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Heart Murmurs in Golden Retriever Puppies 
What is a Heart Murmur? The Science Behind the Sound 

A heart murmur is an abnormal sound detected by a veterinarian when listening to a 
pet's heart with a stethoscope, a process called auscultation. Normally, two distinct 
sounds, often described as "lub" and "dub" (representing the closing of heart valves), 
are heard with each heartbeat. A murmur introduces an additional sound, typically 
occurring between the "lub" and "dub," often characterized as a "whooshing" or 
"swishing" noise. 

The fundamental cause of a heart murmur is turbulent blood flow within the heart 
chambers or the large blood vessels connected to the heart. In a healthy heart, blood 
typically flows smoothly and quietly, a state known as laminar flow. However, various 
factors can disrupt this smooth passage, creating turbulence, much like rocks or narrow 
passages create rapids in a calm river. This turbulent blood flow generates vibrations in 
the cardiovascular structures, which are then audible as a murmur. 

Several conditions can lead to turbulent blood flow and, consequently, heart murmurs: 

1. High Blood Flow Velocity: When blood flows faster than normal through heart 
chambers or vessels (e.g., exceeding approximately 2 meters per second), 
turbulence can occur even in otherwise normal structures.    

2. Flow Through a Narrowed Area (Stenosis): If a heart valve or blood vessel is 
narrowed (stenotic), blood must squeeze through the restricted opening at high 
speed, creating significant turbulence. 

3. Flow Through an Improperly Closing Valve (Regurgitation): Heart valves are 
designed to ensure one-way blood flow. If a valve fails to close properly 
(becomes leaky or insufficient), blood can flow backward (regurgitate) into the 
chamber it just left, causing turbulence. 

4. Flow Through Abnormal Connections (Shunts): Congenital defects like holes 
between heart chambers (e.g., Ventricular Septal Defect - VSD) or abnormal 
connections between major blood vessels (e.g., Patent Ductus Arteriosus - PDA) 
allow blood to flow through pathways that are not normally present, often 
resulting in turbulence and murmurs. 

5. Changes in Blood Properties: Alterations in the blood itself, such as decreased 
viscosity (thinning) due to severe anemia (low red blood cell count) or 
hypoproteinemia (low blood protein), can lead to turbulence even as blood flows 
through normal structures. 
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It is critically important to understand that a heart murmur itself is a sound—a clinical 
finding—rather than a disease. Hearing a murmur is analogous to hearing an unusual 
noise in a car; sometimes the noise is temporary and insignificant, while other times it 
signals an underlying problem that requires investigation and potentially repair. 
Similarly, a heart murmur can range from being a harmless, temporary finding 
("innocent" or "physiologic") to being an indicator of significant underlying heart disease 
("pathologic"). Defining a murmur simply as the sound produced by turbulent blood flow 
helps to demystify the term, particularly for families receiving this information about their 
puppy. This understanding shifts the focus from the sound itself to the crucial question 
of why that sound is present, establishing a foundation for comprehending that not all 
turbulence signifies disease. The wide array of potential causes for this turbulence—
ranging from structural heart defects and valve malfunctions to temporary changes in 
blood composition—immediately underscores why simply hearing a murmur is 
insufficient for diagnosis. It highlights the necessity for a thorough diagnostic evaluation 
to determine the specific cause and significance of the murmur in each individual puppy. 
 
Why Murmurs Matter in Puppies: Pediatric Significance and Evaluation 

Puppyhood represents a critical window for evaluating cardiovascular health. The first 
few months of life are when congenital heart diseases (CHDs)—structural abnormalities 
of the heart or major blood vessels present at birth or developing shortly thereafter—are 
most commonly detected. Routine veterinary health checks, often coinciding with 
primary vaccination appointments at 6 to 8 weeks of age, provide the first opportunity 
for auscultation and potential identification of heart murmurs. 

The significance of detecting a murmur during these early examinations cannot be 
overstated. While many murmurs identified in young puppies are ultimately found to be 
"innocent" or "physiologic" and resolve on their own as the puppy matures, a murmur 
can also be the first indication of a potentially serious, life-altering CHD. Early detection 
of pathologic murmurs is vital for several reasons. Firstly, some CHDs, such as Patent 
Ductus Arteriosus (PDA) or certain types of valve stenosis, are amenable to corrective 
procedures (surgical or catheter-based interventions). Identifying these conditions early, 
often before the puppy develops clinical signs of heart compromise or irreversible 
cardiac remodeling, significantly improves the chances of a successful outcome and 
potentially allows the puppy to live a normal or near-normal lifespan. Delaying diagnosis 
can lead to progressive heart enlargement, the development of congestive heart failure 
(CHF), and a poorer prognosis. 

It is useful to distinguish between congenital murmurs, which are associated with 
defects present from birth or shortly after, and acquired murmurs, which develop later in 
life due to diseases affecting previously normal heart structures (like age-related valve 
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degeneration). This report focuses primarily on congenital murmurs, as these are the 
primary concern during puppy evaluations. 

The timing of the initial veterinary visits (often 6-8 weeks) presents a unique diagnostic 
challenge. This period coincides both with the peak time for the appearance of common, 
benign innocent murmurs associated with rapid growth and the timeframe when 
murmurs related to significant CHDs may first become audible. This overlap means that 
veterinarians must maintain a high index of suspicion and cannot dismiss any murmur 
lightly at this stage, necessitating careful characterization of the murmur and 
appropriate follow-up evaluation. Furthermore, the potential for certain CHDs to be 
curable through timely intervention elevates the importance of accurate diagnosis 
beyond simply managing an ongoing disease. A missed diagnosis of a correctable 
defect represents a lost opportunity for potentially restoring normal cardiovascular 
health and longevity, making thorough evaluation of every puppy murmur particularly 
critical. 
 
Heart Murmurs and the Golden Retriever: Breed Context and Predispositions 

The Golden Retriever is a beloved breed known for its amiable temperament and 
intelligence. While generally robust, the breed is recognized as having predispositions 
to certain health conditions, including specific types of heart disease. Understanding this 
breed context is essential when evaluating heart murmurs in Golden Retriever puppies. 

The most significant congenital heart condition associated with Golden Retrievers is 
Subvalvular Aortic Stenosis (SAS). SAS involves a narrowing below the aortic valve, 
obstructing blood flow from the left ventricle to the body. Due to this known 
predisposition, the detection of a heart murmur, particularly one with characteristics 
consistent with SAS (a systolic murmur heard best at the left base of the heart), carries 
increased weight in this breed and warrants careful investigation. The Golden Retriever 
Club of America (GRCA) acknowledges SAS as a hereditary concern and recommends 
specific cardiac screening protocols for breeding stock. 

Tricuspid Valve Dysplasia (TVD), a malformation of the valve between the right atrium 
and right ventricle, is also observed in Golden Retrievers, although it may be less 
frequently highlighted as a primary breed-specific issue compared to SAS. Other CHDs 
common in the general dog population, such as Pulmonic Stenosis (PS) and Patent 
Ductus Arteriosus (PDA), can also occur in Golden Retrievers, though prevalence data 
specifically for these conditions within the breed is less emphasized in large studies 
compared to SAS. 

It is also important to note recent concerns regarding nutritional dilated cardiomyopathy 
(NDCM) in Golden Retrievers, potentially linked to certain types of diets and taurine 
metabolism. While NDCM typically presents in adult dogs and may not initially cause a 
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classic murmur, it adds another dimension to the overall picture of cardiac health 
awareness within the breed. 

Of course, Golden Retriever puppies can also develop innocent, physiologic murmurs, 
just like puppies of other large breeds. These benign murmurs are related to growth and 
development, not underlying structural defects.    

However, the established genetic predisposition of Golden Retrievers to SAS 
fundamentally alters the risk assessment for any murmur detected, especially those 
heard at the left heart base during systole. Such a finding cannot be casually dismissed 
as likely innocent without thorough evaluation. This heightened index of suspicion 
justifies the GRCA's specific recommendations for cardiac screening by board-certified 
cardiologists for breeding animals and underscores the importance of pursuing definitive 
diagnostics, such as echocardiography, when concerning murmurs are found in 
puppies. While the emergence of diet-associated NDCM is typically an adult-onset issue 
distinct from congenital murmurs, its link to the breed serves as a reminder of the 
multifaceted nature of cardiac health in Golden Retrievers, reinforcing the value of a 
holistic approach to health and well-being from puppyhood onward. 
 
Detecting Murmurs in Golden Retriever Puppies 
 
How Common Are Puppy Murmurs? Prevalence Insights in the Breed 

Understanding the frequency of heart murmurs in puppies provides important context 
for interpreting findings during veterinary examinations. Innocent, physiologic murmurs 
are relatively common findings in young, growing puppies across many breeds. Studies 
investigating general puppy populations have reported prevalence rates for innocent 
murmurs ranging from approximately 15% to 28% in puppies under six months of age. 
Some research suggests even higher rates, particularly in athletic breeds like Whippets, 
where up to 58% of puppies may exhibit innocent murmurs.    

