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1 Introduction  
The electrocardiogram (ECG) contains information about the electrical activity of the heart. Abnormal 

electrical activity may cause arrhythmic events, i.e., events in which the normal rhythm of the heartbeat is 

interrupted. The detection of these events is important since they can lead to the deterioration of the 

mechanical functioning of the heart. While the ECG may be well suited to detect and classify these 

events, it is not nearly as ubiquitous, nor as simple, a measurement as that of the pulse. The UFIT
®
 

acquired pulse waveform, or sphygmogram, is a measure of the changes in pulse pressure that occurs 

within the radial artery at the wrist. Although every electrical contraction of the heart may not result in a 

pressure wave that travels through the arterial system, every pulse detected by the UFIT
®
 is preceded by a 

ventricular myocardial contraction. Thus, it follows that irregularities of heartbeats that do not prevent the 

ejection of blood into the arteries are captured in the sphygmogram. This connection between the 

electrical and mechanical domains of the heartbeat presents some interesting possibilities. 

The shape of the ECG pulse is indicative of the source of an arrhythmic event. There is little evidence to 

suggest that the shape of the radial pulse is as informative, i.e., able to indicate the source of the 

arrhythmia. However, there is ample evidence to suggest that the radial pulse captures arrhythmic events 

via rate and amplitude changes within the pulse waveform. A collection of such pulse waveforms is 

presented in Appendix A: UFIT
®
 Detection of Instantaneous Arrhythmic and Amplitude Anomalies. 

These UFIT
®
 readings are visually suitable for detection of arrhythmic events. Advanced pulse and 

anomaly detection algorithms provide a framework for automatic detection of arrhythmic events, 

followed by classification within the domain. As a standalone application, this can be very useful in 

healthcare as a screening test for arrhythmias, as well as a tool for monitoring changes in arrhythmias 

over time. Further work in this field to explore the relationship between the ECG and the sphygmogram 

in the context of arrhythmias is required to assess its diagnostic capabilities. 

This document presents a general background of cardiac arrhythmias, with examples of various types 

based on the ECG, followed by evidence of arrhythmic events within the UFIT
®
 acquired pulse 

waveform.  
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2 Background of Cardiac Arrhythmias  
In this section, a brief explanation is provided for various forms of arrhythmias. Since arrhythmias are a 

result of abnormal electrical activity within the heart, this chapter will discuss arrhythmias in the context 

of the ECG.  

Cardiac arrhythmias are generally caused by conduction abnormalities, and can be classified based on the 

site of origin. This falls into 4 major areas: sinoatrial (SA) node, atria, atrioventricular (AV) node, and the 

ventricles (see Fig. 2.1). 

 
Fig. 2.1: Major sites of origin of cardiac arrhythmias. 

2.1 Sinoatrial Node 

The sinus or SA node (Fig. 2.1) consists of a group of cells located on the wall of the right atrium that are 

responsible for the initial activation of a heartbeat. They are also known as pacemaker cells. The reason 

that these groups of cells are given this role is that they can generate impulses slightly faster than other 

cardiac myocytes with pacemaker potential. Thus, although other sites, such as the AV node, are capable 

of providing a regular impulse, their potential impulses are prevented since they occur during the 

refractory period induced in them by the SA node. 

Normal sinus rhythm is considered to be between 60 and 100 /min (these values may vary). The 

conduction pathways for sinus rhythm are shown in Fig. 2.2. A rate of activation of the sinus node above 

100 /min is known as sinus tachycardia, whereas a decrease to below 60 /min is known as sinus 

bradycardia. Note that both of these conditions still exhibit a regular heart rate, and do not necessarily 

indicate any health conditions.  
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Fig. 2.2: Conduction pathways for sinus rhythm. The orange circle represents the site of initial activation. 

However, there are cases where there is a conduction abnormality in the sinus node. This is known as 

sinus node disease or sick sinus syndrome and includes the following conditions [1]: 

1. Inappropriate sinus bradycardia ï This refers to cases of sinus bradycardia that do not occur due 

to drugs and cannot be brought back to sinus rhythm with natural exertion. 

2. Sinoatrial exit block ï In this condition, the SA node does initiate the heartbeat but the impulse is 

not able to reach the atria. This results in missed beats (note that this is different from a delayed 

beat). 

