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Practical class № 2. Clinical electrocardiography





The questions for self-study


Electrocardiography.


Standard leads normal electrocardiogram in human (I, II, III).


Unipolar (V1-V6) leads.


Waves of ECG, nature of its waves, clinical significance.


Fundamentals of the electrophysiology of the heart (cardiac action potential, the physiological basis of the shape of the cardiac action potential; the fast channels and the slow channels; spread of activation; volume conductor).


Correlation of the action potential with the clinical EEG waves.


The cardiac vector.


Cardiac arrhythmias.


Normal sinus rhythm (NSR).


Bradycardia and tachycardia.


Nature of sinus arrhythmia.


Abnormal pacemakers.


Complete (third-degree) heart block:


idioventricular rhythm;


AV nodal block;


infranodal block;


Stockes-Adams syndrome.


Incomplete heart block:


first-degree heart block;


second-degree heart block;


Wenckebach phenomenon.


Right or left bundle branch block.


Hemiblock or fascicular block.


Bifascicular or trifascicular block.


Ectopic foci of excitation


Atrial arrhythmias.


Causes of atrial extrasystole, atrial tachycardia, atrial flutter, atrial fibrillation.


Consequences of atrial arrhythmias.


Ventricular arrhythmias.


Paroxysmal ventricular tachycardia.


Ventricular fibrillation.


Accelerated AV conduction:


Wolff-Parkinson-White syndrome.


Lown-Ganong-Levine syndrome.


Electrocardiographic findings in other cardiac and systemic disease.


Myocardial infarction.


Effects of changes in the ionic composition of the blood.


To read: William F. Ganong, MD. Review of Medical Physiology. Text-book p. 530-544.





Introduction


Each mechanical event of cardiac contraction is slightly preceded (fig. 5.2.8) by the development of action potential of the heart. These action potentials from the heart then travel through the tissues of the body and eventually reach the skin, from where these action potentials can be led off to suitable instrument, called electrocardiograph, and a permanent record (electrocardiogram) of the action potentials of the heart (as detected on the skin) can be made. Electrocardiography is the science of recording and interpreting the electrocardiogram1.


Clinical electrocardiography (clinical ECG) is a valuable tool in the armoury of the clinician. It gives him valuable information (diagnostic and/or prognostic) about (1) cardiac arrhythmias and conduction defects, (ii) ischemia or infarction of the myocardium, (iii) chamber enlargement and (iv) electrolytic imbalance. It does not however, give any information regarding contractility ('inotropic state') of the myocardium or cardiac output, nor it can diagnose uncomplicated valvular diseases.


The ECG was first developed by Wilhelm Einthoven (1860-1927), Professor of Physiology at the Leiden University in the years between 1903 to 1910. Subsequently, notable contributions towards the science of electrocardiography came from many illustrious personalities, including, Wilson, Prinzmetal, Goldberger and Lewis.


There can be two approaches to the clinical electrocardiography. One, like an empiricist, to memorize the normal and different abnormal patterns and to compare the ECG of a given patient with the patterns already memorized. This approach, unfortunately (? or fortunately, for the general practitioners) cannot be dispensed with totally (AC Burton in the 1960s compared ECG reading with bird watching). The other, the more scientific, is to attempt to interpret the ECG from the fundamental knowledge of cardiac elec-trophysiology.


Limitations of ECG are well known. Thus, even in between the attacks of angina of atherosclerotic origin, (ie. when the patient is symptom free) ECG may remain normal. Some diagnostic procedures are now available in major Indian cities which are superior to ECG. Therefore, ECG no longer retains its prestige which it enjoyed in the past. Nevertheless, in USA alone, 75 million ECGs are recorded per year which shows its popularity.





Electrocardiography.


Standard leads normal electrocardiogram in human (I, II, III).


Standard or bipolar or Einthoven's leads. Einthoven considered (fig.5.11.3) that the three points, viz, the right and the left shoulder and the mid point of left inguinal region, when joined together, constitute an equilateral triangle, and the heart occupies the middle of such a triangle.


�


Fig. 5.11.3. The classical leads of Einthoven and the central terminal.





In a volume conductor like the human torso (body), two electrodes can be placed on any two of the three above mentioned points and the electrodes may be attached with the ECG machine. In such condition, the two electrodes, will constitute a standard lead (or Einthoven's classical lead) and the ECG machine will record the difference of potential between these two points.


In practice, the points are further shifted from the classical points of Einthoven. Thus, the modified points are, left forearm, right forearm and the left leg. If these three points are joined together to make a triangle, there still will be an equilateral triangle with the heart occupying its center.


It can be shown by simple mathematical arguments that if these three points are joined together, and a central terminal be led off from this point of junction, as shown in fig.5.11.3 (inset) no current should flow through this central terminal.


It was found out later on, that the Einthoven's assertions were not fully correct. Thus, triangle formed was not exactly an equilateral triangle, nor the heart occupies exactly the middle of the triangle. As a result, some current does flow through the central terminal. Therefore, to make the central terminal truly at zero potential, Wilson2 introduced a very high resistance in the central terminal and this is now called Wilson's central terminal. No current can flow through this Wilson's central terminal, when the three classical leads of Einthoven are joined and thus this central terminal is at Earth's potential (i.e., at zero potential).


The three bipolar (or Einthoven's or Standard) leads are:


Lead I — left forearm and right forearm.


Lead II — "right forearm and left leg.


Lead III — left leg and left forearm





Unipolar chest leads (V1-V6).


If one lead be attached to the Wilson's central terminal (and thus remain at zero potential) and the other over the precordium, and the electrodes be connected to the ECG machine, the electrode applied over the precordium (called the exploring electrode) will now record the absolute potential on the precordium (produced as a result of cardiac activity). Such a lead is called an unipolar lead; in unipolar lead, one electrode (the exploring electrode) records the absolute potential and the other (the 'indifferent electrode') is attached with zero potential.


