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Mike Martin MVB DVC MRCVS 

Mike qualified from University College Dublin, Ireland in 1986. He gained the RCVS Diploma in 
Veterinary Cardiology and Specialist status in 1995 and has successfully been re-validated every five 
years ever since. Since 1992 to 2015, he ran his own private referral practice (The Veterinary 
Cardiorespiratory Centre, Kenilworth). Since October 2015 he moved his Cardiology Service into 
Willows Referral Centre, Solihull, UK.  Since the beginning of 2018 he has again gone self-employed, 
providing consultancy work, training cardiac interventions at specialist centres around Europe, 
lecturing and education at CPD events around the world. 

He has published over 40 scientific peer reviewed papers. He is author of two small textbooks: Small 
Animal ECGs: An Introductory Guide (3rd edition) and Cardiorespiratory Diseases of the Dog and Cat 
(2nd edition) published by Wiley-Blackwell. He is author of the chapter on ‘Syncope’ in the Textbook 
of Veterinary Internal Medicine (Ettinger, Feldman & Cote, 2016). 

He is the proud recipient of some BSAVA awards: in 1993 the Dunkin Award, in 2000 the Melton 
Award, in 2006 the Petsavers Award, in 2010 the Dunkin & Blaine Awards and in 2017 the JSAP 
Achievement Award. He has been examiner for Diploma in Veterinary Cardiology for the Royal College 
of Veterinary Surgeons. He has been both Honorary Secretary and Chairman of the Veterinary 
Cardiovascular Society (UK).  

 

Katarzyna Smiejan DVM MRCVS AFHEA 

Kat Smiejan graduated in 2014 from the University of Warmia and Masuria in Poland. She 
spent her first years in first opinion small animal practice in Cornwall, before completing her 
Rotating Internship at the Royal (Dick) School of Veterinary Studies in 2020. Kat has recently 
started her Cardiology Internship at the Anderson Moores Veterinary Specialists in 
Hampshire.  

 

Will Davis   

Will graduated from Nottingham Vet School in 2018 and has since worked in primary care at 
Eastcott Vets in Swindon. He has developed a keen interest in all aspects of small animal 
cardiology and hopes to pursue this as a specialism. Will is due to start a rotating internship 
at Bristol in July. Outside of veterinary work he plays rugby union for a local team. 

 

Dr. Hannah Bellsham-Revell, Consultant Paediatric Cardiologist, Evelina London Children’s 
Hospital.   

Hannah trained at St George’s Hospital Medical School and after completing basic general 
paediatric training undertook an MD(res) in the pathophysiology of the systemic right 
ventricle in hypoplastic left heart syndrome.  She completed her paediatric cardiology 
training between Evelina London Children’s Hospital and Great Ormond Street Hospital and 
was appointed as a consultant paediatric cardiologist at Evelina London with a special interest 



6 
 

in advanced imaging and single ventricle patients.  She runs the Evelina Home Monitoring 
Programme and is widely published in these areas and has presented at many international 
conferences.  Outside of medicine Hannah sings in the London Doctors’ Choir and Voces 
Usuales and enjoys watching Formula One. 

 

Luca Ferasin DVM PhD CertVC PGCert(HE) DipECVIM-CA (Cardiology) GPCert(B&PS) FRCVS 

Luca graduated with honours in 1992 from the University of Bologna. After 3 years research 
in endocrinology at the BBSRC Institute in Cambridge, he was awarded his PhD in 1996. 
Following 3 years as Assistant Professor at Padua University, Luca moved to Bristol University, 
where he taught cardio-respiratory medicine of the dog and cat for 7 years. In 2005-2007, he 
was Associate Professor in Cardiology at the University of Minnesota. He returned to the UK 
in 2008 working in various referral institutions, as well as offering telemedicine service and 
post-graduate teaching. He obtained the RCVS certificate in cardiology in 2001, the certificate 
in Teaching & Learning in Higher Education in 2002, the ECVIM diploma (cardiology) in 2004 
and a Certificate in Business & Professional Studies in 2011. In 2019, Luca was awarded a 
Fellowship of the Royal College of Veterinary Surgeons for his Meritorious Contributions to 
Clinical Practice. Luca has also vastly contributed to the veterinary literature with articles, 
abstracts, and book chapters, including the chapter on coughing in the latest edition of 
Ettinger’s textbook of Internal Medicine. He also acted as chairman of the ECVIM examination 
committee and was member of the RCVS examination board and BSAVA congress committee. 
Luca is a regular speaker worldwide. His main professional interests include feline cardiology, 
exercise physiology, as well as investigation and management of syncope and coughing. 

 

Francesca C F Worsman BVM&S MRCVS 

Francesca graduated as a veterinary surgeon from the Royal (Dick) School of Veterinary 
Studies, University of Edinburgh in 2011. Initially she worked in mixed practice for 2 years in 
the North East of Scotland. Following this she completed an equine hospital rotating 
internship at the University of Liverpool. She then went on to work at a racing practice in New 
Zealand. After this she completed a busy internal medicine fellowship at Hagyard Equine 
Medical Institute, Lexington, Kentucky in 2016. Francesca is now in her final year of an 
internal medicine residency back at the University of Edinburgh and is doing a Masters by 
Research as part of her residency, entitled ‘Real-time three-dimensional echocardiography of 
the equine left atrium’. She is interested in all aspects of equine internal medicine, especially 
cardiology, neonatal and critical care, ophthalmology and gastroenterology. She is a member 
of the Association of Racecourse Veterinary Surgeons. 

 

Emily Dutton MRCVS 

Emily Dutton is Director of Cheshire Cardiology, offering a peripatetic specialist cardiology 
referral service for veterinary practices throughout the North West. Emily was awarded the 
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Diploma in Veterinary Cardiology in 2014, shortly followed by RCVS Specialist Status in 
Veterinary Cardiology. Emily has been heavily involved in CPD training for vets, she has 
contributed to international clinical trials and has written a number of articles for professional 
and peer-reviewed journals. Her interests include brain-heart interactions, syncope, 
echocardiography and cardiac biomarkers. She is currently actively researching 
echocardiographic reference intervals, ambulatory ECG recordings and dilated 
cardiomyopathy in Deerhounds. 

