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Dilated cardiomyopathy
· Characterized by impaired myocardial contractility with dilation of the LV or both ventricles. Tachyarrhythmias are common
· Pathophysiology

· Progressive deterioration of systolic pump function results in eccentric hypertrophy as compensatory volume expansion mechanisms are activated

· Typically all chambers dilate, although LAE and LVE may predominant

· Chamber dilation and papillary muscle dysfunction often cause mild to moderate AV valve insufficiency by interfering with leaflet apposition

· Later in disease, increased diastolic stiffness can contribute to high end-diastolic pressure, venous congestion, and CHF. 

· Histopathology – scattered areas of myocardial necrosis, degeneration, and fibrosis

· Some dogs have narrowed myocardial cells w/ a wavy appearance

· Some dogs have myofiber degeneration, myocyte atrophy/lysis, fatty infiltration, and fibrosis

· Underlying mechanisms are unknown

· DCM develops insidiously over a long time, there are no clinical signs during this occult stage

· With decreased CO sympathetic, hormonal, and renal compensatory mechanisms become activated and maintain cardiac function by increasing HR, SVR, and volume retention. 

· Chronic neurohormonal activation contributes to myocardial damage and CHF

· Poor forward flow and increased LV diastolic pressure compromises coronary artery perfusion further decreasing myocardial function and provoking arrhythmias
· Cardiogenic shock due to profound myocardial dysfunction can occur

· Afib and other atrial and ventricular tachyarrhythmias are common

· Because atrial kick is important at high HRs, the loss of this during Afib can markedly reduce CO and precipitate clinical decompensation

· Persistent tachycardia may accelerate disease progression

· Clinical features

· Large and giant breed dogs, regional variation is present
· Doberman Pinschers have a very high prevalence but also Grt Danes, St Bernards, Scottish Deerhounds, Irish wolfhounds, Boxers, newfoundlands, afghan hounds, and dalmations. American & English cockers and English bulldogs are among the smaller breeds affected

· Suspected genetic basis in many breeds

· Most often middle aged dogs, prevalence of overt DCM increases with age

· Sudden death before development of CHF is not uncommon

· Preclinical DCM

· Ventricular arrhythmias occur months to years before echo or clinical evidence

· >50 VPCs/24 hours in a predisposed breed is considered abnormal
· Frequency and complexity of arrhythmias is negatively correlated with fractional shortening

· Echo can be used to screen dogs but abnormalities may be absent in early dz

· Ventricular enlargement and depressed FS has been identified in some preclinical pts, but some normal dogs (Dobermans) will have reduced FS compared with what is normal for other breeds

· Overt DCM

· Signs of dz may appear suddenly despite the protracted clinical course

· Signs attributable to right/left CHF, poor CO, or arrhythmias

· An audible third heart sound is a classic finding but may be obscured by arrhythmia

· Systolic murmurs are common, pre-renal azotemia, mildly increased LE, some dogs with have hypothyroidism concurrently, 

· increased cardiac troponin may be seen but should not be markedly elevated

· CXR – cardiomegaly, distended pulmonary veins, interstitial to alveolar pattern, pleural effusion/hepatomegaly/ascites with RCHF

· ECG findings variable

· Arrhythmias

· QRS widening with sloppy R descent and slurred ST segment is common

· P waves are often widened and notched suggesting LAE
· Echo

· Rounded cardiac chambers, poor systolic ventricular and septal motion, reduced FS (<20-25%), reduced EF (<40%), and increased mitral EPSS (>6 mm)

· ESVI in overt DCM is over 80 ml/m2
· Management
· Preclinical DCM

· ACE inhibitor – not clear whether or not this delays CHF, enalapril may have a beneficial effect on ventricular remodeling and prevent progression

· Pimobendan – PROTECT study

· Antiarrhythmia drugs – depends on if clinical signs of arrhythmia are present and rhythm complexity and severity

· Overt DCM

· ACE inhibitor

· Lasix

· Pimobendan +/-digoxin

· Max dose is .5 mg/d of digoxin (.25-.375/day for Dobermans)

· Check levels 7-10 days after starting/changing dose

· Monitor for azotemia or hypokalemia as these predispose to toxic levels

· Other drugs as needed to manage failure
· Afib - Start with digoxin, add diltiazem as needed, Target max rate of 140-150 in hosptial

· Spironolactone recommended as a diuretic and its aldosterone antagonist effects

· Some dogs respond to l-carnitine supplementation can trial for 3-6 months and see if improvement occurs

· Cockers and some other dogs have low taurine levels, supplement if <25umol/L

· Omega-3’s may help alleviate cardiac cachexia and reduce TNF levels

· Prognosis is poor – 25-40% of dogs will live longer than 6 months if initial response to therapy is good.