Unipolar Chest Leads


When the exploring electrode is placed over the precordium, it is called unipolar chest lead (symbol, V). Usually six chest leads are applied routinely, viz, V1, V2, V3, V4, V5 and V6. The positions of the exploring electrodes are given below:


V1 4th intercostal space, right border of the sternum.


V2 4th intercostal space, left border of the sternum.


V3 midway between V2 and V4


V4 5th intercostal space where it is cut by the midclavicular line.


V5 5th intercostal space at anterior axillary line.


V6 5th intercostal space at mid axillary line.


Similarly there are unipolar limb leads, designated by symbols aVL, aVR, and aVF ['a' standing for augmented, 'V for unipolarity of the lead, 'R', 'L' and 'F for right fore arm, left fore arm and left foot (leg) respectively]. Details of these leads, and the underlying scientific basis will not be made in this book.


In all, there are twelve usual leads, three of them (I, II & III) are bipolar and the rest nine are unipolar. (ECG, then, normally, is a twelve lead recording).





Waves of ECG, nature of its waves, clinical significance.


The normal ECG


The Machine


The electrical signals produced by the heart by its action potentials are brought to the machine as its input. The input is suitably amplified and ultimately it causes deflection of a pen recorder which moves on a specially waxed graph paper moving at a constant speed. The machine is warmed up a little and because of the special wax, a permanent graphical recording becomes possible.


The electrocardiogram


P, Q, R, S and T are the five waves normally seen in the record (fig. 5.11.5). There are two isoelectric segments, viz, the 'PR' and the 'ST (NB. PR segment and PR interval are not the same thing).


The 'P' wave is usually a +ve, i.e. upright, wave (excepting in aVR and occasionally in V1). It represents the atrial depolarization. Abnormalities in atrial depolarization cause abnormal P wave. Normally, it has an amplitude not more than 2.5 small divisions. Its duration is within 0.1 sec (2.5 small divisions).


�


Fig. 5.11.5. The ECG waves





QRS is ventricular complex. Q is the first negative wave after the P, provided there is no intervening +ve (i.e., R) wave. In leads II, V1 and V2, Q is normally absent. When present, (as in other leads) Q is a very small wave in normal persons.


R is the first +ve wave after P; normally, in the bipolar leads (i.e., in I, II & III), lead II has the tallest R. In the unipolar chest leads, V1 has normally a small R. The height of the R wave in the chest leads, increases progressively till it becomes maximum in V4 or V5.


S is a negative wave which follows R wave. S is very deep in V1 but the depth progressively lessens till it is least in V5 .


The amplitude of S in V1 plas that of R in V5 should not normally exceed 35 mm.


T is a +ve wave (except in aVR). It represents the ventricular repolarization.


PR interval is the interval (time) between the beginning of the P wave to the beginning of R wave, where Q is absent, or from the beginning of the P wave to the beginning of Q wave where it (Q wave) is present. It indicates the time taken for spread of the excitation wave from the SAN to the common bundle of His. It is, it goes without saying, followed by the ventricular activity. PR interval should not be confused with PR segment.


ST segment is the segment which extends between the end of S wave and the beginning of T wave. Normally it is (like the PR segment) on the isoelectric line.


With this background, most, if not all the features of ECG can be explained. Only some of the common examples are given below :


1. It has been stated, that when the common bundle of His is activated, the ECG picks up no signal. However, as the wave of depolarization descends further down, the septal muscle fibers within the ventricle begin to be activated and ECG picks up the signal. Also, conduction is a trifle slower in the right branch of His than the left. As a result of all these facts, the negativity begins first on the left side of the septum and then on its right. That is, the septal activation begins from left to right. Therefore, the instantaneous vector at this moment (i.e., at the beginning of ventricular activity) approaches the lead V1 but recedes away from the lead V5. This means, the beginning of the ventricular activity in V1 is shown as a small (small because the magnitude of the vector is small) +ve wave, R wave in V1, but a —ve wave, Q in V5 (this also means that Q is absent in V1). Stated in another way, septal activity produces a small R in V1 but a small Q in V5.


In the next moment, both the ventricles begin to be activated. However, because of the massiveness of the left ventricle, the magnitude and direction of the instantaneous resultant dipole will be due to the left ventricle mainly. This means, the instantaneous vector is directed to the left and downwards, i.e., it faces the exploring electrode at V5 but recedes away from that of V1 As a result, at V1, a small R followed by a deep S will be obtained but at V5 the same activities produce a small Q followed by a tall R. For the same reasons, pure left ventricular hypertrophy produces a very tall R in V5 but very deep S in V1 .


If there is a delayed conductivity at AVN or common bundle of His (.'heart block') the PR interval will be unusually lengthened.


If there is atrial hypertrophy (e.g. mitral stenosis) the P wave will be of greater amplitude and take more time to complete.


If there is a bundle branch (of His) block, (block = delayed conductivity), the QRS wave will require more time to complete.


If there is a fault in the ventricular musculature physiology, the pumping out of ions for repolarization will be faulty and T wave will be abnormal.


ST segment is normally on the isoelectric line. ST segment coincides with the phase 2 of ventricular AP. It remains on the isoelectric line, because at this time, all parts of the ventricle are completely negative and there is no difference of potential between any two parts of the ventricles; therefore, the ECG picks up no signal. Now, if a part of the myocardium is unhealthy or dead (due to ischemia or infarction), the spread of the AP over this unhealthy (or dead) part, is slowed down or absent. This means that at no given moment, in such a ventricle, the entire ventricle is negative throughout (ie, in such a ventricle, there is always, some parts -ve and some parts +ve) and the ECG continues to pick up the signals. This results in deviation of the ST segment from the isoelectric line (i.e., ST segment is either elevated or depressed).