 

Rachel Jago BVM&S MScR DipECEIM MRCVS 

Rachel graduated from the Royal (Dick) School of Veterinary Studies, in 2006. She worked in 
multiple equine practices and hospitals before returning to the University of Edinburgh to 
complete a four-year residency in equine medicine and a MSc by research in equine grass 
sickness. She returned to Newmarket Equine Hospital to work as a locum equine medicine 
consultant. Currently, Rachel is at Edinburgh studying for a Horserace Betting Levy Board PhD 
in the equine athletic heart. She is a diplomate of European College of Equine Internal 
Medicine. 

 

Jenny Reed BVM&S DACVIM(LAIM) MRCVS  

Jenny is a PhD candidate in Veterinary Medicine at the University of Edinburgh, Royal (Dick) 
School of Veterinary Studies. Utilizing novel echocardiographic methods, her research aims 
to investigate structural and functional differences between the ‘athletic ‘and ‘non-athletic’ 
heart in the horse, and to chart the effects of exercise on the equine athletic heart.   

Following graduation from the Royal (Dick) School of Veterinary Studies in 2011, Jenny 
completed an 18-month equine internship at B&W Equine Group in Gloucestershire and 
remained with the company as an ambulatory associate, prior to commencing a 3-year large 
animal internal medicine residency at the University of Minnesota in 2014.  

 

Brian Love BVM&S CertVC MRCVS 

Brian qualified from the Royal ( Dick) School of Veterinary Studies in 1988 and then worked 
in various small animal first opinion practices. He obtained the Certificate in Veterinary 
Cardiology in 2010 and in 2015 he joined Wear Referrals where he sees cardiology referral 
cases full time. 
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Dave Dickson  

Dave graduated from the Royal Veterinary College in 2004 and worked in small animal 
practice before joining the HeartVets team in 2011. He achieved the RCVS Diploma in 
Veterinary Cardiology in 2017 and was awarded RCVS Specialist status in March 2018.   

Dave lives and works in south Wales, where he offers cardiology referral clinics. He regularly 
lectures at local, national and international level, and has presented research at international 
conferences. He has published many  original research articles and collaborates with 
colleagues in veterinary medicine and human exercise physiology from around the world. His 
research into feline dyspnoea won the prestigious Best Research Communication at the 
European Congress of Veterinary Internal Medicine 2017.  

 

Virginia Luis Fuentes  

Virginia Luis Fuentes graduated from the Cambridge Veterinary School and then spent 5 years 
working as a small animal vet in general practice before returning to academia. She is a 
Diplomate in cardiology with the RCVS, ACVIM and ECVIM, and has worked as a veterinary 
cardiologist at the Royal (Dick) School of Veterinary Studies, the University of Missouri-
Columbia, the Ohio State University, and since 2004, the Royal Veterinary College, where she 
is a Professor of Veterinary Cardiology. She is a past Chair of the ECVIM Cardiology Specialty, 
and was Chair of the ACVIM Feline Cardiomyopathy Consensus Statement group.  
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Angiography in Dogs 

 
Mike Martin MRCVS 

Veterinary Cardiology Consultancy, Kenilworth, U.K.  
 
 
Cardiac catheterisation and angiography have progressed massively in the last two decades 
in small animal cardiology, with an associated increase in the number of centres offering 
interventional procedures at Specialist level centres. The purpose of this presentation is to 
review the anatomy of the heart and some common congenital defects, as seen during 
angiographic studies from a lateral projection.  
 
With progress in this field, with it comes an expectation for a minimum standard / 
requirement to produce good quality imaging in a safe and ergonomically efficient manner. 
This requires a good image intensification system (fluoroscopy). Fluoroscopic systems no 
longer have the requirement for continuous screening, as was common some decades ago, 
but now digital pulsed-imaging format. This significantly reduces the radiation required. 
Digital pulsed imaging at >25fps (the speed at which the human eyes would see these as 
movies) results in hugely less radiation than a continuous radiation format. Hence the 
estimated radiation a human cardiac interventionalist is exposed to each year is less than a 1 
hour flight at 35,000 feet from cosmic radiation. A veterinary cardiac interventionalist 
performs much less than our human counterparts and consequentially should have much less 
radiation exposure. Nevertheless, appropriate safety precaution and practices are not only a 
H&S requirement but essential. This include suitable ‘red-light’ signage at ‘eye-level’ (not high 
near the ceiling) and a warning barrier system. Ensuring that the image intensifier is close to 
the animal’s body to capture as much scatter radiation as is viable (as well as producing a 
much sharper image); avoiding materials within the primary beam that could create more 
scatter, such as instruments and sand bags (instead use foam for positioning); suitably 
collimating to the region of interest; avoiding excess ‘unwatched’ screening time (don’t 
depress the screening pedal if not looking at the image); increasing the amount of catheter 
positioning by feel and experience and obtaining suitable training and coaching to ensure 
good practises are engrained. Finally including total radiation dose and/or time in one’s own 
clinical audit, aiming to always improve. 
 
The angiographic anatomy from a lateral projection is not always intuitive and some 
education and training is required. This presentation reviews the common features that are 
useful to not only interventionalists, but to all veterinary cardiologists wanting to gain more 
knowledge of the anatomic pathology of the common defects seen in dogs. Hopefully this is 
suitably illustrated with sketchings of the anatomy, together with variations in defects 
illustrated with range of angiograms. A selection of ‘old’ cases from the archives highlights 
some interesting defects.  
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ECVIM 2020 update 

 

Kat Smiejan MRCVS & Will Davis MRCVS 
Anderson Moores Veterinary Specialists, Winchester, UK 

& Eastcott Vets, Swindon, UK 
 

Current concepts and new opportunities in arrhythmia management 
Anna Gelzer, Dr.med.vet. PhD Dip ACVIM and ECVIM-CA (Cardiology) 

Department of Clinical Sciences and Advanced Medicine, University of Pennsylvania, 

Philadelphia, USA 

Supraventricular and ventricular arrhythmias are common in dogs. One retrospective study 
showed that approximately 40% of dogs referred to Cardiology Departments present with 
arrhythmias (Noszczyk-Nowak et al, 2017). In this session, emphasis was put on 
understanding the value of monitoring and controlling haemodynamically or electrically 
unstable arrhythmias. The stepwise approach to diagnosis and treatment of arrhythmias, 
includes choosing appropriate diagnostic and monitoring modalities. Diagnostic tools 
described in this session included: one strip ECG, 6 and 12-lead ECG, 24-48h Holter 
monitoring, as well as novel methods including smartphone-based ECG (Alive Cor®), adhesive 
patch monitors (ZioPatch®) and loop recorders (Reveal LINQR).  

