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ABSTRACT 
 

While numerous investigations in humans have recognized multiple determinants influencing 

atrial fibrillation (AF) onset, equivalent data concerning dogs remain scarce. The present 

systematic review aims to identify the primary factors contributing to AF occurrence in canine 

populations. In compliance with the PRISMA 2020 framework, an extensive search was carried 

out across the Web of Science and Scopus databases to locate studies documenting naturally 

developed AF in dogs. The quality of the gathered evidence was evaluated according to the 

National Institute of Health’s Evidence Grading System. Out of an initial pool of 1,043 papers, 

twenty met the inclusion criteria, representing a total of 2,359,275 dogs, of which 4,807 

displayed spontaneous AF. Major determinants for AF onset among dogs with cardiac 

disorders—particularly myxomatous mitral valve disease (MMVD) and dilated 

cardiomyopathy (DCM)—included hereditary factors in Irish Wolfhounds, elevated body 

weight, and enlargement of the left atrium. Differences between MMVD and DCM were 

identified, such as the influence of congestive heart failure and echocardiographic evidence 

showing elevated left atrial pressure or right atrial dilation. Additionally, comparisons with 

humans revealed that age and male sex, strong predictors in people, are unreliable indicators 

for dogs. 
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Introduction 
 

Atrial fibrillation (AF) is the most frequently observed supraventricular rhythm disorder in dogs, with an estimated 

rate of 0.15% in the general canine population [1]. This percentage differs notably between breeds, from 0.04% 

in Miniature Poodles to as high as 8.9% in Irish Wolfhounds [1–3]. AF prevalence also varies according to 

underlying heart disorders, ranging from 2.7% to about 45% in dogs suffering from myxomatous mitral valve 

disease (MMVD) and dilated cardiomyopathy (DCM), respectively [4–6]. Some animals develop AF without any 

apparent heart abnormality—defined as primary or lone AF [3, 7]—although, in most cases, the condition 

develops secondary to structural heart disease that triggers remodeling of the left atrium [3, 7, 8]. Common 

underlying causes include MMVD, DCM, and advanced left-sided congenital heart defects (CHD) [3]. Among 

all species, left atrial enlargement (LAE)—or simply, excessive left atrial mass—is widely recognized as the 

essential substrate for AF formation [3, 9]. Consequently, both LAE and body weight (BW) are regarded as key 

factors predisposing dogs to AF [10]. 

http://www.esvpub.com/
https://doi.org/10.51847/opx03ns8F8
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In human medicine, AF onset correlates with multiple demographic and clinical elements, including genetic 

background, age, sex, ethnicity, and the presence of both cardiac (e.g., hypertension, heart failure, coronary artery 

disease) and systemic disorders (e.g., diabetes, chronic kidney disease) [11–15]. In contrast, the risk profile for 

AF in dogs remains less clearly defined. Some dogs experience a transient (paroxysmal) AF pattern [16, 17], 

terminating spontaneously or within seven days of onset, but most cases present as continuous (lasting over seven 

days), long-term persistent (beyond twelve months), or permanent [3, 11]. Chronic loss of atrial contractions and 

the typically accelerated ventricular rate reduce ventricular filling, lower cardiac output, and elevate left 

ventricular filling pressures. Over time, these changes cause myocardial remodeling (tachycardia-induced 

cardiomyopathy) [3]. Consequently, AF is linked to a higher probability of cardiac-related death, especially due 

to congestive heart failure (CHF) or sudden cardiac arrest [3,  18–20]. 

Given the poor outcomes associated with AF in dogs suffering from heart disease, understanding its contributing 

elements is essential. This review, therefore, compiles and assesses available data on AF risk factors in dogs and 

contrasts them with findings from human research. 

Materials and Methods  

Stage 1—search strategy 

This systematic review was conducted under the PRISMA 2020 guidelines [21]. The investigation targeted peer-

reviewed publications describing spontaneous AF cases in dogs. Relevant studies were retrieved from Scopus and 

Web of Science, encompassing all records published through October 2023. 

The search utilized the following keyword combination and Boolean operators: “atrial fibrillation” OR 

“supraventricular arrhythmia” AND “dog” OR “canine” AND “risk factor” OR “predictor” OR “susceptibility” 

OR “cause” OR “influence” OR “prevalence” OR “incidence.” 

All search results were organized in Microsoft Excel, including author names, titles, journal information, 

publication years, volumes, issues, and page numbers. Duplicates and papers written in languages other than 

English were excluded. 

