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30  minutes followed by discussion
 Basics of ECG

 Common ECGs/ rhythm strips & their basis

 Some  common & less common conditions



Cardiac Conduction: Cycle Initiation

Presenter
Presentation Notes
The cardiac cycle normally begins with initiation of the impulse at the sinoatrial, or SA node.



P Wave

Presenter
Presentation Notes
After the SA node fires, the resulting depolarization wave passes through the right and left atria, stimulating atrial contraction and producing the P-wave on the surface ECG.



AV Node

Presenter
Presentation Notes
Following activation of the atria, the impulse proceeds to the atrioventricular (AV) node, which is the only normal conduction pathway between the atria and the ventricles. The AV node slows impulse conduction, allowing time for the atria to contract and blood to be pumped from the atria to the ventricles prior to ventricular contraction. Conduction time through the AV node accounts for most of the duration of the PR interval.Just below the AV node, the impulse passes through the bundle of His. 



Bundle Branches

Presenter
Presentation Notes
After the impulse passes through the bundle of His, it proceeds through the left and right bundle branches. 



Purkinje Fibers

Presenter
Presentation Notes
After leaving the left and right bundle branches, the impulse passes through the Purkinje fibers, which are interlacing fibers of modified cardiac muscle. On the ECG this is represented as the Q wave.



QRS Complex

Presenter
Presentation Notes
The impulse passes quickly through the bundle of His, the left and right bundle branches, and the Purkinje fibers, leading to depolarization and contraction of the ventricles. The QRS complex on the ECG represents the depolarization of the ventricular muscle mass.



Plateau Phase

Presenter
Presentation Notes
Following the QRS complex, the ECG depicts a Plateau Phase, which lasts up to several hundred milliseconds. 



T-Wave

Presenter
Presentation Notes
Repolarization of the ventricles generates a current in the body and produces the T-wave on the surface electrogram.  This takes place slowly, thus generating a wide wave.



ECG Complex



Rate Less than 60bpm

P-P Regularity Regular

R-R Regularity Regular

P wave Present

P:QRS Ratio 1:1

PR Interval Normal

QRS Width Normal



Rate Greater than 100bpm, Gradual onset

P-P Regularity Regular

R-R Regularity Regular

P wave Present

P:QRS Ratio 1:1, associated

PR Interval Normal, gradually shortens with HR increase

QRS Width Normal



Rate 60-100bpm

P-P Regularity Irregular

R-R Regularity Irregular

P wave Present

P:QRS Ratio 1:1, associated

PR Interval Normal

QRS Width Normal



Rate Varies

P-P Regularity Irregular

R-R Regularity Irregular

P wave Present, except during pause

P:QRS Ratio 1:1, associated

PR Interval Normal

QRS Width Normal



Rate 100-180bpm, Sudden onset
P-P Regularity Regular
R-R Regularity Regular
P wave Morphology will differ from sinus p-wave
P:QRS Ratio 1:1, associated
PR Interval Interval of ectopic focus will differ from sinus PR  
QRS Width Normal, but can develop aberrant (wide) complexes



Rate Greater than 100bpm

P-P Regularity Irregularly irregular

R-R Regularity Irregularly irregular

P wave At least 3 different p-wave morphologies

P:QRS Ratio 1:1, associated

PR Interval Varies 

QRS Width Normal





Rate Varies

P-P Regularity Chaotic atrial activity

R-R Regularity Irregularly irregular

P wave Usually No discernable p-waves

P:QRS Ratio None

PR Interval None

QRS Width Normal, but can develop aberrant (wide) complexes



Rate 40-60bpm

P-P Regularity None, or Regular if antegrade or retrograde

R-R Regularity Regular

P wave Variable (none, antegrade, or retrograde)

P:QRS Ratio None, or 1:1 if antegrade or retrograde

PR Interval None, short, or retrograde

QRS Width Normal



Rate 20-40bpm
P-P Regularity None
R-R Regularity Regular
P wave None
P:QRS Ratio None
PR Interval None
QRS Width Wide complex (>/= 0.12sec).



Rate 100-200bpm
P-P Regularity Variable
R-R Regularity Regular
P wave Dissociated atrial rate
P:QRS Ratio Variable
PR Interval None
QRS Width Wide complex (>/= 0.12sec).



