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5 Broad Mechanisms/Categories to Consider 

as a Cause of Arrhythmias 

ÅDrug/toxins 

ÅMetabolic derangements 

ÅHypoxia 

ÅSepsis/inflammation/infection 

ÅAutonomic (Respiratory, GI, Primary 
Cardiac Diseases, Neuro dz) 

ÅStructural Cardiac Disease 
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Interactions between arrhythmias and 
the critical patient 

ÅCV pathology and clinical situations 
interact to cause or aggravate 
arrhythmias 

ïUnderlying causes of arrhythmias may 
include CV or other abnormalities 

ï.Ŝǎǘ άǘƘŜǊŀǇȅέ ƛǎ ŜƭƛƳƛƴŀǘƛƻƴ ƻŦ 
underlying cause 

ïMany causes can be ruled out based on 
history, PE findings, baseline laboratory 
testing , and other diagnostic tests 
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Interactions between arrhythmias and 
ǘƘŜ ŎǊƛǘƛŎŀƭ ǇŀǘƛŜƴǘ ŎƻƴǘΩŘ 

ÅCorrect identification of arrhythmia is only part of 
puzzle 

ïBradycardia vs. tachycardia 

ïSupraventricular vs. ventricular 

ïLife-threatening vs. symptom aggravating vs. clinically 
unimportant 

ïEffect on CO (syncope, exercise intolerance, heart failure) 

ïElectrically unstable rhythm 

ïLŦ ǘǊŜŀǘƳŜƴǘ ŘƻŜǎƴΩǘ ǿƻǊƪ 
ÅReconsider diagnosis 
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Approach to Antiarrhythmic Therapy 

ÅComplete resolution may be needed to avert death 

ïHigh rate V-Tach 

ïAtrial standstill 2º to hyperkalemia 

ï3rd degree AV block with escape focus failure 

 

ÅControl but not complete resolution needed to improve clinical 
situation 

ïDecrease in frequency or repetitiveness of paroxysmal 
tachycardia 

ïTreating to point of complete resolution may lead to 

     more drug side effects 
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Parameter  Canine  Feline  
Heart Rate (beats per minute)  Adults: 70-160 

Toy Breeds: up to 180 

Puppies: up to 220 

160-240  

Rhythm  Normal sinus rhythm 

Sinus arrhythmia 

Wandering atrial pacemaker 

Normal sinus rhythm  

Sinus tachycardia 

Intervals (seconds)  

P  < 0.04  < 0.04  

PR  0.06 to 0.13  0.05 to 0.09  

QRS  < 20 kg: < 0.05 

> 20 kg: < 0.06 

Giant breeds: < 0.065 

< 0.04  

QT  0.15 to 0.25  0.12 to 0.18  

Amplitudes (mV) in lead II  

P  < 0.4  < 0.2  

R  < 20 kg: < 2.5  

> 20 kg: < 3.0  

< 0.9  

MEA +40° to +100°  -5° to +160°  
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Effects of Common Electrolyte 
Derangements on Cardiac Rhythm 
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Effects of Hyperkalemia on Cardiac 
Conduction 

Å >5.5 mEq ς T waves larger and peaked 

Å >6.5 ς decrease R amplitude, prolonged QRS and P-R intervals, S-T 
segment depression 

Å >7 ς decreased P-wave amplitude, increased P-wave duration, prolonged 
QRS, P-R, and Q-T intervals 

Å >8.5 ς P-wave disappears, atrial standstill 

Å >10 ς increased widening of QRS complex, ventricular flutter, fibrillation 
and then asystole 
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Diseases known to Cause Hyperkalemia 

ÅDKA 

ÅAcute tumor lysis syndrome 

Å!ŘŘƛǎƻƴΩǎ ŘƛǎŜŀǎŜ 

ÅRenal failure 

ÅUrethral obstruction or ruptured bladder 

ÅIatrogenic 

ÅDrugs (K-sparing diuretics, ACE inhibitors, 
digitalis) 
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Effects of Hypokalemia on Conduction 

Å<3.5mEq/L 

ÅNon-sustained AV dissociation, modest Q-T 
interval prolongation 

ÅAlterations in T-wave 

ÅProminent U-waves 
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Causes of Hypokalemia 

