

  

    

      

    

  




	Luiz Henrique Filippi
Maurício Gianfrancesco Filippi


	Authors




	

Celso Salgado de Melo


	Coordinator






	CARDIAC ARRHYTHMIAS IN CATS AND DOGS


250 commented clinical cases




	Digital version


	1st edition - 2023
 revised and updated


	ISBN: 978-65-88054-14-7 




	[image: Image]




	Várzea Paulista/SP
2023




© Luiz Henrique Filippi


CARDIAC ARRHYTHMIAS IN CATS AND DOGS - 250 commented clinical cases 




Print version, 1st edition - 2018 - ISBN: 978-85-8334-052-2 




Digital version, 1st edition - 2023 - revised and updated - ISBN: 978-65-88054-14-7 


Publisher:  Luiz Henrique Filippi.


Translate to English:  María Isabel Dolores Ayala.


Cover:  Carolina Lo Ré.




  Editorial Supervision: Ricardo Fontoura.




  All rights reserved. The photocopy of any part of this book is illegal and configures appropriation of the intellectual and patrimonial rights of the author. 

Federal Law no. 9610 of February 19, 1998.




CIP-BRAZIL. CATALOGING IN THE PUBLICATION SINDICATO NACIONAL DOS EDITORES DE LIVROS, RJ




L516c
 




Filippi, Luiz Henrique


Cardiac arrhythmias in cats and dogs [recurso eletrônico] : 250 commented

clinical cases / Luiz Henrique Filippi, Maurício Gianfrancesco Filippi ; coordenação Celso

Salgado de Melo ; tradução María Isabel Dolores Ayala. - 1. ed. - Várzea Paulista [SP] :

Fontoura, 2023.


  recurso digital ; 59008 MB




  Formato: epub
Requisitos do sistema: adobe acrobat reader
Modo de acesso: world wide web
ISBN 978-65-88054-14-7 (recurso eletrônico)





  1. Cardiologia veterinária. 2. Livros eletrônicos. I. Filippi, Maurício

Gianfrancesco. II. Melo, Celso Salgado de. III. Ayala, María Isabel Dolores. IV. Título.




  23-86019




  CDD: 636.08961




  CDU: 636.09:612.17




  Meri Gleice Rodrigues de Souza - Bibliotecária - CRB-7/6439




  10/09/2023    13/09/2023




  [image: Image]




  Fontoura Editora Ltda.




  Rua Dom Pedro I, 5 Várzea Paulista/SP - 13225-790




  (11) 99887-8777 com WhatsApp




  atendimento@editorafontoura.com.br




  www.fontouraeditora.com.br




AUTHORS




[image: dro-filippi]


Luiz Henrique Filippi


 The author of the book "Electrocardiogram in veterinary medicine", he is a veterinary physician graduated in 1985 from the Faculdade de Medicina Veterinária e Zootecnia – Universidade Estadual Paulista (UNESP) in Botucatu. Autonomous clinician of small animals,	he specialized in the cardiology field. Professor of the Course of Advanced Electrocardiography at the Instituto de Pós-Graduação Qualittas and Associate Professor of Electrocardiography in the Postgraduate Course on Cardiology at the Universidade Anhembi Morumbi of São Paulo. Founding Member of the Sociedade Brasileira de Cardiologia Veterinária and active member of the Sociedade Latino Americana de Cardiologia Veterinária. Currently in charge of the Telemedicine Sector of the Deltalife company. Creator and coordinator of the Theoretical-Practical Course on Electrocardiography in Dogs and Cats (basic and advanced modules).


Contact: lhfilippi@terra.com.br 
(55 11) 97247-7220






[image: dro-mauriciO]


Maurício Gianfrancesco Filippi


Veterinary physician graduated from the Faculdade de Medicina Veterinária e Zootecnia (FMVZ) – Univesidade Estadual Paulista (UNESP), Botucatu/SP. He obtained a Master’s degree in veterinary medicine focused on veterinary cardiology in the same Institution. Associate Professor of the Annual Course on Electrocardiography of Small Animals with the veterinary physician Luiz Henrique Filippi as Full Professor. Specialized in Doppler Echocardiography (basic and advanced course) at the Faculdade de Ciências Agronômicas e Veterinárias (FCAV) – Universidade Estadual Paulista (UNESP) Jaboticabal/SP. Member of the Sociedade Brasileira de Cardiologia Veterinária (SBCV).


