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Analysis of Poincaré plot derived from 5-min electrocardiography in 
dogs with myxomatous mitral valve disease

Radu Andrei Baisan, Cătălina Andreea Turcu, Eusebiu Ionuț Condurachi and Vasile Vulpe

Clinic Department, Faculty of Veterinary Medicine, “Ion Ionescu de la Brad” Iasi University of Life Sciences, Romania

ABSTRACT
Background: Evaluation of heart rate variability (HRV) is used for risk assessment in a variety 
of cardiac diseases including myxomatous mitral valve degeneration (MMVD).
Objectives:  To compare the geometric analysis of HRV using visual patterns of Poincaré plot 
among different classes of MMVD in dogs and to analyse the differences in beat-to-beat 
variability using tachograms and sequential Poincaré plots among different shapes.
Animals and methods:  Healthy and MMVD dogs were retrospectively reviewed. Five-minute 
ECG data was used to create Poincaré plots and shapes were compared among groups. 
Furthermore, a sub-analysis of 50 consecutive R–R intervals was performed. Pearson Chi-square 
with adjusted standardized residuals was used to compare the categorical data between 
groups.
Results:  Fifteen healthy dogs and 157 dogs with MMVD were included in the study. Normal 
and B1 groups showed a predominance of triangular shape (73% and 60% respectively; 
p < 0.05). In B2 group the predominant shape was comet (40%; p < 0.05) while comet and 
torpedo were predominant in Ca group (41% and 36% respectively; p < 0.05). Visual geometric 
analysis revealed a lower dispersion of the cloud clustering towards the left lower corner of 
the plot with MMVD progression. Diamond and triangle revealed a lower mean heart rate 
compared to comet and torpedo shapes (p < 0.01). Interclass correlation between 3 observers 
was 0.906 (95% CI of 0.8 − 0.96).
Conclusions: Poincaré plot shape changes with MMVD progression suggesting that geometrical 
analysis of HRV in dogs with cardiac conditions could be a useful tool in the risk assessment 
and further studies are warranted.

1.  Introduction

Myxomatous mitral valve degeneration (MMVD) is the 
most common acquired cardiac disease in dogs, 
accounting for approximately 75% of heart disease 
cases and 10% of dogs presented to primary care 
veterinary practices (Keene et  al. 2019). It had been 
shown that selected echocardiographic and radio-
graphic variables can aid in the prediction of MMVD 
progression (Lord et  al. 2011; Hezzell et  al. 2012). 
However, development of predictive risk stratification 
schemes is of major interest for this disease (Keene 
et  al. 2019). Heart rate variability (HRV) is a simple 
and non-invasive method and had been used for risk 
assessment in a variety of cardiac diseases for people 
and dogs (Malik et al. 1996; Kleiger et al. 2005; Oliveira 
et al. 2014; Bogucki and Noszczyk-Nowak 2017; Pirintr 
et  al. 2017; Baisan et  al. 2021). Sinus arrhythmia is a 
marker of health in both humans and dogs (Shaffer 
et  al. 2014; Moise et  al. 2019) and results from 
dynamic inputs of sympathetic and parasympathetic 

systems modulated by complex mechanisms among 
which cardiovascular reflexes and mechanics of res-
piration are present (Moise et  al. 2019).

In a previous study, we showed that HRV expressed 
through time and frequency domain is reduced with 
the disease progression (Baisan et  al. 2021). More 
recently, several studies analyzed the normal beat-
to-beat patterning and diagnostic value for detecting 
arrhythmias using geometrical analysis of Poincaré 
plot derived from one and 24-h Holter recordings in 
dogs (Blake et  al. 2018; Moise et  al. 2019; DeProspero 
and Adin 2020; Moïse et  al. 2021; Romito et  al. 2021). 
To the authors’ knowledge, there is no data regarding 
the geometrical analysis of HRV derived from 5-min 
electrocardiographic (ECG) recording in dogs with 
different classes of MMVD. Based on our observa-
tions, the geometrical distribution varies among dogs 
with different classes of MMVD. Therefore, we hypoth-
esized that 5-min ECG derived Poincaré plot would 
vary with disease progression.
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The aim of the study was to compare the geo-
metric analysis of HRV using qualitative (visual pat-
terns) of Poincaré plot among different classes of 
MMVD in dogs and to analyse the differences in 
beat-to-beat variability using tachograms and 
sequential Poincaré plots construction among the 
different shapes of Poincaré plots.