Stage 2—screening 

During the preliminary screening, two reviewers (GA and CP) independently examined all retrieved papers based 

on their titles and abstracts. The goal of this step was to exclude incomplete submissions (those presenting only 

abstracts), non-veterinary or non-clinical studies (including experimentally induced AF in dogs), review papers, 

and works related to species other than dogs. Whenever discrepancies arose between the two reviewers, a third 

evaluator (CG) was consulted to reach an agreement. 

Stage 3—eligibility 

Following the initial screening, studies considered potentially relevant were independently reviewed by GA and 

CP through detailed examination of the title, abstract, and complete text. Moreover, the reference lists of all 

selected studies were reviewed to locate additional papers not retrieved in the first search. These newly identified 

sources were also evaluated for inclusion. Both reviewers carefully analyzed each full-text document to verify its 

compliance with the selection criteria. Disagreements were resolved through discussion, and in case of continued 

uncertainty, the third reviewer (CG) was involved. 

Studies included in the final review met the following criteria: 

• Peer-reviewed English-language publications addressing canine AF, regardless of arrhythmia type (paroxysmal, 

persistent, or permanent). 

• Original research papers—such as case series, observational cohort, cross-sectional, case-control, or randomized 

controlled studies. Review papers and single-case reports were not accepted. 

• Reports including dogs diagnosed with AF and/or conditions predisposing to AF development. 

Quality assessment 

To determine the reliability of the full-text papers, the Evidence Quality Grading System introduced in 2013 by 

the National Heart, Lung, and Blood Institute (NIH) was used [available at https://www.nhlbi.nih.gov/health-

topics/study-quality-assessment-tools, accessed 17 October 2023]. Quality evaluations were performed 

independently by GA and CP, and any disagreements were clarified by CG. 
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This tool evaluates study strength for multiple research types (e.g., cohort, cross-sectional, or case series) through 

a questionnaire of at least 12 items, each scored as “Yes,” “No,” or “Other” (meaning not applicable, unclear, or 

not reported). Studies were categorized as follows: 

• High quality (Good): All criteria marked “Yes.” 

• Moderate quality (Fair): Most criteria marked “Yes.” 

• Low quality (Poor): Most criteria marked “No” or “Other.” 

Results and Discussion 

Identification and selection of relevant articles 

An outline of the search process is provided in Figure 1. 

 

 
Figure 1. Flow diagram summarizing the literature selection process. 

Overall, 1,043 papers were retrieved—82 from Scopus and 961 from Web of Science. Duplicates (n = 39) and 

non-English publications (n = 34) were eliminated, leaving 970 records. Of these, 882 were removed for the 

following reasons: non-clinical or non-veterinary content (n = 859), incomplete format or review type (n = 10), 

and research involving non-canine species (n = 13). After assessing 88 full-text studies for inclusion, 73 were 

excluded because they consisted of single-case reports or did not describe conditions contributing to AF. An 

additional five papers were incorporated from citation searches that had not appeared in the initial query. Thus, 

the final systematic review comprised 20 studies involving 2,359,275 dogs, among which 4,807 presented 

spontaneous AF. 

For each included study, detailed information was systematically recorded in Microsoft Excel, including: 

• Publication information: First author and year. 

• Study data: Type of study, total number of dogs (including controls, if present), breed composition, underlying 

cardiac diseases, proportion of AF and CHF cases, and overall quality grade. 

• Main outcomes: Reported risk determinants. 

Study characteristics and quality assessment 

A summary of the included studies and their quality ratings is displayed in Table 1. Among all, 11 (55%) were 

retrospective case-control studies, 1 (5%) was retrospective cross-sectional, 2 (10%) retrospective cohort, 3 (15%) 

retrospective observational, and 3 (15%) case series. Publication dates ranged from 1971 to 2023, with most 
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papers (14 of 20; 70%) released after 2016. Fourteen studies (70%) analyzed multiple breeds, while three (15%) 

were restricted to a single breed—Irish Wolfhound, Dogue de Bordeaux, or Dobermann Pinscher (one each). One 

paper (5%) did not specify the breeds included. 

Table 1. Summary of the 20 studies analyzed in this systematic review addressing AF risk factors in dogs. 

