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Canine dilated cardiomyopathy (DCM) is the most 
common primary myocardial disease of dogs, and the 
second most common cause of congestive heart failure 
(CHF) in dogs, after myxomatous mitral valve disease1-4. 
Large-breed dogs are particularly affected and 25-50% of 
Doberman Pinchers may develop DCM during their lives. 
Other breeds commonly affected include Irish Wolfhounds, 
Newfoundlands, Great Danes and Boxers4. The strong 
breed predilection infers a genetic basis, and the past 
decade has seen a plethora of genome-wide association 
studies (GWAS) and the development of genetic tests for 
breeding purposes. Notwithstanding the development of 
genetic markers for breeding purposes the causal genes 
remain elusive5-10,20, and to the author’s knowledge no 
studies have yet fully uncovered the patho-genetic 
molecular basis of the disease2,4,9. 
Practitioners advising clients and breeders should 
remember that genetic studies usually identify genetic 
markers in a group of clinically affected dogs, and compare 
these regions to healthy dogs. Resultantly, an area of 
mutation may not be in the actual gene responsible for the 
disease, but in a linked genetic area. Therefore, absence of 

the mutation does not mean that it is impossible that the 
individual will develop DCM, because more than one 
mutation is possible. The strength of GWAS is to reduce 
the numbers of genetically predisposed individuals from 
the gene pool, thereby lowering the incidence of the 
disease. In addition, the presence of a mutation does not 
always mean that an affected individual will develop the 
disease. Therefore, genetic studies need to be used in 
conjunction with diagnostic tests such as echocardio-
graphy, electrocardiography (ECG) and radiographs, to 
determine whether a patient with a genetic mutation 
develops DCM. 

Because dilation of the myocardium is a physiologically 
adaptive mechanism secondary to a failing heart, the 
diagnosis of idiopathic DCM (i.e., primary myocardial 
disease) is premised on the exclusion of known causes of 
secondary myocardial disease, such as primary arrhyth-
mias, doxorubicin treatment and infectious diseases such 
as Chagas’s disease (Trypanosoma cruzi infection) in 
endemic regions1. Taurine deficiency is not a common 
cause of DCM in dogs. 

Genetic studies to date have also inferred a wide 
number of potential candidate genes. In addition, 
even within breeds of dogs in which a gene has been 
implicated in development of DCM, such as 
pyruvate dehydro genase kinase 4 (PDK4) in certain 
Doberman Pinchers21, not all dogs with DCM within 
the breed carry this mutation22. The genetic inter and 
intra-breed genetic heterogeneity implies a complex 
molecular biological basis for DCM which remains 
poorly understood in most cases.  
Regardless of the cause of DCM the outcomes are 
eventuated due to sudden myocardial failure, or due 
to the development of congestive heart failure (CHF). 
Sudden death is a known risk for patients with DCM 
including occult DCM. Paroxysms of ventricular 
arrhythmias progressing to ventricular tachycardia, 
fibrillation and asystole, are possible due to 
myocardial pathology. CHF, the most common 
manifestation of DCM, ensues following the 
activation of neuro-hormonal mechanisms to restore 
cardiac output such as the rennin angiotensin 
aldosterone system (RAAS) and the sympathetic 
system11. In the face of falling cardiac output 
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Fig. 1: Lateral radiograph of a dog with dilated cardiomyopathy. Note the large 
globoid cardiac silhouette, and congested lungs with perihilar oedema.
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secondary to myocardial failure, falling blood pressure 
signals the baroreceptors in the aortic and cardiac bodies, 
which results in increased release of catecholamines 
(sympathetic nervous system), which increases heart rate 
(ß1 receptors) and vasoconstriction (α1 receptors). 
Decreased sodium transport in the kidney results in renin 
release and elaboration of the RAAS, which results in 
water and sodium retention and vasoconstriction. These 
mechanisms are failsafe responses to conserve fluid 
volume and cardiac output in circumstances of hypo-
volaemia, in which they are potentially life saving. 
However, retention of fluid and vasoconstriction place 
increased pre and afterload demands on a heart which is 
already battling to deal with normal physiological demands 
at rest. These mechanisms serve to accelerate the failure of 
the myocardial pump apparatus, which leads to further 
activation of compensatory mechanisms, becoming an 
inexorable vicious cycle11. 
Activation of these mechanisms leads to the clinical signs 
of DCM such as pulmonary oedema, ascites, jugular 
distension, weak pulses, syncope, coughing and collapse. 
In addition, cardiac cachexia is a well-known manifestation 
of this disease, the aetiology of which is incompletely 

understood, but down-regulation of beta receptors has been 
implicated. 
The clinical manifestations of DCM are divided into two 
clinical variants: the occult, preclinical form of the disease, 
and overt or clinical DCM1-4,12-14. Diagnosis of overt DCM is 
seldom challenging. Radiographs usually demonstrate an 
enlarged globoid cardiac silhouette, but it must be 
remembered that a pericardial effusion may appear the same 
(Fig. 1). Echocardiography demonstrates dilated heart 
chambers, with dilated thin-walled ventricles with poor 
contractility (Fig. 2). Dilation of the left ventricle leads to 
stretching of the valve annulus, and a mitral regurgitation 
(Fig. 3) which can often be auscultated as a systolic murmur. 
Whilst ECG facilitates the assessment of cardiac 
arrhythmias and is a useful adjunct in the assess ment of 
DCM, there are no pathognomonic ECG abnormalities. An 
ECG is useful, because atrial fibrillation is associated with a 
poorer prognosis, and requires additional therapeutic 
considerations, such as administration of digoxin.   
Occult DCM remains a diagnostic challenge and is of 
interest to veterinarians and clients alike, because 
identification of affected individuals will assist in removing 
dogs from breeding programmes, and prepare clients for the 

