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Summary

· Boxer cardiomyopathy (BCM) is the commonest form of acquired heart disease seen in this breed in the UK

· It appears to be increasing in prevalence; it is usually familial 

· BCM in the UK has close similarities to BCM in the USA and to ARVC in humans

· Treatment can be very effective in cases that do not show congestive heart failure

· The presentation is variable; diagnosis can be challenging, especially in early cases

· There is a need for more clinical and pedigree information to get a better idea of the genetic spread in the UK

· The results of screening tests are not always easy to interpret, but measurement of serum troponin I and 24hr ECG recordings are both being investigated.

· Research trying to identify a mutation or genetic abnormality linked to BCM, targeting especially the genes implicated in humans, has not so far proved successful.

Introduction

The boxer breed is believed to originate from the Brabanter Bullenbeisser, which was used to hunt wild boar.  Around 1830 an early form of the English Bulldog was probably crossed with the Brabanter Bullenbeisser to produce the original Boxer.  The crossed dogs were white; the origin of the boxer name is obscure.  The breed flourished within the German Boxer Club in the 1860s.  In 1915 the American Kennel Club recognized the first Boxer Champion; the first English breeder was in 1932.

Boxers are predisposed to:

· Various forms of neoplasia, including mast cell tumours, chemodectomas, insulinomas, various skin tumours, CNS neoplasia

· Heart disease: congenital defects, especially (sub-) aortic stenosis; cardiomyopathy

· Progressive axonopathy

· Histiocytic ulcerative colitis

· Spondylosis, gingival hyperplasia

Cardiomyopathy in boxers – first descriptions
The first published description of “boxer cardiomyopathy” (BCM) was by Harpster1 (1983), when he proposed three clinical categories of disease, which he felt occurred in approximately equal proportions:

1) No signs, but arrhythmias present (now termed ‘concealed’, occult or pre-clinical disease)

2) Episodic syncope (usually with exertion or excitement) with arrhythmias (‘overt’ disease)

3) Congestive heart failure (C.H.F.) with arrhythmias, with or without syncope (‘myocardial dysfunction’ stage), with C.H.F. affecting mainly the left ventricle (LV) in most cases, some cases where both ventricles were involved and a few where mainly the right ventricle (RV) was affected.

In his 1983 publication and a subsequent review in 1991, Harpster1, 2 described the clinical and pathological features of BCM, and contrasted it with the more familiar dilated cardiomyopathy (DCM) seen in other dog breeds:

· Extensive (“unique”) histological changes were seen in the myocardium, but no ventricular dilation, or less than is usual in dogs with DCM

· Ventricular premature complexes (VPCs) were common, but atrial fibrillation (AF) was uncommon

· The disease seemed to be familial

· 57.8% of cases were male

· Average age was 8.2yrs (range 1-15yrs) with 15.6% of cases <6yrs, 25% >10yrs

· The disease was progressive over months to years, but the rate of progression was variable and unpredictable

· Antiarrhythmic therapy improved quality of life and longevity, but once C.H.F. developed the prognosis was poor.

The histological findings involved:

· Early (esp. RV) myocyte atrophy and fatty change

· Patchy lysis, necrosis, haemorrhage and a mononuclear response

· Later widespread myocardiocyte atrophy, fibrosis and fatty infiltration

This early description of BCM is still exactly applicable to the disease as it is seen now in North America and Europe.

In 1991 Keene3 and others described a form of “familial carnitine responsive DCM in young boxer dogs” associated with low myocardial levels shown on biopsy.  L-carnitine is required to get free fatty acids into mitochondria for beta-oxidation: long-chain free fatty acids are an important energy source for myocardiocytes.  In these cases systolic function improved after dietary supplementation with L-carnitine, but the occurrence of arrhythmias was not influenced and the disease returned when supplementation was stopped, in contrast to taurine-responsive DCM in cats where supplementation and return to a normal diet is curative.  Other cases of DCM (especially in dobermanns?) may benefit from L-carnitine supplementation, but this may represent a pharmacological effect rather than a true deficiency.  It is generally felt now that carnitine does not have a major role to play in the management of boxer cardiomyopathy.

More recent descriptions of BCM; ARVC

In 1999 the author4 described 26 cases of myocardial failure in boxers, mainly seen at the Bristol Veterinary School over a period of 18mths; 23 of these animals were related.

· The gender ratio of these cases was 50:50 M:F and their ages ranged from 5mths-3.5yrs-7.5yrs 

· Signs included syncope, arrhythmias, ascites, coughing, murmurs, gallop sounds

· ECG findings included VPCs (+ve in Lead II (LBBB morphology) in more than half the cases, suggesting right ventricular origin), atrial premature complexes (APCs), AF, small, notched QRS complexes and various forms of conduction abnormality (1st/2nd deg. A-V block, left bundle branch block)

· Echocardiographic findings included low fractional shortening (5-20%); variable 2- or 4-chamber dilation, R > L in some; variable A-V valvular incompetence

· Prognosis was poor and supplementation with L-carnitine did not seem to be beneficial

· Pathological findings included fatty infiltration, as described by Harpster, especially involving the right ventricle

· The similarity of this disease in boxers to arrhythmogenic right ventricular cardiomyopathy (ARVC) in humans was mooted.