Rate Depends on underlying rhythm
P-P Regularity Regular
R-R Regularity Regular
P wave Present, Normal
P:QRS Ratio 1:1, associated
PR Interval Prolonged, > 0.20sec
QRS Width Normal



Rate Depends on underlying rhythm
P-P Regularity Regular
R-R Regularity Regularly irregular
P wave Present
P:QRS Ratio Variable; 2:1, 3:2, 4:3, etc
PR Interval Variable, gradually lengthens until dropped
QRS Width Normal



Rate Depends on underlying rhythm
P-P Regularity Regular
R-R Regularity Regularly irregular
P wave Present
P:QRS Ratio Variable; 2:1, 3:2, 4:3, etc
PR Interval Normal for conducted beats
QRS Width Normal



Atrial Rate
Ventricular Rate

Atrial rate is the underlying rhythm (i.e, Sinus, Atrial Fib, etc.)
Ventricular rate is from the dissociated escape rhythm

P-P Regularity Regular
R-R Regularity Regular
P wave Present
P:QRS Ratio Variable, dissociated
PR Interval Variable, No pattern
QRS Width Normal (Junctional escape rhythm)

Wide (Ventricular escape rhythm)



Rate Depends on the underlying Atrial Fibrillation, 
Ventricular rate can be fast or slow. 

P-P Regularity Chaotic atrial activity
R-R Regularity Irregularly irregular
P wave Usually absent
P:QRS Ratio None
PR Interval None
QRS Width Wide (>0.12ms)



Identify the Rhythm:

A. Ventricular Tachycardia
B. Sinus Bradycardia
C. Complete Heart Block
D. Atrial Fibrillation
E. Ventricular Fibrillation

Presenter
Presentation Notes
Answer: A. Ventricular Tachycardia



Identify the rhythm

A. Ventricular Tachycardia
B. Sinus Bradycardia
C. Complete Heart Block
D. Atrial Fibrillation
E. Ventricular Fibrillation

Presenter
Presentation Notes
Answer: D. Atrial Fibrillation



Identify the Rhythm:

A. Ventricular Tachycardia
B. Sinus Bradycardia
C. Complete Heart Block
D. Atrial Fibrillation
E. Ventricular Fibrillation

Presenter
Presentation Notes
Answer: C. Complete Heart Block



Identify the Rhythm:

A. Ventricular Tachycardia
B. Sinus Bradycardia
C. Complete Heart Block
D. Atrial Fibrillation
E. Ventricular Fibrillation

Presenter
Presentation Notes
Answer: B. Sinus Bradycardia



Presenter
Presentation Notes
Atrial Fibrillation with Slow Ventricular Rate



Presenter
Presentation Notes
Sinus Rhythm with First Degree A-V Block



Presenter
Presentation Notes
Sinus Rhythm with Second Degree A-V Block (Wenckebach block)



Presenter
Presentation Notes
Third Degree (Complete) A-V BlockNo supraventricular impulses are conducted to the ventricles.P-waves on the rhythm strip reflect an independent sinus node rhythm from QRS electrocardiographic wave complexes that represents an escape rhythm, either junctional or ventricular. No relationship exists between the rhythm of P-waves and the rhythm of QRS complexes. The escape rhythm originating from the junctional or high septal region is characterized by narrow QRS complexes at a rate of 40-50 beats per minute.The escape rhythm from low ventricular sites is characterized by broad QRS complexes at a rate of 30-40 beats per minute. The frequency of P-waves (atrial rate) is higher than the frequency of QRS complexes (ventricular rate). 



Presenter
Presentation Notes
Sinus Rhythm with two premature atrial contractions



Presenter
Presentation Notes
Ventricular Pacemaker Rhythm



Presenter
Presentation Notes
Ventricular paced rhythm with occasional inhibition due to sensed intrinsic R-Wave.



Presenter
Presentation Notes
Second Degree A-V Block (Mobitz Type II block)Second-degree AV block is characterized by atrial impulses (generally occurring at a regular rate) failing to conduct to the ventricles. Constant PR interval followed by sudden failure of a P-wave to be conducted to ventricles, such that either an occasional dropped P-wave or a regular conduction pattern of 2:1 (2 conducted and 1 blocked), 3:1 (3 conducted and 1 blocked), and so on is observed.



Presenter
Presentation Notes
Sinus Node Dysfunction Also: Sick Sinus Syndrome, Bradycardia-tachycardia Syndrome, tachy-brady syndromeAbnormalities in sinus node activity or conduction that result in slow or irregular heart rates or intermittent tachycardia. Atrial tachycardias, most often atrial fibrillation, often are associated with sinus bradycardia or sinus arrest when they terminate. Sinus node dysfunction constitutes a spectrum of cardiac arrhythmias, including sinus bradycardia, sinus arrest, sinoatrial block, and paroxysmal supraventricular tachyarrhythmias alternating with periods of bradycardia or even asystole. Image: The initial rhythm is an atrial flutter with every second flutter wave concealed by the QRS complexes. It suddenly terminates and there is asystole that is finally interrupted by an escape junctional beat. 