In the ECG paper, the X axis indicates time, and the Υ, the voltage. Each small division in the X axis represents 0.04 sec with the usual speed of the paper movement (25 mm/sec); each small division in the Υ axis on the other hand, represents 0.1 mV. Therefore every fifth vertical line represents an interval of 0.2 sec.


The heart rate is counted as follows : locate the peaks of any two successive R waves; count the number of small divisions in between them (for example, say 10 small divisions) [This interval, from R to R peaks represents one cardiac cycle and in this example, has taken 10 small divisions or 0.4 sec]. The heart rate is 1500 + by the number of divisions between the R to R peaks; for example, in the example cited above, the heart rate is 1500 + 10 = 150/min. The figure 1500 is obtained as follows : each small division = 0.04 sec. Therefore in 60 seconds there are 60 + 0.04 or 1500 such divisions. In short, 1500 small divisions represent one minute.


The normal values


P wave. Its amplitude is within 0.25 mV (= 2.5 small divisions) and duration is within 0.1 sec (2.5 small divisions).


PR interval should be within 0.12 to 0.2 seconds.


�


Fig. 5.11.6. The twelve lead ECG of a normal person. Note : (i) the tallest R is seen, in the bipolar leads in lead II, (ii) aVR largely consists of -ve waves, (iii) the height of R increases from V1 to V5, but the depth of S decreases from V1 to V5, (iv) ST segment is on isoelectric line.





QRS complex. The normal duration should be within 0.1 sec or at best within 0.11 sec.


Fig.5.11.6 gives a normal ECG tracing. The student should particularly note the following points.


In the bipolar leads, lead II is maximally +ve, R is tallest in lead II; also in lead II, Q is absent and T is upright.


In the unipolar limb leads, aVR is mostly -ve. Here P and T are inverted, R is very small.


In the unipolar chest leads the R wave gradually becomes taller and taller from V1 to V5 and S becomes smaller and smaller from V1 to V5, Q is present in V5 and V6 but absent in V1.


In all leads P wave, PR intervals, QRS complex have normal values and ST segment is isoelectric.





Fundamentals of the electrophysiology of the heart (cardiac action potential, the physiological basis of the shape of the cardiac action potential; the fast channels and the slow channels; spread of activation; volume conductor).





Cardiac action potential


�


Fig. 5.11.1. Action potential (AP) from atrial (top) and ventricular (bottom) muscles. For comparison, an AP from nerve is shown at the left side.





The resting membrane potential and the action potential of general (i.e., noncardiac) cells have been discussed in sec.I, chap.2, of this book. The action potential in non cardiac cells (e.g. a nerve cell) looks like a 'spike' (fig.5.11.1, left pannel).


The shape of the action potential of the myocardial cell, particularly of the ventricular myocardium is very different (fig.5.11.1, right pannel). For comparison, the action potential (henceforth abbreviated as 'AP') of atrial muscle cell is also shown (fig.5.11.1, right upper pannel). [To keep the discussion simple, APs of sinuatrial node, AV junctional tissue, and Purkinje fibers have been excluded].


Note, the AP of the ventricle has the following salient features (see also chap 2 sec V, 'excitability') :


It starts very steeply. This means, the reversal of the polarity is extremely rapid. This is called the 'phase O'.


There is a long drawn 'plateau', called 'phase 2', in the AP. Between phases O and 2, lies the very short, 'phase 1'.


The decline of AP is slow and called 'phase 3'.





Physiological basis of the shape of cardiac AP


Recall (sec I, chap 2) that the AP develops because the Na+ ion (which, at resting state, is debarred to enter with-in the cell), makes, (after the cell is stimulated) an explosive entry within the cell. In non cardiac cell, this explosive entry stops extremely rapidly and is followed by the exit of K+ ions so that repolarization occurs. Because of this rapid Na+ entry and its stoppage and rapid exit of K+ ions, the duration of AP in noncardiac cell is very short and graphically looks like a 'spike'.


In ventricular myocardial cell, phase O is due to rapid explosive entry of Na+ from the ECF to ICF. As in other cell membranes, various channels are present in the ventricular myocardial cell membrane. Some admit Na+ ions, some, other ions; more over some are ligand gated, some others are voltage gated (for a clearer detail of channels in the membrane, ligand and voltage gated channels, see fig 1.1.2, and other areas of chaps. 1 and 2 of sec I).





The fast and the slow channels


The channels in the myocardial cell membrane are of two types, viz, (i) the fast channels and (ii) the slow channels.


When the myocardial cell is stimulated, the fast channels, which admit Na+ ions, open → explosive entry of Na+ from ECF to ICF occurs → development of phase O.


After 2 milliseconds (2 ms), the phase O ends because these Na channels close down (the transmembrane potential, at this moment may be about +30 mv; recall the value of membrane potential (Vm) at rest was about -90 mV).


↓


Now, the channels for Cl- open → a partial repolarization, due to Cl- entry occurs and phase 1 develops.


↓


Now another set of channels open → these channels admit Ca++ from ECF to ICF but the Ca++ ions enter very slowly → this causes the sustained phase, called phase 2 of the ventricular AP. These channels, called slow channels are voltage gated or voltage dependent because they remain open when the cell membrane has a particular voltage (say - 40 mV). Verapamil and diltiazem block the


Ca++ entry.


↓


At the end, of phase 2, K+ ions exit and repolarization proceeds (phase 3). The ventricular AP (from phase O to phase 4) lasts for about 300 ms. Phase 4 is fully repolarized state.