Meurs and co-workers have carried out most of the more recent work on BCM in the USA.  In 19995 she described 82 dogs, all 6yrs or more in age, in 6 extended families, with “familial arrhythmias”, as the condition was termed at that time.  “Affected” was defined in this paper as >50VPCs/24hrs on Holter ECGs.  An autosomal dominant trait was proposed.  Since then this group has looked at a number of aspects of the disease, including:

· The efficacy of antiarrhythmic treatments, concluding that sotalol & the combination of mexiletine with atenolol were well tolerated and effective, but that atenolol & procainamide were ineffective as sole agents6.

· The day to day variability in the frequency of ventricular arrhythmias7, which may be up to 80%
· The clinical features of 48 boxers with cardiomyopathy and systolic dysfunction seen at several centres over an 18yr period8, which included a slightly younger mean age than Harpster’s cases (6yrs, range 1-11yrs).

In a review published in 2004, Meurs9 summarised then current knowledge about the disease, including discussion of whether the variable presentation could be due to incomplete penetrance and whether the three stages of the disease (categories 1 to 3) represented a continuum.  She concluded that diagnosis was “challenging” and that a) its familial nature, b) the presence of VPCs (now using >100/24hrs as a cut-off), c) clinical signs, and d) post mortem findings were the key diagnostic features.

The most thorough and carefully controlled pathological description of the disease, and the best justification so far for the comparison with ARVC in humans, came in 2004 from Fox and Meurs collaborating with a group of medical researchers in Padua, Italy, who work on human ARVC10.  Material was gathered from 23 boxers, 12 male aged 9.1 +/-2.3yrs, 10 of whom were related.  VPCs had been documented in 19 of these dogs, syncopal episodes occurred in 12, CHF in 3, 9 died suddenly.  RV enlargement or aneurisms were found in 10 dogs.  There were striking histopathological findings not seen in controls (non-boxer, non-cardiac deaths):
· Severe RV myocyte loss with replacement by fatty (n=15) and fibro-fatty (n=8) tissue

· Focal fibro-fatty lesions were also present in both atria (n=8), and the LV (n=11)

· Fatty replacement was seen substantially more than in controls

· MRI (in vitro) showed lesions in the antero-lateral and infundibular RV

· Myocarditis was found in the RV (n=14) and LV (n=16) and in each dog that died suddenly, but not in controls.

Arrhythmogenic right ventricular cardiomyopathy in humans; possible link to myocarditis

This is also characterised by fibro-fatty replacement of the RV myocardium.  It is familial, inherited as an autosomal dominant trait and a number of mutations have been identified, e.g. in the ryanodine receptor 2 and desmoplakin genes.  Human ARVC results in ventricular tachyarrhythmias (with a LBBB morphology) and/or sudden unexpected death especially during exercise in young adults.  Cardiomyopathies, including HCM & ARVC, are the most common causes of sudden death in young adults when trauma and suicide are excluded.  In some cases, however, CHF comes first.  Naxos disease is a syndromic form and constitutes the triad of ARVC, diffuse nonepidermolytic palmoplantar keratoderma, and woolly hair11.  

Fontaine and others12 expressed the opinion that “the wide clinical spectrum of arrhythmogenic right ventricular cardiomyopathies/dysplasia appears to be the result of one or possibly two factors: 
a) replacement of most of the right ventricular myocardium by fat and b) genetic susceptibility to environmental agents (myocarditis)”.  The possibility that myocarditis might act as an environmental trigger in genetically susceptible individuals, or might explain some sporadic cases, has been mentioned by other workers, including the Padua group.13
Magnetic resonance imaging (MRI) has been found useful in following the progression of ARVC in people14 and might prove useful in screening and providing a more definitive ante-mortem diagnosis.

ARVC has also been described in cats by Fox and others15 and may be seen occasionally in other breeds of dog, especially bulldogs, which is perhaps not surprising given their common ancestry with boxers.  Fibro-fatty myocardial infiltration is also described in some dobermanns with DCM.16
Recent research findings – the search for a genetic marker
Much research effort, primarily by Meurs, has been put into trying to identify a mutation or genetic abnormality linked to BCM, targeting especially the genes implicated in humans.  Meurs & others17 looked at RV, IVS & LV myocardium from normal dogs and ARVC boxers and found that cardiac ryanodine receptor (RyR2) protein & RNA expression (implicated in ARVC2 in people) were lowest in the RV of normal dogs and were reduced in all chambers in ARVC dogs.  This might explain the apparently increased susceptibility of the RV to an abnormality that affects the whole heart.  However subsequent work failed to identify any genetic linkage with the RyR2 gene in cases of ARVC, and this may be a secondary rather than a primary abnormality.  