In contrast, pathologic murmurs resulting from congenital heart disease (CHD) are 
considerably less common in the overall canine population. Estimates for the 
prevalence of all types of CHD combined typically range from 0.13% to 1.6% of dogs 
seen in veterinary practices. Studies from referral institutions, which see a higher 
proportion of complex cases, may report higher CHD prevalence among examined dogs 
(e.g., 2.7% in one European study ). Within the spectrum of CHD, Subvalvular Aortic 
Stenosis (SAS), Pulmonic Stenosis (PS), and Patent Ductus Arteriosus (PDA) are 
frequently cited as the most common defects in dogs overall. 

Specific data detailing the prevalence of different types of murmurs (innocent versus 
specific pathologic causes like SAS or TVD) detected during initial health checks (e.g., 
at 6-8 weeks) specifically within the Golden Retriever puppy population appears limited 
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in the readily available veterinary literature. Most large-scale prevalence studies focus 
on referral populations, mixed breeds, or adult dogs, or report overall CHD rates rather 
than murmur-specific findings at first presentation. However, given the well-documented 
predisposition of Golden Retrievers to SAS , it is logical to conclude that while innocent 
murmurs are likely the most frequent type encountered in Golden Retriever puppies (as 
in other large breeds), pathologic murmurs related to SAS represent a significant 
concern that must be actively screened for during every puppy examination. 

This situation highlights a potential gap in specific epidemiological data for this breed at 
this life stage, an area that could benefit from future targeted research. The relatively 
high frequency of benign, innocent murmurs can create a diagnostic challenge. 
Veterinarians routinely encounter these harmless sounds, which could inadvertently 
lead to a lower index of suspicion for the rarer, but critically important, pathologic 
murmurs unless breed-specific risks and specific murmur characteristics are diligently 
considered during each evaluation. 
 
Timing and Detection: Why Murmurs Appear and Change 

The detection of a heart murmur in a Golden Retriever puppy is not always a static 
event; murmurs can appear, disappear, or change in intensity over time. Understanding 
the factors that influence this variability is crucial for accurate assessment and 
monitoring. 

• Physiological Development and Resolution of Innocent Murmurs: Innocent 
murmurs typically manifest during periods of rapid growth, often first becoming 
audible around 6 to 8 weeks of age. These murmurs are linked to the dynamic 
cardiovascular changes occurring in young puppies, including a relatively high 
cardiac output compared to the size of the great vessels and a naturally lower 
red blood cell count (physiologic anemia), which reduces blood viscosity. As the 
puppy matures between approximately 4 and 6 months of age, the circulation 
stabilizes, relative vessel sizes change, and hematocrit (red blood cell 
percentage) levels rise, causing the turbulence to diminish and the innocent 
murmur to typically resolve. 

• Progression of Congenital Heart Disease: Unlike innocent murmurs, some 
pathologic murmurs, particularly those associated with SAS, may become more 
apparent or increase in intensity as the underlying lesion develops. The fibrous 
ridge characteristic of SAS often progresses during the first year of life. 
Consequently, a murmur that is very soft or even absent at an 8-week check 
might become more easily detectable or louder by 6 to 12 months of age as the 
obstruction worsens. 
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• Hemodynamic Variability: The intensity of any murmur can be influenced by the 
puppy's physiological state at the time of examination. Factors like excitement, 
stress, fever, or increased activity level can elevate heart rate and cardiac output, 
potentially making both innocent and pathologic murmurs louder or easier to 
detect. Conversely, a very calm, relaxed state might make a soft murmur less 
apparent. Innocent murmurs, in particular, are sometimes described as 
"sensitive" to changes in heart rate or respiration. 

• Diagnostic Factors and Limitations: The ability to detect a murmur, especially 
a soft one (Grade I or II), is highly dependent on several factors. A quiet 
examination room is essential to minimize background noise. The quality of the 
stethoscope significantly impacts the ability to hear subtle sounds. Proper 
auscultation technique, involving listening systematically over all valve areas on 
both sides of the chest, is critical. Soft murmurs may only be audible in a very 
specific location (focal) or may be intermittent, meaning they are not heard with 
every heartbeat or during every examination. Studies have shown variability in 
murmur detection even between experienced examiners (interobserver 
variability) and that some murmurs considered innocent may vary in presence or 
intensity from day to day or persist beyond the typical 6-month timeframe in 
certain breeds like Boxers. 

This inherent dynamism complicates the diagnostic process. A single auscultation 
provides only a snapshot in time and may not fully represent the puppy's cardiac status. 
An innocent murmur might be missed if the puppy is examined on a day it is not audible, 
or a soft pathologic murmur might be initially overlooked. This underscores the 
importance of serial evaluations, especially for low-grade murmurs detected early, to 
track their persistence or change in character. Furthermore, the known progression of 
SAS lesions during the first year directly impacts screening protocols for breeding 
animals. While an early check at 8 weeks is valuable for detecting significant defects, it 
may underestimate or miss developing SAS. This reinforces the rationale behind the 
GRCA and OFA recommendations for a definitive cardiologist evaluation closer to or 
after 12 months of age for breeding clearance, allowing assessment after the period of 
most significant lesion development. 
 
Innocent Murmurs: The Sounds of Healthy Growth 
 
Understanding Physiologic Flow Murmurs in Growing Puppies 

A frequent finding during routine veterinary examinations of young puppies is the 
presence of an "innocent," "physiologic," or "flow" murmur. These terms all refer to heart 
murmurs that occur in the absence of any underlying structural heart disease or defect. 
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They are considered normal, benign variations associated with the physiology of a 
rapidly growing animal. 

The primary cause of these murmurs is believed to be the turbulent flow of normal blood 
through normal heart structures. Several factors contribute to this temporary turbulence 
in healthy puppies: 

1. Relative Blood Flow Dynamics: In rapidly growing puppies, particularly those of 
larger breeds, the volume of blood ejected with each heartbeat (stroke volume) 
may be relatively large in proportion to the diameter of the major blood vessels 
like the aorta and pulmonary artery. This can lead to higher blood flow velocities 
through these vessels, potentially crossing the threshold where smooth (laminar) 
flow becomes turbulent. 

2. Physiologic Anemia of Youth: Young puppies naturally have a lower 
concentration of red blood cells (lower hematocrit) compared to adult dogs. This 
relative anemia decreases the viscosity (thickness) of the blood. Thinner blood is 
more prone to turbulence as it flows through the heart and vessels, even at 
normal velocities or through normal structures. Studies have demonstrated a 
correlation between lower hematocrit levels and the presence of innocent 
murmurs in puppies. 

Understanding these physiological underpinnings is crucial. It provides a scientific 
explanation for why these sounds occur in perfectly healthy, developing puppies. The 
use of terms like "innocent" or "physiologic" is intended to convey the benign nature of 
these findings and help alleviate potential anxiety for families hearing that their puppy 
has a heart murmur. The connection to resolving physiologic anemia offers a tangible 
biological reason for both the appearance and the typical disappearance of these 
murmurs as the puppy matures, moving beyond a simple statement of "they grow out of 
it" to a more concrete understanding of the underlying developmental changes. 
 
Characteristics of Innocent Murmurs 

While definitive diagnosis requires careful evaluation and sometimes further testing, 
innocent murmurs often possess a characteristic set of features identifiable during 
auscultation: 

• Intensity (Grade): They are typically soft, usually graded as I or II on the 
standard I-VI scale. While some sources suggest a Grade III murmur could 
potentially be innocent , murmurs of Grade III intensity are less likely to be 
benign, and it is considered virtually impossible for a Grade IV or louder murmur 
to be innocent. 
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• Timing and Duration: Innocent murmurs occur only during systole (the phase 
when the heart contracts and ejects blood). They are typically short in duration, 
often occurring in early to mid-systole, and do not last throughout the entire 
systolic period (i.e., they are not holosystolic). Diastolic murmurs (occurring 
during heart relaxation) are never considered innocent. 

• Location (Point of Maximal Intensity - PMI): The sound is usually most 
prominent (loudest) over the left heart base, the area corresponding to the aortic 
and pulmonic valves. They tend to be localized or focal, meaning they are not 
easily heard over wide areas of the chest. While they might radiate slightly, 
extensive radiation is uncharacteristic. 

• Quality and Pitch: Innocent murmurs often have a distinct quality described as 
"musical," "vibratory," or "blowing," rather than harsh. 

• Variability: They can be intermittent, meaning they may not be heard during 
every examination or even with every heartbeat during a single exam. Their 
intensity may also change noticeably with variations in the puppy's heart rate, 
excitement level, or respiratory phase ("sensitive"). 

• Associated Findings: A true innocent murmur occurs in an otherwise healthy 
puppy with no other abnormal heart sounds (like clicks or gallops) or clinical 
signs of heart disease ("single"). 