2.  Animals and methods

This retrospective observational study included dogs 
presented for cardiologic examination at the 
Cardiology unit of the Veterinary Teaching Hospital, 
between January 2018 and July 2022. Ethical approval 
was obtained from the Ethics Committee of the 
Faculty of Veterinary Medicine of Iași (number 
1 0 5 1 / 2 0 2 2 ,  1 s t  o f  S e p t e m b e r,  2 0 2 2 ) . 
Electrocardiographic tracings of healthy dogs and 
dogs with a diagnosis of MMVD were reviewed. In 
MMVD group, dogs were included if the following 
data was available: echocardiography with changes 
consistent to MMVD, at least 5-min ECG recording in 
six standard leads, thoracic radiography and only 
those that did not receive any prior cardiovascular 
therapy. Dogs with pulmonary hypertension class 2B 
(Reinero et  al. 2020) were accepted in the study. For 
dogs that required medication, therapy was assigned 
immediately after the cardiologic examination was 
finished. Any unstable dog that required therapy 
before a complete cardiologic examination was 
excluded from the study. Dogs with sustained 
arrhythmias or low quality tracing, dogs with con-
genital or acquired cardiac diseases other than 
MMVD and dogs with systemic diseases based on 
clinical examination were excluded. An age and body 
weight matched group of healthy dogs that were 
subjected to a complete cardiologic consultation for 
different reasons (e.g. prior to anesthesia for neuter-
ing) was included in the study as control.

All dogs were subjected to a complete cardiologic 
examination consisting of physical examination, fol-
lowed by a five minutes six lead electrocardiography, 
echocardiography, and thoracic radiography. All dogs 
underwent the same examination order respecting 
an in-house protocol except the thoracic radiography 
which was performed before the ECG and echocar-
diography in dogs with clinical CHF. The diagnosis 
of MMVD was defined as echocardiographic evidence 
of mitral valve (MV) thickening and/or prolapse, with 
the presence of a regurgitating jet.

Furthermore, dogs were classified according to 
ACVIM recommendations (Keene et  al. 2019) in class 
B1, dogs with a mitral valve regurgitation and 
absence of both left ventricle (LV) or left atrial (LA) 
enlargement and no clinical symptoms, class B2, dogs 
with enlargement of LV and LA in the absence of 
clinical signs and class Ca, defined as dogs with evi-
dence of acute/concurrent pulmonary edema on 
radiography secondary to MMVD. Echocardiography 
was performed as previously described (Thomas 
et  al. 1993) and assessed the morphology and 

movement of the MV, the left ventricular internal 
diameter in diastole normalized to body-weight 
(LVIDd_n) as recently described using a scaling expo-
nent of 0.33 (Rishniw and Brown 2022) with a cutoff 
of 1.7 (Boswood et  al. 2016) and the LA/Ao ratio 
using a cutoff of 1.6 (Keene et  al. 2019). Color and 
spectral Doppler were used to assess the presence 
of a regurgitating jet over the mitral and tricuspid 
valves, assessment of the transmitral flow pattern (E 
and A waves) and peak velocities of the pulmonary 
and aortic flows. Pulmonary hypertension was eval-
uated only based on the tricuspid regurgitation pres-
sure gradient (TRPG) and was classified as mild (TRPG 
36–50 mmHg), moderate (TRPG 51–75 mmHg) and 
severe (TRPG >75 mmHg) (Vezzosi et  al. 2018; 
Feldhütter et  al. 2022).

Electrocardiography was performed in the owner’s 
presence, with a digital ECG machine (PolySpectrum 
8E/8V, Neurosoft, Ivanovo, Russia) on dogs in right 
lateral or standing position with electrodes placed 
on the limbs, for at least 5 min at a speed of 50 mm/s 
and an amplitude of 10 mm/mV. The sampling rate 
used was 1000 Hz, with a 24-bit amplitude resolution. 
Electrocardiographic analyses were manually reviewed 
by a single operator (BRA) using a proprietary, ded-
icated software (PolySpectrum-Neurosoft v.4.8.118). 
Each ECG tracing was examined to ensure that the 
R–R intervals represented the P–P intervals. 
Throughout this manuscript the term R–R interval 
will be used as a surrogate for P–P interval as pre-
viously recommended (Moise et  al. 2019). For further 
analysis of HRV, only sinus rhythm (SR) was used. 
Atrial or ventricular premature complexes, second 
degree atrio-ventricular blocks (AVB) and supraven-
tricular runs were excluded along with the previous 
and subsequent sinus beat from the onset of the 
P-wave to the onset of the P-wave to ensure that 
the remaining R–R interval after the arrhythmia 
exclusion is not biased. The R–R intervals were then 
exported in an ASCII file and subjected to HRV anal-
ysis in a free dedicated software (Kubios HRV v.3.5.0, 
Kuopio, Finland). For visual assessment, each Poincaré 
plot was created from the raw R–R intervals expressed 
in milliseconds by plotting the data on separate col-
umns (first column represented by R–R and second 
column represented by R–R + 1) using GraphPad 
Prism (v. 5.03). Each dot represented an R–R interval 
(on X axis) plotted against and R–R + 1 interval (on 
Y axis). Then the Poincaré plot was created for each 
dog by plotting the R–R data on X axis and R–R + 1 
data on Y axis and overlayed plot was created by 
stacking all Poincaré plots from all dogs in each 
group (normal and MMVD classes). The line of iden-
tity was defined as the major axis passing through 
the mean R–R interval along the bisector (Romito 
et  al. 2021). Wave length was defined as the distance 
between adjacent crests of the R–R intervals tacho-
gram waveform propagated in time. Sequential 
Poincaré plots were created for 10 consecutive R–R 
intervals to enable the visualisation of beat-to-beat 
patterning during short time periods and higher spa-
tial resolution. The main cluster, represented by the 
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spatial distribution of the coordinates was visually 
analyzed and grouped according to the following 
shapes: diamond, represented by coordinates distri-
bution on a square shape both along the line of 
identity and perpendicular to it; triangle represented 
by a triangular shape with the tip oriented towards 
the lower zone of the identity line and the base 
perpendicular to the identity line; comet shape rep-
resented by distribution of the coordinates along the 
identity line with a perpendicular narrow base 
towards the superior zone of the identity line; tor-
pedo represented by coordinates clustered along the 
identity line with very narrow perpendicular distri-
bution. If the cluster could not be included in any 
of the above patterns, it was characterized as unde-
termined shape. Subsequently, fifty R–R intervals of 
a representative ECG for each shape were analyzed 
using a parallel comparison between the HR and R–R 
tachogram with sequential construction of the 
Poincaré plot. Briefly, the raw R–R data from 5 min 
ECG tracing were uploaded in a free geometrical HRV 
analysis software (Flanders et  al. 2022) and an epoch 
of 50 successive R–R intervals was selected. Then, 
the epoch was moved from the onset to the end of 
the 5 min period analyzing in real time the shape of 
the Poincaré plot. The most representative epoch of 
50 R–R intervals was selected for further analysis. An 
inter-observer agreement analysis was performed 
between three observers for a total of 20 Poincaré 
plots, five from each group chosen using the 
Microsoft Excell ‘random’ function.

