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Chapter 27: Electrocardiography
American College of Sports Medicine. (2010). ACSM's resource manual for guidelines for 
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• Equipment

– Needs to be maintained by qualified biomedical engineers or 
technicians

– Note that there are a variety of types of ECG machines (12-lead, 
rhythm strips, telemetry) with differing printout configurations.

– Paper speed and voltage standardization must be routinely 
assessed.

• Lead placement and preparation for ECG

– Standard lead placement vs. Mason-Likar for exercise testing

Basic Electrocardiography 



Fletcher, G.F., et al. (2001). Circulation, 104(14), 1694-1740.
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Normal ECG Wave Form

See Fletcher, G.F., et al. (2001). Circulation, 104(14), 1694-1740 Responses in Subjects With 
Normal Resting ECGs p. 1702-1704.

http://circ.ahajournals.org/cgi/content/full/104/14/1694?maxtoshow=&hits=10&RESULTFORMAT=&fulltext=Exercise+standards+for+testing+and+training:&searchid=1&FIRSTINDEX=0&resourcetype=HWCIT


• Figure 27-1 depicts the heart’s conduction system.

• Sinus rhythm 

– Aka, normal sinus rhythm (NSR)

– Rate = 60–100 bpm

– Normal P wave and PR interval with each QRS complex

• Bradycardias

– Defined as rhythms with rates below 60 bpm

– Can be normal sinus or a variety of arrhythmias

• Sinus tachycardias

– Defined as rates above 100 bpm with characteristics of sinus 
rhythm

The Conduction System 







• Premature atrial complexes (PACS)

– Non-sinus node atrial site (cell) depolarizes the atrial tissue and 
spreads to the ventricles via normal conduction through the AV 
node

– Occurs prior to the sinus node’s development of an action 
potential, thus termed premature

• Atrial tachycardia 

– Relatively common

– May be the result of rapid firing of an automatic or triggered 
atrial focus or re-entry within the atrium

– Ventricular rate depends on atria rate and AV node repolarization
rate.

Atrial Dysrhythmias



• Atrial fibrillation

– Common

– Results from multiple re-entrant waves of depolarization in the atria

– No uniform atrial contraction, and thus blood can coagulate in atria

• Patients should be on Coumadin to reduce risk of thrombus formation

– Irregular ventricular rhythm due to irregular bombardment of AV node by fibrillatory 
action potentials

– May compromise cardiac output

– Need to control ventricular rate with beta-blockers, digoxin, calcium channel 
blockers, or other antiarrhythmic medications

– Patients can live long term with chronic atrial fibrillation

– Other treatments include cardioversion to NSR or ablation performed in an 
electrophysiology laboratory

• Atrial flutter 

– Common and flutter waves are at 250-350 bpm with variable ventricular rates

– Flutter waves are saw-tooth shaped and best seen in leads II, III, aVF, or V1

– AV blocks lead to flutter:ventricular beat ratios of 2:1, 3:1, or 4:1

– Treatment is similar to atrial fibrillation

• Supraventricular tachycardia (SVT)

– Refers to any arrhythmia occurring in the atria (i.e., before the AV node)

Atrial Dysrhythmias



Atrial Fibrillation with 
Rapid Ventricular Response



Atrial Flutter with 2:1 
Atrioventricular Conduction



• Premature ventricular complexes (PVCs)

– Occur when a site in the ventricle fires before the next wave of 
depolarization from the sinus node reaches the ventricle

– PVCs are usually wide QRS complexes and may occur singly, in 
groups, in runs, or even alternating with sinus beats.

• Ventricular tachycardias

– Three or more consecutive ventricular beats at 100 bpm or faster

– Nonsustained ventricular tachycardia lasts 30 seconds; sustained
ventricular tachycardia lasts for 30 seconds or more.

– Torsade de pointes

• Appearance of the complexes are somewhat “twisted”—thus 
the name torsade

• Usually lethal and requires emergent measures to resolve and 
ensure patient safety

• Ventricular fibrillation 

– Chaotic ECG baseline due to uncoordinated ventricular 
depolarizations

– A life-threatening rhythm that must be treated with immediate 
electrical defibrillation

Ventricular Dysrhythmias





Normal Sinus Rhythm with 
Premature Ventricular 
Complexes



Normal Sinus Rhythm with a Run 
of Nonsustained Ventricular 
Tachycardia



Sustained Ventricular Tachycardia 
as Seen in Different Leads



Ventricular Fibrillation 
(Coarse)



• First degree – ventricular rhythm is regular

– A prolongation of the PR interval beyond 0.20 seconds (200 
milliseconds) 

• Second degree – ventricular rhythm is irregular

– Type I (Wenckebach)

• PR interval progressively lengthens until a P wave is not 
conducted to the ventricles

– Type II

• Fixed PR interval until a P wave is not conducted

• Third degree

– Also known as complete heart block

– When the atrial activity is not conducted through the AV junction 
to generate a QRS complex; thus atrial and ventricular 
depolarizations (and, therefore, contractions) are unrelated

– Ventricular rhythm is regular

Atrioventricular Blocks 
(AV Blocks)



Second-Degree, Type I 
Atrioventricular Block 
(Wenckebach)



Second-Degree, 
Type II AV Block



Complete Heart Block



• Wide QRS complex of 0.12 seconds (120 milliseconds)

• Right

– Resulting in a triphasic complex in lead V1, sometimes described as a “rabbit ears” 
or an RSR complex

– Right BBB does not prohibit ECG interpretation of ST changes in leads other than 
V1, V2, and V3.