 
A helpful mnemonic sometimes used to summarize these features is the "Seven S's" : 

1. Systolic (timing) 

2. Soft (intensity, Grade ≤II) 

3. Short (duration, early/mid-systolic) 

4. Single (no other cardiac abnormalities) 

5. Sweet (quality, musical/vibratory, not harsh) 

6. Small (location, focal, typically left base) 

7. Sensitive (intensity varies with heart rate/respiration)  

It is crucial, however, to recognize the limitations of relying solely on these 
characteristics. There can be significant overlap between the sound of a soft innocent 
murmur and a soft murmur caused by mild pathologic conditions, such as early or mild 
SAS or PS. Studies, particularly in breeds like Boxers predisposed to CHD, have shown 
that soft Grade I-II innocent murmurs can be indistinguishable by auscultation alone 
from soft murmurs caused by actual heart defects. Differentiating these can be 
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challenging, especially for non-specialists. Therefore, while these typical characteristics 
are valuable guidelines suggesting a murmur might be innocent, they do not provide a 
definitive guarantee. Caution is always warranted, particularly in breeds like the Golden 
Retriever with known predispositions to specific CHDs, and further investigation may be 
necessary even if a murmur seems to fit the "innocent" profile. 
 
When Do Innocent Murmurs Disappear? Typical Resolution Timeline 

One of the defining features of innocent murmurs is their transient nature. The vast 
majority of these physiologic murmurs resolve spontaneously as the puppy matures and 
the underlying hemodynamic factors normalize. The generally accepted timeframe for 
this resolution is by 4 to 6 months of age. Some sources specify slightly narrower 
windows, such as by 4-5 months or 5-6 months. 

This typical resolution timeline provides a practical benchmark for veterinary monitoring. 
If a soft, left basilar systolic murmur is detected in a young Golden Retriever puppy 
(e.g., at the 6-8 week check), and it possesses characteristics consistent with an 
innocent murmur, a period of "watchful waiting" with re-evaluation at subsequent 
appointments (e.g., later vaccination visits) is often appropriate. 

However, the persistence of a heart murmur beyond this expected timeframe, 
specifically past 6 months of age, is considered a significant indicator that the murmur 
may not be innocent and warrants further diagnostic investigation, typically involving an 
echocardiogram. 

While the 4-6 month resolution is a reliable general rule, some biological variability may 
exist. A prospective study involving Boxer puppies found that soft murmurs initially 
considered innocent commonly persisted into adulthood in that specific cohort, although 
another study in the same breed reported disappearance in half of adult dogs who had 
soft murmurs as puppies. This highlights that while most innocent murmurs follow the 
expected pattern, occasional exceptions or breed-specific variations might occur. 
Nonetheless, the persistence of any murmur beyond 6 months should always prompt a 
recommendation for a more definitive cardiac evaluation to rule out underlying 
pathology, even if a small possibility exists that a persistent murmur could still be 
physiologic after comprehensive assessment. 
 
The Good News: Benign Nature, Prognosis, and Reassurance 

The most important message regarding true innocent, physiologic heart murmurs is that 
they are entirely benign. These murmurs have no detrimental impact on the puppy's 
current or future health and do not represent any form of heart disease. Consequently, 
they require no medical or surgical treatment. 
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The long-term outlook, or prognosis, for puppies with confirmed innocent murmurs is 
excellent. They are expected to live normal, healthy lives with no restrictions on activity 
once the murmur resolves. Finding an innocent murmur is a common occurrence in 
healthy, rapidly growing puppies, especially in larger breeds. 

Providing clear communication and reassurance about the benign nature and positive 
prognosis of confirmed innocent murmurs is essential. Hearing the term "heart murmur" 
can understandably cause significant anxiety for families. Explaining the physiological 
basis for these sounds and emphasizing their harmlessness and expected resolution 
can alleviate worry and build trust. However, this reassurance must always be 
predicated on a careful evaluation process to confidently distinguish an innocent 
murmur from a potentially pathologic one. The "good news" applies only once the 
murmur has been appropriately assessed and deemed truly physiologic, often involving 
monitoring over time to confirm resolution or, in some cases, echocardiography to 
definitively rule out structural abnormalities (as discussed in Part V).  
 
When Murmurs Signal a Problem: Pathologic Causes 

 
Murmurs as Clinical Signs of Congenital Heart Disease (CHD) 

While many puppy murmurs are benign, a heart murmur can also serve as a critical 
early warning sign of an underlying structural problem within the heart or major blood 
vessels—a congenital heart disease (CHD). These defects are present at or near birth 
and disrupt the normal, smooth flow of blood through the cardiovascular system. This 
disruption creates the turbulence that is detected as a murmur during auscultation. 

Pathologic murmurs arise from a variety of structural abnormalities. Common categories 
of CHD that cause murmurs detectable in puppies include: 

• Valve Stenosis: A narrowing or obstruction at one of the heart valves (e.g., aortic 
valve, pulmonic valve), forcing blood through a restricted opening. Subvalvular 
Aortic Stenosis (SAS) and Pulmonic Stenosis (PS) are prime examples. 

• Valve Dysplasia/Insufficiency: Malformation of a heart valve (e.g., tricuspid 
valve, mitral valve) that prevents it from closing properly, leading to backward 
leakage or regurgitation of blood. Tricuspid Valve Dysplasia (TVD) and Mitral 
Valve Dysplasia fall into this category. 

• Septal Defects: Holes in the walls (septa) separating the heart chambers, 
allowing blood to shunt abnormally between them. Ventricular Septal Defect 
(VSD) is the most common type. 
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• Abnormal Vessel Connections: Persistence of fetal blood vessels that should 
normally close after birth, creating abnormal connections between major arteries. 
Patent Ductus Arteriosus (PDA) is the classic example. 

Understanding these different categories of structural defects provides a necessary 
framework for interpreting murmur findings. The specific characteristics of a murmur (its 
timing, location, intensity, and quality) can offer clues about the likely underlying 
abnormality, guiding the diagnostic process discussed later. For instance, a murmur 
caused by valve stenosis (obstructed forward flow) often sounds different and occurs in 
a different location than a murmur caused by valve regurgitation (backward leakage) or 
a shunt defect. Recognizing these potential underlying mechanisms is the first step 
toward identifying the specific CHD responsible for a pathologic murmur. 
 
Subvalvular Aortic Stenosis (SAS): A Key Concern for Golden Retrievers 

Subvalvular Aortic Stenosis (SAS) is one of the most frequently diagnosed congenital 
heart defects in dogs and holds particular significance for the Golden Retriever breed 
due to a well-recognized predisposition. 

• Pathology: SAS is characterized by a narrowing in the left ventricular outflow 
tract (LVOT), the pathway blood takes when leaving the heart's main pumping 
chamber (left ventricle) to enter the aorta (the major artery supplying blood to the 
body). This narrowing is typically caused by a discrete ridge, ring, or band of 
fibrous or fibromuscular tissue located just below the aortic valve leaflets. This 
obstruction forces the left ventricle to work much harder to eject blood into the 
aorta, leading to a significant increase in pressure within the ventricle (pressure 
overload). Over time, this chronic pressure overload often causes the muscular 
wall of the left ventricle to thicken, a condition called concentric hypertrophy. 
Other associated anatomical changes can include dilation of the aorta just 
beyond the stenosis (post-stenotic dilation) due to the high-velocity jet of blood 
hitting the aortic wall, and sometimes leakage of the aortic valve itself (aortic 
insufficiency or regurgitation). The thickened heart muscle may also suffer from 
inadequate blood supply (subendocardial ischemia), potentially leading to 
scarring (fibrosis) and electrical instability (arrhythmias). A crucial aspect of SAS 
is that the obstructive lesion is often not fully formed at birth but develops 
progressively during the first few months to a year of life. Research in Golden 
Retrievers has also investigated the role of the aortoseptal angle (AoSA)—the 
angle between the aorta and the interventricular septum—suggesting that an 
abnormal angle might be present early and contribute to the development or 
worsening of the stenosis in some individuals. 
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• Breed Significance: Golden Retrievers are consistently identified as a breed at 
high risk for developing SAS. This strong breed predisposition means that the 
finding of a murmur consistent with SAS in a Golden Retriever puppy must be 
taken very seriously. The Golden Retriever Club of America (GRCA) specifically 
recommends cardiac screening, including evaluation by a board-certified 
veterinary cardiologist, for all breeding stock to help reduce the incidence of this 
inherited condition. 

• Murmur Characteristics: The classic murmur associated with SAS is systolic 
(occurring during ventricular contraction) and has an "ejection" quality, meaning it 
typically increases and then decreases in intensity during systole (crescendo-
decrescendo pattern). It is usually heard loudest at the left heart base, over the 
aortic valve area. The murmur may radiate, often towards the right heart base or 
up towards the carotid arteries in the neck. While the intensity (loudness grade) 
of the murmur often correlates roughly with the severity of the stenosis (louder 
murmurs suggesting more severe obstruction), this relationship is not absolute, 
especially in mild cases where murmurs can be soft and potentially difficult to 
distinguish from innocent murmurs. In severe cases, a palpable vibration (thrill) 
may be felt on the chest wall over the heart base. 