ÅDKA 

ÅGI fluid loss 

ÅRenal failure 

ÅHyperaldosteronism 

ÅHyperthyroidism 

ÅK+ - free fluid administration 

ÅInsulin/glucose containing fluids 

ÅDrugs (diuretics) 
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Effects of Hypercalcemia on conduction 

Å >12mg/dl 

ÅS-T segment depression 

ÅShortened Q-T interval 

ÅSlowed conduction & AV 
block have been noted 
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Effects of Hypocalcemia on conduction 

Å<6.5mg/dl 

ÅProlongs phase 2 action potential duration 

ÅQ-T and S-T prolongation 

ÅTachycardia, tall R-waves, and T-wave 
abnormalities have been reported 
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Causes of hypocalcemia 

ÅHypoparathyroidism 

ÅPuerperal tetany (ie.eclampsia) 

ÅAcute pancreatitis 

ÅEthylene glycol toxicosis 

ÅRenal failure 

ÅHypoalbuminemia 

ÅMalabsorptive disease 

ÅPhosphate enemas 

ÅLab error 
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Sinus Arrhythmia 

Å Irregular ventricular rhythm which is of sino-atrial origin. On the ECG, the 
QRS to QRS interval varies and there is a P wave for every QRS complex 

Å Etiology: 

ï most cases of sinus arrhythmia are phasic and associated with 
respiration 

ï the rate increases with inspiration and decreases with expiration 

ï associated with relatively slow rates 

ï the sinus arrhythmia of respiratory origin occurs due to the influence 
of vagal tone 

ï Individuals with respiratory disease tend to have augmented sinus 
arrhythmia. 
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Bradycardic Arrhythmias 

Å Sinus bradycardia 

Å May be associated with: 

Å Sedatives or anesthetic agents 

Å Anti-arrhythmic meds (beta-blockers) 

Å Medications or conditions that alter electrolyte balance 

Å Usually self-limiting and resolves with removal of underlying cause 

Å If associated with clinical signs of weakness or known hypotension, 
support HR until diagnostics  can be pursued 

Å Atropine or glycopyrrolate 

Å IV catecholamines (dobutamine, isoproterenol) 
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Bradycardia with unknown cause 

ÅAtropine response test 

ïRecord lead II 

ïAdminister 0.04 mg/kg atropine IM 

ïRecord lead II 30 minutes later 

ïPositive result 

Å> or = to 50% increase in HR with normal conduction 

ÅNo treatment but find a reason why 
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Sinus Arrest 

Å SA node fails to depolarize due to cessation of normal 
automaticity (criteria involves a pause of more than 2 R-R 
intervals) 

ïCauses: excessive vagal tone, SSS, hyperkalemia, very 
pronounced sinus  arrhythmia, trauma 

ïTreatment: treat underlying cause, atropine, pacemaker 

ïTx not required if asymptomatic 
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Atrial Standstill (Atrial Systole) 
Å These are usually sinoventricular 

ï ie Sinus rhythm is conducted to AV node w/o atrial depolarization 

Å Primary 

ïAtrial myopathies associated w/ severe right-sided CHF 

ïVentricular pacing is indicated 

Å Secondary (more common) 

ïHyperkalemia 

ÅImmediate therapy warranted 
ï IV Saline 

ïNaHCO3 

ïCalcium Gluconate 

ï Insulin (followed by dextrose supplementation) 

Å Toxic 

ïDigitalis intoxication (rare) 
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Atrial Standstill ECG 
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Atrioventricular Blocks 
ÅMost common cause of 1st (prolonged PR 

interval) and 2nd degree (p wave w/ no QRS) 
AV block 

ÅHigh vagal tone or vagomimetic drugs 
(digoxin) 

ÅTreat underlying cause 

ÅIf symptomatic, treat as for sinus bradycardia 

ÅIf symptomatic and no response to 
anticholinergics = pacemaker 
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First degree AV block 

Å ECG Findings:  

ï Prolonged PR interval .  

ï P wave for every QRS and QRS for every P wave.  

Å Etiology:  

ï This disorder is due to prolonged conduction across the atrio-ventricular node.  

ï Associated with disorders that cause increase parasympathetic tone.  

ï May be normal.  

ï Drug therapy (digitalis, beta blocker, calcium channel blocker, procainamide, quinidine).  

ï Hyperkalemia.  