Contact: mauriciofilippi@terra.com.br 
(55 11) 97259-4331




  ACKNOWLEDGEMENTS




I would like to thank my colleague and son, Maurício Gianfrancesco Filippi, MSc in veterinary cardiology, who became co-author due to his effective participation, enhancing the creation of this work, besides reviewing and updating all the clinical cases presented in a brilliant manner. 


I would like to thank the cardiologist Celso Salgado de Melo, who was willing to coordinate this work, thus contributing his immense knowledge on electrocardiography. 


I would like to thank the cardiologist Andrés Ricardo Pérez Riera, because of his encouragement, hard work and advise in the translation of this work into Spanish. 


I would like to thank the venerable mentor, colleague, friend, poet and composer Cid Figueiredo because of his thoroughness in the orthographical review, and also the engineer Vagner Aredes, in charge of the technology he provided through his electrocardiographs and the telemedicine service of the Deltalife company. 


I would like to thank my colleague and friend, Mário Hattori, for his support that he always provided and also, my colleague and friend Felipe Prado who encouraged the creation of this work since its beginning. 


I would like to thank Camila Amorin Ribeiro and Matheus Gianfrancesco Filippi for preparing the images of this book. Also, the graphic designer Carolina Leda Lo Ré for creating the cover and watermarks of figures. 


I would like to thank all the dogs and cats who "granted" (and always grant in every possible sense) their hearts, so that we could obtain the electrocardiographic recordings and also everyone who, one way or another, directly or indirectly, helped to the realization of this book. 




  SPECIAL ACKNOWLEDGEMENT




To my wife and colleague, Cláudia Gianfrancesco Filippi, who understood the significance of the scientific purpose of this book, yielding part of this personal and professional time, so that I would be able to work on and write every single page of this book. 




  DEDICATION




This book is dedicated to my whole family and particularly my parents, Álvaro Filippi and Tereza das Neves Filippi. 




  PREFACE




In the description of this excellent new book the authors express a goal to assist the reader to diagnose cardiac arrhythmias and even train their ability to analyze the tracings that may appear in daily practice. The latter part of this sentence is so important to me. 


At first glance, an ECG presents us with an unsolved mystery. Some are mysteries that are very easy to answer as they are things we have seen many times before. Others require us, like the diagnostic detectives that we are, to ask the right series of questions to generate the facts that will help us solve the puzzle. Once we understand this, and once we know the questions to ask and answer, a clinician can confidently approach any ECG that they are presented with, no matter how complex they may at first appear. 


This is the genius of the approach in this new book. 


By presenting us with a broad array of cases and by carefully constructing a logical, systematic series of questions for each, along with answers richly illustrated with clear examples, annotated figures and detailed explanations, this guide will train the reader to understand the questions to ask, the analysis that they need and the interpretation of the answers they generate. In using clinical cases the interpretations generated are then placed in clinical context allowing the reader to gain insights about the practical application of the ECG in their day to day practice. 


I know that this book will become a key part of your veterinary library and one that lives up to the aspirations set out by its authors. It will definitely assist you, the reader in diagnosing cardiac arrhythmias, and because of the approach taken it will also train you to analyze the tracings that will appear in your daily practice.




Andrew W. Beardow


BVM&S, MRCVS, Dip ACVIM (Cardiology)




  PRESENTATION




The proposal of this book is to provide the reader with a self-evaluation on his/her capacity to make a diagnosis in cats and dogs by using the electrocardiogram, of both isolated and associated arrhythmias in a tracing. Besides this, arrhythmias may often be accompanied by other findings suggesting heart diseases (as chamber enlargement) or extra-cardiac causes. For this reason, the electrocardiogram is a test rich in information, which can be very useful for clinicians, interventionists, surgeons, anesthesiologists or cardiologists for a better evaluation of patients. 