Fig. 2: Right-sided short-axis view indicating a dilated left ventricle which is thin-walled.
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possible development of 
heart failure in their pets 
in the future. Recently, 
the development of 
cardiac indices using the 
Simpson’s method of disc 
(SMOD) in Dobermans, 
indicated that SMOD was 
able to detect early DCM 
much sooner than the 
traditional two-
dimensional Teicholtz 
method on M-mode15. 
These data were 
generated in Dobermans, 
however, and therefore 
cannot be extrapolated to 
other breeds. Holter ECG 
has also been used to 
detect preclinical DCM 
and breed-specific 24-
hour ECG criteria are 
being developed to serve 
as screening tools for 
breeding programmes. 
Advanced echocardio-
graphic techniques such 
as tissue Doppler and 
speckle tracking appear to 
be able to detect DCM sooner than conventional 
echocardiography. These techniques are operator-
dependent, require experience in this field and are not easy 
to replicate in the private-practice setting, in spite of the 
fact that many machines possess the software to perform 
the analysis12,16. 
Whilst myxomatous mitral valve disease is a relatively 
benign disease, clinical DCM generally carries a poor 
long-term prognosis, and most patients eventually succumb 
to their cardiac disease3,17-19. The development of pimo-
bendan (vetmedin) has greatly improved the outcome of 
many patients with DCM. One study showed that in 
Dobermans the median survival time (MST) in the placebo 
group was 50 days compared to 329 days in the pimo-
bendan group18. A group of Cocker Spaniels was also 
included in this study; pimobendan did not improve the 
outcome, however, since treated and control groups had 
MSTs greater than 500 days18. 
Current evidence supports the use of pimobendan and 
furosemide in the treatment of DCM and most 
cardiologists advise the addition of an ACE inhibitor. ACE 
inhibitors have not been shown to delay the onset of CHF 
in DCM. Pimobendan was shown to delay the onset of 
clinical signs and cardiac events in preclinical DCM3.  In 
addition, cardiac cachexia is a worrisome clinical sign 
associated with DCM and the current advice is the 
inclusion of high levels of omega-3 fatty acids to 
ameliorate this condition.

References
1.  Dukes-McEwan J et al. 2003. J. Vet. Cardiol. 5:7-19 
2.  O’Grady MR et al. 2004. Vet. Clin. N. Am.: Small Anim. 

Pract. 34:1187-1207 
3.  Summerfield NJ et al. 2012. J. Vet. Intern. Med. 26:1337-

1349 
4.  Tidholm A et al. 2001. Vet. J. 162:92-107 
5.  Chun JL et al. 2012. Neuromuscular Disorders 22:368-379 
6.  Fonfara S et al. 2013. J. Comp. Pathol. 148:99 
7.  Fuller GA et al. 2007. J. Card. Fail. 13:680-686 
8.  Re G et al. 1999. Vet. J.158:120-127
9.  Sleeper MM et al. 2010. Vet. Clin. N. Am.: Small Anim. 

Pract. 40:717-724 
10.  Stabej P et al. 2004. Gene 340:241-249 
11.  Borgarelli M et al. 2001. Vet. J. 162:182-195. 
12.  López-Alvarez J et al. 2011. J. Vet. Cardiol. 13:183-195 
13.  Petric AD et al. 2002. J. Vet. Cardiol. 4:17-24 
14.  Vollmar A et al. 2003. J. Vet. Cardiol. 5:23-27. 
15.  Wess G et al. 2010. J. Vet. Intern. Med. 24:1069-1076 
16.  Chetboul V et al. 2007. J. Vet. Intern. Med. 21:719-730 
17.  Boyle KL et al. 2012. J. Vet. Emergency Crit. Care 22:398-

408 
18.  Fuentes VL et al. 2002. J. Vet. Intern. Med. 16:255-261 
19.  O’Grady MR et al. 2008. J. Vet. Intern. Med. 22:897-904 
20.  Philipp U et al. 2012. PLoS One. 7(6):e36691. doi: 

10.1371/journal.pone.0036691
21.  Meurs KM et al. 2012. Human Genetics 131:1319-1325. 

doi: 10.1007/s00439-012-1158-2.
22.  Owczarek-Lipska M et al. 2013. Animal Genetics 

44(2):239. doi: 10.1111/j.1365-2052.2012.02396.x.