Arrhythmogenic right ventricular cardiomyopathy
· Boxers

· Resembles ARVC in people

· Histologic changes are more extensive – myofiber atrophy, fibrosis, and fatty infiltration. Focal areas of myocytolysis, necrosis, hemorrhage, and mononuclear cell infiltration are also common. 

· Three disease categories

· Asymptomatic dogs w/ ventricular tachycardia

· Dogs with normal heart size and LV function buty with syncope or weakness from paroxysmal or sustained Vtach

· Boxers with poor myocardial function and CHF as well as ventricular arrhythmias – very poor px

· Clinical signs can appear at any age, mean age is 8.5 yrs

· Cardiac arrhythmia is the most consistent clinical findings

· When CHF occurs it is usually left-sided, many also develop MI and a murmur

· Most ectopic ventricular complexes appear upright in leads II and aVF suggesting RV origin

· 24 hour Holter is recommended to screen dogs and assess antiarrhythmic drug therapy

· Digoxin is not usually used with ventricular tachyarrhythmias are common

· Myocardial carnitine deficiency has been documented in some Boxers with DCM and failure

· Other breeds

· Rare cardiomyopathy in other dogs, similar to ARVC in people and cats

· Clinical signs mostly related to RCHF and severe ventricular arrhythmias

· Possible DDX is trypanosomiasis

Secondary myocardial diseases

· Doxorubicin
· Acute cariotoxicity arrhythmias and anaphylaxis

· Chronic cardiotoxicity due to histamine, secondary catecholamine release, and free-radical production

· ECG changes may not precede clinical heart failure

· Infranodal AV and bundle branch blocks, ventricular and supraventricular tachycardia

· Clinical features are similar to DCM

· Progressive myocardial damage and fibrosis develop with cumulative doseages

· L-carnitine deficiency

· Essential component of the mitochondrial membrane transport system for fatty acids which are the hearts primary energy source

· Also binds and transports potentially toxic metabolits out of the mitrochondria

· Usually inherited or acquired metabolic defects rather than simple deficiency

· Plasma carnitine concentration is not a sensitive indicator of myocardial deficiency but is specific if plasma level is <8 mmol/L free carnitine

· Few dogs have echocardiographic evidence of improved function, it does not suppress preexisting arrhythmias or prevent sudden death

· ONLY supplement with L-carnitine

· Taurine

· Low plasma taurine and sometimes carnitine levels have been found in American Cockers with DCM Oral supplementation of these amino acids has improved LV function and reduce dthe need for CHF meds in this breed
· Some other dogs with DCM have low taruine levels even with appropriate diet

· In an atypical bred or mixed breed dog with DCM recommend testing taurine level and supplementing at least 4 months to check for a response

· Other

· Reduced myocardial fx associate with hypoT4, pheochromocytoma, and diabetes but clinical CHF secondary to these disease alone is unusual

· Ischemic heart disease

· Acute myocardial infarction from coronary embolization is uncommon in dogs

· Usually an underlying disease that predisposes to thrombus formation is present

· Endocarditis, neoplasia, severe kidney disease, IMHA, acute panreatitis, DIC, steroids

· Also reported with congenital ventricular outflow obstrctions – PDA, MR, HCM

· Atherosclerosis of major coronaries is rare but reported with hypercholesterolemia of hypoT4 and DM

· Would expect acute arrhythmias, pulmonary edema, marked ST segment changes, regional or widespread myocardial dysfunction on echo, increased troponin

· Nonatherosclerotic narrowing of small coronary arteries

· Hyalinization of small intramural coronary vessels and intramural myocardial infarctions with chronic AV valve disease

· Can also occur in dogs without AV valve disease

· Tachycardia-induced cardiomyopathy

· Rapid, incessant tachycardia leads to progressive myocardial dysfunction, activation of neurohormonal compensatory mechanisms, and CHF

· CHF may be reversible if HR can be normalized

· Rapid ventricular pacing with rates >200 bpm is a model for inducing DCM-like disease

Hypertrophic Cardiomyopathy

· Rare in dogs

· Excessive myocardial hypertrophy causes diastolic dysfunction

· Severe ventricular hypertrophy can compromise coronary perfusion which can cause myocardial ischemia

· Increased LV filling pressure lead to pulmonary congestion and edema – these abnormalities are magnified as HR increases

· Malposition of the mitral apparatus may contribute to abnormal systolic mitral valve motion and outflow obstruction

· Young to middle-age large breed dogs are more commonly diagnosed with HCM but it is variable

· Signs: CHF, weakness/syncope, sudden eath, LV outflow murmur or MR may be heard, some dogs have S4 heart shound

· ECG: ventricular arrhythmia, conduction abnormalities – complete heart block, 1st degree AV block, and fasicular blocks are common

· Tx – beta-blocker or Ca channel blocker to prolonge ventricular filling time and reduce HR

· Avoid digoxin as it can worsen outflow obstruction, increase myocardial oxygen need, and predispose to arrhythmias

Infective Myocarditis

· Viral – lymphocytic myocarditis occurs in experimental animals and people with acute viral infections
· Previously a parvoviral myocarditis was widely recognized, uncommon today b/c of maternal antibodies. Occurs in 4-8 wk old pups

· CDV can cause myocarditis in young dogs but other signs usually predominate

· Herpesvirus infection of pups in utero can cause fatal necrotizing myocarditis

· Bacterial – bacteremia/endocarditis/pericarditis can cause suppurative myocardial inflammation or abscessation. 