Regarding the 12 lead ECG, Anna Gelzer highlighted the importance and clinical significance 
of a recently published study, indicating how placement of lead V1 at the costochondral 
junction of the right first intercostal space, resulted in a more consistent evaluation of the 
ventricular beat origin (Santilli et al, 2019). Such placement found a consistent R-S pattern 
where the S wave was dominant in lead V1 (R/S<1), alongside progressive positive R wave in 
leads V2-V6 (R/S>1). The 12-lead ECG was also shown to be a useful modality in determining 
the supraventricular tachycardia (SVT) origin. Leads V1 and aVL are most useful to distinguish 
between right atrial (RA) and left atrial (LA) focus. Negative or biphasic P wave in lead V1 has 
been shown 100% specific for RA tachycardia. Positive or biphasic P wave in lead aVL has been 
shown to be 79% specific for RA focus.  

Both 6- and 12-lead ECG, as well as ambulatory Holter monitoring are important tools in 
arrhythmia diagnosis; however, they demonstrate less suitability in sporadically occurring 
arrhythmias. Novel modality systems for long-term monitoring of sporadically occurring 
arrhythmias were described in this session - Zio Patch® and loop recorder Reveal LINQ®. 
ZioPatch is an adhesive patch monitor, single-lead, lightweight, providing up to 14-day 
continuous ambulatory ECG monitoring. It was assessed in 2018 (Lichtenberger et al, 2018) in 
Boxer dogs. Although not yet easily accessible in veterinary clinical practice, it was found to 
be feasible, providing interpretable recordings. Skin irritation and motion artifact were 
documented in all dogs; however, it remains a promising new modality.  
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Reveal LINQ® is an implantable monitor, used for the diagnosis of sporadically occurring 
arrhythmias, which records ECG loops for up to 3 years. Sedation or general anaesthesia 
(general anaesthesia preferred) are required for implantation. The device is implanted 
subcutaneously, on the left side of the thorax. Anna Gelzer emphasized the importance of 
creating a small subcutaneous pocket before placement of the monitor, as well as placing a 
single ligature to avoid the monitor dislodgement. The programming device demonstrates 
several limitations, most of them related to data storage (the storage capacity is limited, 
which requires frequent data downloading), as well as, under and oversensing. The device 
cannot identify the origin of the beat; however, the newest version (in production) will be 
able to recognise beat morphology.  

Failure of anti-arrhythmic drugs to reduce the arrhythmia burden is common. Additionally, 
ventricular tachycardias are commonly drug refractory. Therefore additional, non-
pharmacological options are being explored in veterinary medicine for the treatment of 
ventricular arrhythmias. In human medicine, patients suffering from ARVC, are extensively 
evaluated using Electrophysiological studies (EPS) and electro-anatomic mapping (EAM).  
Radiofrequency ablation (RFA) for the interventional treatment of supraventricular 
arrhythmias has been established in veterinary medicine, and the procedures have been 
carried out in a few centres in the US and Europe. Macro re-entrant tachycardias associated 
with accessory pathways, as well as atrial flutter, carry the best prognosis and demonstrate 
low recurrence rates. Patients presented with micro re-entrant tachycardias treated with RFA, 
tend to experience more frequent reoccurrence episodes. Atrial fibrillation remains a 
challenging arrhythmia to be treated with RFA and this procedure is not currently offered in 
veterinary medicine. The causes of some of the ventricular arrhythmias in canine patients are 
insufficiently understood. This includes arrhythmogenic right ventricular cardiomyopathy 
(ARVC) in Boxers.  

The pathophysiological changes described in patients with ARVC include cardiomyocyte loss, 
cardiomyocyte vacuolisation, fatty infiltration, as well as presence of fibrous tissue (fibrofatty 
replacement). The recognition of the anomalous endocardial regions (scars or fibro-fatty 
infiltrate) with the aid of EPS and EAM, has a potential of exposing the ventricular tachycardia 
circuits within those diseased tissue areas. 

We can distinguish two components of the pathophysiologic substrate that underlies ARVC – 
structural disease and electrical component. The structural changes include fibrosis and scar 
formation, which lead to the creation of the anatomic / functional barriers.  Electrical 
components involve abnormal cell to cell connection (reduction in the numbers of filaments, 
reduction in desmosome adherence junctions and gap junctions). These pathological changes 
translate into a re-entry formation by producing slower conduction, non-uniform anisotropy, 
pathways of conduction within dense fibrosis and depressed excitability. The presence of 
regions with such characteristics represents the rationale and basis for RFA.  

Cardiac mapping allows the identification of myocardial tissue abnormalities targeting the 
location of the arrhythmogenic substrate. 3D electroanatomic navigational mapping has been 
proposed and compared to conventional mapping. 3D electroanatomic navigational mapping 
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enhances the basis of identification of abnormal tissue in a non-fluoroscopic manner. It allows 
visualisation of catheter movement inside the heart chambers for a detailed target approach, 
as well as providing local activation timing, signal amplitude and complexity on beat to beat 
basis. Anna Gelzer described contact mapping with the example of CARTO® system. This 
system uses magnetic technology (sensor-based system).  Carto Thermocool smart-touch 
catheter uses miniature navigation sensor in the distal tip of the catheter, which locates the 
desired abnormal tissue by comparing the sensed auto magnetic field to a location pad placed 
under the patient.  The precise identification of the arrhythmogenic substrate is performed 
by in depth analysis of the local electrogram characteristics. In the healthy tissue, rapid and 
synchronous depolarisation with normal peak to peak bipolar amplitude signal can be 
appreciated. In the diseased tissue, slow conduction dominates and discontinuous 
conduction (fractionated multicomponent conduction) with low peak to peak bipolar 
amplitude is appreciated. Voltage mapping defines abnormal tissue regions by detecting low 
amplitude (<1.5mV), whereas regions > 1.55mV are considered normal.  

Identifying the arrhythmogenic substrate via electro anatomic mapping requires several steps 
to be followed in the correct order: 

- Electroanatomic endocardial voltage mapping (in sinus rhythm) to identify the 
diseased myocardium. This is performed by tracing the endocardial surface and 
recording the amplitude of local potentials (the more points – the more detailed the 
map). Software fills in the areas in between the dots and creates colour - coded zones. 
Tags are placed on the electroanatomic map when particularly fractionated signals 
and/or isolated late potentials are identified. 