Spread of activation in the heart


This has been already discussed earlier (chap.2, sec.V, conductivity). To repeat in short, normally the pace maker is SAN (sinuatrial node). Impulse arises from the SAN and proceeds through the 'preferential channels' of the atria to reach the AVN. From the AVN the common bundle of His arises. The impulses proceeds via the bundle of His and "spreads to the left and the right branches → first, a part of the wall of the left ventricle adjacent to the septum, is activated → eventually both ventricles are activated → last part to be activated is the base of the heart. Activation proceeds from the endocardial to the epicardial regions. When the activations proceed through the undivided (common) bundle of His, there is so little electrical event, that ECG picks up no signal. The conduction in the right bundle branch, normally, is slower than that in the left branch.





Volume conductor


For the purpose of ECG studies, the heart, then, acts as a generator of electromotive force (current); the current traverses through the body tissues, and the tissues being rich in electrolytes, are excellent electrical conductors (NB. pure water, containing no electrolyte, is an electrical non conductor). The whole volume of the body, therefore, is an excellent volume conductor, within which, the source of the current, viz, the heart, is situated.





Correlation of the action potential with the clinical EEG waves.


�


Fig. 5.11.2. Upper pannel : AP of the atrial muscle . Middle pannel: ECG. Lower pannel: AP of ventricular muscle.





Fig. 5.11.2 shows the correlation between the atrial and ventricular AP with the ECG. P represents the atrial acti-vation, whereas the QRS represents the ventricular activation, T is ventricular repolarization (normally the wave due to atrial repolarization is absent in the ECG). This, however, is a very broad based and rather superficial statement. The shape, positivity or negativity of the individual waves, or their amplitudes vary widely from lead to lead. Even some waves normally, may be altogether absent or rudimentary in some leads. For example Q wave is normally absent in lead II or V1, S wave is normally very small in lead V5 ; P wave is normally negative in lead aVR and so on. Most of these features of ECG can now be explained from our knowledge of cardiac electrophysiology, although detailed explanation will not be made here because that will be outside the scope of the book.





The cardiac vector.


The dipole


When a wave of depolarization proceeds, the wave front may be considered to be consisting of numerous dipoles, as shown in fig. 5.11.4.


�


Fig. 5.11.4 . The resultant dipole (description in the text).





A dipole consists of a pair of 'poles', one being +ve the other —ve, separated by a very small distance. If the pair of the poles in a single dipole be joined up by an imaginary line, the line will give the direction to which the depolarization at that point will proceed. The resultant of all the dipoles is called the resultant dipole or the resultant vector (sometimes called, simply, vector although, it should officially be called, 'dipole moment vector'). Obviously, (1) the resultant dipole has a magnitude and a direction, and (ii) the magnitude and the direction of the resultant dipole, changes from moment to moment. At any given instance, the resultant dipole or vector may thus be called the 'instantaneous vector'.


When the instantaneous vector approaches towards ('faces') an exploring electrode, the ECG records an 'upright' or +ve wave; when it recedes away from the exploring electrode, there develops a -ve wave.





The electrical axis


Clinical electrocardiographists traditionally assume that for some specific purposes, the electrical events of the ventricle can be represented by a single resultant dipole (and the moment to moment change of the direction of the resultant dipole need not be considered). The assumption rather, has no sound theoretical basis, yet surprisingly, it is a very good working rule. This single resultant dipole is called the electrical axis (fig.5.11.7a).





�


Fig. 5.11.7. Upper — normal heart; middle — left ventricular hypertrophy (boot shaped enlargement of heart) left axis deviation; lower — right ventricular hypertrophy (right axis deviation).





Normal hearts have a normal axis (fig.5.11.7a). If the axis rotates (deviates) anticlockwise it is called left axis deviation (5.11.7b). Left axis deviation is due to such conditions like left ventricular hypertrophy (which causes a 'boot shaped enlargement of the heart) and others. Conversely if there is a clockwise rotation there is right axis deviation (5.11.7c) which may be due to right ventricular hypertrophy.


Axis determinations are made by finding the amplitudes of the R waves in the bipolar limb leads. For example, if the R is tallest in the lead II, the electrical axis is parallel to the lead II (normal) (fig.5.11.7a), if R is tallest in lead I the axis is parallel to the lead I (Left axis deviation) (5.11.7b), whereas when the R is tallest in lead III the axis is parallel to the lead III and there is right axis deviation (fig.5.11.7c).





Cardiac arrhythmias.


Arrhythmias (atrial and ventricular). In today's clinical practice, for the diagnosis of the arrhythmias, ECG's help is of supreme value, because accurate diagnosis is usually not possible otherwise. However the issue is complex and this author thinks that they should be better learnt from bigger texts.





Normal sinus rhythm (NSR).


Bradycardia and tachycardia.


In the normal human heart, each beat originates in the SA node (normal sinus rhythm, NSR). The heart beats about 70 times a minute at rest. The rate is slowed (bradycardia) during sleep and accelerated (tachycardia) by emotion, exercise, fever, and many other stimuli. 





Nature of sinus arrhythmia.


In healthy young individuals breathing at a normal rate, the heart rate varies with the phases of respiration: it accelerates during inspiration and decelerates during expiration, especially if the depth of breathing is increased. This sinus arrhythmia is a normal phenomenon and is due primarily to fluctuations in parasympathetic output to the heart. During inspiration, impulses in the vagi from the stretch receptors in the lungs inhibit the cardioinhibitory area in the medulla oblongata. The tonic vagal discharge that keeps the heart rate slow decreases, and the heart rate rises.


Disease processes affecting the sinus node lead to marked bradycardia accompanied by dizziness and syncope (sick sinus syndrome).





Abnormal pacemakers.


