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ECG analysis
• Critique the ECG - is it diagnostic?


• Heart rate


• Determine the rhythm 


• P for every QRS, QRS for every P, are they related in time?


• Measure the complexes


• Make a rhythm diagnosis


• Put the rhythm diagnosis into a clinical context



Case 1 

• 6yo MN CKCS, moderate left apical systolic 
murmur, needs a dental, arrhythmia heard on 
pre-op check 

• Clinical question: is this patient safe to 
anaesthetise?



Case 1 

10mm/mV, 25mm/s



Case 1 
Heart rate: 90 - 100bpm

Overall rhythm: regularly irregular

ECG comments and interpretation: all complexes are visible (PQRST) and related. 

ECG diagnosis: Sinus arrhythmia. Two possible interpretations:

1. The arrhythmia you heard is not represented on this ECG. So either repeat or consider 

longer recording (Holter).

2. The arrhythmia you heard was a sinus arrhythmia and therefore is not of concern.

Clinical conclusions and plan: If the arrhythmia you heard was sinus arrhythmia then there 
is no contraindication to GA. However, ECG isn’t the most important test in this case - 
your clinical question is “is this patient safe to anaesthetise”. Ideally, you need to make a 
diagnosis, therefore echocardiography would be the best test to identify the cause of the 
murmur and decide if there is significant cardiac disease to make GA a concern. 

A good second choice is performing chest radiography - a set of good quality chest 
radiographs allow you to check for significant cardiomegaly and identify congestive heart 
failure prior to performing anaesthesia. 



Case 2 

• 9yo FN Labrador, murmur incidental finding of 
murmur on vaccine, palpable left cranial systolic 
murmur, no clinical signs 

• Severe pulmonic stenosis (PS) diagnosed on Echo, 
arrhythmia seen during scan 

• Clinical question: is the murmur clinically relevant?



Case 2 

10mm/mV, 25mm/s



Case 2 

10mm/mV, 25mm/s



SVPCs
P P P PPP’ P’

•Tall and narrow (look like sinus beats)

•Premature

•Abnormal P-wave (but might be buried in the preceding T)

•On their own, not of great concern

P P P



+

—  

Supraventricular premature complexes 
(SVCPs, APCs)

P’



Case 2 
• Heart rate: 120bpm


• Overall rhythm: Regular with a trip in the rhythm (two early beats). 


• ECG comments and interpretation: Regular (sinus) with two premature complexes. These are 
“tall and narrow”, ie very similar to the normal sinus complexes. The P-waves preceding these 
waves are a different shape to the sinus P-waves, so we call these P’ (p-prime) waves. These 
have come from a different site in the atrium so give a different shape on the surface ECG. Also 
note the mean electrical axis (MEA) is shifted towards the right (negative lead I), suggesting 
right ventricular enlargement. 


• ECG diagnosis: Sinus rhythm with two supraventricular premature complexes (SVPCs) and 
possible right ventricular enlargement. 


• Clinical conclusions and plan: Isolated SVPCs are not in themselves of clinical concern, though 
they do suggest primary heart disease is likely. In this case we already know the diagnosis 
(pulmonic stenosis) and so our question is not a good one for an ECG to answer. Instead, we 
should have asked “is the arrhythmia clinically relevant?”. In that case, we can say that the 
SVPCs aren’t a problem. If the dog has clinical signs, particularly weakness or collapse, then a 
Holter monitor would be my next test to see if there is more significant arrhythmia at times (for 
instance SVT). 



Case 3 
• 7yo FN Boxer, one episode of collapse, soft left basal 

systolic murmur 
• Mild aortic stenosis (AS) diagnosed on Echo 
• Clinical question: what is the rhythm, what do you do 

next?



Case 3 
5mm/mV, 25mm/s



Case 3 



Ventricular Premature Complexes  
(VPCs)

• Complexes wide and bizarre


• Premature


• No P-wave


• Varying morphology



Ventricular premature complexes



Case 3 



Case 3 



Case 3 
Heart rate: 210-280bpm?


Overall rhythm: Chaotic. 