• Severity & Diagnosis: Definitive diagnosis and severity assessment require 
echocardiography with Doppler studies. Echocardiography allows visualization of 
the LVOT to identify the subvalvular ridge (though this can sometimes be difficult 
to see clearly), assess the degree of left ventricular hypertrophy, detect aortic 
insufficiency, and observe post-stenotic dilation. Doppler echocardiography is 
essential for measuring the peak velocity of blood flow across the narrowed area. 
This velocity measurement is used to calculate the pressure gradient (PG) 
across the obstruction using the modified Bernoulli equation (PG=4×velocity2). 
The velocity and calculated PG are the primary means of grading severity. While 
classification schemes can vary slightly, generally accepted ranges are often 
similar to these : 

o Equivocal/Borderline: Velocity 2.0-2.5 m/s (PG 16-25 mmHg) 

o Mild: Velocity 2.5-3.5 m/s (PG 25-49 mmHg) 

o Moderate: Velocity 3.5-4.5 m/s (PG 50-79 mmHg) 

o Severe: Velocity >4.5 m/s (PG ≥80 mmHg) (Note: Some cardiologists may 
use slightly different cutoffs, e.g., considering PG >50 mmHg as 
moderate-to-severe ). 

• Outcomes/Prognosis: The long-term outlook for dogs with SAS depends 
heavily on the severity of the obstruction. Dogs with mild SAS may remain 
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asymptomatic and live a normal lifespan. However, dogs with moderate to severe 
SAS face significant risks, including : 

o Exercise intolerance 

o Syncope (fainting spells), often related to exertion 

o Life-threatening ventricular arrhythmias (irregular heartbeats) 

o Development of left-sided congestive heart failure (fluid buildup in the 
lungs) 

o Increased susceptibility to bacterial endocarditis (infection of the heart 
valves or stenotic lesion) 

o Sudden cardiac death, which can occur unexpectedly, even in young, 
apparently healthy dogs. One study reported an average lifespan of only 
19 months for dogs with severe SAS without intervention. Due to the risks 
associated with increased cardiac workload, exercise restriction is typically 
recommended for dogs with moderate to severe SAS.  

The progressive nature of SAS during a puppy's first year is a critical consideration for 
breeders and owners. An initial evaluation at 8 weeks might not reflect the final severity 
of the condition. This necessitates careful follow-up and reinforces the importance of the 
recommended 12-month cardiologist screening for dogs intended for breeding, allowing 
for assessment after the lesion has likely stabilized. Furthermore, the potential for 
sudden death, even in dogs without obvious clinical signs , highlights why relying solely 
on outward appearance or auscultation can be dangerously misleading. 
Echocardiography is essential not only for diagnosis but also for risk stratification. The 
objective measurements of velocity and pressure gradient obtained via Doppler are 
directly linked to prognosis and are crucial for guiding management decisions, including 
activity levels, potential medical therapy (like beta-blockers, though their benefit is 
debated), and informed breeding choices. 
 
Tricuspid Valve Dysplasia (TVD): Understanding the Defect 

Tricuspid Valve Dysplasia (TVD) is another type of congenital heart disease that can 
cause pathologic murmurs in puppies, including Golden Retrievers. It involves a 
malformation of the tricuspid valve, which is located between the right atrium (the upper 
right chamber that receives blood from the body) and the right ventricle (the lower right 
chamber that pumps blood to the lungs). 

• Pathology: TVD encompasses a spectrum of abnormalities affecting the 
components of the tricuspid valve apparatus: the valve leaflets, the chordae 
tendineae (the fibrous cords anchoring the leaflets), and the papillary muscles 
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(the muscle projections in the ventricle to which the chordae attach). Dysplastic 
changes can include leaflets that are thickened, shortened, elongated, fused 
together, or improperly attached. The chordae tendineae may be thickened, 
shortened, fused, or even absent, and the papillary muscles can also be 
malformed or abnormally positioned. The primary consequence of these 
malformations is typically tricuspid valve insufficiency or regurgitation—the valve 
fails to close properly during systole (ventricular contraction), allowing blood to 
leak backward from the right ventricle into the right atrium. This backward flow 
increases the volume of blood the right atrium and right ventricle must handle 
(volume overload), leading to dilation (enlargement) of these chambers over 
time. In rare instances, TVD can also involve stenosis (narrowing) of the valve 
opening, further impeding blood flow. A related condition, Ebstein's anomaly, 
involves downward displacement of the tricuspid valve leaflets into the right 
ventricle, but is generally considered distinct from typical TVD where leaflets are 
malformed but not significantly displaced. 

• Relevance in Goldens: TVD is considered an uncommon CHD overall, 
accounting for approximately 3-7% of diagnosed cases in dogs. While Labrador 
Retrievers are often cited as the most predisposed breed, with evidence of 
inheritance , TVD is also documented in Golden Retrievers and other large 
breeds like German Shepherds and Great Danes. 

• Murmur Findings: The characteristic murmur associated with TVD is systolic 
and typically heard loudest over the right side of the chest, specifically at the 
apex (the lower part of the heart corresponding to the tricuspid valve area). The 
intensity of the murmur can vary depending on the severity of the regurgitation, 
but like other murmurs, loudness does not always perfectly correlate with the 
degree of underlying disease. 

• Diagnosis & Outcomes: Echocardiography is the diagnostic tool of choice for 
confirming TVD. The ultrasound allows visualization of the malformed valve 
structures, assessment of the severity of tricuspid regurgitation using Doppler 
techniques (particularly color Doppler to see the regurgitant jet), and 
measurement of the degree of right atrial and right ventricular enlargement. The 
prognosis for dogs with TVD is highly dependent on the severity of the defect. 
Puppies with mild TVD may remain asymptomatic throughout their lives and 
require no treatment. However, those with moderate to severe TVD are at 
significant risk of developing right-sided congestive heart failure (R-CHF). Signs 
of R-CHF include fluid accumulation in the abdomen (ascites), fluid around the 
lungs (pleural effusion), distended jugular veins, exercise intolerance, weight loss 
or muscle wasting (cardiac cachexia), and difficulty breathing. R-CHF often 
develops within the first few years of life in severe cases, leading to a guarded 
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prognosis, although medical management with diuretics and other cardiac 
medications can help control symptoms and improve quality of life for a period. 

The underlying pathophysiology of TVD, primarily causing right-sided volume overload 
due to regurgitation , contrasts sharply with the left-sided pressure overload 
characteristic of SAS. This fundamental difference explains the distinct clinical 
manifestations—R-CHF signs like ascites in severe TVD versus L-CHF signs like 
pulmonary edema (coughing, respiratory distress) in severe SAS—and the different 
typical murmur locations (right apex for TVD vs. left base for SAS). The broad spectrum 
of severity observed in TVD, ranging from clinically insignificant to rapidly fatal , 
underscores the critical need for echocardiographic evaluation. A simple diagnosis of 
"TVD" is insufficient; the echo provides the necessary detail on valve morphology, 
regurgitation severity, and chamber enlargement to allow for accurate prognostication 
and appropriate management planning. 
 
Other Potential Cardiac Conditions Causing Puppy Murmurs 

Besides SAS and TVD, several other congenital heart defects can cause murmurs 
detectable in Golden Retriever puppies, although they may be less commonly 
associated with the breed than SAS. Awareness of these conditions is important for 
differential diagnosis. 

• Pulmonic Stenosis (PS): This condition involves a narrowing at or near the 
pulmonic valve, which controls blood flow from the right ventricle into the 
pulmonary artery (leading to the lungs). This obstruction increases the workload 
on the right ventricle, causing it to thicken (hypertrophy). PS is one of the most 
common CHDs in dogs overall. While Golden Retrievers can be affected , breeds 
like Bulldogs, Terriers, Boxers, and Samoyeds are often cited as having higher 
predispositions. The murmur associated with PS is typically a systolic ejection 
murmur (similar to SAS) heard best at the left heart base (pulmonic valve area). 
As with SAS, murmur intensity often correlates roughly with severity, with loud 
murmurs (Grade ≥IV) suggesting more severe stenosis. Severity is definitively 
graded using Doppler echocardiography to measure the pressure gradient 
across the stenosis (Mild <50 mmHg, Moderate 50-80 mmHg, Severe >80 mmHg 
are common classifications). Importantly, moderate to severe valvular PS can 
often be treated effectively with a minimally invasive procedure called balloon 
valvuloplasty, which widens the narrowed valve. 

• Ventricular Septal Defect (VSD): A VSD is a hole in the septum (wall) 
separating the left and right ventricles. Because pressure is normally much 
higher in the left ventricle than the right, this defect usually results in blood 
shunting from left to right. VSDs are among the more common CHDs in dogs. 
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The typical murmur of a VSD is systolic and often loudest on the right side of the 
chest, near the sternal border or apex. An interesting feature is that smaller, less 
hemodynamically significant VSDs often produce louder, harsher murmurs due to 
the high velocity of blood flow through a small opening, whereas large defects 
may produce softer murmurs or no murmur at all if pressures between the 
ventricles equalize. The clinical significance depends entirely on the size of the 
defect and the volume of the shunt; small VSDs may cause no problems, while 
large VSDs can lead to left-sided volume overload and eventually CHF. VSDs are 
not specifically highlighted as a major predisposition in Golden Retrievers based 
on the reviewed materials. 

