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MODULE 4 

CARDIAC PACEMAKERS 
 Cardiac pacemaker is an electric stimulator that produces periodic electric pulses that are 

conducted to electrodes located on the surface of the heart, within heart muscles or within the 

cavity of the heart or the lining of the heart. 

 It is used for the treatment of; 

1. Cardiac rhythm disorders 

2. Abnormalities in SA node, AV node and Purkinje system 

 

TYPES OF PACEMAKERS 

 Classification of pacemakers into different types is based on the mode of application 

 External Pacemaker 

 Internal Pacemaker 

 

EXTERNAL PACEMAKER: They are used when heart block presents itself as an emergency 

and   expected to be present for a short time. 

INTERNAL PACEMAKER: They are used in cases requiring long term pacing because of 

permanent damage that prevents normal cardiac operations. 

 

MODES OF OPERATION 

 Two modes of operation are possible with both internal and external pacemakers and they 

are, 

 Asynchronous: the fixed rate impulses occur along with natural pacing impulses. 

 Synchronous: they are programmed either in demand or synchronized mode. 

 

ASYNCHRONOUS PACEMAKER 

 An asynchronous pacemaker is a free running oscillator type. 

 The electrical pulses are produced at uniform rate thereby giving a fixed heart rate. 

 
Figure 1: Asynchronous pacemaker – block diagram 

 

POWER SUPPLY:  
 It is required to supply energy to the pacemaker 

 Primary or secondary batteries are used as power source 

 For long life lithium batteries are used 

 Sometimes external power sources can be used for implantable pacemakers. 

 

OSCILLATOR: 

 The asynchronous pacemakers provide stimulus pulses at a constant rate 

 It is either a free running blocking oscillator or a multi-vibrator 

 

PULSE OUTPUT CIRCUIT: 

 It consists of a timing circuit to determine when a stimulus should be applied to the heart. 
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 It produces pulses at a fixed rate between 70 to 90 beats per minute. 

 

LEAD WIRES: 

 In most of the cases the generator is positioned at location away from the heart. 

 There should be appropriate connection to carry the electric stimuli to the heart and to apply 

them in the appropriate place. 

 So simply lead wires are the connecting electrical wires between the electrodes and the 

operating device. 

 These lead wires being good electrical conductors must also be mechanically strong to with 

stand of movements and must have a high grade of insulation. 

 Thus lead wires are interward helical coils of spring wire alloy moulded in silicon rubber 

cylinder. 

 

ELECTRODES: 

 Electrodes must with stand flexing due to the pumping action of the heart and must remain in 

place. 

 The material chosen is of great importance as it should not have any electrolytic relations 

with heart tissue and must not cause irritation to the myocardium. 

 Materials commonly used are platinum and silver-silver chloride, carbon and titanium. 

 
 

Figure 2: Pacemaker electrodes 

 

 

SYNCHRONOUS PACEMAKER 

 We have two forms of synchronous pacemakers: 

1. Demand Pacemaker 

2. Atrial Synchronous pacemaker 

 Most of the patients require pacing intermittently; this is because the patients can establish 

normal cardiac rhythm between periods of block. 

 In this case it is not necessary to stimulate the ventricles continuously as it may cause 

ventricular fibrillation. 

 The pacemaker should not compete with normal pacing of the heart. 

 It is also known as Demand pacemaker. 
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Figure 3: Demand Pacemaker 

 

 It consists of a timing circuit, an output circuit and electrodes along with a feedback path. 

 Timing circuit has a fixed rate of 60/80 beats per minute. 

 Timing circuit reset itself after each stimulus waits for appropriate time and then generates 

the next pulse. 

 The feedback circuit detects the QRS complex of ECG signal from electrodes and amplifies 

it. 

 The signal is used to reset the timing circuit. It waits for the assigned interval before 

producing next stimulus. 

 If heart beats again, before the stimulus is produced the timing circuit is reset and process 

repeats itself. 
 