Oyama and others (abstract - ACVIM 2006) have looked at the expression of the gene for calstabin2 (FKBP12.6), a regulatory molecule for RyR2 that stabilises its closed state in diastole, preventing calcium “leakage”.  Diastolic leakage of calcium could trigger arrhythmias and reduces the efficiency of calcium cycling.  They found that calstabin2 mRNA expression is significantly down-regulated in myocardium from ARVC boxers compared with healthy controls and dobermanns with DCM.

Another research group18 has used immunofluorescence to look at the molecular composition of the intercalated disc structure in boxers with ARVC, as molecular remodeling of intercalated disc has been noted in human patients.  Compared with control dogs, there was loss of staining for connexin43 at the intercalated discs.  However gene sequencing showed no mutations for desmoplakin, plakoglobin, connexin43, or plakophilin 2.  Again, it is possible that these molecular changes might be secondary rather than primary.
BCM in the UK
Syncope is a common problem in boxers, with many potential causes, but it is not known how many have cardiomyopathy.  In the past it was felt that most BCM in the UK was of the “DCM” type, resembling Harpster’s category 3, although there was always some geographical variation.  Fewer cases were seen resembling Harpster’s categories 1 or 2, but there seems to be a recent increase in prevalence of BCM overall and in the relative proportion of the arrhythmic forms.  Some sudden deaths in boxer puppies due to myocarditis have been seen.  The relevance of this to BCM is uncertain, but some littermates went on to develop BCM/DCM.  BCM in the UK has many similarities to BCM in the USA; the higher prevalence of the dilated (myocardial dysfunction, congestive heart failure) type, especially in one family group, is quite different, but that does not mean it is a different disease.  BCM resembles ARVC in humans both clinically and in its histopathogy.  The importance of myocarditis, or other environmental factors, as triggers/modifiers is not known.

As mentioned below in Dr. Cattanach’s letter, BCM in the UK may be less genetically widespread in the breed than in the USA, appearing to be effectively restricted to three family lines, with an autosomal dominant pattern of inheritance, plus a few other isolated cases that might have a different aetiology.  These three families all have American ancestry.  They also have different ages of onset, with Family 1, which predominantly shows the category 3/myocardial dysfunction/DCM form of the disease, having a younger age of onset than the other two families4.  However much more clinical and pedigree information on cases, particularly in the pet (rather than breeder-owned) population is required, as well as data from littermates and other relatives of known affected dogs.  

It is also not clear how many, if any, cases of cardiomyopathy in boxers are due to “conventional DCM”, whether this is defined as having the attenuated wavy fibre histopathological picture described in a proportion of cases in other breeds16, or just an absence of the ARVC-type of fatty/fibro-fatty infiltration.  Without a post mortem examination it is not possible to say whether an affected boxer has “conventional DCM” or category 3 BCM/ARVC, and it is likely that the latter is much more prevalent in the breed.

Diagnosis of BCM; screening for disease; troponins
As discussed by Meurs9, the diagnosis of BCM may be challenging, and may often be a diagnosis of exclusion; this raises particular problems for screening healthy populations.

· The detection of arrhythmias, especially VPCs with a LBBB morphology, is very suggestive, especially if otherwise healthy, and if other investigations show no other cause, but conventional ECG recordings may be normal at any particular time.  24/48hr (“ambulatory” or Holter) ECGs are more sensitive, but variable from day to day, and again are not specific.  There is also not complete agreement on what constitutes a “normal” number of VPCs/24hrs and whether age has any effect on this.  Signal averaged ECG (SAECG) recordings, which detect high frequency, low amplitude signals in the terminal portion of the QRS complex, may have some value in detecting potential substrates for arrhythmias, but are technically challenging19.

· Echocardiographic findings may be normal in category 1 and 2 cases, and assessment of RV function is not easy, so this is not likely to prove a sensitive screening test, though essential for individual case investigation.

· Post mortem examination and a complete histological examination of the myocardium may be regarded as the “gold standard” diagnostic test, but this is often difficult to obtain.

· MR imaging may, however, offer hope for a sensitive, non-invasive diagnostic test.

· A genetic test would be the ideal, but it is quite possible that several mutations may be responsible for the same phenotypic end-point.

In the USA, the screening of potential breeding stock for BCM is mainly done using 24hr ECG recordings.  However this does have some problems, as noted above, and is expensive to perform. Serum levels of cardiac troponins are increasingly used as relatively sensitive and specific markers of myocardial damage, including hypoxia secondary to arrhythmias.  Serum levels of cardiac troponin I (cTnI) appeared to be a better marker for BCM than plasma BNP concentrations in work performed by Meurs’ group20, 21.  The potential value of cTnI as a screening test for boxer cardiomyopathy in the UK, especially in trying to pick out the best dogs to target for closer examination (e.g. a 24hr ECG), is currently being assessed.  One query that has arisen is whether older dogs might normally have higher levels of troponin.  Also the stability of troponin in mailed serum samples, day-to-day variability in concentrations and the effect of other cardiac (such as aortic stenosis) and systemic diseases are currently unknown variables.  The opportunity is also being taken to store whole blood samples for potential future genetic studies.
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