• Patent Ductus Arteriosus (PDA): The ductus arteriosus is a blood vessel 
present in the fetus that connects the pulmonary artery and the aorta, allowing 
blood to bypass the non-functional fetal lungs. This vessel normally closes 
shortly after birth. A PDA occurs when this vessel fails to close, remaining 
"patent". This results in a continuous flow of blood from the high-pressure aorta 
into the lower-pressure pulmonary artery (a left-to-right shunt). PDA is one of the 
most common CHDs in dogs. It produces a very characteristic continuous 
murmur, often described as sounding like "machinery," which is typically loudest 
at the left heart base and may radiate towards the left axilla (armpit) area. 
Golden Retrievers can be affected. Untreated PDAs lead to significant left-sided 
volume overload and eventual CHF. Fortunately, PDA is highly treatable and 
often curable with surgical ligation or minimally invasive catheter-based occlusion 
devices. 

The similarity in location (left base) and timing (systolic) for murmurs caused by SAS, 
PS, and innocent flow presents a significant diagnostic challenge based on auscultation 
alone. Given the high prevalence of SAS in Golden Retrievers, any left basilar systolic 
murmur in a puppy of this breed should prompt strong consideration for an 
echocardiogram to differentiate these possibilities accurately, as relying on subtle 
differences in sound quality or intensity can be unreliable. In contrast, the typical 
murmur characteristics of VSD (right-sided systolic) and PDA (continuous) are often 
more distinct, potentially allowing for a stronger presumptive diagnosis based on 
auscultation, although echocardiography remains the gold standard for confirmation and 
assessment of severity for all CHDs. 
 
Relevant Non-Cardiac Causes of Murmurs in Puppies 

Not all heart murmurs, even those that are not structurally congenital, originate from 
primary heart disease. Certain systemic conditions, referred to as extracardiac or 
functional causes, can alter blood flow dynamics sufficiently to create turbulence and 
produce a murmur. 
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The most relevant functional cause in puppies is severe anemia, characterized by a 
significantly low number of red blood cells. Anemia decreases the viscosity (thickness) 
of the blood. This "thinner" blood flows more easily into turbulence as it passes through 
the heart valves and great vessels, even if these structures are anatomically normal. In 
young puppies, severe anemia can result from heavy infestations of blood-feeding 
parasites, such as fleas, ticks, or certain intestinal worms (like hookworms). Other 
potential causes of anemia exist but are less common in this specific context. The 
murmur associated with anemia is often referred to as a "haemic murmur". It is typically 
soft (low grade) and systolic. 

Other less common functional causes that might theoretically produce murmurs include 
conditions that significantly increase cardiac output or alter blood flow, such as high 
fever (pyrexia), severe hypoproteinemia (very low blood protein levels, which also 
decreases viscosity), or extreme excitement/stress leading to very high sympathetic 
tone. 

Recognizing the possibility of functional murmurs, particularly those due to anemia, is 
important. In these cases, the murmur is a secondary sign, and the primary focus 
should be on diagnosing and treating the underlying condition (e.g., aggressive parasite 
control, nutritional support, addressing the cause of fever). If the underlying systemic 
issue is successfully resolved, the functional murmur associated with it should also 
disappear. This requires the veterinarian to consider the puppy's overall health status, 
including factors like parasite burden, mucous membrane color (paleness suggests 
anemia), and body condition, rather than focusing solely on the heart sounds during the 
examination. 
 
The Veterinary Evaluation: From Stethoscope to Specialist 
 
The Art and Science of Auscultation 

The initial step in evaluating a puppy for a potential heart murmur is careful cardiac 
auscultation—listening to the heart sounds with a stethoscope. This fundamental 
diagnostic technique, while seemingly simple, requires skill, focus, and optimal 
conditions to perform effectively. 

A successful auscultation begins with the right environment and equipment. A quiet 
room is paramount to minimize distracting background noises that can obscure subtle 
heart sounds. Investing in a high-quality stethoscope with good acoustic properties, 
potentially including a pediatric-sized chest piece for small puppies, is essential. The 
examination should be systematic, with the veterinarian listening carefully over specific 
areas of the chest wall corresponding to the underlying heart valves on both the left and 
right sides.  
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Key auscultation points include: 

• Left Apex: Primarily over the mitral valve area (approx. 5th intercostal space at 
costochondral junction). 

• Left Base: Over the aortic and pulmonic valve areas (approx. 3rd-4th intercostal 
spaces below the shoulder). 

• Right Apex: Primarily over the tricuspid valve area (approx. 4th intercostal space 
at costochondral junction). 

• Right Base: To detect murmurs radiating from the left side or originating from 
right-sided structures.  

• Other Areas: Including the thoracic inlet (near the neck) and sternal borders, 
especially in small patients.    

 
If a murmur is detected, the veterinarian meticulously characterizes it based on several 
key features: 

1. Intensity (Grade): The loudness of the murmur is graded on a standard I-VI 
scale. This scale provides a semi-quantitative way to describe loudness relative 
to the normal heart sounds (S1 "lub" and S2 "dub"). Louder murmurs (Grade V 
and VI) are often associated with a palpable vibration, known as a precordial 
thrill, felt on the chest wall. While intensity can offer clues, it's crucial to 
remember that loudness does not always perfectly correlate with the severity of 
the underlying heart disease, although murmurs of Grade III or higher are more 
likely to be associated with pathology. 
 
Table 1: Heart Murmur Grading Scale (I-VI) 

Grade Description Palpable 
Thrill 

I Very soft; heard only after careful listening in a quiet room, 
often intermittently or in one location. 

No 

II Soft; readily audible with a stethoscope once located, but 
softer than normal heart sounds. 

No 

III Moderate; immediately audible and approximately equal in 
intensity to normal heart sounds. 

No 
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IV Loud; louder than normal heart sounds, usually radiates 
widely across the chest. 

No 

V Very loud; audible with stethoscope barely touching the chest, 
associated with a palpable thrill. 

Yes 

VI Extremely loud; audible even with the stethoscope lifted 
slightly off the chest wall, palpable thrill. 

Yes 

  

2. Timing: Describes when the murmur occurs within the cardiac cycle. Most 
murmurs in dogs are systolic, occurring between S1 and S2. Diastolic murmurs 
(between S2 and the next S1) are rare in isolation. Continuous murmurs persist 
throughout both systole and diastole, often obscuring S2. Murmur timing can be 
further described by its configuration or shape over time (e.g., plateau/uniform 
intensity like mitral regurgitation; crescendo-decrescendo/diamond-shaped like 
aortic or pulmonic stenosis; decrescendo like aortic insufficiency). 

3. Location (Point of Maximal Intensity - PMI): Identifies the specific area on the 
chest where the murmur is heard most loudly. This location often corresponds to 
the heart valve or defect originating the turbulent flow (e.g., left apex for mitral 
valve, left base for aortic/pulmonic valves, right apex for tricuspid valve). 

4. Radiation: Describes the pattern of how the murmur sound spreads or radiates 
away from the PMI to other areas of the chest or even up the neck (e.g., SAS 
murmurs may radiate along the carotid arteries). Radiation patterns follow the 
direction of the turbulent blood flow. 

5. Quality/Pitch: Refers to the tonal characteristics of the murmur sound, described 
using terms like harsh, soft, blowing, rumbling, or musical/vibratory. Pitch can be 
subjectively assessed as high, medium, or low frequency.   

Accurate characterization using these parameters is essential because different cardiac 
conditions tend to produce murmurs with relatively distinct (though sometimes 
overlapping) profiles. For example, the loud, continuous, machinery-like murmur at the 
left base strongly suggests PDA , while a soft, early systolic, musical murmur at the left 
base points towards an innocent flow murmur. A harsh systolic murmur at the right apex 
is typical for TVD. This systematic description helps narrow the list of possible 
underlying causes (differential diagnoses) and guides further diagnostic steps. However, 
auscultation remains a subjective skill influenced by experience, equipment, and patient 
factors. This inherent variability underscores the importance of specialist consultation 
when findings are ambiguous or particularly concerning. 
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Identifying Red Flags: When to Investigate Further 

While auscultation provides initial clues, certain findings significantly increase the 
suspicion that a murmur is pathologic and warrants further investigation, primarily 
through echocardiography. These "red flags" help veterinarians and breeders determine 
when watchful waiting is insufficient and a more definitive diagnostic approach is 
needed: 

• Murmur Intensity (Grade ≥ III): Murmurs that are moderate to loud (Grade III or 
higher) are significantly more likely to be associated with underlying structural 
heart disease. A Grade IV murmur is almost certainly pathologic, and Grades V-
VI (associated with a palpable thrill) indicate severe turbulence usually linked to 
significant defects.    

• Persistence Beyond 6 Months: Innocent murmurs typically resolve by 4-6 
months of age. Any murmur that persists beyond this timeframe should be 
considered potentially pathologic until proven otherwise. 

• Timing and Duration: Murmurs that occur during diastole or are continuous 
throughout the cardiac cycle are always considered abnormal. Systolic murmurs 
that last throughout the entire systolic phase (holosystolic or pansystolic) are also 
more likely to be pathologic than short, early systolic murmurs. 