ATRIAL SYNCHRONOUS PACEMAKER 

 
Figure 4: Atrial synchronous pacemaker 

 

 The heart’s physiological pacemaker located at SA node, initiate the cardiac cycle by 

stimulating the atria to contract and then providing stimulus to AV node, which after 

appropriate delay stimulates ventricles. 

 If SA node is able to stimulate the atria, the electric signal corresponding to atrial contraction 

can be detected by an electrode implanted in atrium and used to trigger the pacemaker in 

same way that it triggers AV node. 

 Voltage is a pulse that corresponds to each beat. 

 The atrial signal is then amplified and passed through a gate to a monostable multivibrator 

giving a pulse V2 of 120ms duration, the approximate delay of AV node. 
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 Another monostable multivibrator giving pulse duration of 500ms is also triggered by atrial 

pulse and it produce V4 which causes the gate block any signal from atrial electrodes for a 

period of 500ms following contraction. 

 This eliminates any artifact caused by ventricular contraction from stimulating additional 

ventricular contraction. 

 V2 is used to trigger a monostable multivibrator of 2ms duration. 

 Pulse V2 acts as a delay allowing V3 to be produced which follows atrial contraction.   

 Then V3 controls an output circuit that applies stimulus to the appropriate ventricular 

electrodes. 

 

DEFIBRILLATORS 
 CARDIAC FIBRILLATION is a condition where the individual myocardial cells contact 

asynchronously and an irregular cardiac rhythm is produced which cause the cardiac output 

to near zero. 

 The fibrillation of atrial muscle is called atrial fibrillation and that of the ventricles is called 

ventricular fibrillation. 

 It must be corrected as soon as possible to avoid irreversible brain damage to the patient and 

death. 

 Electric shock to the heart can be used to re-establish a normal cardiac rhythm. 

 Electric machines that produce the energy to carry out this function are known as 

defibrillators. 

 Defibrillator consists of an electric supply unit and two metal electrodes called “Paddles” that 

are pressed very firmly to the patient’s chest using insulating plastic handles. So the person 

using them does not get a shock too. 

 The important thing is that current should flow through the heart so where the paddles are 

applied is crucial. 

 For getting good electrical contact solid or liquid conducting gel is used. 

 There are four basic type: 

1. AC Defibrillator 

2. Capacitive Discharge DC Defibrillator 

3. Capacitive Discharge Delay Line Defibrillator 

 Defibrillation by electric shock is carried out either by passing current through electrodes 

placed directly on heart or by using large area electrodes placed against the anterior thorax. 
 

AC DEFIBRILLATOR 

 
Figure 5: AC Defibrillator 

 

 By construction it consists of a step up transformer with various tapping on the secondary 

side. 

 An electronic timer circuit is connected to the primary of the transformer 

 This timer device is a simple capacitor and resistor or mono-stable multivibrator. 
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 Applying brief 0.25 -1 second burst of 60 Hz AC act as intensity of around 6A. 

 It acts as counter shock for resynchronization and repeats until defibrillation occurs. 

 It is constructed in such a way that appropriate voltages for internal and external 

defibrillation are available.  

 External defibrillation voltage range: 250 – 750V 

 Internal defibrillation voltage range: 60 – 250V 

 Large currents are required in external defibrillation to produce uniform and simultaneous 

contraction of the heart muscle fibers. 

 

CAPACITIVE DISCHARGE DC DEFIBRILLATOR 

 The 230 V AC mains supply is connected to variable auto transformer  

 The output of this is fed to step up transformer to produce a high voltage 

 A half wave rectifier rectifies this high AC voltage to obtain high DC voltage which charges 

the capacitor C. The voltage to which the Cis charged is determined by the auto-transformer 

in primary circuit. 

 A series resistance Rs limits the charging current to protect the circuit components and an AC 

voltmeter across the primary is calibrated indicate energy stored in the capacitor. 

 With electrodes firmly placed at appropriate position on chest, the clinician discharges the 

capacitor by changing the switch S from position 1 to 2. 

