a new type of biomedical self-operational micromechanical devices deployed for biomedical applications.

1. Introduction

Implantable wireless devices may allow localized real-time
biomedical treating and monitoring. However, such devices
require a power source, which ideally, should be self-powered
and not battery dependent. A human body holds within it
a broad variety of potential power sources. This includes
mechanical energy (in the form of body movements, muscle
stretching, and blood vessel contractions) and hydraulic
energy (in the form of blood flow). However, it is of great
challenge to efficiently convert these power sources into
electrical energy.

Over the last years, great progress has been made in the
field of endovascular intervention as various intravascular
implantable devices and techniques have been developed.
This includes numerous devices used for mechanical vascular
repair as well as new technologies for better treatment and
diagnostics.

Balloon angioplasty, a technique used for mechanically
widening a narrowed blood vessel, represents the beginning
of a new era of treating cardiovascular disease. However,
restenosis (renarrowing of vessels) and arterial lesions that
are likely to dissect after angioplasty led to the development
and usage of stents [1]. To date, it is still unknown
whether stenting improves long-term clinical outcomes as
compared with standard balloon angioplasty, as restenosis
and other related complications continue to occur after both

procedures [2]. Hence, the ongoing search for a proper
solution has not yet come to an end and major effort has
been and is still invested in order to improve stent design
and engineering [3]. These efforts led to an evolution in
regard to stent development starting from classical bare metal
stents through the introduction of drug eluting stents, which
are stents designed to reduce restenosis by eluting active
substances over time [4]. Recently, a new generation of stents
has been developed, for example, absorbable stents which
mechanically support the vessel during the period of high
risk for recoil and then completely degrade in the long-
term perspective thereby avoiding the potential long-term
complications of metal stents [5].

A great deal of progress has also been made in regard
to intravascular implantable devices which are not directly
associated with mechanical vascular repair. These systems are
designated to allow better treatment and diagnosis of various
clinical problems. A good example for such a development
is the implantable pressure sensor “EndoSure” that was
recently introduced by CardioMEMS, Inc., Atlanta, GA,
which allows real-time measurements of intrasac pressure
after endovascular aneurysm repair (EVAR). This device
not only provides enhanced sensitivity to identify problems
associated with EVAR failure, but also allows continuous
surveillance and is potentially more cost-effective than other
techniques which primarily consist of CT (computerized
tomography) scanning with intravenous contrast [6, 7].
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Light irradiation of the blood, a method also known
as photochemotherapy, has a wide range of biomedical
effects which include immunomodulation, vasodilation, and
antiarrhythmic [8] and antihypoxic effects [9]. There are
many versions of this method depending on the physical
parameters of the light used for the irradiation (laser and
nonlaser as well as light sources at different wavelengths)
and by the way of irradiation, that is, intravenous or
transcutaneous irradiation [10].

Intravenous laser blood irradiation (IVLBI) therapy was
first introduced by Meshalkin in 1981 [11]. Originally, this
method was developed for the treatment of cardiovascular
diseases. Since then, comprehensive research on IVLBI has
been done, revealing its effects on various systems including
the hematologic and immunologic systems. In this regard,
IVLBI has been shown to have a positive influence on
rheological properties of the blood; for example, it leads to a
decrease in blood viscosity [12], which is of great interest to
surgery and cardiology. In addition, helium-neon (He-Ne)
laser irradiation induced an increase in phagocytic activity
and structural modulation of macrophages [13, 14] as well
as proliferation of lymphocytes [15, 16].

As previously mentioned, irradiation of the blood is
commonly administered either intravenously or through
a transcutaneous irradiation, while each method has its
advantages as well as downsides. While transcutaneous
irradiation can be performed repetitively, is more patient
friendly, and does not include penetration to the tissue,
its major disadvantages are that it includes irradiation of
nearby tissue (skin, nerves, and mussels) and requires a
higher irradiation power (due to massive absorption). On
the other hand, IVLBI includes insertion of a small catheter
to a vein, from which light would be administered. This
kind of procedure requires a much lower irradiation power;
however, it involves inconveniency to the patient, higher
risk for infections, requires medical skills and overall canot
be performed frequently. These limitations can be partially
overcome by inserting a self-powered irradiation devise
inside a blood vessel. This way, blood would be directly
illuminated thus require low level of irradiation and since
the device is self-powered, there would be no need to go
through repetitive procedures in order to replace the device
or to perform a longer or higher frequently therapy.

As previously explained, blood irradiation therapy can
be applied not only by laser light but also with nonlaser
light sources. In 1986, Karandashov and coworkers first
applied blue light for irradiation of the blood in patients
with hypertension and angina pectoris [17]. Over the years,
numerous clinical studies were published in regard to the
impact that blue light blood irradiation (BLBI) has on
blood lipid composition. It was shown that BLBI induces a
significant decrease in the levels of total cholesterol and low-
density lipoproteins (LDL) and an increase in the content
of high-density lipoproteins (HDL) [18]. These findings are
with no doubt of great significance to the treatment of
coronary heart disease and atherosclerosis.