Micro re-entry : AVNRT





Macro re-entry : Type 1 flutter





WPW- macro re- entrant



Concealed WPW















Polymorphic VT 





Arrhythmia in LQTS

Presenter
Presentation Notes
B, Tracing from a young boy with congenital long-QT syndrome. The QTU interval in the sinus beats is at least 600 milliseconds. Note TU wave alternans in the first and second complexes. A late premature complex occurring in the downslope of the TU wave initiates an episode of ventricular tachycardia. Sudden cardiac death (SCD) is a leading cause of mortality and remains a major clinical challenge 1. Concerning therapeutic modalities, tremendous progress has been made in the development of the implantable cardioverter defibrillator (ICD). However, progress in identifying patients at high risk of SCD has lagged behind. Large multicenter trials have shown that electrophysiologic study (EPS) may be useful in identifying patients who would benefit from ICD therapy 2,3. Unfortunately, EPS is costly, invasive, and imperfect 4. Several noninvasive markers of risk-stratification have been studied and compared with EPS. Left ventricular ejection fraction (LVEF), frequent ventricular premature complexes (VPC) on Holter recording, and ventricular late potentials (LP) are all sensitive, but of low specificity and positive predictive value (PPV) 5,6. Measurement of heart rate variability, especially in combination with LVEF, VPC, and LP, has significantly improved risk prediction, but PPV remains low 6. A screening procedure that is more sensitive and specific - with high PPV for identifying patients at high risk of developing ventricular tachyarrhythmias - is needed. �            Recently, assessment of repolarization alternans (T wave alternans [TWA]) in the electrocardiogram (ECG) has been suggested as a predictor of susceptibility to lethal ventricular tachyarrhythmias 7,8. Although overt TWA in the ECG is not common 9, digital signal processing techniques capable of detecting subtle degrees of TWA (microvolt TWA) have shown that TWA may represent an important marker of vulnerability to ventricular tachyarrhythmias. This review discusses the electrophysiologic mechanisms that link TWA to arrhythmogenicity and the recent clinical data for its prognostic efficacy in predicting lethal ventricular tachyarrhythmias.History of TWA            TWA was first described in 1908; it is the variation in vector and amplitude of the T wave that occurs on an every-other-beat basis 10. In a review by Kalter in 1948, 5 patients were identified with macroscopic TWA - a frequency of 0.08% 11. In humans, macroscopic TWA has been associated with increased vulnerability to ventricular tachyarrhythmias under several pathophysiologic conditions such as myocardial ischemia 12,13,14, vasospastic angina 15,16, marked electrolyte abnormalities 17,18, hypertrophic cardiomyopathy (HCM) 19, the long QT syndrome 20,21,22, and the Brugada syndrome 23,24. Microscopic TWA was first reported in 1982 25. Thereafter, many studies have led to the development of the method for detecting microvolt TWA and to the establishment of a relationship between TWA and susceptibility to ventricular tachyarrhythmias, in humans 26,27.Pathophysiology of TWAIonic currents and TWA             There is some evidence that TWA is linked to alternations in cellular calcium homeostasis, which significantly influence the action potential duration (APD) 28. In the failing heart, electrical remodeling is a recurring feature that has been associated with an increased risk of SCD 29. The arrhythmogenesis is due to the functional expression of proteins to control calcium homeostasis. �            Potassium channels may also play an important role in ischemia-induced TWA. The different sensitivity of KATP channel activation during ischemia between epicardium and endocardium may be linked to TWA at the cellular level 30,31,32.Arrhythmogenesis and TWA            Currently, the hypothesis regarding the arrhythmogenic mechanisms associated with TWA is based on the concept that heterogeneous prolongation and increased dispersion of repolarization produce reentrant ventricular tachyarrhythmias 33. The heterogeneity in dispersion of repolarization results in a 2:1 appearance on the surface ECG and provides conduction block in the areas with prolongation of repolarization, which fractionates the wavefront and facilitates reentry. Shimizu et al. 34 studied an experimental model of long QT syndrome utilizing an arterially perfused wedge of canine left ventricular wall. When the preparation was paced at a critical fast rate, there was pronounced alternation of APD of mid-myocardial (M) cells, resulting in a reversal of the transmural repolarization sequence leading TWA in the unipolar ECG . The alternation of APD of M cells observed under long QT conditions may exaggerate transmural dispersion of repolarization and develop torsade de pointes. Pastore et al. 35 investigated TWA in Langendorff-perfused guinea pig heart using mapping of epicardial APD during pacing. The critical pacing rate induced concordant