 The capacitor is discharged through electrodes and patient is represented by a resistive load 

and inductor L. 

 
 

Figure 6: Capacitive Discharge DC Defibrillator 

 

 Inductor L is used to shape the wave in order to eliminate a sharp, undesirable current spike 

that would otherwise occur at beginning of discharge. 

 The energy delivered is represented by typical waveform,  

 

 
 

Figure 7: Defibrillator Discharge waveform 
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 Area under the curve is proportional to energy delivered. 

 Once the discharge is completed, the switch automatically returns to position 1 and process 

can be repeated if necessary. 

 Energy stored in capacitor is given by, 

𝑊 =
1

2
𝐶𝑉2  

C= Capacitance 

V= Voltage to which capacitor is discharged 

 

CAPACITIVE DISCHARGE DELAY LINE DEFIBRILLATOR 

 Even with dc defibrillation, there is a danger of damage to the myocardium and the chest 

walls because, peak voltages as high as 6000V may be used. 

 To reduce this risk, some defibrillators produce dual-peak waveforms of longer duration at a 

much lower voltage. 

 In this circuit, parallel combination of capacitors C1 and C2 stores the same energy as the 

single capacitor in capacitor discharge type defibrillator. 

 But its discharge characteristic is more rectangular in shape at a much lower voltage as 

shown in second waveform. 

 With this type of defibrillation, effective defibrillation can be achieved in adults with lower 

levels of delivered energy between 50 and 200 watts. 

 
Figure 8: Capacitive discharge delay line defibrillator 

 

ELECTRO ENCEPHALOGRAM 
 Electroencephalography (encephalon = brain), or EEG, is the physiological method of choice 

to record all of the electrical activity generated by the brain from electrodes placed on the 

scalp surface. 

 The EEG has a very complex pattern, which is much more difficult to recognize than the 

ECG. 

 The waveform varies greatly with the location of the measuring electrodes on the surface of 

the scalp. 
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NEURONAL COMMUNICATION 
Functions of the Nervous System: 

1. Gathers information from both inside and outside the body - Sensory Function 

2. Transmits information to the processing areas of the brain and spine 

3. Processes the information in the brain and spine – Integration Function 

4. Sends information to the muscles, glands, and organs so they can respond appropriately – 

Motor  Function 

 It controls and coordinates all essential functions of the body including all other body 

systems allowing the body to maintain homeostasis or its delicate balance. 

 The Nervous System is divided into Two Main Divisions: Central Nervous System (CNS) 

and the Peripheral Nervous System (PNS) 

 

Divisions of the Nervous system: 

 

 
 

Figure 9: Divisions of nervous system 

 

Basic Cells of the Nervous System: 

Neuron 

 Basic functional cell of nervous system 

 Transmits impulses (up to 250 mph) 

 

Parts of a Neuron 

 Dendrite – receive stimulus and carries it impulses toward the cell body 

 Cell Body with nucleus – nucleus and most of cytoplasm 

 Axon – fiber which carries impulses away from cell body 

 Schwann Cells- cells which produce myelin or fat layer in the Peripheral Nervous System 
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Figure 10: Structure of a neuron 

 

 Myelin sheath – dense lipid layer which insulates the axon – makes the axon look gray 

 Node of Ranvier – gaps or nodes in the myelin sheath 

 Impulses travel from dendrite to cell body to axon 

 

Three types of Neurons: 

 Sensory neurons – bring messages to CNS 

 Motor neurons - carry messages from CNS 

 Interneurons – between sensory & motor neurons in the CNS 

 
BRAIN WAVES 
 At the root of all our thoughts, emotions and behaviours is the communication between 

neurons within our brains.  

 Brainwaves are produced by synchronised electrical pulses from masses of neurons 

communicating with each other. 

 Brainwaves are detected using sensors placed on the scalp. They are divided into bandwidths 

to describe their functions. 