· Bartonella vinsonii subsp. Berkhoffi and related species have been associated with arrhythmias, myocarditis, endocarditis, and death in dogs

· Lyme disease

· High-grade 2nd degree or 3rd degree A-V block occurs in humans and has been documented in dogs with Lyme diease. 

· Syncope, CHF, impaired myocardial contractility and ventricular arrhythmia have also been identified in dogs

· Protozoal

· Trypanosoma cruzi, Toxoplasma gondii, Neosprum caninum, Babesia canis, Hepatozoon canis
· Amastigotes of T cruzi can causemyocarditis with mononuclear cell infiltrate and necrosis of myocardial fibers

· Acute T cruzi – other systemic signs and tachyarrhythmias, death, AV block

· Chronic T cruzi disease is characterized by progressive R or generalized cardomegaly and arrhythmia

· Correlation between plasma cTnI concentration and clinical severity, survival, and histologic changes reported in dogs with babesiosis

· Rarely fungal, algae-like organisms, and nematode larval migration (Toxacara sp), RMSF

· Signs: acute arrhythmias or heart failure, often nonspecific signs

· Dx: 

· Echo – poor regaional or global wall motion, altered myocardial echogenicity, pericardial effusion

· Serologic screening, blood cultures in febrile animals

· Endocardial biopsy specimens are the only way to definitively diagnose antemorten

· Elevated cTnI maybe present

· Tx is supportive, corticosteroids have not been proven clinically beneficial in dogs with myocarditis

Noninfective myocarditis

· Traumatic – usually associated with blunt force trauma
· Arrhythmias usually occur within 24-48 hours of injury

· Usually ventricular tachycardia and AIVR noted more so than other arrhythmias. 

· Generally benign and resolve within a week

· Antiarrhythmics only needed if arrhythmia severe

· Traumatic avulstion of papillary muscles, septal perforation, and rupture of heart or pericardium have been reported. 
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1) Cardiac toxins:
a) Anesthetic drugs.

b) Antineoplastic drugs (eq. doxorubicin [see p.290];
potentially also_cyclophosphamide, 5-fluorouracil,
interleukin-2, alpha-interferon).

<) Catecholamines _(endogenous [e.g. brain-heart
syndrome] or exogenous amphetamines).

d) Cobalt.
€) Cocaine.

) Ethyl alcohol (eg. when administered rapidly or
undiluted for ethylene glycol toxicity).

) Heavy metals (e.g. arsenc, lead, mercury).

h) Insect toxins (e.g. wasp or scorpion stings, spider bites).
) lonophores (eg. monensin).

) Other drugs (e.g. lithium, thyroid hormone).

K) Plant toxins (e.g. Taxus species, foxglove, black locust,
buttercups, lily-of-the-valley, gossypol).

1) Snake venom.
2) Myocardial infection:

a) Bacterial (eq. B.burgdorferi, Bartonella species, other,
see p. 204).

b) Protozoal (eg. T cruzi, T. gondii, B. canis, other,
see p. 204).

) Rickettsial and other organisms (see p. 295).
d) Viral e.g. parvovirus, other,see p. 293).

3) Myocardial inflammation:
2) Antimicrobial and diuretic drugs (hypersensitivity

‘myocarditis documented in people).
b) Immunologic responses to infectious agents.

) Various _ syster
(documented in people).

4) Myocardial ischemiafinfarction (see p. 202):
2) Coronary atherosclerosis.
b) Coronary thromboembolic disease.
) Intramural coronary arteriosclerosis.

5) Neoplastic or other infiltrative disease:

3) Nutitionaljmetabolic deficiency (see p. 290)
(L-carnitine, taurine)

6) Other metabolic or endocrine disease:
2) Dibetes mellitus.
b) Glycogen storage disease.
©) Hyperthyroidism.
d) Hypothyroidism.
) Muscular dystrophies.
) Pheochromocytoma.

7) Persistent tachycardia (tachycardia induced
cardiomyopathy).

8) Physical injury:
4) Blunt or sharp trauma.
b) Electric shock.
<) Hyperthermia.
d) Hypothermia.
€) lonizing radiation.
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