3. Tachy-brady syndrome ï This is a sudden change between high and low heart rates. 

4. Sinus arrest and asystole ï These result in a delayed beat (> 3 s delay). 

2.2 Atria  

The atria (Fig. 2.1) are the heart chambers responsible for receiving blood from the veins and forcing it 

into the ventricles. Three common atrial arrhythmias will be presented: premature atrial contraction 

(PAC), atrial tachycardia, and atrial fibrillation. 

Premature Atrial Contraction  

In normal sinus rhythm, the SA node initiates the heartbeat. In PAC, also known as atrial ectopic beats, 

the heartbeat is initiated prematurely from a focus outside of the SA node, as shown in Fig. 2.3. This 

results in an ectopic beat with an interval shorter than that of a sinus beat. The ectopic beats can occur in 

patterns, such as bigeminy (every other beat), trigeminy (every third beat), and quadrigeminy (every 

fourth beat), or in sequences such as couplets, triplets, salvos (4 to 7), or episodes (8 or more). Figures 2.4 

and 2.5 show examples of PAC with an ECG.  

 
Fig. 2.3: Conduction pathways for PAC. 
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Fig. 2.4: PAC with compensatory delay (ECG). Point óAô marks the atrial premature beat. [1] 

Note that in Fig. 2.4, there is a compensatory delay between the ectopic beat and the following sinus beat. 

This indicates that the heart rhythm control has been returned to the SA node and normal sinus rhythm is 

established. Another situation can occur in which the SA node is in its refractory period following the 

ectopic beat, and another focus initiates the next beat. In this case there is no compensatory delay between 

the ectopic beat and the next beat. 

 

 

Fig. 2.5: PAC with bigeminy pattern (ECG). Point óAô marks the atrial premature beats. [1] 

Atrial Tachycardia  

Atrial tachycardias belong to the family of supraventricular tachycardias. These refer to rapid heart 

rhythms that originate from outside the ventricles; including the SA node (e.g., sinus tachycardia), atria, 

and AV node (see Section 2.3). Atrial tachycardia occurs due to rapid impulses from an ectopic focus 

(outside the SA node) within the atria (similar to Fig. 2.3). Since the ECGôs P-wave normally originates 

from the SA node, atrial tachycardias are usually diagnosed from abnormal P-waves combined with a 

rapid regular heart rate. An example of a supraventricular tachycardia is shown in Fig. 2.6 with an ECG. 

In contrast, sinus tachycardia will generate normal P-waves. 
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Fig. 2.6: Supraventricular  tachycardia (ECG). Pulses marked óAô exhibit a high pulse rate. [1] 

Atrial Fibrillation  

Atrial fibrilla tion occurs when disorganized impulses originating in the atria form multiple conduction 

paths, shown in Fig. 2.7, resulting in an irregular heart rhythm. In this condition, atrial contraction is 

replaced by ineffective twitching of atrial muscles (fibrillation). Since the atrial muscle contraction is 

unpredictable (resulting in absent P-waves), the ventricular response (which forms the ECGôs QRS 

complex) is variable in shape, duration as well as amplitude. This is illustrated in Fig. 2.8. 

 
Fig. 2.7: Conduction pathways for atrial fibrillation.  

 

Fig. 2.8: Atrial fibrillation (ECG).  Point óAFIBô marks the start of atrial fibrillation. [1] 
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2.3 Atrioventricular Node  

In sinus rhythm, the purpose of the AV node (Fig. 2.1) is not only to conduct the impulse from the atria to 

the ventricles, but also to introduce a conduction delay of the impulse to allow time for the relaxed 

ventricles to fill with blood before they contract. In this section, two major arrhythmias associated with 

the AV node will be presented: AV reentrant tachycardia and AV block. 

Atrioventricular Reentrant Tachycardia  

In this arrhythmia, the AV node is part of a reentry circuit in which the heartbeat has a rapid and regular 

rhythm. This may lead to two variations in the impulse propagation. One possibility is that the impulse 

travels from the atria to the ventricles first via the AV node, and then back to the atria via an alternate 

pathway. This is called orthodromic AV reentrant tachycardia. The other possibility is that the impulse 

travels first from the ventricles to the atria via an alternate pathway, and then back to the ventricles via the 

AV node (resulting in a wide QRS complex). This is called antidromic AV reentrant tachycardia. 