First 

Author 

(Reference) 

Year 
Study 

Design 

Total 

Sample 

Size 

Breed 
Heart 

Condition 

AF 

Prevalence 

(%) 

CHF 

Prevalence 

(%) 

Identified 

Risk 

Factors 

Quality 

Assessment 

Bolton GR 

[16] 
1971 Case Series 5 Mixed 

Congenital 

Heart 

Disease, 

Myxomatou

s Mitral 

Valve 

Disease 

100 80 
Sex; Body 

Weight 
Poor 

Bohn FK 

[22] 
1971 

Retrospecti

ve 

Observation

al 

877 Mixed 

Myxomatou

s Mitral 

Valve 

Disease, 

Congenital 

Heart 

Disease, 

Other Heart 

Disease 

6.3 90.9 
Sex; Age; 

Breed 
Poor 

Boevé MH 

[23] 
1984 Cohort 59 Mixed 

Congenital 

Heart 

Disease, 

Non-

Specific 

Heart 

Disease 

100 100 Breed; Sex Poor 

Bonagura 

JD [24] 
1986 Case Series 81 Mixed 

Dilated 

Cardiomyop

athy, 

Myxomatou

s Mitral 

Valve 

Disease 

100 
Not 

Reported 

Breed; Sex; 

Age 
Poor 

Guglielmini

, C [8] 
2000 

Case-

Control 
205 

Not 

Reported 

Congenital 

Heart 

Disease, 

Myxomatou

s Mitral 

Valve 

Disease, 

Dilated 

Cardiomyop

athy 

24.4 
Not 

Reported 

Body 

Weight; 

Left Atrial 

Enlargemen

t (Left 

Atrial 

Dimension) 

Fair 

Westling, J 

[1] 
2008 

Retrospecti

ve 

Observation

al 

2,352,633 Mixed 

Non-

Specific 

Heart 

Disease 

0.15 
Not 

Reported 

Large 

Breed; Sex 
Poor 

Vazquez, 

DMP [17] 
2016 Case Series 7 Mixed 

Myxomatou

s Mitral 

Valve 

Disease, 

Dilated 

Cardiomyop

100 57.1 

Neurally 

Mediated 

Syncope 

Fair 
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athy, 

Congenital 

Heart 

Disease 

Jung, SW 

[18] 
2016 

Case-

Control 
64 Mixed 

Myxomatou

s Mitral 

Valve 

Disease 

51.5 100 
Body 

Weight 
Fair 

Noszczyk-

Nowak, A 

[25] 

2017 

Retrospecti

ve 

Observation

al 

1189 Mixed 
Cardiologic

al Referrals 
13.4 

Not 

Reported 

Body 

Weight; 

Age; Sex 

Fair 

McAulay, G 

[26] 
2018 

Case-

Control 
64 

Doberman 

Pinscher 

Congenital 

Heart 

Disease, 

Cardiomyop

athy, Non-

Cardiomyop

athy 

39 
Not 

Reported 

Heart Rate; 

Left Atrial 

Enlargemen

t (LA:Ao); 

Left 

Ventricular 

Enlargemen

t; Fractional 

Shortening; 

Right 

Atrial/Right 

Ventricular 

Enlargemen

t 

Fair 

Neves, J 

[27] 
2018 

Case-

Control 
42 Mixed 

Congenital 

Heart 

Disease, 

Myxomatou

s Mitral 

Valve 

Disease, 

Dilated 

Cardiomyop

athy 

50 
Not 

Reported 

Pulmonary 

Artery 

Tissue 

Doppler 

Imaging 

Fair 

Vollmar, C 

[20] 
2019 

Case-

Control 
104 

Irish 

Wolfhound 

Asymptoma

tic Dogs 
50 36.5 

Left Atrial 

Enlargemen

t (Left 

Atrial 

Dimension) 

Fair 

Ward, J 

[28] 
2019 

Case-

Control 
220 Mixed 

Dilated 

Cardiomyop

athy, 

Myxomatou

s Mitral 

Valve 

Disease 

27.7 100 

Heart Rate; 

Body 

Weight 

Fair 

Fousse, LS 

[29] 
2019 

Case-

Control 
463 

Irish 

Wolfhound 

Non-

Specific 

Heart 

Disease 

70.6 
Not 

Reported 
Genetics Fair 

Friederich, J 

[30] 
2020 

Case-

Control 
48 

Doberman 

Pinscher 

Dilated 

Cardiomyop

athy 

47.9 100 

Right Atrial 

Enlargemen

t 

Fair 

Tyrrell, WD 

[2] 
2020 Cohort 618 

Irish 

Wolfhound 

Dilated 

Cardiomyop

athy 

8.9 
Not 

Reported 

Age; Left 

Atrial 
Fair 
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Enlargemen

t 

Baron 

Toaldo, M 

[31] 