Fig. 3: Left-sided, long-axis view of the heart, indicating a colour flow Doppler interrogation of the mitral valve. The 
mixed colours, circled by the green outline, indicate a mitral regurgitation.
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Multiple-choice questions
 (Choose one answer)
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1. Regarding genetic studies in Dilated Cardiomyopathy 
(DCM), which of the following statements is CORRECT?

a. Genetic studies have elucidated the molecular pathogenesis of 
DCM in many breeds 

b. Genetic studies have identified genetic markers that are 
associated with DCM that can be used for breeding purposes

c. Genetic studies can be used to create genetic tests that will 
enable veterinarians to assure their clients that their pet will 
never develop DCM 

d. Genetic studies will replace echocardiography in the diagnosis 
of occult DCM

e. Genetic mutations that have been discovered are common to 
all breeds affected by DCM

2. Regarding the clinical variants of DCM, which one of the          
following statements is CORRECT? 

a. The occult form of the disease is easily diagnosed, and is 
usually clinically severe

b. Sudden death is not a common occurrence in DCM, and most 
patients show obvious signs of congestive heart failure when 
they have DCM

c. M-mode echocardiography is more sensitive in the early 
detection of DCM 

d. Preclinical DCM is often challenging to diagnose, and not 
always easily determined with standard echocardiography

e. There are currently no diagnostic tests capable of detecting                   
preclinical DCM

3.  Regarding the neuro-hormonal activation of congestive 
heart failure, attributable to DCM, which of the following                    
statements is INCORRECT? 

a. Activation of the Renin-Angiotensin-Aldosterone System is 
mediated by β1 adrenoreceptors

b. Decreases in blood pressure result in activation of the 
sympathetic nervous system 

c. Activation of the Renin-Angiotensin-Aldosterone System is                   
mediated by sodium flow in the kidneys

d. Neuro-hormonal mechanisms result in volume retention and                     
increased heart rate 

e. The sympathetic nervous system results in an increased heart 
rate and raised blood pressure

4.  Regarding the pathogenesis of DCM which of the following                           
statements is CORRECT? 

a. The ventricles become dilated and thin-walled, resulting in                     
decreased cardiac output

b. Leaking of the mitral valve is the main cause of a fall in 
cardiac output

c. The contractility of the heart increases to compensate for an                    
enlarged ventricle

d. Usually only the left ventricle becomes enlarged, and the rest 
of the chambers are spared

e. The ventricle walls become thickened and the chambers dilated 
5. Regarding the early diagnosis of DCM, which of the 

following statements is INCORRECT?
a. Simpson’s method of disc is more sensitive than Teicholtz 

method on M-mode in the detection of early DCM
b.  Holter ECG 24-hour tracings can be used to detect preclinical 

DCM 

c. Advanced echocardiography such as tissue Doppler imaging is 
more sensitive than standard echocardiography in detecting                 
preclinical DCM 

d. Genetic testing can be used to accurately detect preclinical DCM 
e. Radiographs are usually normal in preclinical DCM 
6. Regarding the medical management of DCM, which of the         

following statements is INCORRECT? 
a. Pimobendan has been shown to delay the onset of clinical DCM
b. Furosemide is indicated to relieve congestion in patients with 

clinical DCM 
c. Omega-3 fatty acid has been advocated for the amelioration of 

cardiac cachexia 
d. When present, atrial fibrillation is often treated with digoxin 
e. ACE inhibitors have been shown to delay the onset of clinical 

DCM 
7. Which of the following groups of breeds is NOT 

predisposed to the development of DCM?
a. Irish Wolfhounds, Great Danes 
b. Dobermans, Boerboels, 
c. Jack Russells, dachshunds, maltese poodles 
d. Newfoundlands, Neapolitan mastiffs
e. Portuguese water dogs, Cocker spaniels 
8. Regarding the aetiology of DCM, which of the following 

statements is CORRECT?
a. Trypanosoma cruzi is the most common cause of DCM world-

wide, and patients should be routinely tested for this disease 
b. Drugs like doxycycline can cause injury to the myocardium 

and result in DCM
c. DCM is predominately a genetic disease, and the idiopathic 

form is a diagnosis of exclusion 
d. Taurine has been implicated as an important cause of DCM in 

dogs
e. Myocarditis is presumed to be an important prelude to clinical 

DCM  
9. Regarding ECG abnormalities observed in DCM which of 

the following statements is CORRECT?
a. Atrial fibrillation when present is considered a negative          

prognostic indicator 
b. Resting ECG tracings are usually abnormal in patients with 

preclinical DCM 
c. Ventricular premature contractions are almost pathognomonic 

for DCM 
d. Electrical alternans is a common ECG abnormality in clinical 

DCM 
e. Spiked P waves are common on ECG tracings taken from 

dogs with DCM
10. Regarding the diagnosis of DCM which of the following 

statements is CORRECT? 
a. A globoid enlarged cardiac silhouette on thoracic radiographs 

confirms the diagnosis
b. A 24-hour Holter ECG tracing can be used to make a defini-

tive diagnosis 
c. ECG can be used to make a definitive diagnosis of DCM   
d. The clinical signs coupled with radiographs suffice to make 

the diagnosis
e. Echocardiography is required to make a definitive diagnosis 