ECG comments and interpretation: There is a mixture of narrow complex tachycardia at ~280bpm with frequent bursts 
(paroxysms) of wide-complex tachycardia. These wide-complexes occur singly, in pairs (couplets), threes (triplets) and 
as runs of 4 or more (ventricular tachycardia). Some of the ventricular complexes are very close together (R-on-T). 


ECG diagnosis: Significant non-sustained ventricular tachycardia with R-on-T phenomenon. 


Clinical conclusions and plan: In the context of the case, the murmur and aortic stenosis are probably not relevant - 
this is a dog with severe arrhythmia who just happens to have AS. The AS has been presence since birth and the dog 
is now 7, making progression unlikely. Also echo should have picked up significant structural heart disease such as a 
mass or DCM. 


Therefore, primary arrhythmogenic cardiomyopathy (ARVC or Boxer cardiomyopathy) is the probable diagnosis, 
though this is a diagnosis of exclusion so other causes of ventricular arrhythmia should be ruled out. Thoracic 
radiographs would be a good idea to look for a primary heart or lung tumour. Echo has already been done but it would 
certainly be indicated if it hasn’t been done. Blood profiles to look for a systemic disease process and a Cardiac 
Troponin-I would be helpful to look for myocardial inflammation. 


The R-on-T phenomenon means this patient is a high risk for developing ventricular fibrillation and sudden death. 
Therefore, treatment is indicated immediatetely. Consultation with a cardiologist at this point is important as drug 
selection in these cases is tricky, to say the least. I would treat with either mexiletine or sotalol in this case, though 
other drugs such as amiodarone and atenolol are potential treatments. 



Case 4 
• 8yo ME JRT, presented for cough and mild tachypnoea.  

• Arrhythmia and moderate systolic heart murmur present. 

• What is the ECG diagnosis 

• What would you do next?



Case 4 10mm/mV, 25mm/s



Case 4 
Heart rate: 70-80bpm


Overall rhythm: regularly irregular (bordering on irregular) 


ECG comments and interpretation: At first the rhythm appears irregular however on closer inspection you 
can see there is some pattern to it, it is not totally chaotic. Importantly, there is a QRS for every P and a P for 
every QRS so this is a sinus rhythm. 


QRS complexes are quite small, which can be due to a number of causes (small patient, fat patient, 
effusions, hypothyroidism). 


ECG diagnosis: Sinus arrhythmia with small QRS complexes. 


Clinical conclusions and plan: Sinus arrhythmia can often sound really irregular. In the absence of clinical 
signs, I wouldn’t look any further. If you wanted to prove the rhythm was vagally mediated then you can try 
running the dog around for a minute or two, or get him excited, to see if it goes away (or give atropine). 


The cough and moderate murmur need further investigation: echocardiography (to provide a diagnosis for 
the murmur and stage the likely mitral valve disease) and thoracic radiographs +/- bronchoscopy to 
investigate respiratory disease. 



Case 5 
• 11yo FN Labrador, splenectomy (histo pending), arrhythmia 

detected post-op in recovery 

• No history of heart disease 

• Clinical question: should we treat the arrhythmia and if so, 
what with?



Case 5 24h post-op



Case 5 48h post-op



Case 5 24h post-op



Accelerated idioventricular rhythm

• Ventricular Premature Complex?


• HR = 140


• Ventricular Tachycardia?



AIVR
• Mimics VT - “Slow” VT


• Typically heart rate <200bpm


• Cardiac output not affected so blood pressure remains normal


• Strongly suggests non-cardiac disease


• Go look in the abdomen


• Splenic mass

• Pancreatitis

• Peritonitis etc


• Do NOT need lidocaine



• Do NOT need lidocaine

AIVR



Case 5 
Heart rate: 24h post-op ~160bpm. 48h post-op ~140bpm. 


Overall rhythm: Irregular, a mixture of wide and narrow complexes. 


ECG comments and interpretation: There is a narrow complex rhythm at around 160bpm. This then ‘drifts’ into a wide 
complex rhythm at a very slightly faster rate, but still much less than 200bpm. P waves and QRS complexes are not 
related - the PR interval varies and they are going at slightly different rates. 