2020 
Case-

Control 
44 Mixed 

Myxomatou

s Mitral 

Valve 

Disease 

50 77.2 

Peak Atrial 

Longitudina

l Strain 

Fair 

Guglielmini

, C [4] 
2020 

Cross-

Sectional 
2194 Mixed 

Myxomatou

s Mitral 

Valve 

Disease 

2.7 89.8 

Body 

Weight; 

Left Atrial 

Enlargemen

t (Left 

Atrial 

Dimension, 

LA:Ao); 

Peak E-

wave 

Velocity; 

Fractional 

Shortening; 

Congestive 

Heart 

Failure 

Fair 

Borgeat, K 

[32] 
2021 

Case-

Control 
269 Mixed 

Congenital 

Heart 

Disease, 

Myxomatou

s Mitral 

Valve 

Disease, 

Dilated 

Cardiomyop

athy, 

Arrhythmog

enic Right 

Ventricular 

Cardiomyop

athy 

52.7 66.1 

Body 

Weight; 

Congestive 

Heart 

Failure 

Fair 

Guglielmini

, C [5] 
2023 

Case-

Control 
89 Mixed 

Dilated 

Cardiomyop

athy 

43.8 94.8 

Left Atrial 

Enlargemen

t (Left 

Atrial 

Dimension); 

Right Atrial 

Enlargemen

t 

Fair 

Abbreviations: BW = body weight; C = cohort study; CC = case–control study; CHD = congenital heart disease; CHF = congestive heart 

failure; Cm = cardiac mass; CaS = case series; CrS = cross-sectional study; DbB = Dogue de Bordeaux; DCM = dilated cardiomyopathy; DP 

= Dobermann Pinscher; E max = mitral E-wave peak velocity; FS = fractional shortening; IW = Irish Wolfhound; LA: Ao = ratio of left atrial 

to aortic diameter; LAD = left atrial diameter; LAE = left atrial enlargement; LVE = left ventricular enlargement; MMVD = myxomatous 

mitral valve disease; NCm = non-cardiac mass; NR = not reported; NSHD = non-specified heart disease; OHD = other heart disease; PALS = 

peak atrial longitudinal strain; PA-TDI = period from P-wave onset on ECG to A’ wave peak; RAE = right atrial enlargement; R-OB = 

retrospective observational study; RVE = right ventricular enlargement. 

The predominant cardiac disorders recorded were CHD (8/20 studies, 40%), MMVD (11/20 studies, 55%), DCM 

(9/20 studies, 45%), and arrhythmogenic right ventricular cardiomyopathy (1/20, 5%). Four publications (20%) 

did not clearly specify the type of cardiac abnormality involved. 

No high-quality research was detected in the final group of studies. Nevertheless, 15 of them (75%) presented a 

moderate reporting standard, while 5 (25%) were rated as low quality. The typical issues reducing study quality 

were insufficient sample size rationale, poor methodological description, and incomplete data reporting. 
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Risk factor outcomes 

A summary of all identified AF-related risk factors is shown in Table 1. Factors linked to AF onset included both 

clinical and echocardiographic characteristics. Commonly cited risk determinants across the reviewed works were 

sex, age, BW, breed, and LAE, with the latter assessed through absolute LAD and the LA: Ao ratio. Other 

contributing factors included increased heart rate at admission, LVE (noted by larger diastolic and systolic 

diameters adjusted for BW), RAE, RVE, the presence of CHF, reduced FS, and elevated E max. 

Advanced echocardiographic modalities such as TDI and speckle-tracking echocardiography (STE) provided 

additional markers—namely, longer PA-TDI intervals and lower PALS values. Genetic predisposition and 

neurally mediated syncope episodes were also implicated, highlighting the multifactorial origin of AF. 

Risk direction 

Among the examined clinical parameters, age was identified as a risk factor in four studies (20%). Male dogs 

were at increased risk in six papers (30%). Breed and BW were evaluated in 11 reports (55%), showing that large 

and giant breeds with higher BW have a greater likelihood of developing AF. Elevated heart rate at first 

presentation and CHF each appeared in two papers (10%). A single study (5%) identified genetic susceptibility—

particularly among Irish Wolfhounds—and another (5%) linked neurally mediated syncope. 

Regarding echocardiographic findings, LAE appeared in six papers (30%), RAE in three (15%), reduced FS in 

two (10%), while RVE, LVE, increased E max, increased PA-TDI, and decreased PALS were each reported once 

(5%). 