These are 250 selected cases, accompanied by a brief history of the patient, and even with data on clinical examination and additional tests, when available. The electrocardiogram, as any other test, should be evaluated jointly with a database, including: history, physical examination, age, breed, weight, associated diseases and supplementary tests; all with the aim of aiding its interpretation. In the page following each presented case, there are relevant commentaries on the findings in each tracing. We trust that this method will excite the intellect and provide the reader with the first steps of logical analysis of the electrocardiogram, and thus stimulates the ability to analyze the more complex tracings that may arise daily. The "Q&A" format has the goal of making the reader practice and reason. The interpretation of some tracings could be difficult; mainly when there are many artifacts (as muscle tremors or electrical interferences) that are commonplace in most tracings recorded in veterinary medicine, as animals are not perfectly isolated, and neither are still. To facilitate the identification of the electrocardiographic findings we use visual cues (arrows, asterisks, lines, and so on), to draw the attention of readers to the most significant aspects in each tracing. 


In fact, this work could be considered a sequel to our first book, "Electrocardiogram in veterinary medicine" (Editora Roca, 2011), where all the concepts exposed in it, are now presented in the way of illustrated and commented clinical cases; besides keeping the same bibliography already used. 


Also, after extended and thorough studying, it will not be rare for readers to disagree with the interpretation of an ECG. This is to be expected and it is fine. We consider and value this difference in opinions and we hope to receive communications about it, so that we may evaluate them and if pertinent, introduce modifications in future editions. 


Before starting with the interpretation of the 250 clinical cases, there will be an introduction and review of some basic concepts, and also the measurements of normal ECGs for cats and dogs, with the aim of reminding the reader about normal parameters and most of all, have the reader ready, not requiring to check other literature, to fully seize all the commentaries made. 




All men carry inside the child they once were.Antoine de Saint-Exupéry




  

NORMAL ELECTROCARDIOGRAPHIC TRACINGS





A properly interpreted tracing may reveal cardiac, and even extra-cardiac diseases. Still, we should be aware of its limitations (as any other diagnostic means), thus being imperative to interpret it jointly with the history of the patient, besides performing a thorough semiological examination and other additional tests, when available. 


The electrocardiogram could be used to detect or accompany: 


• Cardiac arrhythmias (efficient in 99% of cases). 


• Overloads in cardiac chambers. 


• Myocardial hypoxia and ischemia. 


• Unspecific heart diseases such as myocarditis, endocarditis or neoplasia. 


• Pericardial diseases. 


• Systemic diseases that generate arrhythmias. 


• To establish prognosis, for presurgical planning, and monitoring of therapeutic responses (e.g., using antiarrhythmic agents). 


• Electrolyte imbalances. 


• The evaluation of results of procedures, such as punctures. 


• Healthy patients, with the aim of storing a record to compare subsequent evaluations. 


• The operation of electronic devices implanted in the heart, such as pacemakers. 


We suggest veterinarians to always measure the following parameters, during the evaluation of a tracing: 


1. Estimation of heart rate. 


2. Determination of the QRS mean electrical axis and the P wave. 


3. To analyze the amplitude and duration of P, QRS and T waves. 


4. To analyze the PR and QT intervals, and ST segment. 


5. To observe the morphology of T wave. 


6. To thoroughly evaluate heart rhythm and its possible alterations. 




 Electrocardiographic paper


Electrocardiographic paper is in fact, equivalent to a Cartesian coordinate system (voltage x time), subdivided into large squares (in this text called Q) and small squares (in this text called q), where the distances between q (horizontal or vertical) is 1 millimeter. 


Every five small squares (5q) the line is thicker (both vertical and horizontal), thus delineating a Q (large square): 


[image: electrocardiographic-paper]




 Recommended velocity to record the tracing is 50 mm/second


To know the horizontal measure of each small square: 


[image: 1q=20ms]


50 mm = distance travelled in one second. 


1 mm = distance travelled in q seconds. 


q = 1: 50 = 0.02 seconds (two hundredths of a second or 20 milliseconds). 


That is to say, the horizontal measure of q corresponds to 0.02 seconds (two hundredths of a second or 20 milliseconds) and every five q (one Q), correspond to 0.10 seconds (10 hundredths of a second or 100 milliseconds). 


To know the vertical measure of every small square: 


It is established by convention that in the N pattern of sensitivity, 10 small squares (10q) correspond to 1 mv. Proceeding in this manner, every small square (q) corresponds to a potential difference of 0.1 mv. 