ECG diagnosis: Accelerated idioventricular rhythm (AIVR) and isorhythmic AV dissociation. 


Clinical conclusions and plan: AIVR is very common in the post-operative period and is usually associated with 
severe abdominal disease or surgery, particularly involving the spleen, liver or GIT. Isorhythmic AV dissociation is 
unusual and can be associated with DCM in Labrador retrievers.


 Neither rhythm is likely to be affecting this dog but the first test to do is measure blood pressure. If BP is stable 
(which it was in this dog) then the rhythm isn’t affecting cardiac output and doesn’t need treatment. In these cases 
always focus on managing the underlying problem. It can persist for up to two weeks post-op. I recommend 
repeating the ECG after 10-14 days. If it persists then further cardiac investigation (echocardiography, Holter 
monitoring) is indicated as well as confirming that any abdominal disease has resolved. 



Case 6 
• 10yo Cocker Spaniel, progressive lethargy and exercise intolerance, soft left 

apical murmur 

• Clinical question: what is the rhythm, what happened in the 2nd strip?



Case 6 
10mm/mV, 25mm/s

10mm/mV, 12.5mm/s



AV block



AV block



AV block
•1st	degree	–	prolonged	PR	
interval

•2nd	degree	–	intermi5ent	
non-conducted	P	waves

•3rd	degree	–	complete	AV	
dissocia=on



Case 6 
Heart rate: 30bpm.


Overall rhythm: Regular. 


ECG comments and interpretation: The ventricular rate is 30bpm. The atrial rate is 60bpm. They are not related (P-
waves march in and out of QRS). The ventricular beats are only slightly wide suggesting a high focus (ie the escape 
rhythm is originating close to the AV node so conduction travels mostly though the normal pathways). In the second 
strip the ventricular rate is the same but the atrial rate is now ~200bpm. The most likely explanation for this is that 
atropine has been given which has removed the vagal “brake” on the SA node, increasing sinus rate to 200bpm. The 
absence of any increase in ventricular rate confirms this is a complete (3rd degree) heart block.


ECG diagnosis: Complete (3rd degree) heart block


Clinical conclusions and plan: The ventricular rate is very slow and the presence of clinical signs means that the 
bradycardia is affecting output. Therefore, providing no primary underlying pathology is identified, a pacemaker is the 
only long-term treatment option. Echocardiography is indicated to look for primary heart disease, in particular cardiac 
neoplasia or significant valvular disease or cardiomyopathy. Blood tests including thyroid function, troponin and 
ACTH stimulation should be performed prior to referral for pacemaker. Many dogs respond temporarily to 
pimobendan or theophylline so this can be given as a “bridge” to pacemaker. 



Case 7 
• 10yo MN CKCS,  exercise intolerance, cough, nocturnal dyspnoea (SRR 

40-45/min) 

• Loud left apical systolic murmur, chaotic rhythm, weak and variable 
femoral pulse quality 

• Clinical question: what is the rhythm, what do you do next?



10mm/mV, 25mm/s

10mm/mV, 50mm/s

Case 
7 



Case 7 
Heart rate: ~200bpm


Overall rhythm: chaotic.


ECG comments and interpretation: There is a narrow-complex tachycardia at about 200bpm with an irregular RR 
interval and absence of P-waves. There is some variation in R-wave height - this could be due to respiratory variation 
or secondary to an effusion (pericardial or pleural) - electrical alternans. 


ECG diagnosis: Atrial fibrillation


Clinical conclusions and plan: Given the presenting signs, AF is almost certainly secondary to significant atrial 
enlargement due to mitral valve disease. A primary diagnosis needs to be made (echocardiography) and the patient 
should be assessed for the presence of congestive heart failure with thoracic radiographs. Blood work, in particular 
renal values, electrolytes and PCV should be assessed prior to starting any treatment. 


