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Abstract: - This paper is on development of venous thrombosis using Impedance Plethsmography which can be
used in institute laboratory, colleges for learning which is efficient to understand the actual working of
Impedance Plethsmography. A small 1ImA, 50 KHz current is injected into the body through two electrodes and
the induced voltage is picked up using another pair of electrodes and placed inside the current electrodes. The
amplitude of the signal thus obtained is directly proportional to the electrical impedance (Zo) offered by the
body segment between the voltage electrodes. A change in the impedance, which is caused by physiological
processes like blood clot, respiration, etc., modulates the amplitude of the carrier.

A battery operated low cost and compact Bioelectrical Impedance Meter is developed which can be used for
estimation of body impedance, stroke volume, cardiac output, arterial pulse wave velocity and bone mineral
density. It is used to measure body impedance from healthy subjects in a lab setup. These parameters may be
used for estimation of body impedance.

Keywords: - BIA-Bioelectrical impedance analysis, DVT-Deep Venous Thrombosis, MRI- Magnetic resonance
imagine, MVO-Maximum Venous Outflow, OIP -Occlusive Impedance Phlebography , VC-Venous Capacitance

l. INTRODUCTION

The Impedance Plethysmography, also called impedance test or blood flow, is a non-invasive test that
uses electrical monitoring in the form of resistance (impedance) changes to measure blood flow in veins of the
leg. Information from this test helps doctors to detect superficial vein thrombosis (blood clots). The Impedance
Plethysmography is “Recording of instantaneous volume (of an object) by measurement of electrical
impedance”. It has, however become a synonym for “indirect assessment of blood volume changes in any part
of the body from changes in the electrical impedance of the body segment” [1].

In this technique, a fixed 1 mA sinusoidal carrier at 50 KHz is passed through the body with the help
of two surface electrodes (called the current electrodes) and the voltage developed along the current path is
sensed with the help of another pair of electrodes (called the voltage electrodes). The amplitude of the signal
thus obtained is directly proportional to the electrical impedance (Zo) offered by the body segment between the
voltage electrodes. A change in the impedance, which is caused by physiological processes like blood clot,
respiration, etc., modulates the amplitude of the carrier. Electronic processing of this signal thus yields relevant
physiological information [1]. There are various methods to detect venous blood clot, among which ultrasound
is most commonly used. The patient size and shape limits the ability for ultrasound to provide a definitive
answer. The second method is Venography, where in a radiologist injects contrast dye into small vein or foot
and using fluoroscopy (video X-ray), watches the dye fill the vein in the extremity as it travel back to heart. The
area of clot can thus be visualized. The third method known as computerized tomography (CT scan) is often the
test of choice when suspicion of pulmonary embolus is high. Contrast material is injected intravenously, and the
radiologist can determine whether a clot is present in pulmonary vessels. All these methods are invasive, costly
and non-portable to measure the blood clot. Thus there is a need for a safe non-invasive technique that is rapid
and convenient and provides reliable and sufficiently accurate estimates of human body composition outside the
laboratory. Measurement of whole-body bioelectrical impedance is an approach that meets this need.

1. BLOCKS OF SYSTEM CONFIGURATION

The system uses the bio-impedance method. This developed hardware with 4 Electrode systems
applies a small 1 mA, 50 KHz ac current into body segment. This current induces the voltage across the voltage
electrodes. From this voltage we calculate the impedance. The electrodes which are used in the project are made
of copper mesh coated with tin to avoid damage due to environmental condition the copper is used for the better
conductivity of the signal and to cut out the noise. These electrodes are suspended on human body. The 4
electrodes are placed at some distance, outer electrodes are current electrodes and inner electrodes are the
voltage electrodes. These voltage and current signals are used to calculate the impedance.
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Fig 1.1 Developed svstem block diagram

The electrodes are the band type electrodes which are good conductor of electric current. These
electrodes are made of copper mesh coated with tin to avoid damage due to environmental condition.

This is the main block architecture of the project. The system is a rechargeable DC battery operated
and a low voltage drop out regulator IC which supplies +5V DC. As the whole designed system requires 5V
supply, the +5V output of the regulator is given to DC to DC converter which Converts the +5V supply to + 5V
supply. The square wave generator type NE 555 is used for the generating the square signal of the 50 KHz. The
square generator is a simple astable multi-vibrator operating at +5V supply which generates a square wave of 48
KHz which is required for the estimation of body impedance. Then the square signal passes through low pass
filter.

The low pass filter is designed to convert the square wave in to sine wave with a cut of frequency of
240 KHz to avoid interferences like radio frequency, electrical, etc. Op-Amp is used to design the low pass
filter. After low pass filter band pass filter allows the frequency of 40 KHz to 60 KHz to noise interference. The
band pass filter output which is in voltage form converted into the equivalent current designed in the specified
frequency range. These circuits can be used as multi frequency constant current source independent of load [6].

The generated current of ImA, 50 KHz is given to the body through current electrodes. The generated
voltage in the body is sensed by isolation transformer. The isolation transformer isolates the body from
electronics circuit. The output of isolation transformer is amplified by instrumentation amplifier. This amplified
output is given to the full-wave rectifier.

The full wave rectifier output is DC voltage. This output of DC voltage is called impedance of body.
This output impedance is connected to graphical LCD through microcontroller on which we can observe the
change in impedance due to the blood flow.

1. OCCLUSIVE IMPEDANCE PHLEBOGRAPHY (OIP)

For the assessment of venous circulation, the proximal veins are occluded with the help of a tourniquet.
The current electrodes are applied around abdomen (11) and foot (12).VV1 and V2 are measured around the distal
part of extremity 10-15 cm apart. The system is reset, OIP function is selected and then the tourniquet is inflated
to 50 to 60 mm of Hg. When AZ (t) waveform reaches saturation, the cuff is deflated suddenly. Stop key is
pressed after the waveform return to base level. The waveform is then printed.

Tourniquet T applied at thigh when inflated to 50 mmHg stops venous returns from distal segment of
the leg. This results in an increase in the amount of blood in the amount of blood in the body segment between
the electrode V1 and V2 with every cardiac ejection and therefore a corresponding decrease in the impedance of
the body segment. Linear segment of AZ(t) curve showing a AZa change in impedance during Ta second can be
used for computation of arterial blood flow. Since veins have more capacity to accommodate blood than arteries
due to their thin walls, this maximum change in impedance falling the occlusion of proximal veins was called
Venous Capacitance (VC) as shown in fig. no. 1.2 Sudden deflection of tourniquet at this stage causes the vein
to empty their blood rapidly. The rate of change of impedance (AZv/Tv in fig. 1.2) after the deflection of
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tourniquet is called Maximum Venous Outflow (MVO) as the veins are fully distended before the veins flow
starts. VC and MVO thus obtained represents the status of venous circulation
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Fig. 1.2 Venous occlusion principle for the estimation of peripheral blood flow and assessment of venous
circulation [1].

V. RESULT
The OIP record obtained from controller subject using the instrument developed is shown in figure no: 1.3
which is very similar that figure 1.2

Fig. 1.3 Output Waveform.

V. CONCLUSION
Diagnosis of venous disorder and particularly of deep venous thrombosis is very important as the same
can lead to fatal pulmonary embolisum. Keeping in view that all the patients who have undergone abdominal
surgery are high risk patients of deep venous thrombosis, there is need for simple, safe and bedside non-invasive
modality for screening such high risk patients.

Impedance Plethysmography method enables detection of Deep Thrombosis in all such high risk
patients which is simple, safe and non-invasive.
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