[image: 2q=1mv]


 Analysis of the electrocardiogram


The success of a good interpretation of an electrocardiogram starts by the identification of the patient. It is the beginning of a successful electrocardiographic analysis. The essential data of a patient include: 


•Name, date of the test, gender, age, breed, weight, height. 


Other data that may help to make the diagnosis: 


•Clinical condition, medications in use, previous electrocardiograms and other tests already made. 


 1. Rhythm 


In a normal electrocardiogram, the P-QRS-T cycles succeed in a habitual sequence and frequency. Rhythms originating from the sinus node, are the most commonly found. Sinus complex is a term that describes a heartbeat with normal sequence; i.e. that originates in the sinus node, which depolarizes the atrial myocardium, to next be transmitted into the atrioventricular node and spread through the interventricular conduction system, to promote the contraction of the ventricles, and finally end the cycle with the process of ventricular repolarization. 


[image: rhythm]


Any alteration in the normal pattern of relationship between P waves and QRS complexes is called arrhythmia




 2. Heart rate


Heart rate is the number of beats per minute. 


As rate is measured by minutes (60 seconds), and as every q corresponds to 0.02 seconds, we divide one value by the other = 60; 0.02 = 3,000. 


Thus, if we divide the number of small squares (q) between the peaks of the two R waves (RR interval) by 3,000, we obtain the heart rate per minute. 


[image: heart-rate]


In the example above, we divided 3,000 by 20q. Then, the rate is 150 beats per minute. 


 Normal heart rate in dogs


Because of the variability of heart rate in dogs, we should take into account the variations of the autonomic stimulus in the sinus node, particularly the adrenergic action at which the patient should undergo the evaluation. There is no consensus on the range of normality for the heart rate of dogs because of the great variation between the bibliographical references in veterinary medicine. We have observed rates from 70 to 160 beats per minute (bpm) in adult dogs, considering that in small breeds (toys), the rate could reach 180 bpm. In puppies, a rate of up to 220 bpm is considered normal. 




 

Normal heart rate in cats


In cats, heart rate variability related to the variations in the autonomic nervous (sympathovagal) system are more accentuated than in dogs; mainly because of the stress this species suffers while evaluated. Just as with dogs, there is no consensus about the range of normality of heart rate in cats. A rate between 160 and 240 bpm is considered normal in healthy cats. 




 3. Mean electrical axis


We should always include the determination of the mean QRS axis in the frontal plane in the electrocardiogram analysis, because of its clinical significance. The correlation between cardiac axis shifts and cardiac diseases such as hypertrophies, overloads and conduction system disorders, is worthy of consideration. In the heart of a normal dog, the expectation is for the mean QRS axis in the frontal plane to be between 40° and 100°.


[image: mean-electrical-axis]


The chest shape of some breeds of dogs may influence the mean QRS electrical axis: 




•Breeds that have a narrower chest (German shepherd, poodle, collie) tend to have a more vertical heart, with deviation of the cardiac axis to the right. 




•Breeds that have a wider chest (boxer, cocker spaniel) tend to have a more horizontal heart, with deviation of the cardiac axis to the left. 


•The exceptions are the dachshund, which has a wide chest and may present axis deviation to the right; and the spitz, which has a narrow thorax and may present axis deviation to the left. 


In the heart of a normal cat, the expectation is for the mean QRS axis in the frontal plane to be between 0° and 160°. 


[image: mean-electrical-axis-variation]


The chest shape of cats (the difference is too small) does not influence the mean QRS electrical axis. 


 4. P wave


It represents atrial depolarization. Its duration indicates the time it takes the impulse to get from the sinus node to the atrioventricular node. 


Duration and amplitude of normal P wave in dogs: 


[image: p_wave]


Duration and amplitude of normal P wave in cats: 


[image: p_wave-2]


 5. PR interval 


This interval represents the time it takes the impulse to spread from the sinus node to the first depolarized ventricular fiber. The PR interval is measured from the onset of P wave inscription until the onset of the first wave of the QRS complex (whether the Q or the R waves). 


The normal PR interval in small animals varies: 


[image: pr-interval]


PR segment: It is a segment inscribed at the end of the P wave until the onset of the QRS complex and that should be leveled with the baseline of the tracing. 


[image: pr-segment]


Although rare, depressions (PR segments inscribed below the baseline) or elevations (PR segments inscribed above the baseline) may occur. 