Due to the retrospective nature of all included research, statistical strength was frequently limited; many relied 

solely on comparisons between AF and non-AF cases or lacked formal analysis, especially in case series. Only 

seven studies (35%) used statistical methods like univariate or multivariate logistic regression to determine 

independent predictors of AF. Four of those (20%) specifically focused on evaluating both clinical and 

echocardiographic variables to estimate odds ratios for AF development in dogs affected by MMVD or DCM. 

Additionally, one study assessed AF heritability in Irish Wolfhounds to clarify genetic influence in that breed. 

Table 2 compares the clinical risk factors for AF between humans and dogs with MMVD or DCM. Unlike in 

people, age and sex were not determining factors for canine AF, whereas elevated BW and the existence of CHF 

were shared risk indicators for both species in MMVD cases, but not in DCM. 

Table 2. Comparison of AF risk factors between humans [11] and dogs affected by myxomatous mitral valve 

disease (MMVD) [4] or dilated cardiomyopathy (DCM) [5]. 

Risk Factor Humans Dogs (Overall) MMVD DCM 

Genetics Yes NA Yes (Irish Wolfhound) Yes (Irish Wolfhound) 

Age Yes No No No 

Male sex Yes No No No 

Lifestyle¹ Yes NA NA NA 

Obesity Yes NA NA NA 

Body weight Yes Yes Yes No 

Concurrent non-cardiac diseases² Yes NA NA NA 

Congestive heart failure Yes Yes Yes No 

1 Physical activity, alcohol intake, smoking; 2 Diabetes, chronic kidney disease, inflammatory conditions, COPD, and obstructive sleep apnea; 

NA = not assessed/applicable; IWV = Irish Wolfhound. 

Table 3 lists the echocardiographic parameters linked to atrial fibrillation (AF) in dogs with MMVD and DCM, 

along with the corresponding odds ratios (ORs). A higher absolute value of LAD was identified as a notable 

indicator of AF in both MMVD (OR 5.28) and DCM (OR 3.58). Meanwhile, a relative enlargement of the left 

atrium—represented by the LA: Ao ratio—was associated with AF risk solely in dogs with MMVD (OR 14). 

Elevated E max and reduced FS (OR 2.2 and 0.91, respectively), together with right atrial enlargement (RAE) 

(OR 4.02), were also found to increase AF likelihood, though their influence differed depending on the cardiac 

condition. 
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Table 3. Echocardiographic indicators of atrial fibrillation and related odds ratios (OR) in dogs diagnosed with 

myxomatous mitral valve disease (MMVD) [4] or dilated cardiomyopathy (DCM) [5,  30]. 

Risk Factor MMVD OR (MMVD) DCM OR (DCM) 

Left atrial diameter Yes 5.28 Yes 3.58 

Left atrial diameter to aortic diameter ratio Yes 14 No - 

Right atrial enlargement Not Evaluated - Yes 4.02 

Peak velocity of mitral E wave Yes 2.2 No - 

Fractional shortening Yes 0.91 No - 

NE: not examined. 

Table 4 details additional echocardiographic factors connected with AF occurrence, reporting cut-off thresholds, 

sensitivity, specificity, and diagnostic reliability based on the area under the receiver operating characteristic curve 

(AUC). Among dogs suffering from CHD, MMVD, or DCM, a PA-TDI value of 81.2 ms served as a strong 

predictor for AF onset (AUC = 0.896). In dogs with MMVD, the most accurate discriminators were LAD (AUC 

= 0.979), LA: Ao ratio (AUC = 0.931), and E max (AUC = 0.900), using cut-offs of >3.45 cm, >1.8, and >102 

cm/s, respectively. For dogs with DCM, LAD values exceeding 4.66 cm produced the greatest predictive ability 

(AUC = 0.816). Given the distinct rates of AF between MMVD and DCM populations, LAD > 3.45 cm and >4.66 

cm corresponded to positive predictive values of 20.7% and 67.5%, respectively. 

Table 4. Diagnostic reliability, sensitivity (Se), and specificity (Sp) of echocardiographic and clinical indicators 

predicting AF development in dogs with myxomatous mitral valve disease (MMVD) or dilated cardiomyopathy 

(DCM). 