In some situations, the AV node contains multiple pathways that cause a continuous circuit of conduction 

around it. This is known as AV nodal reentrant tachycardia or junctional reciprocating tachycardia. In 

this condition, the heartbeat is not necessarily initiated by the AV node; however, with the existence of 

multiple pathways within or around it, the impulse may perpetually surround it if the pathways repolarize 

fast enough (before the impulse loops around). 

Atrioventricular Block  

Since the AV node is the electrical junction between the atria and ventricles, conduction abnormalities in 

it may delay or prevent the impulse from reaching the ventricles. This is known as AV block and can be 

categorized as first, second, or third degree. In first degree AV block, there is simply a delay in 

conduction from the atria to the ventricles (no blockage), as shown in Fig. 2.9a. This results in a 

prolonged PR interval in the ECG. 

     
(a) First degree   (b) Second degree  (c) Third degree 

Fig. 2.9: Conduction pathways for AV block. 

Second degree AV block refers to when not all impulses are conducted from the atria to the ventricles, as 

shown in Fig. 2.9b. This is subclassified as Mobitz Type I and Mobitz Type II. Mobitz type I is a generally 

benign condition where the delay caused by the AV node gets successively larger until eventually a pulse 

is blocked from entry into the ventricles, resulting in a dropped QRS complex, but retaining atrial rhythm. 

Mobitz type II, which may not be benign and may lead to third degree AV block, does not exhibit the 

successive increase in PR intervals between pulses. Instead, the AV node may block alternate impulses 
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(constant Mobitz Type II), or intermittent impulses (periodic Mobitz Type II) with no specific pattern. The 

former is illustrated in Fig. 2.10. 

 

Fig. 2.10: Second degree AV block (ECG) ï Constant Mobitz type II. Alternate QRS complexes are dropped as marked 

by óMISSBô. P-waves (atrial activity) are retained and regular, and PR intervals (delay from AV node to ventricles) are 

normal. [1] 

Third degree AV block refers to when there is a complete interruption of conduction from the atria to the 

ventricles. This is also known as complete heart block. To compensate, impulses may be generated from 

within the ventricles (at a slower rate), as shown in Fig. 2.9c. These impulses, which form an escape 

rhythm, are not affected by the autonomic nervous system, and thus the ventricular rhythm has low 

variability (somewhat constant RR intervals). The atrial rhythm (P-waves) retains regular sinus rhythm. 

Thus, there is no apparent relationship between atrial and ventricular activity.  

2.4 Ventricles 

The ventricles (Fig. 2.1) are the heart chambers responsible for receiving blood from the atria and 

pumping it to the pulmonary and systemic circulation systems. Three ventricular arrhythmias will be 

presented: premature ventricular contraction (PVC), ventricular tachycardia, and ventricular fibrillation. 

Premature Ventricular Contraction  

This condition is similar to PAC (Section 2.2), with the ectopic beats originating from within the 

ventricles, as shown in Fig. 2.11. This results in an extra systole in the ECG, which appears wider and 

taller than regular sinus beats. Also similar to PAC, PVC can occur in bigeminy (Fig. 2.12), trigeminy 

(Fig. 2.13), and quadrigeminy patterns, as well as sequences of couplets, triplets, salvos, and episodes. 

 
Fig. 2.11: Conduction pathways for PVC. 
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Fig. 2.12: PVC with bigeminy pattern (ECG). Pulses marked óVô indicate the premature beats. [1] 

 

Fig. 2.13: PVC with trigeminy pattern (ECG).  Pulses marked óVô indicate the premature beats. [1] 

If the ventricular ectopic focus changes, then the PVC pulses may differ in morphology. 

Ventricular Tachycardia  

Ventricular tachycardia is a fast rhythm that originates in the ventricles and may be sustained by a 

repetitive conduction path (possibly due to scarred heart tissue). This is shown by Fig. 2.14. Although the 

rhythm may revert back to sinus rhythm, this condition may degenerate into ventricular fibrillation. 