Complete (third-degree) heart block:


idioventricular rhythm;


AV nodal block;


infranodal block;


Stockes-Adams syndrome.


The AV node and other portions of the conduction system can in abnormal situations become the cardiac pacemaker. In addition, diseased atrial and ventricular muscle fibers can have their membrane potentials reduced and discharge repetitively.


As noted above, the discharge rate of the SA node is more rapid than that of the other parts of the conduction system, and this is why the SA node normally controls the heart rate. When conduction from the atria to the ventricles is completely interrupted, complete (third-degree) heart block results, and the ventricles beat at a low rate (idioventricular rhythm) independently of the atria (Figure 28-11). The block may be due to disease in the AV node (AV nodal block) or in the conducting system below the node (infranodal block). In patients with AV nodal block, the remaining nodal tissue becomes the pacemaker and the rate of the idioventricular rhythm is approximately 45 beats/min. In patients with infranodal block due to disease in the bundle of His, the ventricular pacemaker is located more peripherally in the conduction system and the ventricular rate is lower; it averages 35 beats/min, but in individual cases it can be as low as 15 beats/min. In such individuals, there may also be periods of asystole lasting a minute or more, The resultant cerebral ischemia causes dizziness and fainting (Stokes-Adams syndrome). Causes of third-degree heart block include septal myocardial infarction and damage to the bundle of His during surgical correction of congenital interventricular septal defects.





Incomplete heart block:


first-degree heart block;


second-degree heart block;


Wenckebach phenomenon.


When conduction between the atria and ventricles is slowed but not completely interrupted, incomplete heart block is present. In the form called first-degree heart block, all the atrial impulses reach the ventricles but the PR interval is abnormally long. In the form called second-degree heart block, not all atrial impulses are conducted to the ventricles. There may be, for example, a ventricular beat following every second or every third atrial beat (2:1 block, 3:1 block, etc). In another form of incomplete heart block, there are repeated sequences of beats in which the PR interval lengthens progressively until a ventricular beat is dropped (Wenckebach phenomenon). The PR interval of the cardiac cycle that follows each dropped beat is usually normal or only slightly prolonged (Figure 28-11).





Right or left bundle branch block.


Hemiblock or fascicular block.


Bifascicular or trifascicular block.


Sometimes one branch of the bundle of His is interrupted, causing right or left bundle branch block. In bundle branch block, excitation passes normally down the bundle on the intact side and then sweeps back through the muscle to activate the ventricle on the blocked side. The ventricular rate is therefore normal, but the QRS complexes are prolonged and deformed. Block can also occur in the anterior or posterior fascicle of the left bundle branch, producing the condition called hemiblock or fascicular block. Left anterior hemiblock produces abnormal left axis deviation in the ECG, whereas left posterior hemiblock produces abnormal right axis deviation. It is not uncommon to find combinations of fascicular and branch blocks (bifascicular or trifascicular block). The His bundle electrogram permits detailed analysis of the site of block when there is a defect in the conduction system.


Implanted Pacemakers


When there is marked bradycardia in patients with sick sinus syndrome or third-degree heart block, an electronic pacemaker is frequently implanted. These devices, which have become sophisticated and reliable, are therefore useful in patients with sinus node dysfunction, AV block, and bifascicular or trifascicular block. They are useful also in patients with severe neurogenic syncope, in whom carotid sinus stimulation produces pauses of more than 3 seconds between heartbeats, and in some patients with cardiomyopathy, in whom they are used to improve the dynamics of blood flow in the heart rather than the heart rate.





Ectopic foci of excitation


Normally, myocardial cells do not discharge spontaneously, and the possibility of spontaneous discharge of the His bundle and Purkinje system is low because the normal pacemaker discharge of the SA node is more rapid than their rate of spontaneous discharge. However, in abnormal conditions, the His-Purkinje fibers or the myocardial fibers may discharge spontaneously. In these conditions, increased automaticity of the heart is said to be present. If an irritable ectopic focus discharges once, the result is a beat that occurs before the expected next normal beat and transiently interrupts the cardiac rhythm (atrial, nodal, or ventricular extrasystole or premature beat). If the focus discharges repetitively at a rale higher than that of the SA node, it produces rapid, regular tachycardia (atrial, ventricular, or nodal paroxysmal tachycardia or atrial flutter).





Atrial arrhythmias.


Causes of atrial extrasystole, atrial tachycardia, atrial flutter, atrial fibrillation.


Excitation spreading from an independently discharging focus in the atria stimulates the AV node prematurely and is conducted to the ventricles. The P waves of atrial extrasystoles are abnormal, but the QRST configurations are usually normal (Figure 28-13). The excitation may depolarize the SA node, which must repolarize and then depolarize to the firing level before it can initiate the next normal beat. Consequently, there is a pause between the extrasystole and the next normal beat that is usually equal in length to the interval between the normal beats preceding the extrasystole, and the rhythm is "reset" (see below). If the excitation does not reach the SA node before its next normal discharge, there is a pause equal to the time between two normal beats.


Atrial tachycardia occurs when an atrial focus discharges regularly or there is reentrant activity producing atrial rates up to 220/min. Sometimes, especially in digitalized patients, some degree of atrioventricular block is associated with the tachycardia (paroxysmal atrial tachycardia with block).


In atrial flutter, the atrial rate is 200-350/min (Figure 28-13). In the most common form of this arrhythmia, there s large counterclockwise circus movement in the right atrium. This produces a characteristic sawtooth pattern of flutter waves due to atrial contractions. It is almost always associated with 2:1 or greater AV block because in adults, the AV node cannot conduct more than about 230 impulses per minute.