TWA, which developed to discordant alternans of APD and increased susceptibility to ventricular tachyarrhythmias.Measurement of microvolt TWA            Detection of microvolt TWA has been made possible by the use of advanced signal processing techniques and high-resolution electrodes to reduce noise. A number of beats, generally 128, are sampled and a time series of amplitudes of multiple corresponding points on the T wave are analyzed using a Fast Fourier Transform to generate a power spectrum (Fig. 1). Several frequency peaks correspond to respiratory variation, pedaling (if bicycle exercise is performed), and noise. The presence of alternans is indicated by a frequency peak at 0.5 cycles per beat 36. The analysis yields two measurements: the alternans magnitude and the alternans ratio. The former represents the magnitude of the alternating variation in T wave morphology compared to the mean T wave; a conventional threshold of 1.9 µV is used for significance. The latter is a measure of the statistical significance of the alternans with respect to the standard deviation of the background noise; it is generally required to be greater than 3, for significance. Furthermore, by definition, TWA must be sustained for more than 1 minute 37.   Figure 1. T wave alternans measurement: spectral method.�            TWA is a rate-dependent phenomenon and microvolt TWA could develop in normal subjects at sufficiently high heart rate. It has been shown that the onset heart rate is relatively low in patients with structural heart disease and history of sustained ventricular tachyarrhythmia 38. Kavesh et al. 39 showed that both TWA and false positive results increase with heart rate. Therefore, an onset heart rate of less than 110 beats per minute is a conventional requisite for positivity.�            The original study of TWA was performed with atrial pacing to increase heart rate 40. Either bicycle or treadmill exercise is now available with the use of high-resolution electrodes and advanced noise reduction algorithms. However, noise, premature beats, rapid changes in heart rate, or prominent beat-to-beat variability of RR intervals, may all mask true alternans 8. All of these factors - plus the failure to achieve target heart rate - may result in an indeterminate test of TWA.The T-wave alternans measurement is a potentially useful risk stratifier. This test is relatively easy to do. It measures microscopic changes (alternations) in t wave amplitude on a beat by beat basis. It is measured through a standard ECG hookup, but filtered and amplified by a specific system.The "alternans" is not visible to the naked eye, but can be measured and quantified on a computer. The test measures vulnerability to functional conduction block, which accounts for breakup of propagating wavefronts and can cause wavelets to disperse and lead to VT or VF.  At fast heart rates, even normal people can show elements of "alternans," although it is never seen in normals below a heart rate of 110 bpm.  The test is performed by having the person hooked up to the T wave  machine (a special ECG machine-see picture above) and then by increasing the heart rate up to 110 bpm either through exercise, drugs, or pacing.  Probably 1/3 of all tests are "indeterminate," which means that the test could not be appropriately evaluated because of irregular heart beats (atrial fibrillation is an exclusion, as is frequent ectopy, such as in our patient), which prohibits measuring alternans reliably. Also, if the patient is on beta blockers, the patient may not be able to get their heart rate up to 110 bpm, and unless it is negative UP TO 110 bpm, it does not count. The most significant effect of the measurement of t wave alternans is its negative value as a test, as it has a negative predictive probability (of sudden death) of almost 99% in some case studies. Indeterminate studies are 1/3 of the total and probably have the same value as a positive study. The positive predictive value is only about 20%. However, some recent studies (ABCD- Alternans Before Cardioverter Defibrillator) suggest that the negative predictive value may be closer to 90-95%, which may not be great since the risk of an ICD is lower than that. A recent study in JACC suggests that T wave alternans  may help differentiate the MADIT patients into high and low risk in an ischemic-only population (as opposed to mixed myopathies as in most previous studies). Data is still being collected. Another older test, signal average ECG, a test which is rarely performed  today, looks at the terminal portion of the QRS to look for late potentials  (measured again with filtering and amplifiers) as late potentials were  supposed to equal slow conduction which equals substrate for reentry  and VT. However, as with all the other supposed "magic risk  stratifiers," none have stood the test of time as well as left ventricular functionAlthough most commmonly seen in LQTS, TWA or ST_T alternans is also seen in ACS & electrolyte imbalance. VPC’s or fatal tdP can be initiated off a particularly deep inversionBeat to beat