 It is a handy analogy to think of brainwaves as musical notes - the low frequency waves are 

like a deeply penetrating drum beat, while the higher frequency brainwaves are more like a 

subtle high pitched flute. 

 Our brainwaves change according to what we’re doing and feeling.  

 When slower brainwaves are dominant we can feel tired, slow or dreamy.  

 The higher frequencies are dominant when we feel wired, or hyper-alert. 

 Brainwave speed is measured in Hertz (cycles per second) and they are divided into bands 

delineating slow, moderate, and fast waves. 

 When our brainwaves are out of balance, there will be corresponding problems in our 

emotional or neuro-physical health. 

 

INFRA-LOW (<0.5 HZ) 

 Infra-Low brainwaves are thought to be the basic cortical rhythms that underlie our higher 

brain functions.  

 Very little is known about infra-low brainwaves.  

 Their slow nature makes them difficult to detect and accurately measure, so few studies have 

been done. 

 

DELTA WAVES (0.5 TO 3 HZ) 

 Delta Waves, the slowest but loudest brainwaves. 

 Delta brainwaves are slow, loud brainwaves (low frequency and deeply penetrating, like a 

drum beat).  
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 They are generated in deepest meditation and dreamless sleep.  

 

THETA WAVES (3 TO 8 HZ) 

 Theta brain waves occur in sleep and are also dominant in deep meditation. 

 Theta is our gateway to learning, memory, and intuition.  

 In theta we are in a dream, imagery, intuition and information beyond our normal conscious 

awareness.  

 It’s where we hold our ‘stuff’, our fears, troubled history, and nightmares. 

 

ALPHA WAVES (8 TO 12 HZ) 

 Alpha brainwaves are dominant during quietly flowing thoughts, and in some meditative 

states.  

 Alpha is ‘the power of now’, being here, in the present.  

 Alpha is the resting state for the brain.  

 Alpha waves aid overall mental coordination, calmness, alertness, mind/body integration and 

learning. 

 

BETA WAVES (12 TO 38 HZ) 

 Beta brainwaves dominate our normal waking state of consciousness when attention is 

directed towards cognitive tasks and the outside world.  

 Beta is a ‘fast’ activity, present when we are alert, attentive, engaged in problem solving, 

judgment, decision making, or focused mental activity. 

 Beta brainwaves are further divided into three bands;  

 Lo-Beta (Beta1, 12-15Hz)  

 Beta (Beta2, 15-22Hz)  

 Hi-Beta (Beta3, 22-38Hz)  
 

GAMMA WAVES (38 TO 42 HZ) 

 Gamma brainwaves are the fastest of brain waves (high frequency, like a flute), and relate to 

simultaneous processing of information from different brain areas.  

 Gamma brainwaves pass information rapidly and quietly. 

 

EEG MEASUREMENT 
TYPES OF ELECTRODES IN EEG 

 Several types of electrodes may be used to record EEG.  

 These include:  

1. Peel electrodes 

2. Stick electrodes 

3. Silver plated cup electrodes 

4. Needle electrodes 

 EEG electrodes are smaller in size than ECG electrodes. 

 They may be applied separately to the scalp or may be mounted in special bands, which can 

be placed on the patient’s head. 

 In either case, electrode jelly or paste is used to improve the electrical contact. 

 If the electrodes are intended to be used under the skin of the scalp, needle electrodes are 

used. 

 EEG electrodes give high skin contact impedance as compared to ECG electrodes. 

 Good electrode impedance should be generally below 5 kilohms. 

 Impedance between a pair of electrodes must also be balanced or the difference between 

them should be less than 2 kilohms. 
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 EEG preamplifiers are generally designed to have a very high value of input impedance to 

take care of high electrode impedance. 

 EEG may be recorded by picking up the voltage difference between an active electrode on 

the scalp with respect to a reference electrode on the ear lobe or any other part of the body. 

 This type of recording is called ‘monopolar’ recording.  