Cardiac Disease Cut-Off AUC Sensitivity (%) Specificity (%) Reference 

Body weight (kg)      

MMVD 7.6 0.735 96.6 44.4 [4] 

DCM >36 0.740 79 58 [5] 

LAD (cm)      

MMVD >3.45 0.979 98.3 89.8 [4] 

DCM >4.66 0.816 90 66 [5] 

LA:Ao      

MMVD >1.8 0.931 98.3 78.5 [4] 

DCM >1.73 0.637 95 38 [5] 

Ao      

DCM >2.3 0.686 85 50 [5] 

LVDDn      

MMVD >1.82 0.854 81.4 82.2 [4] 

LVSDn      

MMVD >1.08 0.875 79.7 86.7 [4] 

FS (%)      

MMVD ≤40.1 0.682 70.7 60.1 [4] 

E max (cm/s)      

MMVD >102 0.900 91.1 79.0 [4] 

DCM >79 0.647 89 42 [5] 

PA-TDI (ms)      

CHD, MMVD, 

DCM 
81.2 0.896 81 90.5 [27] 
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PALS (%)      

MMVD ≤28 0.721 80 65 [31] 

Abbreviations: Ao = aortic diameter; AUC = area under the curve; E max = peak mitral E-wave velocity; FS = fractional shortening; LA: Ao 

= left atrial-to-aortic diameter ratio; LAD = left atrial diameter; LVDDn = left ventricular diastolic diameter normalized by body weight; 

LVSDn = left ventricular systolic diameter normalized by body weight; PALS = peak atrial longitudinal strain; PA-TDI = interval from P-

wave onset on ECG to A’ wave peak. 

This review assessed 20 publications covering 2,359,275 dogs, of which 4807 were diagnosed with AF. None of 

the studies achieved a “high” quality designation. The majority—mainly those issued after 2016—were rated as 

“moderate,” while earlier works, especially from the 1970s and 1980s, were classed as “low” due to weaker 

methodological standards. 

The concept of “lone” or primary AF, which is increasingly debated in human cardiology [11], continues to appear 

in veterinary literature to describe AF occurring without any identifiable heart condition [7]. This form appears 

infrequently and mainly in large or giant dog breeds, particularly the Irish Wolfhound, which shows a hereditary 

tendency toward the disorder [29]. Some dogs may experience paroxysmal AF presumed to be neurally mediated, 

often following syncopal episodes [17]. Nonetheless, the majority of canine AF cases are chronic or permanent 

and arise secondary to structural cardiac abnormalities such as DCM, MMVD, or CHD—collectively defined as 

secondary AF [7]. 

In humans, numerous investigations have examined the diverse contributors to AF [11–15], encompassing 

demographic (age, sex, ethnicity), lifestyle (smoking, alcohol intake, exercise), systemic (body height, 

hypertension, obesity, diabetes, kidney impairment), cardiovascular (heart failure, valvular disorders, coronary or 

congenital heart disease), and genetic aspects [11–15]. The current review supports that certain determinants 

established in humans—especially structural cardiac issues like valvular disease—are also relevant to dogs. 

Conversely, other human-related risk factors such as behavioral or systemic characteristics (e.g., tobacco use, 

alcohol consumption, or body size) are either non-applicable or insufficiently studied within canine populations 

[4, 5]. 

Demographic factors 

When comparing demographic influences on atrial fibrillation (AF) between people and dogs, both shared trends 

and unique distinctions become evident. In humans, AF onset is strongly associated with hereditary background, 

increasing age, male gender, and Caucasian origin [11]. In contrast, canine studies repeatedly note that AF occurs 

more frequently among large-sized breeds [1, 5, 6, 9–11, 16, 18–24]. A notable example is the Irish Wolfhound, 

where AF shows high heritability and likely follows a dominant inheritance pattern [29]. However, comparable 

genetic investigations in other frequently affected breeds have not yet been carried out. The higher AF incidence 

observed in larger dogs is thought to arise mainly from their predisposition to dilated cardiomyopathy (DCM), 

rather than from an isolated genetic vulnerability to AF [3, 5]. 

With respect to sex, early reports—mostly without proper statistical testing—proposed that male dogs might have 

an increased likelihood of AF [1, 8, 16, 17, 24, 25]. Yet, modern analyses using multivariable logistic regression 

contradict this idea, indicating that, unlike humans, male dogs do not show a sex-based risk for AF [4, 5, 30, 31]. 