alternation in the amplitude or morphology of the ECG measurement of ventricular repolarisation, the ST segment and T wave, has been found in conditions favouring the development of ventricular arrhythmias such as ischaemia & LQTS. In LQTS, the cellular basis of alternation is due to beat to beat repol changes in midmyocardial ( M cells).T wave alternans testing requires exercise or atrial pacing to achieve a HR of 100 or 120 bpm, with relatively little atrial or ventricular ectopic activity. The test is less useful in patients with wide QRS. A positive t wave alternans test is asso with a worse arrhythmic prognosis in many disorders including IHD & non ischaemic CMP. T wave alternans may represent a fundamental marker of an electrically unstable myocardium prone to developing VT or VF.Signal-averaged electrocardiogram (ECG). Normal (left) and abnormal (right) results are shown from a patient with prior myocardial infarction and ventricular tachycardia. Bottom panels: Shaded blue areas at the end of each tracing represent voltage content of last 40 milliseconds of the filtered QRS integral. The small shaded area in the abnormal study denotes prolonged, slow conduction and suggests the potential for reentrant ventricular arrhythmias. When repolarisation is delayed (as manifested by a prolonged QT interval on the ECG), there is dispersion of refractoriness throughout the myocardium which can lead to unidirectional block of electrical excitation. The arrhythmia is then triggered by spontaneous secondary depolarisations (early after-depolarisations) due to reactivation of calcium channels during the plateau phase. When the sympathetic nervous system is activated, the inward currents carried by the calcium channels can increase, and increase the chance of early after-depolarisations, which can then trigger an arrhythmia. Once the arrhythmia is triggered, it can form a circuit by passing through relatively inexcitable tissue (re-entry phenomenon). The development of multiple re-entrant circuits within the heart can lead to ventricular fibrillation and sudden cardiac death.Unidirectional Block and Reentry, a Fundamental Mechanism of Arrhythmia(A) Abnormal cardiac repolarization, conduction, or intracellular calcium homeostasis can lead to episodic unidirectional block, a substrate for arrhythmia. Green arrows represent the normal conduction in a bifurcated pathway. Conduction is blocked in an area of refractory tissue (unidirectional block). If conduction velocity is slowed, then reentry through area of refractory tissue can occur (red arrows). (B) Multiple reentrant circuits (multiple curved arrows) is a mechanism of ventricular fibrillation, the cause of sudden death Although unidirectional block can increase the risk of arrhythmia, it is not sufficient; a triggering mechanism is still required. The trigger for arrhythmia in the long QT syndrome is believed to be spontaneous secondary depolarizations that arise during or just following the plateau phase of action potentials. Secondary depolarizations appear as premature, small action potentials and are mediated by depolarizing inward calcium currents through L-type calcium channels. This cellular mechanism predicts that the autonomic nervous system can have a significant impact on arrhythmia susceptibility. Heightened sympathetic tone can substantially increase spontaneous inward current through L-type calcium channels, increasing the likelihood that the spontaneous repolarization will trigger an arrhythmia. Once triggered, the arrhythmia is maintained by a regenerative circuit of electrical activity around relatively inexcitable tissue, a phenomenon known as reentry All forms of the long QT syndrome involve an abnormal repolarization of the heart. The abnormal repolarization causes differences in the "refractoriness" of the myocytes. After-depolarizations (which occur more commonly in LQTS) can be propagated to neighboring cells due to the differences in the refractory periods, leading to re-entrant ventricular arrhythmias.It is believed that the so-called early after-depolarizations (EADs) that are seen in LQTS are due to re-opening of L-type calcium channels during the plateau phase of the cardiac action potential. Since adrenergic stimulation can increase the activity of these channels, this is an explanation for why the risk of sudden death in individuals with LQTS is increased during increased adrenergic states (ie exercise, excitement) -- especially since repolarization is impaired. Normally during adrenergic states, repolarizing currents will also be enhanced to shorten the action potential. In the absence of this shortening and the presence of increased L-type calcium current, EADs may arise.The so-called delayed after-depolarizations (DADs) are thought to be due to an increased Ca2+ filling of the sarcoplasmic reticulum. This overload may cause spontaneous Ca2+ release during repolarization, causing the released Ca2+ to exit the cell through the 3Na+/Ca2+-exchanger which results in a net depolarizing current
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