In atrial fibrillation, the atria beat very rapidly (300-500/min) in a completely irregular and disorganized fashion. Because the AV node discharges at irregular intervals, the ventricles beat at a completely irregular rate, usually 80-160/min (Figure 28-13). The condition can be paroxysmal or chronic, and in some cases there appears to be a genetic predisposition. The cause of atrial fibrillation is still a matter of debate, but in most cases it appears to be due to multiple concurrently circulating reentrant excitation waves in both atria. However, some cases of paroxysmal atrial fibrillation seem to be produced by discharge of one or more ectopic foci. Many of these foci appear to be located in the pulmonary veins as much as 4 cm from the heart. Atrial muscle fibers extend along the pulmonary veins and are the origin of these discharges.





Consequences of atrial arrhythmias.


Occasional atrial extrasystoles occur from time to time in most normal humans and have no pathologic significance. In paroxysmal atrial tachycardia and flutter, the ventricular rate may be so high that diastole is too short for adequate filling of the ventricles with blood between contractions. Consequently, cardiac output is reduced and symptoms of heart failure appear. The relationship between cardiac rate and cardiac output is discussed in detail in Chapter 29. Heart failure may also complicate atrial fibrillation when the ventricular rate is high. Acetylcholine liberated at vagal endings depresses conduction in the atrial musculature and AV node. This is why stimulating reflex vagal discharge by pressing on the eyeball (oculocardiac reflex) or massaging the carotid sinus often converts tachycardia and sometimes converts atrial flutter to normal sinus rhythm. Alternatively, vagal stimulation increases the degree of AV block, abruptly lowering the ventricular rate. Digitalis also depresses AV conduction and is used to lower a rapid ventricular rate in atrial fibrillation.





Ventricular arrhythmias.


Premature beats that originate in an ectopic ventricular focus usually have bizarrely shaped prolonged QRS complexes because of the slow spread of the impulse from the focus through the ventricular muscle to the rest of the ventricle. They are usually incapable of exciting the bundle of His, and retrograde conduction to the atria therefore does not occur. In the meantime, the next succeeding normal SA nodal impulse depolarizes the atria. The P wave is usually buried in the QRS of the extrasystole. If the normal impulse reaches the ventricles, they are still in the refractory period following depolarization from the ectopic focus. However, the second succeeding impulse from the SA node produces a normal beat. Thus, ventricular premature beats are followed by a compensatory pause that is often longer than the pause after an atrial extrasystole. Furthermore, ventricular premature beats do not interrupt the regular discharge of the SA node, whereas atrial premature beats often interrupt and "reset" the normal rhythm.


Atrial and ventricular premature beats are not strong enough to produce a pulse at the wrist if they occur early in diastole, when the ventricles have not had time to fill with blood and the ventricular musculature is still in its relatively refractory period. They may not even open the aortic and pulmonary valves, in which case there is, in addition, no second heart sound.





Paroxysmal ventricular tachycardia.


Paroxysmal ventricular tachycardia is in effect a series of rapid, regular ventricular depolarizations usually due to a circus movement involving the ventricles. Tachycardias originating above the ventricles (supraventricular tachycardias such as paroxysmal nodal tachycardia) can be distinguished from paroxysmal ventricular tachycardia by use of the HBE; in supraventricular tachycardias, there is a His bundle (H) deflection, whereas in ventricular tachycardias, there is none. Ventricular premature beats are common and, in the absence of ischemic heart disease, usually benign. Ventricular tachycardia is more serious because cardiac output is decreased, and ventricular fibrillation is an occasional complication of ventricular tachycardia,





Ventricular fibrillation.


In ventricular fibrillation, the ventricular muscle fibers contract in a totally irregular and ineffective way because of the very rapid discharge of multiple ventricular ectopic foci or a circus movement. The fibrillating ventricles, like the fibrillating atria, look like a quivering "bag of worms, "Ventricular fibrillation can be produced by an electric shock or an extrasystole during a critical interval, the vulnerable period. The vulnerable period coincides in time with the midportion of the T wave-ie, it occurs at a time when some of the ventricular my�ocardium is depolarized, some is incompletely repolarized, and some is completely repolarized. These are excellent conditions in which to establish reentry and a circus movement. The fibrillating ventricles cannot pump blood effectively, and circulation of the blood stops. Therefore, in the absence of emergency treatment, ventricular fibrillation that lasts more than a few minutes is fatal. The most frequent cause of sudden death in patients with myocardial infarcts is ventricular fibrillation.


Another indication of the vulnerability of the heart during repolarization is the fact that in patients in whom the QT interval is prolonged, there is an increased incidence of ventricular arrhythmias and sudden death. In three congenital forms of the long QT syndrome, genetic defects have been described. One produces blockade of one type of K+ channel (the HERG channel), slowing repolarization. Another blocks another kind of K+ channel, and is associated with deafness. A third produces constitutive activation of the cardiac Na+ channel, which also slows repolarization.


Although ventricular fibrillation may be produced by electrocution, it can often be stopped and converted to normal sinus rhythm by means of electrical shocks. Electronic defibrillators are now available not only in hospitals but also in emergency vehicles and should be used as rapidly as possible. In addition, defibrillators are implanted surgically in patients who are at high risk for attacks of ventricular fibrillation.





Accelerated AV conduction:


Wolff-Parkinson-White syndrome.