 
Fig. 2.14: Conduction pathway for ventricular tachycardia. 

The morphology of the ECG resulting from ventricular fibrillation is that of a wide QRS complex. Since 

this appears similar to other types of arrhythmias (that also exhibit wide QRS complex morphology), 



Page 13 of 916 

 

©  2011 Biosign Technologies Inc. 

ventricular tachycardia is sometimes classified as a wide complex tachycardia. An example of this form 

of tachycardia is shown in Fig. 2.15. 

 

Fig. 2.15: Ventricular  tachycardia (ECG). Note the wide QRS complex of pulses marked by óVô. [1] 

Ventricular Fibrillation  

The conduction pathways of ventricular fibrillation consist of disorganized impulses contracting the 

ventricular muscles, resulting in their fibrillation. Unlike atrial fibrillation, this condition prevents the 

heart from adequately pumping blood and in a matter of seconds ceases blood circulation, followed by 

cardiac arrest if not treated. Figure 2.16 shows an example of ventricular fibrillation. 

 

Fig. 2.16: Ventricular fibrillation (ECG).  [2] 
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3 UFIT
®
 Classification of Arrhythmic and Amplitude  Anomalies 

The UFIT
®
 acquired pulse waveform is suitable for detecting certain forms of arrhythmic and amplitude 

anomalies that are associated with cardiac arrhythmias. This chapter classifies the various forms of 

arrhythmic and amplitude anomalies that have been detected within the UFIT
®
 reading database. The 

classes are grouped overall under two main types: Instantaneous anomalies, and series of anomalies. 

Instantaneous anomalies refer to those that are associated with a single pulse. Series of anomalies refer to 

those that are associated with a series of pulses. 

All examples shown in this chapter are actual UFIT
®
 readings. A larger collection of examples are also 

presented in Appendix A: UFIT
®
 Detection of Instantaneous Arrhythmic and Amplitude Anomalies. 

These analyses are automatically generated using proprietary pulse and anomaly detection algorithms, 

which are regularly tested and improved. Regions containing movement artifacts are detected and 

ignored. 

3.1 Instantaneous Arrhythmic  and Amplitude Anomalies 

Missing Pulse 

This is defined as the absence of a pulse where an otherwise regular pulse rate exists (i.e., if the missing 

pulse were inserted into the waveform, it would contain the underlying pulse rate). Many types of cardiac 

arrhythmias may present a missing pulse, for example, SA block (Section 2.1) and AV block (Section 

2.3). An example of a missing pulse is shown in Fig. 3.1. 

Delayed Pulse 

This is defined as a pulse duration that is abnormally long. In contrast to a missing pulse, if a pulse were 

inserted during the delayed portion, it would not retain the underlying pulse rate. Many types of cardiac 

arrhythmias may present a delayed pulse, for example, sinus arrest (Section 2.1), a collateral effect of 

other types of arrhythmias, such as a premature contraction with compensatory delay (Sections 2.2 and 

2.4), and atrial fibrillation (Section 2.2). An example of a delayed pulse is provided in Fig. 3.2 and 3.4. 

Premature Pulse 

This is defined as a pulse duration that is abnormally short, where the proceeding pulse may or may not 

have a compensatory delay. Many types of cardiac arrhythmias may present a premature pulse, for 

example, PAC (Section 2.2) or PVC (Section 2.4). An example of a premature pulse is shown in Fig. 3.3 

and 3.4. 

Low Amplitude Pulse 

This is defined as a pulse amplitude that is abnormally low (taking into account the oscillometric behavior 

of the pulse waveform). Low amplitude is typically observed together with a premature pulse. This 

decrease in relative amplitude of a pulse, especially when occurring during an arrhythmic event, is 

indicative of a change to the regular heartbeat. An example of a low amplitude pulse is shown in Fig. 3.5. 
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High Amplitude Pulse 

This is defined as a pulse amplitude that is abnormally high (taking into account the oscillometric 

behavior of the pulse waveform). High amplitude is typically observed together with a delayed 

compensatory pulse occurring after a premature pulse. This increase in relative amplitude of a pulse, 

especially when occurring during an arrhythmic event, is indicative of a change to the regular heartbeat. 

An example of a high amplitude pulse is shown in Fig. 3.5. 