 However, ‘bipolar’ recording is more popular wherein the voltage difference between two 

scalp electrodes is recorded.  

 Such recordings are done with multi-channel electroencephalographs. 

 EEG signals picked up by the surface electrodes are usually small as compared with the ECG 

signals. 

 They may be several hundred microvolts, but 50 microvolts peak-to-peak is the most typical. 

 The brainwaves, unlike the electrical activity of the heart, do not represent the same pattern 

over and over again. 

 Therefore, brain recordings are made over a much longer interval of time in order to be able 

to detect any kind of abnormalities. 

 

PLACEMENT OF ELECTRODES IN EEG 

 The 10/20 system or international 10/20 system is an internationally recognized method to 

describe the location of the scalp electrodes. 

 The system is based on the relationship between the location of an electrode and the 

underlying area of cerebral cortex. 

 The numbers ‘10’ and ‘20’ refer to the fact that the distance between adjacent electrodes are 

either 10% or 20% of the total front-back or right-left distance of the skull. 

 Each site has a letter to identify the lobe and a number to identify the hemisphere location. 

ELECTRODE LOBE 

F Frontal 

T Temporal 

C Central 

P Parietal 

O Occipital 

 No central lobe exists; the ‘C’ letter is used for identification purposes only. 

 The ‘z’ (zero) refers to an electrode placed on the mid line. 

 Even numbers (2, 4, 6, 8) refer to electrode positions on the right hemisphere. 

 Odd numbers ( 3, 5, 7, 9) refer to electrode positions on the left hemisphere. 

 
 

Figure 11: System of placement of electrodes 
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EEG RECORDING 

 The basic block diagram of an EEG machine with both analog and digital components is 

shown in figure given below. 

 

 
Figure 12: Schematic diagram of an EEG machine 

 

MONTAGES 

 A pattern of electrodes on the head and the channels they are connected to is called a 

montage. 

 Montages are always symmetrical. 

 The reference electrode is generally placed on a non-active site such as the forehead or 

earlobe. 

 EEG electrodes are arranged on the scalp according to a standard known as the 10/20 system, 

adopted by the American EEG Society. 

 

ELECTRODE MONTAGE SELECTOR 

 EEG signals are transmitted from the electrodes to the head box, which is labelled according 

to the 10-20 system, and then to the montage selector. 

 The montage selector on analog EEG machine is a large panel containing switches that allow 

the user to select which electrode pair will have signals subtracted from each other to create 

an array of channels of output called montage. 

 Each channel is created in the form of the input from one electrode minus the input from a 

second electrode. 

 The advantage of recording EEG in several montages is that each montage displays different 

spatial characteristics of the same data. 
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PREAMPLIFIER 

 Every channel has an individual, multistage, ac coupled, very sensitive amplifier with 

differential input and adjustable gain in a wide range. 

 Its frequency response can be selected by single-stage passive filters. 

 The preamplifier used in electroencephalographs must have high gain and low noise 

characteristics because the EEG potentials are small in amplitude. 

 In addition, the amplifier must have very high common-mode rejection to minimize stray 

interference signals from power lines and other electrical equipment. 

 

SENSITIVITY CONTROL 

 The overall sensitivity of an EEG machine is the gain of the amplifier multiplied by the 

sensitivity of the writer. 

 Thus, if the writer sensitivity is 1 cm/V, the amplifier must have an overall gain of 20,000 for 

a 50 µV signal. 

 The various stages are capacitor coupled. 

 An EEG machine has two types of gain controls. 

 One is continuously variable and it is used to equalize the sensitivities of all channels. 

 The other control operates in steps and is meant to increase or reduce the sensitivity of a 

channel by known amounts. 

 

FILTERS 

 Low pass filters and high pass filters are used to eliminate or remove the additional unwanted 

bio-electrical signals from the muscles nearer to the EEG electrodes. 

 Some EEG machines have a notch filter sharply tuned at 50 Hz so as to eliminate mains 

frequency interference. 