An interesting condition seen in some otherwise normal individuals who are prone to attacks of paroxysmal atrial arrhythmias is accelerated AV conduction (Wolff-Parkinson-White syndrome). Normally, the only conducting pathway between the atria and the ventricles is the AV node. Individuals with Wolff-Parkinson-White syndrome have an additional aberrant muscular or nodal tissue connection (bundle of Kent) between the atria and ventricles. This conducts more rapidly than the slowly conducting AV node, and one ventricle is excited early. The manifestations of its activation merge with the normal QRS pattern, producing a short PR interval and a prolonged QRS deflection slurred on the upstroke (Figure 28-18), with a normal interval between the start of the P wave and the end of the QRS complex ("PJ interval"). The paroxysmal atrial tachycardias seen in this syndrome often follow an atrial premature beat. This beat conducts normally down the AV node but finds the aberrant bundle refractory, since the bundle has a longer refractory period than the AV node. However, when ventricular activation spreads to the ventricular end of the aberrant bundle, the bundle is no longer refractory and the impulse is transmitted retrograde to the atrium. A circus movement is thus established. Less commonly, an atrial premature beat finds the AV node refractory but reaches the ventricles via the bundle of Kent, setting up a circus movement in which the impulse passes from the ventricles to the atria via the AV node.





Lown-Ganong-Levine syndrome.


Attacks of paroxysmal supraventricular tachycardia, usually nodal tachycardia, are seen in individuals with short PR intervals and normal QRS complexes (Lown-Ganong-Levine syndrome). In this condition, depolarization presumably passes from the atria to the ventricles via an aberrant bundle that bypasses the AV node but enters the intraventricular conducting system distal to the node.





Electrocardiographic findings in other cardiac and systemic disease.


Myocardial infarction.


Common findings (fig.5.11.8) are — (i) elevation (in acute stage) or depression (in subacute or chronic stage) of the ST segment, (iii) presence of Q wave where it should be normally absent or big Q wave where it should be normally present, and (iii) inversion of T wave, (iv) normally the height of R wave progresses from V1 to V5 but in myocardial infarction this progressive increase in height does not occur (see also fig. 5.11.6).





�


Fig. 5.11.8. An elevated ST segment in acute infarction of heart muscle.





When the blood supply to part of the myocardium is interrupted, there are profound changes in the myocardium that lead to irreversible changes and death of muscle cells. The ECG is very useful for diagnosing and locating areas of infarction. The underlying electrical events and the resulting electrocardiographic changes are complex, and only a brief review can be presented here.


The first change, abnormally rapid repolarization after discharge of the infarcted muscle fibers as a result of accelerated opening of K+ channels, develops seconds after occlusion of a coronary artery in experimental animals. It lasts only a few minutes, but before it is over the resting membrane potential of the infarcted fibers declines because of the loss of intracellular K+. Starting about 30 minutes later, the infarcted fibers also begin to depolarize more slowly than the surrounding normal fibers.


All three of these changes cause current flow that produces elevation of the ST segment in electrocardiographic leads recorded with electrodes over the infarcted area Because of the rapid repolarization in the infarct, the membrane potential of the area is greater than it is in the normal area during the latter part of repolarization, making the normal region negative relative to the infarct. Extracellu-larly, current therefore flows out of the infarct into the normal area (since, by convention, current flow is from positive to negative). This current flows toward electrodes over the injured area, causing increased positivity between the S and T waves of the ECG. Similarly, the delayed depolarization of the infarcted cells causes the infarcted area to be positive relative to the healthy tissue (Table 28-3) during the early part of repolarization, and the result is also ST segment elevation. The remaining change, the decline in resting membrane potential during diastole, causes a current flow into the infarct during ventricular diastole. The result of this current flow is a depression of the TQ segment of the ECG. However, the electronic arrangement in electrocardiographic recorders is such that a TQ segment depression is recorded as an ST segment elevation. Thus, the hallmark of acute myocardial infarction is elevation of the ST segments in the leads overlying the area of infarction. Leads on the opposite side of the heart show ST segment depression.


After some days or weeks, the ST segment abnormalities subside. The dead muscle and scar tissue become electrically silent. The infarcted area is therefore negative relative to the normal myocardium during systole, and it fails to contribute its share of positivity to the electrocardiographic complexes. The manifestations of this negativity are multiple and subtle. Common changes include the appearance of a Q wave in some of the leads in which it was not previously present and an increase in the size of the normal Q wave in some of the other leads, although so-called non-Q-wave infarcts are also seen. These infarcts tend to be less severe, but there is a high incidence of subsequent reinfarction. Another finding in infarction of the anterior left ventricle is "failure of progression of the R wave"; ie, the R wave fails to become successively larger in the precordial leads as the electrode is moved from right to left over the left ventricle. If the septum is infarcted, the conduction system may be damaged, causing bundle branch block or other forms of heart block.


Myocardial infarctions are often complicated by serious ventricular arrhythmias, with the threat of ventricular fibrillation and death. In experimental animals and presumably in humans, ventricular arrhythmias occur during three periods. During the first 30 minutes of an infarction, arrhythmias due to reentry are common. There follows a period relatively free from arrhythmias, but, starting 12 hours after infarction, arrhythmias occur as a result of increased automaticity. Arrhythmias occurring 3 days to several weeks after infarction are once again usually due to reentry. It is worth noting in this regard that infarcts that damage the epicardial portions of the myocardium interrupt sympathetic nerve fibers, producing denervation supersensitivity to catecholamines in the area beyond the infarct. Alternatively, endocardial lesions can selectively interrupt vagal fibers (see above), leaving the actions of sympathetic fibers unopposed. Increased local sympathetic activity can cause arrhythmias. Interruption of the sympathetic outflow to the heart from the left stellate ganglion, which innervates the AV node, has been reported to be of value in the treatment of ventricular arrhythmias and prevention of sudden death after myocardial infarction.





Effects of changes in the ionic composition of the blood.


Hyperkalemia and hypokalemia. The causes of hyp er and hypokalemia with their pathophysiology have been described elsewhere in this book (chap 3 sec VIII). Here only ECG signs will be described. It is to be remem bered, hyperkalemia (excess concentration of K+ ions in the ECF) can be rapidly fatal.