In general, a typical intravenous blood irradiation ther-
apy includes light administration to a vein via a catheter
and irradiation of the blood with a relatively low-power light
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Figure 1: Blood velocity in ascending aorta during a heart beat.
We show the comparison between polynomial function based on
polynomial interpolation (solid line) and blood velocity graph
based on data published in [20] (dashed line).

source for half an hour or so. Such a procedure should be
carried out once or twice a day during a period of several
days. An example commonly being used of such a therapy is
blood irradiation with the He-Ne laser (632.8 nm) at a power
of 1–3 mW, for 20–60 minutes once a day for up to ten days
[19].

In this paper, we present a novel self-powered light
therapeutic device which is designed to implement blood
irradiation therapy. This device is self-powered by a minia-
turized turbine-based generator which uses hydraulic energy
in the form of blood flow as its power source.

2. Design Computations

It is a known fact that blood velocity depends on many
factors including heart pulsation, type of blood vessel
(artery or vein), vessels’ width, and metabolic state (resting
or exercising). However, during the following preliminary
stages, we have performed several approximations related to
a specific blood vessel as well as a steady metabolic state.
Based on an article published by Beraia in 2010 [20], we have
gathered data on different blood velocities at the ascending
aorta during a heart beat. Using these blood velocities, we
have built a graph which demonstrates blood velocity over
the course of a heart beat. This graph is presented as the
dashed line in Figure 1. One may see that this graph presents
only a partial heart beat inasmuch as in normal conditions, a
single heart beat takes more than 285 msec. However, during
the rest of the beat, blood velocity was about zero. At this
point, our main goal is to calculate the electric power that
can be produced by blood flow. Since blood velocity during
the rest of the beat is about zero, or in other words can not be
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Figure 2: Turbines’ diameter as a function of electric output power.

utilized to generate electric power, this part of the beat can
be excluded from our calculations.

After describing blood velocity during a heart beat in
a graphical manner, we have looked for a mathematical
expression that matches this graph. In other words, we have
searched for the best polynomial fit to the dashed curve of
Figure 1. In order to do so, we have used MATLAB software
and performed a polynomial interpolation. The result of this
interpolation led to the following polynomial function:

v(t) = 1.8107 · 10−7t4 − 9.238 · 10−5t3 + 0.0107t2 + 0.2894t

+ 1.6122.
(1)

In order to examine whether the function we found indeed
matches the dashed graph of Figure 1, we have built a curve
of v(t) that is based on the polynomial approximation for
temporal range of 1 to 285 msec. The polynomial fit curve is
presented as the solid curve in Figure 1.

As expected, the level of compatibility between the
polynomial function we found and the original dashed
graph of velocity is relatively high with R2 (coefficient of
determination) of 98.5%. Therefore, the function we found
for describing blood velocity during a heart beat is quite
reliable and can indeed be used in our future calculations.

In noncompressible fluid dynamics, dynamic pressure
(indicated with Pd) is defined by [21]

Pd = 1
2
ρv2(t), (2)

where ρ is the fluid density (in kg/m3) and v is the fluid
velocity (in m/s). Dynamic pressure can be used in order to
define force (indicated with F(t)) that is applied on a turbine
by a flow of a liquid, as given in the following equation:

F(t) = S · Pd = S · ρv
2(t)
2

, (3)

where S represents a cross-section area (in m2).

In regard to (3), it is important to explain why we have
assumed that blood velocity over the turbines’ cross-section
is uniform (despite the fact that usually, in tubes, the velocity
distribution is nonuniform having low values at the edges
and high at the center). The reason for doing so relates to
the turbine’s diameter, which is designed to be very small. In
this case, it is relatively fair to approximate the blood velocity
over such a small cross section as uniform.

We denote by dl the distance which blood travels during
a time unit (marked by dt):

dl = v(t) · dt. (4)

Mechanical work during a time unit (dt) is defined by:

dW = F(t) · dl = F(t) · v(t) · dt. (5)

Therefore, the total work made by blood flow during a single
heart beat is indicated with W and equals

W =
∫ 285

1
F(t) · v(t) · dt = Sρ

2

∫ 285

1
v3(t) · dt, (6)

where the boundaries of the integration are in units of msec.
Finally, electric power (indicated with P) is defined by

P(T) = dW

dT
, (7)

where T stands for the time during which the work was done,
and in our case it equals to the duration of a single heart
beat, that is, the time between two sequential heart beats (as
opposed to t, which represents the time during which work
was calculated).