The higher male incidence reported in older literature is now considered a reflection of their greater risk for 

acquired cardiac problems such as myxomatous mitral valve disease (MMVD) and DCM [6, 33]. Similarly, the 

role of age remains debatable. While older studies observed a connection between advancing age and AF [2, 22, 

24, 25], newer multivariate models found no significant link between age and AF in dogs with either MMVD or 

DCM [4, 5, 31]. In people, aging and associated disorders often lead to atrial remodeling [34]; however, such age-

dependent remodeling has not yet been clearly demonstrated in dogs. Evidence definitively linking older age to 

AF development in canines is still lacking. 

Body weight and atrial size 

Increased body weight (BW) has emerged as a notable risk determinant for AF across both species, pointing to a 

shared pathogenic mechanism [4, 8, 11, 16, 18, 22–25, 28]. This relationship is particularly strong in MMVD-

affected dogs [4], even though MMVD primarily affects small breeds [33]. Among these smaller dogs, individuals 

weighing more than 20 kg show a 5.8-fold higher probability of developing AF [35]. On the other hand, within 

populations affected by DCM—a disease typical of large or giant dogs—recent research indicates that BW loses 
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its independent predictive role once confounding factors are adjusted for via multivariate analysis [5]. Therefore, 

although BW serves as a general indicator of AF susceptibility in dogs with cardiac disorders overall [28], its 

specific predictive value becomes negligible when examining only DCM cases, where most dogs already have 

substantial body mass. 

Closely tied to BW, left atrial size is another strong factor influencing AF development in both humans [11] and 

animals [3, 8, 9]. The left atrium and pulmonary veins act as major sites for the initiation and persistence of AF 

in human patients [34]. Enlargement of the left atrium, a clear sign of atrial remodeling due to cardiac stress, has 

been reported in five of the studies analyzed [2, 4, 5, 8, 26]. Using two-dimensional echocardiography, clinicians 

can evaluate this through absolute left atrial diameter (LAD) or the left atrium-to-aorta (LA: Ao) ratio [36]. When 

predicting AF in dogs with MMVD or DCM, LAD proves to be the most effective single measurement, with 

established thresholds of >3.45 cm for MMVD and >4.66 cm for DCM [4, 5]. These measurements outperform 

LA: Ao in both sensitivity and specificity, as reflected by higher diagnostic accuracy (AUC 0.979 and 0.816 for 

MMVD and DCM, respectively) compared with LA: Ao ratios (AUC 0.931 and 0.637) [4, 5]. Hence, absolute 

LAD measurement offers a more practical predictive parameter than LA: Ao, which many echocardiographers 

still prefer [36]. However, this impressive diagnostic performance must be interpreted considering the far greater 

AF prevalence in dogs with DCM [5, 6] than in those with MMVD [4]. For example, around one in five dogs with 

MMVD and LAD > 3.45 cm will develop AF, compared to roughly two in three DCM dogs with LAD > 4.66 cm 

[4, 5]. Similarly, in human cases of embolic stroke of undetermined source, patients with LAD above 4.0 cm are 

twice as likely to experience paroxysmal AF compared to those with LAD ≤ 4.0 cm [37]. 

Echocardiographic predictors 

Several additional echocardiographic markers independently predict AF onset in dogs. Increased mitral E max 

and decreased fractional shortening (FS) are strong indicators in MMVD [4], while right atrial enlargement serves 

as a predictive feature in DCM [5, 30]. Elevated mitral E max reflects higher left atrial pressure [38], 

corresponding with progressive atrial dilation and structural remodeling that promote AF persistence [39]. 

Increased mitral E max also signifies poorer prognosis in dogs suffering from MMVD [40–44]. Similarly, right 

atrial enlargement in DCM-affected dogs correlates with AF occurrence [5, 30], paralleling trends observed in 

human patients with heart failure and preserved ejection fraction [45]. Canines with heart disease and AF are more 

likely to show signs of right-sided congestive heart failure compared with those without AF [28]. Despite intense 

focus on left atrial morphology and function, right atrial structural changes and dysfunction remain insufficiently 

studied in both humans and dogs [28, 46]. Further research on this topic is essential. Other potentially meaningful 

predictors include increased left ventricular diameters and reduced peak atrial longitudinal strain (PALS) in 

MMVD, and elevated PA-TDI values in dogs with left-sided heart disease [4, 27, 31]. Notably, a PA-TDI 

threshold of 81.2 ms demonstrated reliable predictive accuracy for AF occurrence [27]. In human medicine, tissue 

Doppler imaging (TDI) and speckle-tracking echocardiography (STE) are already used to assess atrial 

performance [47, 48]. In dogs, reduced PALS values have similarly been linked to higher cardiac mortality in 

MMVD cases [31]. 