If CHF is confirmed then standard therapy (furosemide/torasemide, pimobendan, spironolactone, ACE-inhibitor) 
should be given. Typically, I advise getting the CHF under control first then reassessing the heart rate after 7-14 days. 
AF is usually permanent, ie the rhythm will not go back into sinus, and so the goal becomes RATE control. We aim for 
an in-clinic heart rate of 160bpm but a Holter monitor is a much better way to assess these patients as you can 
assess heart rate in the home environment. If subsequent rate control is required then usually I treat with digoxin and 
diltiazem but discussing with a veterinary cardiologist is a good idea as there can be some difficulties with anti 
arrhythmic drugs. 



Case 8 
• 10yo MN WHWT, weakness and collapse episodes 

• No murmur, arrhythmia heard in consult 

• Clinical question: what is the rhythm, what do you do next?



Case 8 

10mm/mV 25mm/s



Case 8 
Heart rate:  60-70bpm (very variable)


Overall rhythm: Irregular.


ECG comments and interpretation: There is a mixture of narrow complex rhythm and long 
(several second) pauses. ECG waveform (ie mean electrical axis) cannot be assessed as this is 
an AliveCor recording. P-waves are difficult to identify but again this may just be the recording 
modality. 


ECG diagnosis: Sick sinus syndrome. The ECG is typical of SSS - a mixture of sinus rhythm and 
long periods of sinus arrest. 


Clinical conclusions and plan: Given the breed (WHWT are one of the top breeds for SSS) and 
clinical signs, pacemaker is indicated if the owner is in a position to do so. SSS has a better 
prognosis than complete heart block. However, in many cases of collapse, the cause is not what 
you expect and so recording a Holter in this case would be an excellent idea, particularly as the 
cost is probably less than 10% of the cost of a pacemaker. 



Case 8 

12 & 13.5s pauses, associated with collapse. Pacemaker is indicated. 

12	seconds



Case 8 



Case 9 
• 6yo ME French Bulldog, laboured breathing, stridor & stertor,  

• No murmur, ?irregular rhythm 

• Clinical question: what is the rhythm, what do you do next?



Case 9 10mm/mV, 50mm/s



Case 9 
Heart rate: 140bpm


Overall rhythm: Regular. 


ECG comments and interpretation: The P-waves appear to come and go. It is difficult with 
only one lead, but this is typical of “wandering pacemaker”, where the origin of the 
pacemaker “spark” moves within the AV node. In dogs, the AV node is very large and so 
this movement can be detected on a surface ECG as the P-wave changing shape. If 
multiple leads are recorded simultaneously, the P-wave will get larger in some leads and 
smaller in others. It is a normal finding, suggesting high-vagal tone. 


ECG diagnosis: Normal sinus rhythm with wandering pacemaker. 


Clinical conclusions and plan: The ECG doesn’t show any significant arrhythmia. Therefore, 
either it ins’t representative of what you heard, or the dog has a sinus arrhythmia. Given the 
respiratory signs, the latter is likely. Investigating the respiratory disease is my priority here. 



Case 10 
• 3yo MN Irish Wolfhound. Very placid dog and well at home but owner reports a few “fits” in the 

last 2 weeks when exercising.    

• Irregular rhythm, soft systolic heart murmur, variable femoral pulses with pulse deficits present 

• Clinical question: what is the rhythm, what do you do next?

• Heart rate:


• Overall rhythm:


• ECG comments and interpretation:


• ECG diagnosis:


• Clinical conclusions and plan:



Case 10 10mm/mV, 50mm/s



Case 10 
Heart rate: 140pm


Overall rhythm: Regularly irregular with one wide-complex premature beat. 


ECG comments and interpretation: P-waves are difficult to identify in this lead. However, 
the rhythm looks too regular to be atrial fibrillation. At times, P-waves can be seen, 
meaning that a different lead needs to be reviewed to confirm their presence. One wide-
complex beat (VPC) is identified. 


ECG diagnosis: Sinus rhythm/arrhythmia with a single ventricular premature complex 
(VPC). 


Clinical conclusions and plan: Given the history, Holter monitoring is warranted. The 
murmur indicates underlying primary heart disease and so echocardiography is indicated. 


Blood tests to check for other non-cardiac disease, +/-T4/TSH 



Case 10 



Holter monitoring 



Case 10 



Case 10 
post-treatment with digoxin and diltiazem: av rate 102bpm