 

WRITING PART 

 The writing part of an EEG machine is usually of the ink type direct writing recorder. 

 The best types of pen motors used in EEG machines have a frequency response of about 90 

Hz. 

 

CHANNELS 

 An electroencephalogram is recoded simultaneously from an array of many electrodes. 

 The record can be made from bipolar or monopolar leads. 

 The electrodes are connected to separate amplifiers and writing systems. 

 Commercial EEG machines have up to 32 channels, although 8 or 16 channels are more 

common. 

MUSCLE RESPONSE-ELECTROMYOGRAM 
 Electromyography is the science of recording and interpreting the electrical activity of 

muscle’s action potentials. 

 The recoding of the peripheral nerve’s action potentials is called electroneurography. 

 The electrical activity of the underlying muscle can be measured by placing surface 

electrodes on the skin. 

 To record the action potentials of individual motor neurons in a muscle, the needle electrode 

is inserted into the muscle. 

 Thus EMG indicates the amount of activity of a given muscle or a group of muscles. 

 The action potentials occur both positive and negative polarities at a given pair of electrodes; 

so they may add or cancel each other.  

 Thus EMG appears, very much like a random noise wave form. 

 The contraction of a muscle produces action potentials. 

 In a relaxed muscle, there is no action potential 
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ELECTROMYOGRAM MEASUREMENTS 
 EMG is usually recorded by using surface electrodes or more often by using needle 

electrodes, which are inserted directly into the muscle. 

 The surface electrode may be disposable, adhesive types. 

 A ground electrode is necessary for providing a common reference for measurement. 

 These electrodes pick up the potentials produced by the contracting muscle fibers. 

 The signal can then be amplified and displayed on the screen of a cathode ray tube. 

 It is also applied to an audio amplifier connected to a loudspeaker. 

 A trained EMG interpreter can diagnose various muscular disorders by listening to the 

sounds produced when the muscle potentials are fed to the loudspeaker. 
 

   
Figure 13: Block diagram of a typical setup for EMG recording 

 

 The block diagram shows a typical setup for EMG recordings. 

 The oscilloscope displays EMG waveforms. 

 The tape recorder is included in the system to facilitate playback and study of the EMG 

sound waveforms at a later convenient time. 

 The waveform can also be photographed from the CRT screen by using a synchronized 

camera. 
 The amplitude of the EMG signals depends upon various factors, such as type and placement 

of electrodes used and the degree of muscular exertions. 

 

NERVE CONDUCTION VELOCITY MEASUREMENTS 
 The measurement of conduction velocity in motor nerves is used to indicate the location and 

type of the nerve damages. 

 Here the nerve function is examined directly at the various segments of the nerve by means 

of stimulating it with a brief electric shock having pulse duration of 0.2 to 0.5 milliseconds 

and measuring the latencies, we can calculate the conduction velocity in that nerve. 

 Latency is defined as the elapsed time between the stimulating impulse and the muscle’s 

action potential. 
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RESPIRATORY PARAMETERS  
 Tidal Volume (TV): The volume of gas inspired or expired during normal quiet breathing, is 

known as tidal volume. 

 Minute Volume (MV): The volume of gas exchanged per minute during quiet breathing.it is 

equal to the tidal volume multiplied by the breathing rate. 

 Alveolar Ventilation (AV): The volume of fresh air entering the alveoli with each breath. 

  AV = (Breathing rate) x (Tidal volume – Dead space) 

 Inspiratory Reserve Volume (IRV): The volume of gas, which can be inspired from a 

normal end-tidal volume. 

  IRV = VC – (TV + FRC) 

 Expiratory Reserve Volume (ERV): The volume of gas remaining after a normal expiration 

less the volume remaining after a forced expiration. 

   ERV = FRC – RV 

 Residual Volume: The volume of gas remaining in the lungs after a forced expiration. 

 Functional Residual Capacity (FRC): The volume of gas remaining in the lungs after 

normal expiration. 