Heart rate and congestive heart failure (CHF) 

The influence of heart rate and CHF on secondary atrial fibrillation (AF) in dogs remains a matter of ongoing 

debate. Elevated heart rate is a frequent observation among canines with AF and concurrent heart disease, largely 

reflecting enhanced sympathetic activation — a physiological result of progressive cardiac dysfunction [4, 5, 26, 

28, 31]. Nonetheless, sustained tachycardia associated with AF may itself precipitate tachycardia-induced 

cardiomyopathy [2, 49]. Clarifying the bidirectional link between AF and heart rate poses difficulties in both 

veterinary and human medicine, as each can act as either a cause or a consequence of the other. Increased heart 

rate is commonly documented as a clinical feature in subjects with AF [3, 11]. Within the reviewed literature, two 

studies [26, 28] identified elevated heart rate upon presentation as a risk indicator for AF occurrence, one reporting 

an odds ratio (OR) of 1.123 [28], underscoring the variable’s predictive value. 

High heart rate also carries prognostic significance in dogs already diagnosed with AF, serving as an unfavorable 

prognostic element. Canines exhibiting rates below 125 bpm on 24-hour Holter monitoring display extended 

survival compared to those exceeding this threshold [19, 50]. Similarly, an elevated heart rate determined during 

echocardiographic assessment independently predicts adverse outcomes in AF cases associated with MMVD or 

DCM [51]. In addition, CHF has been recognized as an independent determinant of AF onset in dogs affected by 
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MMVD [4], echoing trends seen in human patients with cardiac disease [11]; however, such a relationship was 

not demonstrated in DCM cases [5]. Further, a multivariable logistic regression model incorporating LAD and FS 

revealed that dogs with current or previous decompensated MMVD possessed approximately a fivefold higher 

probability of developing AF than those with compensated MMVD [4]. 

The concurrent occurrence of AF and CHF frequently appears in both canine and human cardiac disorders [4, 5, 

28, 52, 53]. Yet, determining the precise causal direction remains complex, given their intertwined 

pathophysiology and overlapping progression, especially in dogs. 

Study limitations 

Despite offering important insights, this systematic review is subject to certain constraints. First, comparing 

heterogeneous study populations is inherently challenging—particularly when contrasting breed-specific cohorts 

with mixed-breed samples. Such diversity introduces genetic and physiological variability that complicates 

interpretation. Second, the broad publication range (1971–2023) brings potential inconsistencies due to evolving 

diagnostic tools and research approaches. Earlier works, notably from older case series lacking rigorous statistical 

assessment, further emphasize the need for careful contextual evaluation. 

Because all included studies employed retrospective designs, they could only highlight associations rather than 

prove causation. Moreover, none achieved a “high-quality” rating, which necessitates cautious consideration when 

applying these findings clinically. While the risk factors identified remain informative, their strength should be 

interpreted in light of study quality. To clarify cause-and-effect relationships, future prospective longitudinal 

studies are strongly encouraged. 

Additionally, although Boolean operators “AND” and “OR” were systematically used across all searchable fields 

(titles, abstracts, and full texts) to ensure comprehensive retrieval, some relevant studies may still have been 

missed. Possible reasons include the absence of certain papers in the databases examined. Recognizing these gaps 

reinforces the need for continuous refinement of search strategies and further research efforts. 

Conclusion 

Atrial fibrillation is a common complication among dogs with left-sided heart disease, especially those suffering 

from DCM. The results of this review have practical importance for veterinary clinicians. Identifying and 

understanding specific risk factors provides a framework for anticipating AF onset in affected dogs. The main 

determinants include high body weight (BW) and left atrial enlargement (LAE). Importantly, the pattern of risk 

differs between MMVD and DCM, demonstrating disease-specific AF mechanisms. The presence of CHF notably 

increases risk in MMVD, paralleling human findings. Conversely, factors commonly predictive in humans—such 

as male sex or advancing age—do not reliably forecast AF in dogs. 

Absolute LAD measurement remains the most precise echocardiographic indicator for AF prediction. Moreover, 

applying advanced imaging modalities, including tissue Doppler imaging (TDI) and speckle-tracking 

echocardiography (STE), could enhance early identification of at-risk dogs. Because most current research is 

retrospective, well-controlled prospective studies are essential. Future investigations should incorporate additional 

parameters, such as electrocardiographic indices, to refine predictive accuracy and deepen our comprehension of 

AF pathogenesis in the canine population. 
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