 6. QRS complex


The QRS complex represents the total period of time of ventricular depolarization, and it should be considered not just in terms of duration and morphology, but also the individual analysis of the waves that constitute it. Normal QRS complex duration for cats and dogs: 


[image: qrs-duration]


Amplitude: we should always take into account the cardiac and extra-cardiac condition (obesity, edema, effusions, among others) before analyzing the amplitude of QRS complex waves. 


R wave = R wave amplitude in the QRS complex for dogs, measured in the frontal plane, should not go beyond: 


[image: r_wave]


S waves (in dogs) = the amplitude of S wave in the QRS complex for a normal dog varies in leads: 


[image: s_wave]


Q wave (in dogs) = the amplitude of Q waves in the QRS complex for a normal dog should not exceed 0.5 mv (5q) in leads D1, D2, D3 and aVF. 


[image: q_wave]


S waves (in cats) = the amplitude of S waves in the QRS complex for a normal cat should not exceed: 


[image: s_wave-in-cats]


Q wave (in cats) = although the values of Q wave amplitude in the QRS complex for a normal cat have not been established yet, we believe they should not exceed 0.5 mv (5q) in leads D1 and aVL. 


[image: q_wave-in-cats]


 7. ST segment


It represents the early phase of ventricular repolarization (considered a period of slow repolarization). The ST segment starts in the J point (or junctional point) that is at the end of the QRS complex inscription and ends with the first deflection of T wave (though the limits of the latter are not always well defined). 


It is expected that in all leads (frontal and horizontal plane), this segment should be isoelectric or discretely concave or convex. The isolated duration of this segment is not determined. Although the isolated duration of ST segment is not determined, its measure should be inserted in the estimation of the Q-T interval. 


Figures showing:


[image: st-segment]


Small ST segment shifts, called depressions (below the baseline) or elevations (above the baseline) are acceptable; but within certain limits. ST segment depression (or ST depression) should not exceed 0.2 mv (2q) in any lead; while ST segment elevation (or ST elevation) should not exceed: 


[image: small-ST-segment]


 8. T wave


It represents ventricular repolarization proper. T wave inscription is more delayed than QRS because in physiological conditions of repolarization, it is a slower process than depolarization. 


Duration: just as with ST segment, T wave duration is not determined in isolation, but linked to the estimation of the QT interval. 


Amplitude: there are no defined criteria, but the standard for T wave in dogs is that it should be relatively less than the QRS complex. 


Another valuable criterion is that T wave amplitude should not exceed 25% of the largest deflection of this complex. According to some authors, its amplitude should not reach 0.5 to 1 mv in any lead. 


[image: t_wave]


 9. QT interval


The QT interval is measured from the onset of the QRS complex until the end of T wave, and it corresponds to ventricular depolarization plus repolarization. 


[image: qt-interval]




  

CASES


  




 CASE 01: Tracing of a 6-year-old mongrel, weighing 25 kg. He has a history of normal body mass index and presents only clinical signs of chronic dermopathies and decrease in the red blood cell count in hemogram. 


[image: case-01a]


1) What is the main suspicion, considering that the dog is not dyspneic and has no heart disease? 


2) What additional test may help to make the diagnosis? 


 CASE 02: Tracing (in D2) of a 7-year-old Poodle, that presents hyperthermia and bronchopneumonia in chest X-rays. 


[image: case-02a]


1) What is the rhythm and heart rate in this tracing? How can we estimate it, knowing that the R-R distance (line) is 150 ms (15q)? 


2) Are P waves within normality, taking into consideration that their duration is 40 ms (2q) and amplitude 0.5 mv (5q)? 


 CASE 01: 


[image: case-01b]


1) Asymptomatic dogs with this electrocardiographic pattern and that do not present signs of (pleural or pericardial) effusions should be suspected of being hypothyroid, a condition responsible for the symptom of myxedema. In these cases, QRS complexes appear with low voltage in all leads. Moreover, rhythm tends to bradycardia (in this tracing the heart rate is 90 bpm) that is also a strong indication of this endocrinopathy. 


2) The most appropriate additional test is the measurement of thyroid hormones, that in this case were decreased. 