• Location and Quality: While left basilar murmurs can be innocent, murmurs 
loudest at other locations (e.g., right apex suggesting TVD, right sternal border 
suggesting VSD) are typically pathologic. A harsh or coarse quality is more 
suspicious than a soft, musical tone. 

• Presence of Clinical Signs: Although many puppies with significant CHD may 
initially appear asymptomatic, the presence of any clinical signs suggestive of 
cardiac compromise strongly indicates a pathologic murmur. These signs include 
poor growth, failure to thrive, exercise intolerance (tiring easily during play), 
coughing, difficulty breathing (dyspnea), rapid breathing (tachypnea, especially 
when resting or sleeping), fainting episodes (syncope), or a bluish tinge to the 
gums or tongue (cyanosis). It is critical to remember that the absence of clinical 
signs does not rule out the possibility of severe CHD, particularly conditions like 
SAS where sudden death can be the first sign. 

• Breed Predisposition: In breeds with known predispositions to specific CHDs, 
like SAS in Golden Retrievers, a murmur consistent with that condition (e.g., left 
basilar systolic) carries a higher index of suspicion, even if soft. 
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• Worsening Murmur: If serial auscultations reveal that a murmur is increasing in 
intensity over time, this suggests progression of an underlying pathologic 
condition and warrants investigation. 

Table 2: Comparing Characteristics: Innocent vs. Potentially Pathologic Murmurs 
in Puppies 

Feature Typical Innocent Murmur 
Characteristics 

Characteristics Suggesting 
Potential Pathology 

Intensity Grade I-II (Soft)  Grade ≥III (Moderate to Very Loud)  

Timing Systolic only  Diastolic or Continuous  

Duration Short, early to mid-systolic  Holosystolic (pansystolic)  

Location (PMI) Left base (usually focal)  Right side (apex or base), other 
locations, or widely radiating  

Quality Soft, musical, vibratory 
("Sweet")  

Harsh, coarse, blowing  

Persistence Resolves by 4-6 months  Persists beyond 6 months  

Clinical Signs Absent (otherwise healthy 
puppy)  

Present (e.g., poor growth, cough, 
dyspnea, syncope)  

Other Sounds None ("Single")  Presence of gallop sounds, clicks, or 
arrhythmias  

Change Over 
Time 

Decreases or disappears  Increases in intensity  

   

The combination of murmur characteristics and breed risk is particularly informative. For 
instance, a Grade III or louder left basilar systolic murmur in a Golden Retriever puppy 
strongly suggests the possibility of SAS and warrants an echocardiogram, even if the 
puppy appears completely healthy. The crucial understanding that seemingly healthy 
puppies can harbor severe, life-threatening CHD reinforces the need to investigate 
murmurs based on objective findings and risk factors, rather than relying solely on the 
absence of overt symptoms. 
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The Crucial Role of the Veterinary Cardiologist Referral 

When a heart murmur raises suspicion of underlying pathology, or when definitive 
diagnosis and expert assessment are required (e.g., for breeding potential), referral to a 
board-certified veterinary cardiologist is the recommended course of action. These 
specialists possess advanced training and extensive experience in diagnosing and 
managing complex cardiovascular diseases in animals. 

Their expertise is invaluable for several reasons: 

• Advanced Auscultation Skills: Cardiologists hone their ability to detect subtle 
murmur characteristics and differentiate between various heart sounds. 

• Expert Echocardiography: Performing and interpreting echocardiograms, 
especially Doppler studies, requires specialized skill and knowledge to accurately 
identify structural defects, assess hemodynamic significance, and grade severity. 
This is particularly true for conditions like SAS where measurements are critical 
and technically demanding. 

• Accurate Differentiation: As noted previously, distinguishing innocent murmurs 
from mild pathologic ones can be challenging. A cardiologist is best equipped to 
make this distinction definitively. 

• Treatment Planning: For conditions requiring medical management or 
intervention (like balloon valvuloplasty for PS or PDA closure), a cardiologist 
provides expert guidance on the optimal treatment strategy and timing. 

• Breeding Recommendations: Evaluating potential breeding animals requires 
the highest level of diagnostic certainty. The Orthopedic Foundation for Animals 
(OFA) Advanced Cardiac Database certification, which provides the most 
comprehensive cardiac clearance, mandates examination by a board-certified 
cardiologist, including echocardiography. This standard reflects the need for 
specialist expertise in making critical decisions that impact breed health. 

Ideally, if a murmur suspicious for significant CHD is detected by the primary care 
veterinarian during the initial puppy checks (e.g., at 6-8 weeks), referral to a cardiologist 
should occur before the puppy is placed in its new home. This allows for a definitive 
diagnosis, prognosis, and discussion of potential treatment costs and long-term care 
needs while the puppy is still under the breeder's responsibility. Unfortunately, studies 
suggest a potential gap between this ideal and common practice. Research indicates 
that many owners are unaware of their puppy's murmur at the time of purchase, and 
referral often occurs months later, after placement. Furthermore, a survey found that 
less than half of primary care veterinarians recommended specialist referral for murmur 
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investigation. This discrepancy highlights a critical area for improvement in 
communication and process between breeders, primary care veterinarians, and new 
owners to ensure timely and appropriate evaluation of potentially serious conditions. 
The OFA's requirement of a cardiologist for Advanced certification sets a benchmark for 
thoroughness, implicitly acknowledging that non-specialist exams may not capture all 
nuances necessary for critical health assessments, especially concerning breeding 
stock. 
 
Echocardiography: Seeing Inside the Heart 

Echocardiography, commonly referred to as a cardiac ultrasound or "echo," is the 
cornerstone and gold standard diagnostic test for evaluating heart murmurs and 
diagnosing congenital heart disease in puppies. This non-invasive imaging technique 
uses sound waves to create detailed, real-time images of the heart's structure and 
function. 
 
A comprehensive echocardiographic examination provides invaluable information: 

• Assessment of Cardiac Structure (2D and M-Mode Echo): These modes 
allow detailed visualization and measurement of: 

o Chamber Size: Assessing the dimensions of the atria and ventricles to 
detect enlargement (dilation) caused by volume overload (e.g., in TVD, 
VSD, PDA) or abnormal smallness. 

o Wall Thickness: Measuring the thickness of the ventricular walls to detect 
hypertrophy (thickening) caused by pressure overload (e.g., in SAS, PS). 

o Valve Anatomy and Motion: Evaluating the structure, thickness, and 
movement of the heart valves (mitral, tricuspid, aortic, pulmonic) to identify 
abnormalities like stenosis (fusion/thickening), dysplasia (malformation), or 
prolapse. 

o Identification of Defects: Directly visualizing structural defects such as 
the fibrous ridge in SAS, holes in the septum (VSD, ASD), or a patent 
ductus arteriosus (PDA). 

o Great Vessel Size: Assessing the diameter of the aorta and pulmonary 
artery, looking for abnormalities like post-stenotic dilation. 

• Assessment of Cardiac Function: Evaluating how well the heart muscle is 
contracting (systolic function, often measured by ejection fraction or fractional 
shortening) and relaxing (diastolic function). 
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• Assessment of Blood Flow (Doppler Echocardiography): Doppler techniques 
use sound waves to evaluate the speed and direction of blood flow within the 
heart and great vessels. This is crucial for: 

o Confirming Murmur Source: Identifying the precise location of turbulent 
blood flow that is generating the murmur. 

o Detecting and Quantifying Regurgitation: Visualizing (with Color 
Doppler) and measuring the severity of backward blood flow across leaky 
valves (e.g., tricuspid regurgitation in TVD, aortic insufficiency potentially 
seen with SAS). 

o Measuring Flow Velocities and Pressure Gradients: Using Pulsed 
Wave and Continuous Wave Doppler to measure the speed of blood flow 
across valves or defects. This is essential for grading the severity of 
stenotic lesions like SAS and PS by calculating the pressure drop 
(gradient) across the obstruction. 

o Assessing Shunts: Detecting and evaluating the direction and magnitude 
of blood flow through abnormal connections like VSDs or PDAs.  

In summary, echocardiography serves multiple critical purposes: it definitively confirms 
or rules out the presence of CHD, identifies the specific type of defect, objectively 
assesses its severity and impact on heart structure and blood flow (hemodynamic 
significance), provides crucial information for determining prognosis, and guides 
decisions regarding medical management, potential interventions, and suitability for 
breeding. It transforms the diagnostic process from the subjective interpretation of 
sounds via auscultation to objective, quantitative measurements and detailed 
anatomical visualization, providing the most comprehensive non-invasive assessment of 
cardiac health available. The hemodynamic information revealed by Doppler, in 
particular, is vital for understanding how a defect is truly affecting the heart's ability to 
function, which directly correlates with clinical outcomes and treatment needs. 
 