In early stages of hyperkalemia, T wave becomes taller. As the hyperkalemia progresses, AV block and atrial paralysis develop, so that prolonged PR interval and absence of P are found in ECG record. QRS becomes prolonged due to delayed conductivity in the ventricular conducting system.





Changes in ECF Na+ and K+ concentration would be expected to affect the potentials of the myocardial libers, because the electrical activity of the heart depends upon the distribution of these ions across the muscle cell membranes. Clinically, a fall in the plasma level of Na+ may be associated with low-voltage electrocardiographic complexes, but changes in the plasma K+ level produce severe cardiac abnormalities. Hyperkalemia is a very dangerous and potentially lethal condition because of its effects on the heart. As the plasma K+ level rises, the first change in the ECG is the appearance of tall peaked T waves, a manifestation of altered repolarization. At higher K+ levels, paralysis of the atria and prolongation of the QRS complexes occur. Ventricular arrhythmias may develop. The resting membrane potential of the muscle fibers decreases as the extracellular K+ concentration increases. The fibers eventually become unexcitable, and the heart stops in diastole. Conversely, a decrease in the plasma K+ level causes prolongation of the PR interval, prominent U waves, and, occasionally, late T wave inversion in the precordial leads. If the T and U waves merge, the apparent QT interval is often prolonged; if the T and U waves are separated, the true QT interval is seen to be of normal duration. Hypokalemia is a serious condition, but it is not as rapidly fatal as hyperkalemia.


Increases in extracellular Ca2+ concentration enhance myocardial contractility. When large amounts of Ca2+ are infused into experimental animals, the heart relaxes less during diastole and eventually stops in systole (calcium rigor). However, in clinical conditions associated with hypercalcemia, the plasma calcium level is rarely if ever high enough to affect the heart. Hypocalcemia causes prolongation of the ST segment and consequently of the QT interval, a change that is also produced by phenothiazines and tricyclic antidepressant drugs and by various diseases of the central nervous system.


Changes in plasma Ca2+ and K+ levels produce relatively marked changes in the sensitivity of the heart to digitalis. Hypercalcemia enhances digitalis toxicity, and hyperkalemia counteracts it. Mg2+, which depresses the myocardium, also counteracts digitalis toxicity





HOW TO READ ECG


Finally, some tips are given below, about how to read ECG records of a given subject:


I.Count the heart rate (see above, for the technic)


2.See whether the rhythm is sinus or not. Sinus rhythm means where the pace maker is SAN. In sinus rhythm, the normal sequence of P, Q, R, S, T are maintained and P waves are upright where they should be upright.


Now-a-days, the condition, 'sick sinus rhythm', is increasingly diagnosed. In this condition, there is damage of the SAN (= sick sinus) resulting in severe bradycardia and even syncopal attacks. ECG however may show only bradycardia and nothing else.


It should be remembered, that the rhythm may be 'normal sinus rhythm' (NSR) but there may be other signs of cardiac damage in the ECG. For example, in a case of NSR there can be marked depression of ST segment (ischemia).


In a normal ECG record, the heart rate (HR) fluctuates. For example at the beginning of a given ECG record the HR may be 70/min, but within a few seconds, as the ECG recording continues, the HR may be 75/min. This is normal and is due to (usually) respiration and is called 'normal sinus arrhythmia'. The report, in this case should read, heart rate, varying between 70 to 75/min, sinus arrhythmia.


Examine the P wave. Look for, (i) whether there is any evidence of atrial hypertrophy (big P wave), inversion of P wave where it should normally be upright (nodal rhythm), absence of P wave and so on.


Examine QRS complex, i) Look for Q wave abnormality. That is, whether Q is present, where it should not be present, or Q is unusually big and so on. ii) look for duration of QRS complex (ie, whether it is within 0.8 sec or at best within 0.1 sec), whether its shape is altered (eg. in left bundle branch block), (iii) whether RSR' pattern is present (iv) tallness of R wave and depth of S wave - whether they exceed permissible limit (v) whether R becomes progressively taller from V1 onwards, and so on.


ST Segment. Whether it is on isoelectric line or elevated or depressed (see above for interpretation).


T Wave. The interpretation of T wave abnormality is most difficult. T wave may be inverted in leads where it should normally be upright, but that does not automatically mean there is abnormality. Inversion of T wave, where there is no other abnormality in ECG, called, 'primary T wave changes', can be of 2 kinds : (i) where the inverted T wave is symmetrical and its apex pointed; this is pathological and may mean myocardial infarction (ii) where the inverted T wave has round apex; this (particularly in V1 to V3 leads) may be, specially in absence of any clinically suggestive history, harmless; such a T wave in V4 or V5 leads , however, should be further investigated (eg. by tread mill test ) before the subject is declared fully fit.


Secondary T wave changes are those where T wave changes are associated with other ECG abnormalities.


PR interval. Whether it is within permissible limit (see above)


Determine the cardiac axis and its deviation, if any. see above.


Compare with previous ECGs (of the same subject) where available. (NB. All middle aged and above persons, should, routinely, record their ECG at regular intervals. In a possible future medical emergency, these will serve as controls).


Currently computerized ECG machines are available where the computer is programmed so that it also gives the diagnosis of the disease. According to one estimate, about 85% of such diagnoses are correct.


The above is a very short account of ECG. Serious students can consult easy reading and yet fairly exhaustive books3.


 1Electrokardiogramm, in German, and is abbreviated, EKG. Many authors of English text also now call it EKG (instead of ECG).


 2Frank N. Wilson, who worked mostly in the 1930s.


 3(i) Goldman, M.G. : Principles of Clinical Electrocardiography, 12th ed. Lange. 1986 (ii) Marriot, H.G.I. : Practical Electrocardiography. 6th ed. Williams & Wilkins. 1977.
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