At this point, it is important to explain that the device
we aim to develop is designed to operate in such a manner
that first, electric power will be accumulated and then, it
will consume this power for different applications (e.g.,
illumination). When referring to the way of which electrical
power will be used, it can be described as a linear function.
This is why (7) can be written as follows:

P = W

T
. (8)

By combining all these equations, one can represent the
electric power by the following equation:

P = Sρ

2T
·
∫ 285

1
v3(t) · dt (9)

or when presenting the area as a free parameter:

S = 2PT

ρ · ∫ 285
1 v3(t) · dt . (10)

Assuming that the turbine area has circular cross section,
turbines’ diameter (indicated with D and in units of mm)
will be calculated as follows:

D = 2 ·
√

S

π
·103. (11)
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Figure 3: Intravascular implantable light therapeutic prototype. (a) Initial scheme of intravascular implantable light therapeutic system. (b)
An image of the prototype. (c) Device inside a Perspex tube and a voltage of 0.3 V that was measured during water flow.

3. Preliminary Experimental Investigation

An initial step in our research included the use of (10) and
(11) along with real parameters regarding blood flow in
order to investigate feasibility. At this point, we have tried
to examine whether blood velocity and density are sufficient
to generate enough electrical power to operate a LED light
source and to see whether this can be achieved by using a
turbine with a diameter small enough to be located inside a
blood vessel.

In regard to the electrical power which will be used
during the following calculation, it is important to take into
account the power efficiency of LED sources. There are many
types of LED sources which consume different electrical
power. At low currents, there are certain LEDs which exhibit
power efficiency of about 12% [22]. This means that in
order to illuminate at a power of 1 mW, we need to supply
electric power of about 8.3 mW. Thus, if one is interested in
illuminating at a power ranging between 1 mW and 6 mW,
the required electrical power will range from about 8 mW to
50 mW.

Another two constants needed in this calculation are
blood density (which is 1060 kg/m3 [23]) and turbine
efficiency (which can reach 90%). These values, along with
the relevant equations; were used in order to build a
graph which demonstrates the relations between turbine
diameter and electric output power. This graph is presented
as Figure 2. One may see that; for example, approximately
0.9 mm diameter is required in order to illuminate at a
power of 2 mW. This is quite a small diameter but it is still

relatively large for a turbine designed to be placed inside a
blood vessel. In addition, the calculations we have made were
based on blood velocity measured in the ascending aorta. As
previously explained, type of blood vessel (artery or vein) as
well as vessels’ width affect blood velocity in such a way that
the smaller the vessel is, the larger the required diameter is.

However, this does not really constitute a problem since
the device we sought to develop is not designed to operate
in a consecutive manner, and therefore, the electric power
can be collected and used only when enough power is
accumulated. This kind of adjustment will allow us to
miniaturize the devices in such a manner that indeed will be
suitable for blood vessel implantation (e.g., to have diameter
of about 0.1 mm).

In Figure 3(a), a graphic scheme of the intravascular
implantable light therapeutic prototype is presented. As can
be seen, a small propeller is positioned at one end of the
device. The propeller is attached to a DC motor via an axis
which crosses an isolating material consisting of a felt fabric
socked in grease lubricant. In this prototype, the DC motor
is used as a voltage generator for a LED source, located at
the opposite end. All components (except the propeller) are
placed inside an isolating polycarbonate cylinder to prevent
water from entering. An image of the prototype is presented
in Figure 3(b). Upon blood flow, the propeller turns around
allowing the motor to generate electric power and activate
the LED source.

After building the device, we sought to determine its
electrical power. In order to do that, the device was placed
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inside a Perspex tube (1.8 cm diameter) which was connected
to a water pump (7000 L/h).

It is important to explain why we have chosen such a
strong pump. As blood velocity in arteries is approximately
0.5 m/sec and turbine diameter is two times smaller than the
ascending aorta’s diameter, a simple calculation will lead to
the fact that in order to simulate blood velocity in ascending
aorta inside the Perspex tube, a power of approximately
1000 L/h is needed (πr2/(100 × 5 × 3600 × 2) = 916 with
r being the radius of the pipe). As our system suffers from a
very high friction of the propeller’s axis, we decided to take a
bit stronger pump.

A 17.3 ohm resistor was placed instead of the LED light
source and the pump was activated. As can be seen in
Figure 3(c), a voltage of 0.3 V was measured, indicating an
electric power of 5 mW.

4. Conclusions

In summary, in this paper we have presented preliminary
results of the process of developing a novel self-powered light
therapeutic device which is designed to be implanted inside
a blood vessel and to implement blood irradiation therapy.
This device will be self-powered by a miniaturized turbine-
based generator which uses hydraulic energy in the form of
blood flow as its power source.

First, we have found a function that describes blood
velocity. Then, we have used this function along with relative
equations to build a function which will be used in order to
calculate the electric power that can be produced by blood
flow during a single heart beat. In the next step, we have
used these functions, along with real relevant parameters, in
order to investigate feasibility and demonstrated the relations
between turbine diameter and its produced electric power.

These calculations led to the conclusion that assuming
the electric power can be collected and used only when
enough power is accumulated, the device will indeed be
suitable for blood vessel implantation.

Finally, we have presented a prototype of the device and
conducted an experiment to measure its electrical power
which was 5 mW.

The research presented in this paper may become the
first step towards a new type of biomedical self-operational
micromechanical devices deployed for biomedical applica-
tions.
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