• Left

– Initial negative deflection in lead V1 and an initial upright deflection in lead V6; the 
depolarization of the RV is obscured by the LV

– The repolarization pattern is altered in left BBB; thus, the ECG may not be used to 
ascertain ischemic ST-T changes during exercise.

• Intraventricular conduction delay (IVCD)

– QRS >0.12 but not right BBB or left BBB morphology

• Fascicular blocks

– Also known as hemiblock

– Left anterior fascicular block causes significant left axis deviation, resulting in small 
Q waves in lead I and aVL and small R waves in leads II, III, and aVF.

– Left posterior fascicular block produces right axis deviation with small Q waves in 
leads II, III, and aVF and small R waves in leads I and aVL.

– Unlike left bundle branch, these entities have no adverse effect on the ability to 
interpret ECG changes during exercise testing.

Bundle Branch Blocks (BBB)



Normal Sinus Rhythm with 
Right Bundle Branch Block



Normal Sinus Rhythm with 
Left Bundle Branch Block



• Due to inadequate supply of blood to meet the myocardial 
demands

• Reflected by ECG changes, including ST segment 
depression or inversion of the T waves

• Myocardial injury is depicted by ST segment elevation.

• Results from the near-total or total occlusion of a coronary 
artery, blocking blood flow to an area of the myocardium

– ECG changes may include ST-T segment changes; peaked T 
waves; various types of blocks and ventricular 
dysrhythmias, including single and multiple PVCs; 
ventricular tachycardia; and ventricular fibrillation.

Myocardial Ischemia 



ST Depression Caused by 
Digitalis; the Rhythm is Atrial
Fibrillation





• T waves often invert, and ST segments gradually return to baseline; Q 
waves and/or loss of R waves may also develop. 

• MIs that are not accompanied by Q waves or ST segment elevation 
are called non-ST elevation myocardial infarctions (non-STEMI). 

• MIs that are accompanied by the aforementioned ST-T changes are 
called ST elevation myocardial infarctions (STEMI).

• Acute pericarditis causes generalized ST segment elevation in all 
ECG leads, whereas acute injury and infarction caused by coronary 
artery disease usually affect adjacent leads.

• Benign early repolarization also results in ST segment elevation.

Myocardial Ischemia 



Acute Inferior Wall Injury; Abnormal 
P Waves and First-Degree 
Atrioventricular Block also Evident



Recent Anterior Wall Myocardial 
Infarction with Left Anterior 
Fascicular Block



Acute Pericarditis



• Implanted for treatment of sudden death and dangerous ventricular 
dysrhythmias, sinus node dysfunction, certain AV blocks, severe 
bradycardias associated with diseases of the conduction system, 
and most recently, chronic congestive heart failure (CHF)

• The convention for the pacemaker system is, in the order of the 
letter:

1. Chamber paced (A = atrium; V = ventricle; D = dual or A V)

2. Chamber sensed (A = atrium; V = ventricle;D = dual or A V)

3. Response to sensing (T = triggered; I = inhibited; D = dual)

4. Rate modulation (R =  rate modulation)

5. Multisite pacing (A = atrium; V = ventricle; D = dual or A V)

Pacemakers and Internal 
Defibrillators 



DDD Pacemaker with Pacing 
Spikes Present before the P 
Waves and QRS Complexes



• Used to detect arrhythmias and myocardial ischemia

• Arrhythmias are sometimes elicited and appear during or after 
exercise; they may also be present at rest and reduce in frequency 
during exercise.

• Subendocardial ischemia may elicit as ST segment depression that is:
– ≥1.0 mm horizontal or downsloping at 0.08 seconds after the J-point, OR

– ≥1.5 mm upsloping

• Transmural ischemia may elicit ST segment elevation.
– Many younger, healthy individuals may have benign ST segment 

elevation, also known as early repolarization.

• Ischemic ECG changes may occur with or without angina pain or an 
angina equivalent (such as shortness of breath); in addition, angina 
pain may occur without ECG indications of ischemia.

• Digitalis (digoxin or Lanoxin) use and electrolyte abnormalities 
(potassium, calcium, magnesium) hamper the ability to interpret the 
ST segment.

Exercise 
Electrocardiography 





Benign Early 
Repolarization Variant



• Ventricular hypertrophy 

– Can be either hypertrophic (increased ventricular mass and wall thickness) or 
dilated (decreased ventricular mass and wall thickness)

– Estes system is useful for evaluation.

– Left ventricular hypertrophy (LVH) can be a cause of ST segment changes 
without the presence of ischemia.

– LVH on the baseline tracing may result in an indeterminate or false-positive 
stress ECG result.

– Long-standing hypertension (especially untreated) is often associated with 
LVH.

– Right ventricular hypertrophy (RVH) is less common than LVH and is usually 
associated with pulmonary disease.

• Atrial enlargement

– May be associated with ventricular hypertrophy

– Right atrial hypertrophy is associated with a tall P wave (3 mm or greater) 
best noted in lead II.

– Left atrial hypertrophy is associated with a prolonged P wave (0.12 seconds or 
greater) best noted in lead I or aVF.

Chamber Enlargement 





Left Ventricular Hypertrophy 
with Left Atrial Enlargement
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