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Chapter-10: Cardiovascular Instrumentation

1. Instrument used for diagnosis:

ECG device and its components:

a- electrodes         b- Amplifier       c- Monitor.

     2. therapeutic devices:
          a- Defibrillator           b- Pacemakers.

        *******                         *********                     *********

A- Electrodes:
            In the body current flows in the form of moving ions while in the wire and metal the currents flow in the form of moving electrons. An interface between the body and a metal electrode, ion flow must be converted to electron flow through a chemical reaction. If we use ordinary metals as electrodes (like electrodes of platinum) chemical reaction will happen and cause:

1. Polarization results from this chemical reaction.

2. Gas bubbles form due to electrolysis.

3. Electrode- body interface is electrically unstable.

The instability produce electrical noise and draft which my be larger than the ECG signal. Those problems can be avoided by using silver-silver chlorides (Ag-Agcl).
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So, there is no formation of gas, no polarization, and no electrical noise.

Ag-Agcl electrodes and the skin:
            For the reasons that mentioned above the Ag-Agcl electrodes is the natural choice for the typical patient monitoring electrode as shown in the figure below:
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1- At the electrode to skin interface, complex layers of positive and negative charge form. This electrical double layer should not be distributed by patient movement, which might cause artifacts (undesirable voltage changes).This problem can be solved by:

1. The electrode is recessed from the skin.

2. The space between the electrode and the skin is filled with a conductive paste.

             Note: The plastic electrode case is attached to the skin by a pressure

                       sensitive adhesive tape.

2- A large motion artifact can come from the skin itself. There is a metabolically generated potential of about 40 mV between the inside and out side of the skin. If this potential were stable it would cause no problem. However, It varies with skin movement:

i. It cause little problem when a resting ECG is taken

ii. It cause large artifact in an ECG taken when a patient is exercising or rolls over in bed.

These artifacts can be minimized by vigorously abrading the skin under the electrode.
B- Amplifier:
            For a normal ECG signal the amplitude of the typical signal is about 1 mV, while from the outer sources of potential the potential will be much larger, then the amplifiers used to record the ECG must be able to eliminate the interference from voltages induced in the body from such external sources.

C- Patient Monitoring:
     The ECG signal can be displayed by using:

1. Permanent record:

It’s required for analysis and open recorder is usually used that can be divided into two types:

a- Ink fed through a small capillary tube writes on ordinary paper.
b- Heat stylus that melts off a thin, white wax coating that is on black paper, thus producing a black trace on a white background.

2. Continuous monitoring:

The continuous monitoring can be achieved by using the oscilloscope. The viewing screen on the monitoring oscilloscope is coated with a phosphor that glows for several seconds. In many intensive care units (ICUS) several patients are monitored by the use of multiple traces on a large oscilloscope.
3. Microcomputer:

Modern monitor use a microcomputer to store the ECG information and use it to continually refresh the trace. 
2-Therapeutic devices

1-Defibrillators:

Fibrillation: It’s rapid irregular and ineffectual contraction of the heart muscle.

Defibrillators: It’s devices that make the contraction of the heart muscle regular

                         and effectual. As shown in the figure.
            The defibrillator consists of paddles. The paddles are metal electrode 7.5 cm in diameter that are placed above and below the heart. The paddle handles are made of plastic and electrically insulated to prevent accidental shock to the operator. When the switch is thrown, a current of about 20 A flows through the heart for about 5 msec. This current contract every muscle fiber in the heart at the same time, All the muscle fibers then recover at about the same time, and the heart can initiate normal rhythm again. 
[image: image3.jpg]S

3000 V

Transformer

Switch

Capacitor

Paddles




2-Pacemakers:

            When the AV-node is damaged, the ventricles receive no signals from the atria. However, the ventricles do not stop pumping; there are natural pacing centers in the ventricles that provide a pulse if none has been received from the atria for 2 sec. The resulting heart rate 30 beat/min will sustain life, but the patient may have lived a life of semi-invalidism.

            To improve the quality of life for patients with faulty atrioventricular nodes, artificial pacemakers have been developed. The pacemaker contains:
1. A pulse generator that pulse out 72 pulses/min.

2. It operates on batteries that last about 2 years.

3. It is made of materials that are improves to body fluids and do not cause

    tissue reaction.(See p. 230 in medical physics book).
Biofeedback

Feedback (physical-principle): it's used to control the output of some electrical devices, by:

1. Measure the output to see what is happening

2. Feedback this information to input to affect the output.

3. Negative feedback to produces a stable output.

4. Negative feedback regulates many body functions.

Example:

              If a person is subjected to a bright light, the bright light increases the optic nerve signal to brain, the brain deceases the diameter of the Iris, this decreasing the optic nerve signal. 









