
Cardiac beat-to-beat variability and arrhythmias 

in endurance horses 

 

Introduction 
The physiological variability of the equine cardiac beat-to-beat 

interval is unknown, and there is therefore no evidence based 

recommendations on which threshold levels to apply in equine ECG 

analysis.  

Regular endurance exercise predisposes to cardiac arrhythmias in 

human athletes, but the arrhythmia frequency in endurance horses is 

unknown. 

 

Objectives 
1) To investigate the normal beat-to-beat variability in order to define 

evidence based threshold levels of maximum acceptable RR 

deviation for equine ECG analysis  

2) To evaluate the frequency of premature beats in healthy 

endurance horses at rest for 24 hours and during moderate 

exercise. 
 

 
 

 
 SVPCs were seen in the majority of horses during the 24 hours rest and 

in half of the horses during exercise. Their frequency varied greatly.  

 VPCs occurred infrequently. 

 A limited number of SVPCs and/or VPCs appears to be a common 

finding in normal horses. The clinical significance remains to be clarified. 
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Figure 2 

The visually extrapolated margins of the “club-shaped” main cluster of 

individual horses plotted superimposed for direct comparison. Note the 

consistent pattern of large inter-horse variation at rest (HR <60bpm), 

the gradual decrease of  RR deviation during the transition from rest to 

exercise (HR = 60-100bpm), and the small RR deviation with little inter-

horse variation during exercise (HR ≥100bpm). The dashed lines 

indicate the applied heart rate ranges and threshold levels of maximum 

acceptable RR deviation in the ECG analysis. We used a threshold 

level in each segment  high enough to encompass the highest level of 

beat-to-beat variability observed among the horses.  

Abstract 
 Variations in cardiac rhythm are physiological; however, it still needs to be defined when the rhythm 

variation is large enough to be considered arrhythmic. The purposes of this study were: 1) to investigate 

normal beat-to-beat variation in order to define evidence based threshold levels of maximum acceptable RR 

deviation for equine ECG analysis and 2) on basis of the threshold levels to evaluate the frequency of 

premature beats in healthy endurance horses during rest and exercise. 

 ECG recordings were obtained from 11 endurance horses of Arabian breeds for 24 hours at rest and 

during a standardized exercise protocol. Beat-to-beat variation was assessed by the percentage deviation of 

successive RR intervals defined as RRdev(i)= (RRi-RRi-1)/RRi-1*100%. The RRdev(i) was plotted against RRi to 

visualize beat-to-beat variation in relation to the underlying heart rate (HR) in order to define a threshold 

model of maximum acceptable RR deviation. Subsequently, a two-step timing algorithm compared each RR 

interval to a local mean of the four most adjacent intervals against the defined threshold levels. Aberrant 

intervals were manually classified. 

 Beat-to-beat variation showed similar patterns in all horses. At resting HRs <60 beats/minute (bpm) the 

RRdev(i) ranged from 12-22% showing considerable inter-horse variation, for HRs between 60-100bpm 

RRdev(i) was <10%, and at exercising HRs ≥100bpm the RRdev(i) was <4% and very consistent among 

horses. These observations defined the threshold model that was used in the two-step algorithm. 

Supraventricular premature beats (SVPC) were observed in nine horses with median frequencies of 7 (range 

2-85) SVPCs at rest and 2 (range 1-23) SVPCs during exercise. Only two ventricular premature beats were 

observed in one horse at rest. 

 In conclusion, beat-to-beat variation varies with heart rate and threshold levels of maximum acceptable 

 RR deviation should be set accordingly. At rest rather large beat-to-beat variations can be tolerated 

  although great inter-horse variation suggests that threshold levels should be adjusted individually. 

   In contrast only minor variations should be tolerated during exercise where premature beats are 

     easily overlooked. SVPCs were seen in the majority of horses although their frequency 

       varied greatly. The clinical significance remains to be clarified.  

 

 

Summary and Conclusions 
 Equine beat-to-beat variability is heart rate depended and threshold 

levels of maximum acceptable RR deviation should be set accordingly in 

the ECG analysis: 

 At resting HRs <60bpm the appropriate threshold level may vary with the 

individual horse and ranges from 12-22%  

 During the transition from rest to exercise with HRs between 60-100bpm 

the beat-to-beat variability is gradually decreasing and the threshold 

level should be set at 10% 

 At exercising HRs ≥100bpm beat-to-beat variability is very little and 

consistent among horses. The threshold level should be set at 4% 

 Equine beat-to-beat variability appears to include a non-linear 

component 
 

Figure 1 

Plot of the beat-to-beat RR deviation against the individual RR intervals 

in one representative horse. The “club-shape“ clearly illustrates that RR 

intervals at rest (blue) show larger RR deviation than RR intervals 

during exercise (red). Notice also the slight asymmetry with larger 

dispersion of positive values of RR deviation at rest indicating a non-

linear component in the equine beat-to-beat variation. The axes have 

been limited to focus on relevant aspects of the original plot. 

Table 1 

Frequencies of supraventricular (SVPC) and ventricular premature 

complexes (VPC). G = gelding, M = mare, S = stallion. ArX = Arabian 

cross breed, OX = Arabian purebred. N/A = not available due to 

inadequate ECG quality. a Including three episodes of double SVPC 

and one episode of  triple SVPC, b among analyzed horses (n=10),  
c when present in the ECG recording. 

        REST EXERCISE 

Horse 

  

Age 

(years) 

Sex Breed SVPC  VPC SVPC VPC 

1 11 G ArX 0 0 0 0 

2 14 G OX 4 0 0 0 

3 9 G OX 7 0 N/A N/A 

4 15 S OX N/A N/A 5 0 

5 8 G OX 0 0 1 0 

6 8 G OX 4 0 2 0 

7 15 G OX 85a 2 23 0 

8 8 S OX 2 0 0 0 

9 13 G OX 65 0 1 0 

10 9 M OX 7 0 0 0 

11 11 G ArX 0 0 0 0 

Prevalence b  70% 10% 50% 0% 

Median frequency c 7 2 2 0 
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