Responsible Breeding and Puppy Health 
 
Screening Breeding Dogs: Tools, Importance, and Limitations 

A cornerstone of responsible breeding practice, particularly in breeds with known 
hereditary health concerns like the Golden Retriever, is the diligent screening of 
potential breeding animals for relevant conditions before they are mated. For cardiac 
health, the primary goal of screening is to identify dogs affected by heritable congenital 
heart diseases, such as Subvalvular Aortic Stenosis (SAS), to reduce the likelihood of 
producing affected offspring. 
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Several tools and protocols are utilized for cardiac screening in Golden Retrievers: 

• Auscultation: Listening to the heart with a stethoscope by a veterinarian 
remains a fundamental initial screening step. It can detect the presence of 
murmurs that might indicate underlying CHD. This forms the basis of the OFA 
Basic Cardiac certification. 

• Cardiologist Examination: The Golden Retriever Club of America (GRCA) 
strongly recommends that all potential breeding stock undergo a cardiac 
examination performed by a board-certified veterinary cardiologist after reaching 
12 months of age. Cardiologists possess specialized expertise in detecting subtle 
abnormalities and interpreting findings accurately. 

• Echocardiography (with Doppler): This cardiac ultrasound examination is 
considered the gold standard for detecting structural heart defects and assessing 
their severity. It is particularly crucial for conditions like SAS, which may present 
with subtle or equivocal murmurs or progress over time. Echocardiography 
performed by a cardiologist is now mandatory for obtaining an OFA Advanced 
Cardiac certification. 

• OFA Cardiac Certifications: The Orthopedic Foundation for Animals (OFA) 
provides public databases for cardiac screening results, promoting transparency. 

o Basic Cardiac Database: Certification is based on auscultation 
performed by a veterinarian (practitioner, specialist, or cardiologist) finding 
no murmur or only an innocent murmur confirmed normal by echo. 
Certification is granted for dogs 12 months or older. 

o Advanced Cardiac Database: Requires a comprehensive examination, 
including mandatory echocardiography with Doppler, performed by a 
board-certified veterinary cardiologist. It offers a two-tiered clearance 
(congenital and adult-onset) for dogs 12 months or older. Congenital 
clearance is permanent; adult-onset clearance is typically valid for one 
year. 
 
Table 3: Comparison of OFA Cardiac Screening Databases 

Feature Basic Cardiac Database Advanced Cardiac Database 

Examiner Practitioner, Specialist, or 
Cardiologist 

Board-Certified Veterinary 
Cardiologist ONLY 
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Primary 
Method 

Auscultation Echocardiography (with Doppler) 
REQUIRED 

Minimum 
Age 

12 Months 12 Months 

Certification Single clearance 
(Normal/Equivocal) 

Two-tiered: Congenital 
(permanent) & Adult-Onset 
(annual) 

Purpose Initial screening based on 
auscultation 

Comprehensive evaluation for 
congenital & acquired disease 

 
It is essential to understand the limitations of cardiac screening. While these protocols 
significantly reduce the risk of producing affected puppies, they cannot eliminate it 
entirely. Conditions like SAS can exhibit variable expression, meaning the severity can 
differ even among related dogs. Furthermore, SAS lesions can sometimes progress 
even after the 12-month screening age. The complex genetic basis of many CHDs 
(discussed in Section 6.4) means that phenotypically normal (screened clear) parents 
can occasionally produce affected offspring if they carry recessive genes or contributing 
genetic factors. Finally, the occurrence of innocent murmurs in puppies is a normal 
developmental event entirely unrelated to the results of parental screening for 
pathologic conditions. 

The evolution towards requiring cardiologist-performed echocardiography for the OFA 
Advanced certification reflects a growing understanding of the limitations of auscultation 
alone, particularly for complex or subtle conditions like mild-to-moderate SAS. While the 
Basic certification provides valuable initial information, the Advanced certification offers 
a higher degree of diagnostic accuracy and confidence, which is particularly relevant for 
breeds like Golden Retrievers. Responsible breeders must recognize that even with 
rigorous screening, guarantees cannot be made, and transparent communication about 
these inherent limitations is crucial when discussing health clearances with potential 
puppy buyers. 
 
Contextualizing Findings: Innocent Murmurs vs. Parental Screening 

A common point of confusion or concern for families purchasing a puppy from health-
screened parents arises when an innocent murmur is detected during the puppy's initial 
veterinary examinations. It is vital to clearly differentiate between innocent murmurs and 
the hereditary pathologic conditions targeted by parental screening. 
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Innocent, physiologic murmurs are common developmental phenomena observed in 
healthy, growing puppies of many breeds. As discussed in Part III, they are related to 
normal circulatory adjustments and temporary factors like physiologic anemia during 
rapid growth, and they typically resolve by 4-6 months of age. The occurrence of an 
innocent murmur in a puppy is entirely unrelated to the cardiac health status of its 
parents as determined by screening tests like OFA evaluations. Parental screening aims 
to identify and remove animals affected with heritable pathologic conditions, primarily 
SAS in the context of Golden Retrievers, from the breeding pool. 

Therefore, finding a soft, typically characterized innocent murmur in a Golden Retriever 
puppy whose parents have passed their cardiac clearances (e.g., OFA Basic or 
Advanced) does not indicate a failure of the screening process, nor does it imply the 
puppy has inherited a heart defect. It is simply a reflection of normal puppy physiology. 

This distinction is critical for managing expectations. Families invest in puppies from 
screened parents with the hope of reducing the risk of serious inherited diseases. If an 
innocent murmur (a common finding ) is detected, they might understandably become 
anxious or mistakenly believe the parental screening was ineffective. Explicitly 
explaining that innocent murmurs are a separate, benign, and expected developmental 
finding helps to clarify the situation, alleviate unnecessary worry, and maintain trust 
between the breeder and the puppy buyer. The concern arises only if a murmur persists 
beyond the expected timeframe or exhibits characteristics suggestive of a pathologic 
condition (as outlined in Section 5.2), which could potentially be related to the inherited 
conditions screening aims to mitigate. 
 
Responsible Breeder Protocols for Detected Murmurs 

Responsible breeding encompasses not only the careful selection and screening of 
parent dogs but also diligent health management and transparent practices regarding 
the puppies produced. When a heart murmur is detected in a puppy before it is placed 
in a new home, a clear protocol should be followed: 

1. Thorough Initial Veterinary Evaluation: Ensure every puppy receives a 
comprehensive physical examination, including careful cardiac auscultation in a 
quiet environment, during their initial veterinary visits (typically around 6-8 weeks 
for first vaccinations). The veterinarian should characterize any murmur detected 
according to standard criteria (grade, timing, location, quality). 

2. Prompt Cardiologist Referral When Indicated: If the murmur exhibits 
characteristics suggestive of pathology (e.g., Grade III or louder, diastolic or 
continuous timing, harsh quality, abnormal location) or if the breed predisposition 
warrants heightened suspicion (e.g., any left basilar systolic murmur in a Golden 
Retriever), the breeder should arrange for the puppy to be evaluated by a board-
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certified veterinary cardiologist before placement. Echocardiography is the key 
diagnostic test in this evaluation. Early diagnosis while the puppy is still with the 
breeder is crucial for informed decision-making. 

3. Complete Transparency and Disclosure: Practice full and honest 
communication with potential buyers. If any murmur is detected, disclose this 
finding, along with the results of all veterinary and specialist evaluations. Provide 
copies of examination reports and echocardiogram findings. Clearly explain the 
diagnosis (innocent murmur vs. specific CHD), the assessed severity, the 
prognosis, and any recommended follow-up or potential long-term implications. 

4. Clear Contractual Agreements: The sales contract should explicitly address the 
possibility of heart murmurs or congenital heart defects. It should detail the 
findings for the specific puppy, the breeder's responsibilities, the buyer's 
responsibilities for follow-up care, and any health guarantees or recourse offered 
(e.g., conditions for return or refund if a significant, previously undiagnosed CHD 
is confirmed shortly after purchase, as suggested anecdotally ). 

5. Ethical Placement Decisions: Puppies diagnosed with significant CHDs that 
are likely to require extensive medical management, costly interventions, or may 
result in a shortened lifespan should be placed with extreme care. Full disclosure 
to experienced owners who understand and accept the commitment is essential. 
Withholding such puppies from general pet placement may be the most 
responsible course of action in some cases. Under no circumstances should a 
puppy with a known severe or life-limiting CHD be sold without the buyer's 
explicit, documented, informed consent regarding the condition and its 
implications. Puppies diagnosed with significant heritable CHDs should be 
registered with non-breeding agreements and should never be used for breeding. 
  

Adhering to these protocols demonstrates a commitment to ethical breeding, puppy 
welfare, and buyer education. The finding that many owners are unaware of murmurs at 
purchase underscores a potential lapse in these practices within the broader breeding 
community. Delaying diagnosis until after placement unfairly shifts the diagnostic 
burden, potential financial costs, and emotional distress onto the new owner. 
Responsible breeders prioritize pre-placement diagnostics when indicated and practice 
unwavering transparency, ensuring buyers are fully informed partners in their puppy's 
health journey. 

Genetic Insights into Relevant Conditions 

Understanding the genetic basis of congenital heart diseases is crucial for developing 
effective breeding strategies to reduce their prevalence. While research is ongoing, 
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current knowledge about the inheritance of conditions relevant to Golden Retrievers, 
particularly SAS, highlights the complexity involved. 