- Electrophysiologic study - testing inducibility of VT in the area  

- Pace mapping (comparison of the spontaneous beats to the morphology of the paced 
beats) - performed at sites of interest based on surface ECG – identification of VPCs 
similar to spontaneous VPCs (99-100% concordant to be selected as the ablation site) 

- Aggressive programmed stimulation – introduction of up to 4 extra stimuli 
(isoproterenol is used for VT induction if necessary) - catheter is pacing for 10 beats 
with regular interval, then pre-mature stimuli are delivered to induce VT 

- Radiofrequency ablation at sites of VT origin - ablation during VT preferred 

- Re-testing VT inducibility after ablation  

Studies have shown that humans affected by ARVC have significant numbers of 
arrhythmogenic substrates located within the epicardial regions. This commonly identifies 
arrhythmogenic substrate locations in humans including the peri-pulmonic valve extending 
down to the right ventricular free wall (RVFW) (86% - RVOT). The right ventricular outflow 
tract (RVOT) appears to be a common location for the VT origin in Boxers affected by ARVC. 
However, the location of the substrates in ARVC is not restricted to the right ventricle (RV). 
The left ventricular outflow tract (LVOT) underneath the aorta and below the coronary cusp 
are also known as exit sites for the arrhythmia.  
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Electrophysiology studies and radiofrequency catheter ablation  
Pedro Oliveira, DVM, DipECVIM-CA (Cardiology) 
Davies Veterinary Specialists, United Kingdom 

Electrophysiology studies and radiofrequency ablation (EP/RFA) are widely established in 
human medicine, intended for the treatment of supraventricular and ventricular cardiac 
arrhythmias. These procedures are often considered a primary standard treatment in children 
and adults affected by cardiac arrhythmias of various origin. In this session criteria used for 
qualification of the patient for radiofrequency ablation in paediatric human medicine as well 
as methodology of the procedure were discussed.  

EP studies are frequently performed using the four-catheter method to record electrical 
signals. These catheters are placed in different anatomic locations within the heart: high right 
atrium (ablation catheter), coronary sinus (this location allows for the atrial and ventricular 
signals to be recorded from both sides of the heart), right ventricle, as well as, in contact with 
the bundle of His. Due to the small size of some of the patients in Veterinary Medicine, Pedro 
Oliveira discusses the use of three catheters instead of four. An EP protocol involves 
measuring the basic intervals, estimating the AVN effective refractory period (AES) and the 
AVN Wenckebach cycle length (IAP), followed by the same measurements related to the VA 
conduction – ventricular ERP (VES) and VA Wenckebach cycle length (IVP). The last point 
relates to the arrhythmia induction.   

In human medicine, the RFA paediatric classification include 3 classes of patients.  

- Class I, where agreement for performing RFA has been established includes patients 
affected by: incessant SVT, SVT with myocardial dysfunction, patients with syncope, 
VT with significant haemodynamic consequences. 

- Class IIa, where no agreement has been achieved; however, the majority of the panel 
members were in favour of performing RFA: SVT that does not respond to anti-
arrhythmic drugs (patients > 4 years old), SVT in cases that need surgery for the repair 
of cardiac congenital defects, chronic incessant SVT without systolic dysfunction, 
frequent SVT secondary to cardiac surgery  

- Class IIb, where no agreement regarding the RFA qualification has been made for 
these patients: WPW without clinical signs (patients >5 years old), SVT in patients >5 
years old that respond to anti arrhythmic therapy, SVT in patients <5 years old that do 
not respond to medical therapy or suffer from side effects of medication 

- Class III, where agreement has been made not to perform RFA in these patients: WPW 
without clinical signs (patients <5 years old), SVT in patients <5 years old that respond 
to anti-arrhythmic therapy, VT without systolic dysfunction  

During this session, the success rates as well as complications were also reported. Two 
retrospective studies of RFA in dogs with AVRT have reported a success rate of 98.8-100% 
(US/Italy) with recurrence and complications in 0.03-7.7% and 0.06-2.6% of cases, 
respectively. Results reported during this presentation from Davies Veterinary Specialists 
(DVS) in the UK (32 cases) report 96.9% success rate and 0.03% recurrence (1 case). For 
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patients with atrial flutter, a success rate of 100% with recurrence in up to 15% of cases has 
been described in veterinary medicine. Results reported during this presentation from DVS in 
the UK (1 case) – 100% success rate, 0 % recurrence. A success rate of 79% with recurrence in 
2% of cases has been reported for patients affected by atrial tachycardia, who underwent 
RFA. Results reported during this presentation from Davies Veterinary Specialists in the UK (2 
cases of multifocal atrial tachycardia – 1 right and 1 left: 2 cases of junctional atrial 
tachycardia) – 100% success, 0% recurrence (no ablation in one junctional case). 
Complications during these procedures are rare. If present, most commonly they arise from 
a difficult vascular access or catheter handling. The energy delivered during the ablation may 
result in atrioventricular block, thromboembolism, or tissue damage. Complications reported 
from Davies Veterinary Specialists included only 1 case, where skin burns were noted due to 
the RF patch displacement. Atrioventricular block has been encountered, however did not 
persist. 

 

Increased cardiac troponin I is a clinically useful indicator of infective endocarditis. 
E. Kilkenny, C. Watson, J. Dukes Mcewan, E.F. Bode, M.J. Hezzell, J.R. Payne, K. Borgeat 