Å Consequences:  

ï causes no hemodynamic abnormality  

Å Treatment:  

ï none required  
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Second degree AV Block (Mobitz 1) 

Å EKG Findings:  

ï P wave that is not followed by a QRS complex  

ï QRS complex is usually of normal duration and morphology  

ï the PR interval progressively prolongs just prior to blocked beat  

Å Etiology:  

ï due to failure of the sino-atrial impulse to propagate through the atrio-ventricular 
node  

ï excessive vagal tone can cause this abnormality  

ï may be normal in some dogs  

ï drug therapy (digitalis)  

Å Consequences:  

ï important to distinguish from second degree heart block of the Mobitz type II variety 
which is potentially much more severe.  

Å Treatment:  

ï none required /Atropine responsive  
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Second degree AV Block (Mobitz 2) 
Å EKG Findings:  

ï P wave that is not followed by a QRS complex  

ï PR interval of constant duration  

ï may have multiple P waves that are not followed by QRS complexes (ie. 2:1, 3:1, 4:1, 
etc. block)  

Å Etiology:  

ï due to failure of the sino-atrial impulse to propagate through the His bundle or bundle 
branches  

ï associated with organic disease of the His bundle or bundle branches. This may be in 
the form of an ischemic area, scar, infection with necrosis, neoplasia or granuloma  

Å Consequences:  

ï evidence of reduced cardiac output may occur if the ventricular rate is substantially 
reduced:  

Ådog with HR <40  

Åcat with HR <60  

Å Treatment:  

ï usually not responsive to atropine/glycopyrrolate  

ï unless the ventricular rate is slow, no treatment is required  

ï permanent pacemaker implantation  
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Second degree AV Block (Mobitz 2) 

Å Mobitz Type 2 2nd degree Heart Block is considered an 
important signal warning of the potential progression to 3rd 
degree Heart Block which requires immediate treatment.  

Å Therefore it is important to distinguish between Mobitz Type 1 
and Type 2 because Type 1 warrants no concern but Type 2 
warrants continued monitoring to detect the onset of 3rd 
degree Heart Block  
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3rd degree AV Block 

Å No P QRS relationship 

Å The resultant ventricular activation is initiated from latent, subsidiary automatic pacemaker foci.  

Å The resultant rhythm is referred to as an escape rhythm. 

Å Associated w/ sudden death if escape focus fails 

Å  If the escape ventricular activation occurs from a high ventricular focus, the QRS morphology may 
look relatively normal.  Usually the QRS morphology tends however to be very abnormal.  

Å Anticholinergics ineffective, Catecholamines may help but necessitate monitoring during  therapy 

Å Immediate pacing recommended 

Å associated with organic disease of the His bundle or bundle branches.  

ï ischemic area, scar, infection with necrosis, neoplasia  or granuloma 
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Right Bundle Branch Block 

Å Block/delay along right His bundle 

Å P wave and PR normal 

Å QRS prolonged >0.08s 

Å Right axis deviation 

Å Broad, deep, slurred/notched S waves 

Å Tx not required ς address any underlying disease 
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Left Bundle Branch Block 

Å Block/delay in left His bundle 

Å Almost always associated with underlying heart disease 

Å P and PR normal 

Å QRS >0.08s 

Å MEA normal (60-90) 

Å Broad, slurred or notched R wave 

Å Tx of BBB not required but work-up to identify underlying dz  
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Sinus arrest, bradycardia/tachycardia syndromes 
with syncope (Sick Sinus Syndrome) 

ÅSchnauzers, Westies, Cockers 

ÅPeriods of sinus arrest w/o development of an 
escape rhythm for > 3-5 secs leads to neurologic 
signs (staggering, syncope) 

ÅSinus arrest seldom leads to death but may severely 
affect quality of life 

ÅShort-term therapy:  same as sinus bradycardia 

ÅImmediate pacing required if non-responsive to 
anti-cholinergics or severely symptomatic 

 



AETC, ALL RIGHTS RESERVED 

Sick Sinus Rhythm 
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Tachyarrhythmias 
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Therapy for Tachyarrhythmias 