• Subvalvular Aortic Stenosis (SAS): SAS is definitively recognized as a 
heritable or familial condition in Golden Retrievers. However, the precise mode of 
inheritance remains elusive and is likely complex. While early studies may have 
suggested simpler patterns like autosomal recessive , current understanding 
points towards a more intricate genetic architecture, possibly involving multiple 
genes (polygenic inheritance) and potentially influenced by environmental factors 
(multifactorial inheritance). Unlike the situation in Newfoundland dogs where a 
specific variant in the PICALM gene has been associated with SAS , no single 
causative mutation has been identified for SAS in Golden Retrievers to date. 
Active research, including genome-wide association studies (GWAS) and whole-
genome sequencing (WGS), is underway to identify genetic markers and 
potential causative variants in the breed.    

• Implications for Breeding: The lack of a simple Mendelian inheritance pattern 
and the absence of a specific DNA test for SAS in Golden Retrievers mean that 
breeders cannot rely on genetic testing alone to eliminate the condition. Breeding 
decisions must currently be based on phenotypic screening—evaluating the 
physical characteristics of the dogs themselves through careful cardiologist 
examinations and echocardiography. Because inheritance is complex, even 
mating two phenotypically normal dogs (cleared by screening) can still produce 
affected offspring if both parents carry contributing genetic factors. This 
underscores the need for rigorous, multi-generational screening and careful 
pedigree analysis, accepting that progress in reducing prevalence may be 
gradual. 

• Other Conditions: The inheritance patterns for other CHDs are varied. Tricuspid 
Valve Dysplasia (TVD) is known to be inherited in Labrador Retrievers , 
suggesting a genetic basis likely exists in other affected breeds as well. Patent 
Ductus Arteriosus (PDA) shows strong breed predispositions (e.g., Poodles, 
German Shepherds, Maltese), strongly indicating heritability, although the exact 
mode may vary. Pulmonic Stenosis (PS) also has clear breed links (e.g., 
Bulldogs, Terriers), implying genetic factors. 

Table 4: Summary of Common Congenital Heart Defects Associated with Murmurs 
in Golden Retrievers 

Condition Typical Murmur 
Characteristics 

Known 
Inheritance/Risk in 
GRs 

Screening Notes 
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Subvalvular Aortic 
Stenosis (SAS) 

Systolic, ejection 
(crescendo-
decrescendo), 
Left Base  

High 
predisposition; 
Heritable/Familial; 
Complex/Polygenic 
suspected  

OFA Advanced 
(Cardiologist + Echo 
after 12 mo) strongly 
recommended  

Tricuspid Valve 
Dysplasia (TVD) 

Systolic, Right 
Apex  

Occurs in GRs; Less 
common than SAS; 
Inherited in Labs  

Detected by 
comprehensive echo; 
Not specifically 
targeted by basic 
screening like SAS 

Pulmonic Stenosis 
(PS) 

Systolic, 
ejection, Left 
Base  

Can occur, but less 
commonly cited as 
major GR issue vs 
SAS; Common CHD 
overall  

Detected by echo; 
Left base murmur 
requires 
differentiation from 
SAS/Innocent 

Patent Ductus 
Arteriosus (PDA) 

Continuous 
("Machinery"), 
Left Base/Axilla  

Can occur ; Common 
CHD overall; 
Heritable  

Usually distinct 
murmur; Detectable 
by auscultation/echo; 
Often curable  

Innocent/Physiologic 
Murmur 

Systolic, soft (Gr 
I-II), short, 
musical, Left 
Base  

Common 
developmental 
finding; Unrelated to 
parental screening  

Typically resolves by 
4-6 months; 
Persistence or 
atypical features 
warrant echo to rule 
out pathology  

  

The complexity of SAS inheritance makes its eradication challenging. It demands a 
long-term commitment from breeders to utilize the best available phenotypic screening 
tools (cardiologist evaluation with echocardiography), share results transparently (e.g., 
via OFA databases), and make informed decisions based on the health status of 
individual dogs and their relatives. While ongoing genetic research offers hope for more 
precise tools in the future, current best practices rely heavily on these established 
clinical screening methods. 

Conclusion: Key Takeaways for Our Community 
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Synthesized Summary for Families, Veterinary Professionals, Researchers, and 
Breeders 

The detection of a heart murmur in a Golden Retriever puppy initiates a process 
requiring careful evaluation, clear communication, and informed decision-making by all 
involved parties—families, veterinarians, researchers, and breeders. This guide has 
aimed to provide a comprehensive understanding of these sounds and their potential 
implications. 

Key takeaways include: 

• Murmurs are Sounds, Not Diseases: A murmur signifies turbulent blood flow. 
While sometimes indicating underlying heart disease, many murmurs detected in 
young puppies are benign "innocent" or "physiologic" flow murmurs associated 
with normal growth.    

• Innocent Murmurs are Common and Resolve: These soft, typically left-basilar 
systolic murmurs usually disappear by 4-6 months of age and have no long-term 
health consequences. Their presence is unrelated to parental health screening 
results.    

• Pathologic Murmurs Signal CHD: Murmurs that are loud (Grade ≥III), 
persistent beyond 6 months, have specific characteristics (e.g., diastolic, 
continuous, harsh, right-sided), or are accompanied by clinical signs often 
indicate congenital heart disease.    

• Golden Retrievers Have SAS Predisposition: The breed's known risk for 
Subvalvular Aortic Stenosis (SAS) means left basilar systolic murmurs require 
particularly careful investigation. SAS can be a serious condition with potential for 
severe complications, including sudden death, even in asymptomatic dogs.    

• Echocardiography is Key for Diagnosis: Cardiac ultrasound (echo) performed 
by a veterinary cardiologist is the gold standard for definitively diagnosing the 
cause of a murmur, assessing the specific defect (like SAS or TVD), grading its 
severity, and determining prognosis.    

• Responsible Breeding Involves Screening and Transparency: Screening 
potential breeding dogs (ideally with cardiologist evaluation and 
echocardiography via OFA Advanced protocols after 12 months) helps reduce the 
incidence of heritable conditions like SAS. Equally important is the diligent 
evaluation of puppies and full, transparent disclosure of any health findings, 
including murmurs and their diagnostic workup, before placement.    
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• Genetics are Complex: The inheritance of conditions like SAS in Golden 
Retrievers is not simple, making elimination difficult and reinforcing the need for 
ongoing phenotypic screening and research. 

Effectively navigating the discovery of a puppy heart murmur requires a collaborative 
approach. It demands vigilant veterinary assessment, utilizing appropriate diagnostic 
tools like echocardiography when indicated. It requires breeders to prioritize health 
screening, ethical practices, and honest communication. And it requires families to be 
informed partners in their puppy's health care, understanding the potential significance 
of findings and the importance of recommended follow-up. The overarching goal for all 
stakeholders must be the long-term health and well-being of these cherished 
companions. 

Looking Ahead: Ongoing Research and Areas for Future Understanding 

While our understanding of heart murmurs and congenital heart disease in Golden 
Retrievers has advanced significantly, several areas warrant further investigation and 
offer opportunities for future improvements in breed health: 

• Puppy Murmur Epidemiology: More specific data is needed on the prevalence 
of different types of murmurs (innocent vs. specific pathologic causes like SAS, 
TVD, PS) detected during initial veterinary examinations (e.g., 6-8 weeks) 
specifically within the Golden Retriever breed. Such data would provide valuable 
baseline information for risk assessment. 

• SAS Genetics: Continued research into the genetic basis of SAS in Golden 
Retrievers is paramount. Identifying causative genes or reliable genetic markers 
could lead to the development of DNA tests, enabling more precise screening of 
breeding stock and potentially faster progress in reducing the prevalence of this 
serious condition. Understanding the genetic architecture (e.g., confirming 
polygenic nature, identifying specific loci) is a key goal.    

• Long-Term Outcomes: Further studies tracking the long-term health outcomes 
of Golden Retrievers diagnosed with mild or equivocal SAS would be beneficial 
for refining prognostic guidance and management recommendations for these 
borderline cases. 

• Optimal Management: Ongoing research into the most effective medical 
management strategies (e.g., role of beta-blockers) and potential novel 
interventions for conditions like SAS continues to be important. 

• Early Detection Methods: Exploring and validating novel or refined diagnostic 
techniques, potentially including advanced imaging or biomarkers, could aid in 
earlier or more accurate detection of CHD. 
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As breeders committed to the health and longevity of the Golden Retriever, Just 
Behaving supports and encourages participation in relevant research initiatives and 
adherence to recommended health screening protocols, including OFA cardiac 
evaluations by board-certified cardiologists. Continued collaboration between breeders, 
owners, veterinarians, cardiologists, and researchers is essential for advancing our 
knowledge and collectively working towards improving the cardiovascular health of 
future generations of Golden Retrievers. The journey to better understand and manage 
these conditions is ongoing, and a commitment to science-informed practices remains 
central to responsible stewardship of the breed. 