3.2 Series of Arrhythmic and Amplitude Anomalies 

Low Pulse Rate 

This is defined as a regular pulse rate under 60 /min. If taken under normal conditions, this may suggest a 

form of bradycardia. Recall that the activation frequency of the SA node, which is the primary 

pacemaker, is normally 60 ï 100 /min. An example of low pulse rate is shown in Fig. 3.6. 

High Pulse Rate 

This is defined as a regular pulse rate over 100 /min. If taken under normal conditions, this may suggest 

one of the many forms of tachycardia. An example of high pulse rate is shown in Fig. 3.7. 

Sudden Pulse Rate Change 

This is defined as a sudden change between high and low pulse rates. If taken under normal conditions, 

this may suggest tachy-brady syndrome (Section 2.1). Sudden pulse rate changes should contain multiple 

delayed and/or premature pulses. An example of a sudden pulse rate change is shown in Fig. 3.8. 

Low Pulse Rate Variability 

This is defined by highly constant pulse rates. If taken under normal conditions, this may suggest an AV 

block (Section 2.3). An example of low pulse rate variability is shown in Fig. 3.9. 

High Pulse Rate Variability 

This is defined by highly variable pulse rates. Many types of cardiac arrhythmias may cause high pulse 

rate variability, for example, atrial fibrillation (Section 2.2), or a collateral effect of various other 

arrhythmias that result in premature, delayed, or missing pulses. An example of high pulse rate variability 

is shown in Fig. 3.10. 

High Pulse Amplitude Variability  

This is defined by highly variable pulse amplitudes (taking into account the oscillometric behavior of the 

pulse waveform). This may exist in the pulse following a missing, delayed, or premature pulse. It may 

also be a collateral effect of atrial fibrillation (Section 2.2). This is because the amount of blood within the 

ventricles after atrial contraction is unpredictable, since the rate of atrial contraction itself is 

unpredictable. It may be a low volume of blood that may lead to an unusually low amplitude pulse, or a 

high volume of blood that may lead to an unusually high amplitude pulse. An example of high pulse 

amplitude variability is shown in Fig. 3.11. 
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Fig. 3.1: Missing pulse example from a pulse waveform. 
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Fig. 3.2: Delayed pulse example from a pulse waveform. 
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Fig. 3.3: Premature pulse example from a pulse waveform. Note the pattern of a premature pulse occurring about every 4 pulses. 
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Fig. 3.4: Premature pulse followed by compensatory delayed pulse example from a pulse waveform. Note the pattern of a premature pulse occurring about every 6 

pulses, followed by a compensatory delay. 
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Fig. 3.5: Low and high amplitude pulse example from a pulse waveform.  
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Fig. 3.6: Low pulse rate example from a pulse waveform. The average pulse rate is 42 /min. 
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Fig. 3.7: High pulse rate example from a pulse waveform. The average pulse rate is 134 /min. 
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Fig. 3.8: Sudden pulse rate change example from a pulse waveform. The average pulse rate up to 32 s is about 65 /min. The average pulse rate after is about 36 /min. 



Page 24 of 916 

 

©  2011 Biosign Technologies Inc. 

 

Fig. 3.9: Low pulse rate variability example from a pulse waveform. The average pulse rate is 63 /min, and the pulse rate variability is 1 %. 
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Fig. 3.10: High pulse rate variability example from a pulse waveform. The average pulse rate is 53 /min, and the pulse rate variability is 30 %. Note the various 

arrhythmic and amplitude anomalies that occur. 



Page 26 of 916 

 

©  2011 Biosign Technologies Inc. 

 

Fig. 3.11: High pulse amplitude variability example from a pulse waveform. Note the pattern of premature pulses followed by delayed pulses every 3-4 pulses. 
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Arrhythmias 

Appendix A: UFIT
®
 Detection of Instantaneous Arrhythmic and Amplitude Anomalies 

 

  A collection of UFIT
®
 acquired pulse waveforms that contain arrhythmic 

and amplitude anomalies. 

Biomedical Engineering Team 

2011-11-09 

These analyses are automatically generated using proprietary pulse and anomaly detection algorithms, which are regularly tested and 

improved. Regions containing movement artifacts are detected and ignored. 
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