This retrospective study aimed to assess if serum cardiac troponin I (cTnI) concentration 
would differentiate dogs with infective endocarditis (IE) from dogs with immune mediated 
disease (IMD) and myxomatous mitral valve disease (MMVD). Further to this, the study 
assessed whether there was an association between serum cTnI concentration and survival. 
These two control groups were chosen because IMD may mimic the non-specific clinical signs 
and MMVD the subtle echocardiographic lesions, both seen in IE. Dogs with MMVD were 
excluded if they had ever developed congestive heart failure or had other systemic disease. 
Dogs with IMD were excluded if they were non-steroid responsive, required antibiotics or had 
known heart disease. Records from seventy-two patients were included (IE n =29, MMVD 
n=27), IMD n=16). There was no significant difference in serum cTnI concentration between 
the control groups (p=0.28). Serum cTnI measurements were significantly higher in the 
endocarditis group (0.69 ng/ml) than the MMVD (0.05 ng/ml) and IMD (0.05 ng/ml) groups. 
An increased cTnI could differentiate IE from MMVD and IMD with moderate accuracy (AUC 
0.857, p<0.001). A practically useful cut off for cTnI of 0.69ng/ml (100% specificity and 52% 
sensitivity) was identified. The findings suggest that in patients with a high index of suspicion, 
a cTNI concentration ≥0.6ng/ml should increase clinical suspicion of IE. In the IE group 
mortality was 69% and median survival time was 63 days. There was no association between 
cTnI concentration and survival time. 
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A Prospective Multicentre Study to Determine the Accuracy of History, Physical 
Examination, Biochemical Parameters and Biomarkers to Identify Dogs with Stage B2 

Degenerative Mitral Valve Disease: The HAMLET Study 
J. Wilshaw, S.L. Rosenthal, G. Wess, D. Dickson, L. Bevilacqua, E. Dutton, M. Deinert, R. 

Abrantes, I. Schneider, M.A. Oyama, S. Gordon, J. Elliott, D. Xia, A. Boswood 

This study aimed to evaluate whether cardiac biomarker concentrations could be analysed in 
combination with other clinical data to accurately identify dogs with stage B2 degenerative 
mitral valve disease (DMVD) confirmed via echocardiography. It also aimed to develop a 
predictive model that could use this data to assess an individual’s risk of having stage B2 
DMVD. Treatment is indicated in dogs with preclinical DMVD and cardiomegaly (stage B2), 
the gold standard diagnostic test is echocardiography. Access to this specialist imaging can be 
limited for some patients and this prevents accurate diagnosis for these individuals.  The study 
was prospective and cross-sectional. Client owned dogs (n=1887) were assessed by veterinary 
cardiologists in Germany, the UK and the USA. Data was collected from each patient including; 
history, physical examination, echocardiography and blood samples for biochemistry and 
cardiac biomarker concentrations. Thoracic radiography was performed in a proportion 
(n=175). This data was entered in explanatory (multivariable logistic regression) and 
predictive models with stage B2 disease confirmed with echocardiography as the outcome. 
Predictive models were developed using a subset of data and tested on the remainder. The 
ability to identify stage B2 dogs was assessed by ROC analysis. Factors identified as being 
independently associated with the risk of having stage B2 disease were; age, appetite, alanine 
aminotransferase (ALT) activity, body condition score, creatinine concentration, murmur 
intensity and N-terminal propeptide of B type natriuretic peptide (NT-proBNP). The ability of 
this model to predict the presence of stage B2 disease was superior to using just NT-proBNP 
or vertebral heart score (VHS) alone. These findings suggest that easily accessible parameters 
could be used to assess an individual’s risk of having stage B2 MMVD. This may enable 
clinicians to encourage higher risk patients to seek further evaluation and could result in a 
greater proportion of dogs with MMVD being appropriately managed.  

 

Comparison of three two-dimensional echocardiographic methods of assessing left 
ventricular size in Doberman Pinschers. 

L.M. Kruckman, R.C. Fries, S. Kadotani, J.P. Stack, G. Wallace 

This study aimed to directly compare different echocardiographic linear measurements used 
to assess systolic function in a population of Doberman Pinschers. The reference standard for 
assessing systolic function includes measuring left ventricular end-systolic and end-diastolic 
volumes using Simpson’s method of disks (SMOD). Linear measurements of left ventricular 
end-diastolic (LVIDd) and end-systolic (LVIDs) measurements via short-axis M-mode (SA-MM), 
long-axis M-mode (LA-MM), and short-axis 2D (SA-2D) have also been reported. No study has 
directly compared all of these measurements in the same individual. One hundred and forty 
screening echocardiograms between 2017-2019 were analysed. The LVIDd and LVIDs were 
evaluated using a leading edge to leading edge technique from the right parasternal short axis 
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view at the level of the papillary muscles (SA-MM and SA-2D). These measurements were also 
evaluated using the right parasternal long axis four chamber view using either M-mode or 
anatomic M-mode (LA-MM). Finally, monoplane Simpson’s SMOD was used to determine 
end-diastolic and end-systolic left ventricular volumes from the right parasternal long axis 
view. All measurements were repeated over three cardiac cycles. The mean rank differences 
varied significantly between all linear dimensions in both diastole and systole. Short-axis 2D 
measurements had significant bias compared with SA-MM (diastole +1.19 mm, systole +1.65 
mm) and LA-MM (diastole +4.36 mm, systole +3.87 mm) as did SA-MM compared with LA-
MM (diastole +3.17 mm, systole +2.22 mm). All linear dimensions had moderate positive 
correlation with SMOD in both diastole and systole. Using SMOD as a reference standard, the 
sensitivity and specificity of each linear measurement to detect DCM was as follows; SA-2D 
(sensitivity 72.0%, specificity 88.5%), SA-MM (sensitivity 52.0%, specificity 92.0%), and LA-
MM (sensitivity 37.5%, specificity 99.1%). The results of this study suggest that while all the 
linear measurements are correlated with each other, there is significant bias between 
measurements, and they should not be used interchangeably. 
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Ventricular septal defects in children and dogs 
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Ventricular septal defects in children 

Just under 1:100 children have congenital heart disease, and the VSD is one of the most 
common.  A defect in the ventricular septum, they are described by their position in relation 
to the heart (inlet, outlet, mid, apical, anterior, posterior, doubly committed) and in the type 
of tissue they lie (perimembranous, muscular).  After birth the pulmonary vascular resistance 
(PVR) is high and falls over the first 4-6 weeks of life.  The degree of shunt will depend on the 
PVR and size of the defect.  Small defects will present with a loud murmur and an 
asymptomatic child, whereas large defects will have a softer murmur and signs of high 
pulmonary blood flow (breathlessness, difficulty in feeding, failure to thrive, 
hepatomegaly).  Echocardiogram will show the defect and dilation of the left heart in children 
with significant defects.  The velocity across the defect will give an indication to the size – if 
the PVR is low, then a high velocity usually represents a smaller defect, although caution is 
required as large defects will have high flow which also may increase the velocity.    