 Total Lung Capacity (TLC): the volume of gas in the lungs at the point of maximal 

inspiration. 

  TLC = VC + RV 

 Vital Capacity (VC): The greatest volume of gas that can be inspired by voluntary effort 

after maximum expiration, irrespective of time. 

 Inspiratory Capacity (IC): The maximum volume that can be inspired from the resting end 

expiratory position. 

 Dead Space: Dead space is the functional volume of the lung that does not participate in gas 

exchange. 
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 Compliance (C): Change in lung volume resulting from unit change in trans-pulmonary 

pressure (PL). 

 Chest-Wall Compliance (Ccw): Change in volume across the chest wall resulting from unit 

change in trans-chest wall pressure. 

 Elastance (E): Reciprocal of compliance. Units are cmH2O/litre. 

 Forced Vital Capacity (FVC): This is the total amount of air that can be forcibly expired as 

quickly as possible after taking the deepest possible breath. 

 

SPIROMETER 

 
Figure 14: Spirometer 

 

 This instrument uses a bell jar, suspended from above, in a tank of ԝater. 

 An air hose leads from mouthpiece to the space inside of the bell above the ԝater level. 

 A ԝeight is suspended from the string that holds the bell in such a ԝay that it places a tension 

force on the string that exactly balances the ԝeight of the bell at atmospheric pressure. 

 Ԝhen no one is breathing into the mouthpiece, therefore, the bell ԝill be at rest ԝith a fixed 

volume above the ԝater level.  

 But ԝhen the subject exhales, the pressure inside the bell increases above atmospheric 

pressure, causing the bell to rise. 

 Similarly, ԝhen the patient inhales, the pressure inside the bell decreases. 

 The bell ԝill rise ԝhen the pressure increases and drop ԝhen the pressure decreases. 

 The change in bell pressure changes the volume inside the bell, ԝhich also causes the 

position of the counterԝeight to change. 

 Ԝe may record the volume changes on a piece of graph paper by attaching a pen to the 

counterԝeight or tension string. 

 The chart recorder is a rotatory drum model called a kymograpgh. 

 It rotates sloԝly at speed betԝeen 30 and 2000 mm/min.  
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PNEUMOGRAPH 
 

 
Figure 15: Impedance pneumograph-Block diagram 

 

 An impedance pneumograph is based on the fact that the ac impedance across the chest of a 

subject changes as respiration occurs. 

 Figure 15 shoԝs the block diagram for an impedance pneumograph. 

 A loԝ voltage, 50 to 500 KHz ac signal is applied to the chest of the patient through surface 

electrodes of the same type as used in ECG monitoring. 

 In fact, many of these monitors are also ECG monitors, using a common set of electrodes and 

a single pair of lead ԝires. 

 High value fixed resistors connected in series ԝith each electrode create a constant ac current 

source. 

 The signal voltage applied to the differential ac amplifier is the voltage drop across the 

resistance, representing the patient’s thoracic impedance. (figure 16) 

 
Figure 16: Equivalent circuit-Pneumograph 
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𝐸0 = 𝐼(𝑅 ± ∆𝑅) 
 Ԝhere, 

  E0   is the output potential in volts (V) 

  I     is the current through the chest in amperes (A) 

  R    is the chest impedance, ԝithout respiration, in ohms () 

  ΔR  is the change of chest impedance caused by respiration, in ohms ()  

 The current passed through the patient’s chest is very small and is nearly constant ԝithout 

respiration because the source voltage E is constant and the term ΔR is very small ԝith 

respect to the sum R1 + R2 + R. 

 The signal E0 is amplified and then applied to a synchronous amplitude modulation (AM) 

detector; the respiration ԝaveform is contained ԝithin amplitude variations in E0 caused ΔR. 

 A loԝ pass filter folloԝing the detector removes residual carrier signal, and a dc amplifier 

scales the output ԝaveform to the level required by the display device. 

   

 



END OF MODULE 4 