Åά5ŀƴƎŜǊƻǳǎƴŜǎǎέ ǊŜƭŀǘŜŘ ǘƻ ƻǊƛƎƛƴ ƻŦ ŀōƴƻǊƳŀƭ ǊƘȅǘƘƳ 

ÅSupraventricular 

ïNarrow QRS w/ or w/o P waves 

ïLow risk of sudden death, High risk of clinical signs w/ high 
rate 

ÅVentricular 

ïWide QRS w/o associated P waves  

ïwŜǇŜǘƛǘƛǾŜ ±t/Ωǎ ŀǘ ǾŜǊȅ ƘƛƎƘ ǊŀǘŜ ŀǊŜ ŜƭŜŎǘǊƛŎŀƭƭȅ ǳƴǎǘŀōƭŜ 

ïVariable risk of sudden death, Variable clinical signs 
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Sinus Tachycardia 

Å Occurs when all criteria for sinus rhythm are met except for increased heart rate 

Å Causes:  

ï high sympathetic tone, fever, pain, hyperthyroidism, anemia, shock/hypotension, 
heart failure, sympathomimetic drugs 

Å Treatment 

ï Rarely required 

ï Exception ς cases of hyperthyroidism 

ï Treat underlying medical cause as indicated once diagnosed 

 

Å Vagal maneuver will help differentiate from pathologic SVT 

ï Ocular or carotid sinus pressure is applied while monitoring ECG tracing 

ï Sudden increases in vagal tone will cause gradual slowing of sinus tachycardia, but may 
abruptly convert atrial tachycardia to sinus rhythm 
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Supraventricular Tachycardia or Atrial 
Tachycardia 

ÅExtremely rapid HR (~300 BPM in dog or greater) may severely 
decrease CO 

ÅVagal Maneuver may abruptly abolish the tachycardia, but 
recurrence is common if no other method is used 

ÅMedical therapy 

Å1st choice:  IV beta blockers (propranolol) or calcium channel 
blockers (diltiazem) 

Å2nd choice:  Oral beta blockers (sotalol, atenolol, propanolol) 
or calcium channel blockers (diltiazem) 
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SVT ECG Tracing 
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Atrial Fibrillation 

Å Chaotic, unorganized depolarization of atrial myocardium preventing effective 
atrial contractions 

Å Probably one of, if not the most common and important arrhythmias in the dog 

Å Most cases are secondary to atrial enlargement & underlying cardiac dz 

Å Irregularly irregular heart rhythm, variable intensity of heart sounds, and variable 
pulse quality 

Å In general, dogs are tachycardic 
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A Fib 
Å 3 ECG hallmarks of A fib: 

ïAbsence of identifiable P waves in all leads 

ïNormal QRS-T morphology 

ïQRS-T complexes occur in irregularly irregular pattern 

 

Å Assume there is underlying heart disease until proven otherwise 

ïMay be associated with sudden decompensation of previously stable 
CHF 

ïTherapeutic Goal:  Control of ventricular response to HR 

Å Caution  

ï In severe heart failure, patient may be dependent on inc HR to 
support CO, therefore drugs used to slow rate should be titrated to 
effect 
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Atrial Fibrillation ECG 
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Atrial Flutter 

Å Variant of A fib with undulating baseline (f-waves) 

Å Atrial rhythm ranges between 350-500BPM 

Å Treatment as for A fib 

Å Rare in dogs and cats 
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Ventricular Arrhythmias 
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Ventricular premature beats 

Å Associated with significant inflammatory, structural, toxic, 
infiltrative, traumatic, or ischemic heart disease.  Also seen in 
patients with GDV, splenic dz, hyperthyroidism, sepsis, anemia, 
hypoxia and coagulopathies, drugs (digoxin), anesthetics, and 
catecholamines 

Å Abnormal QRS-T morphology as they originate from His-
purkinje and lack a P-wave 

Å Can be uniform/unifocal, multiform/multifocal, sustained or 
paroxysmal 
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Ventricular Tachycardia 

�ƒ 5ŜŦƛƴŜŘ ŀǎ о ƻǊ ƳƻǊŜ ±t/Ωǎ ƻŎŎǳǊǊƛƴƎ ƛƴ ǎǳŎŎŜǎǎƛƻƴ 

�ƒ May display a wide range of rates, morphology, and regularity 

�ƒ May occur intermittently (paroxysms) or persistently 

�ƒ Generally considered serious and life-threatening especially in animals with 
 known underlying disease or demonstrating clinical signs secondary to 
 the arrhythmia 

�ƒ Originates from the His-purkinje system with wide and bizarre QRS-T 
morphology and can be sustained (>30s), non-sustained, uniform or 
multiform in morphology 

 