Small defects often close with time and need no treatment, moderate defects may need 
medical therapy (diuretics, angiotensin converting enzyme inhibitors, high calorie milk) to 
allow them to get smaller, and larger defects usually need surgery.  A large defect left 
untreated will cause damage to the pulmonary vascular bed, pulmonary hypertension and 
eventual reversal of the shunt (Eisenmenger syndrome).  As the defects close they can involve 
the tricuspid and aortic valves causing incompetence, and this would be an indication for 
surgical closure, even in smaller defects.  In the long term, most patients who have had VSD 
closure will have no issues, there is a theoretical risk of endocarditis, particularly in smaller 
defects where there is a higher velocity jet.  Some centres may even discharge a patient after 
surgical VSD closure.  Catheter device closure is possible but carries a higher risk of complete 
heart block and is less utilised.  

 

Ventricular Septal Defects in Dogs 

Classification 

The classification of ventricular septal defect (VSD) in dogs reflects the four different types 
reported in human cardiology1: 

Type 1: (infundibular, outlet, supracristal). This VSD is located below the semilunar valves in 
the outlet septum of the right ventricle above the crista supraventricularis. Aortic valve 
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prolapse and regurgitation are common because of loss of support of the right and/or the 
non-coronary cusps of the aortic valve. In people, it is unusual for these defects to close 
spontaneously. 

Type 2: This VSD is, by far, the most common type, accounting for 80% of all VSD in people. It 
is located in the membranous septum inferior to the crista supraventricularis. It often involves 
the muscular septum when it is commonly known as perimembranous. The septal leaflet of 
the tricuspid valve sometimes forms a “pouch” that reduces the shunt and can result in 
spontaneous closure. 

Type 3: (inlet or atrioventricular canal) This VSD is located just inferior to the inlet valves 
(tricuspid and mitral) within the inlet part of the right ventricular septum. 

Type 4: (muscular, trabecular) This VSD is located in the muscular septum, bordered by muscle 
usually in the apical, central and outlet parts of the interventricular septum. There can be 
multiple VSDs, rather than just a single defect, resulting in the Swiss cheese appearance. This 
type of VSD represents up to 20% of cases in infants but the incidence is lower in adults due 
to the tendency of spontaneous closure. 

 

Prevalence of VSD in dogs 

VSD is a relatively common congenital abnormality observed in dogs. There are several 
publications reporting the prevalence of congenital heart disease (CHD) in dogs, which 
appears to vary significantly depending on the geographical location. One of the largest 
studies looking at prevalence of congenital defects in this species comes from a referral centre 
in Northern Italy, where CHD was reported in 21.7% of referred cases, with VSD diagnosed in 
7.5% of these dogs2. These data indicate a lower incidence of VSD compared to other 
reports.3-5 In the same study, VSD was associated with another cardiac defects in 48% of the 
cases, the most common being pulmonic stenosis (PS, 65% of cases), with a post-mortem 
confirmation in 7 cases (3 muscular VSD and 4 peri-membranous VSD). Another retrospective 
review of records and examinations performed on mixed-breed dogs in a large shelter in the 
United States showed a prevalence of CHD (0.13%) lower than that in previous studies that 
included purebred animals, with a prevalence of VSD in these mixed-breed dogs (all 
membranous) estimated around 14%.6  Finally, a French study focused on the signalment, 
clinical features, echocardiographic findings, and outcome of 56 dogs with ventricular septal 
defects, and reported an isolated defect in 46% of cases, while the remaining cases of VSD 
were associated with other CHDs. Based on echocardiographic diagnosis, the majority (71%) 
of VSDs in this study were perimembranous, while 27% were supra-cristal and 2% were 
associated with an atrioventricular canal defect. Muscular VSDs were not observed in this 
study.7 

Management of VSD in dogs 

Dogs rarely develop clinical signs as a consequence of a VSD. In one study, dogs with clinical 
signs represented less than 4% of all affected dogs, and these cases presented with clinical 
signs of left-sided congestive heart failure (CHF). These symptomatic dogs appeared to have 
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larger VSD diameter and greater Qp:Qs compared to subclinically affected dogs.7  In most 
cases, clinical signs of CHF can be successfully managed with traditional palliative therapy. 
Pulmonary artery banding can also improve clinical signs in dogs with VSD by reducing flow 
to the lungs from the ventricular septal defect.8 However, VSD closure is ultimately the only 
curative option and this can be achieved surgically9,10 or via minimally invasive procedures.11-

14  Spontaneous closure of VSD is commonly observed in people, although the spontaneous 
closure rate remains controversial and it has been reported to occur in 12% to 84% of cases, 
depending on age, size and position of VSD, diagnostic methods, and follow-up period. In one 
study, spontaneous closure occurred in  57% of patients with perimembranous VSD and in 
64% of patients with muscular VSD.15  In dogs, however, spontaneous VSD closure is hardly 
ever observed and there are only two cases reported in the literature documenting this 
clinical outcome.16,17  

In my presentation, I will report the diagnosis of a small perimembranous VSD in a 3-month-
old male entire French Bulldog puppy and its spontaneous closure at the following cardiac 
recheck, one year later. 
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Evaluating myocardial fibre pattern in the equine left atrium 
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A comprehensive understanding of the equine atrial myocardial fibre pattern may be of 
use for evaluating the relationship between the structural architecture and normal 
electrophysiological and arrhythmia mechanisms as well as providing relevant information 
for the exciting developments in advanced interventional electrophysiological techniques 
in horses. Using traditional methods such as histology, it is difficult to create an extensive 
three-dimensional visualisation of the entire atrial mass; equally anatomic dissections are 
of necessity destructive and may introduce artefacts. Cardiac diffusion tensor magnetic 
resonance imaging is a relatively novel non-invasive method for evaluating tissue integrity 
and myofibre architecture. In human research, determining myocardial fibre pattern has 
the potential to contribute to patient-specific models of cardiac function and dysfunction.  
This technique could also potentially be used as a tool to understand myofibre remodelling 
in response to injury or disease.  

This presentation describes a pilot study to determine the myofibre pattern of the equine 
left atrium by tractography.  

Post-mortem equine left atria specimens were prospectively harvested, fixed in 10% 
formalin, then suspended in phosphate buffered saline for a minimum of 4 weeks prior to 
imaging. Image acquisition was performed with a SkyraFit 3T High-field MR system (Siemens 
Healthineers, Erlangen, Germany) with a 32-channel configuration Head Coil.  