 CASE 02: 


[image: case-02b]


1) The tracing presents sinus tachycardia with heart rate of 200 bpm, a relatively common finding in dogs in a feverish state. Heart rate was estimated dividing 3,000 by 15 (q) = distances between R waves, thus reaching a value of 200 bpm. 


2) P waves appear in spikes and with increased amplitude, a condition that, in addition to being observed in sinus tachycardia, is often found in pneumopathies. 


 CASE 03: Tracings (in D2) of the same patient: an 8-year-old, female schnauzer that presents episodes of syncopes. 


[image: case-03a]


1) What is the base rhythm in this dog? 


2) What is the usually related disease? 


 CASE 04: Tracing (in D2) of a 5-year-old Boxer with symptoms of pleural effusion, dyspnea and cyanosis. 


[image: case-04a]


1) What rhythm can we see in this tracing? 


2) What would be the evolution of this arrhythmia, and what can we do to attempt reverting these symptoms? 


 CASE 03: 


[image: case-03b]


1) Brady-tachy syndrome. They are episodes of sinus bradycardia interspersed with sinus tachycardia or supraventricular tachycardia runs. 


2) Sinus node disease is the main cause. It is worth emphasizing that this arrhythmia is usually found in middle-aged female Schnauzer dogs. 


 CASE 04: 


[image: case-04b]


1) We observe ventricular flutter, characterized by morphological modification of QRS complexes, to the point that they fuse with T waves, showing a single, wide and bizarre wave, assuming an aspect of sine wave, similar to a bell. The rate is rapid and P waves are not visualized, as they are concealed in QRS complexes. 


2) Ventricular flutter that evolved quickly into ventricular fibrillation. The indicated procedure is using a cardioverter defibrillator. IV lidocaine is also an option. 


 CASE 05: Tracing (in D2) of a 7-year-old Boxer and asymptomatic. 


[image: case-05a]


1)Is a PR interval of 160 ms (8q) within normality? 


2)What conduction disorder is related to this finding and what drugs should be avoided to sedate (or as preanesthetic medication) this patient? 




 CASE 06: Tracing (in D2) of a preoperative test in a 7-year-old mongrel with no symptoms. 


[image: case-06a]


1)Which is the rhythm in this tracing? 


2)Analyzing and comparing the duration of the PR intervals in all QRS complexes in this tracing, what is the conclusion we may draw? 


 CASE 05: 


[image: case-05b]


1)The PR interval (line) is above normality. 


2)1st degree atrioventricular block is the electrocardiographic diagnosis. In this cases, it is contraindicated to use alpha-adrenergic agonists (such as xylazine, medetomidine and dexmedetomidine, among others), as they act directly on the atrioventricular junction, making the passage of stimulus difficult and thus exacerbating the block. 


 CASE 06: 


[image: case-06b]


1)It is a sinus arrhythmia, that is an irregular sinus rhythm, caused by an irregularity in the depolarization of the cells that generate sinus node impulse, characterized by an oscillation in the inscription of cycles, with a variation of more than 10% between R-R distances. 


2)The PR intervals of the two first QRS complexes are within the pattern of normality. The PR interval of the third QRS complex (line) is increased (180 ms or 9q), indicating that in this impulse there is 1st degree atrioventricular block. However, the intervals of the two last QRS complexes return once again to their normal duration. The diagnosis of this tracing is intermittent 1st degree atrioventricular block. 


 CASE 07: Tracings (in D2) of a 10-year-old mongrel. Preoperative test. 


[image: case-07a]


1)What do the P waves indicated by arrow represent? 


2)Why the P wave in tracing No. 2 is not followed by a QRS complex? What is the differential diagnosis? 




 CASE 08: Tracing (in D2) of 8-year-old Boxer, that presented arrhythmia in cardiac auscultation. 


[image: case-08a]


1)What arrhythmias can we identify in this tracing? 




 CASE 07: 


[image: case-07b]


1)Both are premature atrial contractions, distinguishable by P waves of early inscription and with morphology different from the other P waves observed in both tracings. 


2)Because it is a non-conducted atrial extrasystole. In this case, there is no QRS complex inscription after the P wave (X), because of atrioventricular block, explained by His bundle branches still being in the refractory period. It could be confused with 2nd degree atrioventricular block, Mobitz type II, but this P wave is of a morphology different from the others in the tracing and is inscribed prematurely. 
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