Images from equine left atria (n=4, 21-25yrs, 4 geldings) were analysed with Syngo.via® MR 
neuro 3D software (Siemens Healthineers, Erlangen, Germany). In this study, a customized 
3D DTMRI sequence on a clinical scanner was developed to image entire intact equine left 
atria ex vivo. Fibre tractography was used so that we could discern the fibre pattern and 
organization at all anatomic locations. All main features of atrial structure, including 
pulmonary vein ostia (PVO), mitral valve annulus (MVA), the appendage opening and 
trabeculated surfaces of the appendage were captured for all 4 specimens. Fibres traveling 
in different directions crossed over or transitioned into each other throughout the atrial 
wall. To assess inter-specimen differences in fibre orientation in the left atrial roof, fibres 
were evaluated in respect to PVO I + II. The dominant feature on the roof of the left atrium 
is fibres that cross from the lateral wall to the interatrial septum between PVO I and the 
appendage. Fibres were arranged circumferentially around the PVO. The PVO, appendage 
opening and MVA had 2 distinct layers of fibre pattern in different directions. This study 
provides unprecedented detail about the equine left atrial fibre orientation. This 
presentation will describe in more detail our preliminary descriptive findings. 

In summary, diffusor tensor magnetic resonance imaging of post-mortem equine cardiac 
tissue is a feasible technique for determining atrial myofibre pattern by tractography.  
Further evaluation of the equine left atrial myocardial architecture may be beneficial for 
improved understanding of the mechanics and electrophysiology of normal and diseased 
hearts.   
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Limitations of this study included a small number of atria, inclusion of atria from diseased 
hearts and that only the left atrial myofibre pattern was analysed. Nevertheless, this pilot 
study has developed a technique for a larger study into the myocardial fibre pattern of the 
equine left atrium.  
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Introduction to cardiac MRI in congenital heart disease 

 
Dr. Hannah Bellsham-Revell 
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. 
 

Imaging in congenital heart disease has moved from auscultation only to diagnostic 
angiography, echocardiography and advanced cross sectional imaging such as CT and MRI.   

When selecting the appropriate imaging modality the most important questions are: what 
is my clinical question, what is the best investigation and what has the least risk.  MRI gives 
good objective functional assessment (both flow and volumes), particularly in the 
malformed heart, as well as excellent extracardiac anatomy.   

The main downside to MRI is its cost and initial training, and also may require anaesthetic 
in younger patients.  Most pacemakers now are compatible, but can still produce 
significant artefact.  In this talk we look at some of the methods used and some case 
examples. 
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Deerhound DCM data and death  
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Background: Sighthounds have high echocardiographic left ventricular volumes. Establishing 
robust breed-specific echocardiographic reference intervals (RI) for screening is important. 
End-diastolic volume index (EDVI), end-systolic volume index (ESVI) and ejection fraction (EF) 
reference ranges derived by Simpson’s method of discs are not available for Deerhounds. The 
influence of sex or body weight (BW) on left ventricular diameter during diastole (LVDd) and 
systole (LVDs) has never been reported. 

Objectives: Prospectively determine echocardiographic RI and assess prevalence of dilated 
cardiomyopathy (DCM) in healthy UK Deerhounds. 

Animals: Ninety-nine Deerhounds.  

Methods: Deerhounds were scored on echocardiographic and ECG variables then classified 
as normal, equivocal or affected with DCM. Fifty-nine normal Deerhounds were used to 
determine echocardiographic RI. 

Results: Prevalence of DCM was 21.6%. There were significant differences in BW (p<0.001), 
LVDd (p<0.001) and LVDs (p<0.05) between female and male Deerhounds. Cut-off values for 
EDVI (≥140.2mL/m²: 79% sensitivity/97% specificity), ESVI (≥71.9mL/m²: 94.7% 
sensitivity/94.2% specificity) and EF (≤42.1%: 84.2% sensitivity/92.8% specificity) were 
proposed to help diagnose DCM. Ventricular arrhythmias (VA) were identified in 13.6% of the 
population, with the highest prevalence in the group of Deerhounds affected with DCM (42%). 

Conclusions: Preclinical DCM in Deerhounds is common and VA may be associated with DCM. 
Healthy Deerhounds have higher LVDd, LVDs and EDVI compared with other breeds. This 
study provides echocardiographic RI for Deerhounds; sex or BW RI should be used when 
screening. 
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Bova UK provide treatment options for a range 
of  different speciality fields.

Bova UK holds a Veterinary Medicines Directorate (VMD) ManSA authorisation to 
manufacturer sterile and non-sterile formulations.  All Bova products must be 

prescribed in accordance with the VMD Cascade guidelines.
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forms with synthetic flavourings.
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platform for vets and nurses to gain continued 
professional development (CPD).  Bova UK are 
working with key opinion leaders to bring you 
up-to-date information on a variety of disease areas in 
a wide range of species.
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Defining left ventricular twist mechanics in the thoroughbred 
racehorse  
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DEFINING LEFT VENTRICULAR TWIST MECHANICS IN THE THOROUGHBRED RACEHORSE 

R. C. Jago1*, J. C. Reed1*, K. Blissitt1, L. Young2, R. Shave3 and J. A. Keen1 
1 The Royal (Dick) School of Veterinary Studies and Roslin Institute, The University of Edinburgh, 
Midlothian, UK.        
2 Specialist Equine Cardiology Services, Suffolk, UK.   

3 University of British Columbia, Okanagan, Canada.  

* Joint first authors  

In other species, the helical arrangement of cardiac myocardial fibres in the left ventricle (LV) is such 
that shortening and lengthening of these fibres result in a systolic twist followed by a diastolic 
untwisting of the LV. Ventricular torsion exists due to the anti-clockwise rotation (as viewed from the 
apex) of the LV apex with clockwise rotation of the base during systole.  

The objective of this study was to define LV twist mechanics of the Thoroughbred racehorse at rest 
using two-dimensional speckle tracking echocardiography (2DSTE).  

Two-dimensional short-axis views of the LV were standardised using anatomical landmarks identified 
by 3D bi-plane echocardiography (Vivid E9 with a 4V-D transducer) during systole and diastole. Mitral, 
chordal, papillary and two apical levels were described. 

Echocardiography (Vivid E9 with M5S-D transducer) was performed on 15 National Hunt 
Thoroughbred racehorses in training, by two experienced observers. Measurements were conducted 
offline (Echopac V.203, GE Healthcare) using a mean of three non-consecutive cycles.  

Mean and standard deviation of peak global, peak systolic and early positive systolic rotation were 
obtained with associated timings for each short-axis level using 2DSTE. Mean (±s.d.) peak global 
rotation of the LV was as follows: chordal -4.0o (±1.7), papillary -6.8o (±1.8), high apical -9.9o (±2.2) and 
low apical -13.5o (±4.5). 

In contrast to humans and other mammalian species, anti-clockwise rotation was present at all four 
short-axis levels of the LV during end systole, with greater magnitude from the apex to the base. 
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Echossential or Echorrhoea? Idle thoughts on some more 
advanced echocardiographic techniques 

 
Dave Dickson MRCVS 
HeartVets, Cardiff, UK 

 
 

Echocardiography is probably the most valuable diagnostic aid in cardiology but once you 
move beyond dimensions and volumes and simple pressure estimates, it can become 
overwhelming. New techniques, new measurements, new fashions and old habits can turn 
even a simple assessment like “how big is the left atrium” into a long and complicated process.  
 
Over the past 20 years, several new echocardiographic techniques have become standard in 
human echo yet are still only gaining a toehold in the veterinary world. Research into these 
techniques has been variable, with little coordinated effort to determine what is normal and 
when they add clinical value. Almost nothing has been prospectively evaluated to show that 
it influences outcome. Yet we routinely employ these techniques in our daily echo practice 
and may be guilty of performing assessments that add no information to the clinical picture.  
 
In this talk, Dave will run through a few selected “advanced” techniques, explaining the 
physics and physiology behind them, the human research to support their use and, where it 
exists, the veterinary research. Hopefully this will spark some debate amongst us and perhaps 
encourage more active research into the utility, or indeed futility, of these techniques.  
 
A link to download a PDF of the lecture slides will be provided at the end of Dave’s talk.  
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Take your feline echocardiography to the next level 

 
Virginia Luis Fuentes  

Royal Veterinary College, University of London,  UK 
 
 

Echocardiography in cats poses a number of challenges. On a technical level, cats are less co-
operative for echo studies, their hearts provide a smaller target, and echo measurements 
must be more precise than in dogs. On a disease level, cardiomyopathy in cats is more 
heterogeneous and less well-characterised than myxomatous mitral valve disease in dogs.  

What changes in approach will add extra clinical value to your feline echocardiograms?  Some 
modifications to technique will be less feasible than others. A high-specification 
echocardiography machine with high frequency probes will provide better resolution of 
morphological abnormalities. Software for speckle-tracking will allow measurement of strain 
and strain rate that might provide earlier detection of myocardial abnormalities than 2D 
imaging. But improvements in clinical value do not necessarily require expensive equipment 
upgrades. The echo exam should be tailored to the clinical questions being asked, so although 
you might have a standard echo protocol, the emphasis might change according to the clinical 
scenario. These small changes can impact clinical decision-making.  

 

The cat with suspected CHF 

Acute presentation: Point-of-care ultrasound (POCUS) has become an essential tool in the 
assessment of cats with respiratory distress. On presentation, the ability to obtain diagnostic 
images with the cat in a variable position makes this a safer option than thoracic radiographs, 
and POCUS should be used to check for presence of pleural effusion and B-lines, as well as 
left atrial (LA) enlargement.   

Post initial stabilisation: The same characteristics of CHF identified with POCUS are also 
important in subsequent scans, but interpretation can be complicated by furosemide therapy. 
Cats with recent onset pulmonary oedema and good LA function (and cats with transient 
myocardial thickening) may respond well to furosemide, and LA size may decrease markedly 
over a short time period. Estimation of filling pressures is also challenging following 
furosemide treatment, and in some cats a delayed relaxation flow pattern may even be 
recorded.  LA enlargement (and a restrictive diastolic filling pattern) is more likely to remain 
unchanged post-treatment in cats with more chronic CHF and/or poor LA fractional 
shortening. In cats with fused spectral Doppler transmitral E and A waves, a predominantly 
diastolic pulmonary venous flow pattern is suggestive of high LA pressures.  
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The cat with a murmur 

Try to avoid using sedation which might diminish a dynamic murmur. Using 2D echo, make a 
thorough assessment of chamber geometry, morphology of the LV and all valves, and mitral 
(and aortic) valve motion before adding colour Doppler. In addition to the basal septum and 
free wall, examine the LV apex for hypertrophy and obliteration of the mid-LV lumen in 
systole. Mid-LV obstruction is often missed. Systolic anterior motion of the mitral valve (SAM) 
is easiest to detect with 2D slow motion loops in a right parasternal long axis (RPLax) 5-
chamber view, provided the frame rate is sufficiently high. If the right heart is dominant, 
consider the possibility of congenital heart disease. Look for lesions: focal muscular 
obstruction can be easy to miss in conventional views with a double-chambered right 
ventricle, but the RV hypertrophy is a clue. Once a 2D assessment is completed, add colour 
Doppler to confirm the site of variance. For measurement of dynamic LV obstruction, cursor 
position is crucial: align with the region of maximum variance rather than the anatomic LVOT. 
Consider provocative manoeuvres if feeling brave. Measure flow velocities through other 
valves (and RVOT). If the echo exam suggests HCM with LVOT obstruction, it is still necessary 
to assess LA size and function, as well as LV systolic function. 

 

The cat being screened for HCM 

2D echo should be used to obtain RPLax  4-chamber and 5-chamber views as well as RP short 
axis views. Measurements of septal and free wall thickness should be obtained in at least 3 
different cardiac cycles in at least one long axis and one short axis view. There is still not a 
good consensus on whether wall thickness should be measured leading edge to leading edge, 
or leading edge to trailing edge, but thickened areas of endocardium should be avoided. Look 
for SAM and mid-LV obstruction, as well as for papillary muscle hypertrophy or abnormal 
papillary muscles. Assess LA size also. Best practice will include Doppler blood flow velocities 
and tissue Doppler imaging.  

 

The American Society of Echocardiography is working with ACVIM, ECVIM and ESVC to 
produce echocardiography guidelines in dogs and cats, and this should help to achieve more 
consistency in standardised views and measurements.  

 
 
 
 

 

 

 
 
 
 



37 
    