Statistical analysis was performed using SPSS v.17 
software (IBM, Armonk, NY, USA). Poincaré plot 
graphics, HR and R–R tachograms were generated 
using GraphPad Prism v. 5.03 (GraphPad, San Diego, 
CA, USA) and Microsoft Office Excel 2016 (Microsoft 
Corporation, Redmond, WA, USA). Data was tested 
for normality using Saphiro–Wilk test. Normally dis-
tributed data are expressed as mean and standard 
deviation (M  ±  SD) and skewed data are expressed 
as median and interquartile range (Q1–Q3). 
Categorical data of sex and reproductive status are 
expressed as total numbers and the Poincaré plot 
shape is expressed as percentage. An one-way 
ANOVA with Bonferroni post hoc test was used to 
assess normally distributed continuous variables 
while Kruskal–Wallis and pairwise comparison post 
hoc test was used to compare continuous variables 
for non-normally distributed data among the 4 
groups. Further comparison analysis using Student’s 

t test for continuous variables and Pearson Chi-
square with Fisher’s exact for proportions between 
Maltese and non-Maltese dogs were performed. 
Pearson Chi-square with adjusted standardized resid-
uals was used to compare the categorical data 
between groups. An interclass correlation (ICC) was 
used to assess inter-observer measurement agree-
ment for Poincaré plot models by a two-way mixed 
effect model for absolute agreement. Agreement of 
the investigators was considered ‘poor’, ‘fair’, ‘moder-
ate’, ‘substantial’, and ‘very good’ when values were 
in range 0–0.2, 0.21–0.4, 0.41–0.6, 0.61–0.8, and 
0.81–1 (Barnhart et  al. 2016). A P value <0.05 was 
considered statistically significant.

3.  Results

One hundred seventy-two dogs met the inclusion 
criteria. The population comprised the following 
breeds: mix breed (n = 60), Maltese (n = 53), Poodle 
(n = 18), Yorkshire terrier (n = 9), Shih–Tzu (n = 7), 
Chihuahua and Beagle (n = 6 of each), Pinscher (n = 5), 
Daschund (n = 4), and one of each Pekingese, Cavalier 
King Charles Spaniel, French bulldog and Spitz. In 
three dogs the reproductive status was unknown. 
The demographic and clinical data for the entire 
population and each group are presented in Table 
1. There was no significant difference between age 
and body weight between groups. Furthermore, no 
statistical difference for clinical and echocardio-
graphic variables between non-Maltese and Maltese 
dogs was observed, except BW which was lower in 
the latter group (p < 0.01).

Supraventricular premature complexes were 
detected and removed in 41 dogs, ventricular pre-
mature complexes in 14 dogs, 2nd degree AVB in 2 
dogs and supraventricular runs in 1 dog. None of 
the dogs from healthy group had any arrhythmias. 
The number of dogs with arrhythmias for each class 
and the mean and range of each arrhythmias 
excluded are presented in Supplementary file 1. 
Echocardiographic data are presented in Table 2. 
Fifteen healthy dogs were included in N group. Based 
on ACVIM classification of MMVD (Keene et  al. 2019), 
76 dogs were diagnosed as class B1, 37 dogs as B2 
and 44 dogs as class Ca. All dogs in class Ca had 
evidence of pulmonary edema on radiography and 
none of the dogs in classes B1 or B2. There was no 
statistically significant difference in proportions of 
Maltese dogs among groups of dogs based on 

Table 1.  Dog demographic and clinical data on the entire population and divided into normal group and groups according 
to ACVIM classification for myxomatous mitral valve disease.
Variable Total (n = 172) N (n = 15) B1 (n = 76) B2 (n = 37) Ca (n = 44)

Age 12 (9–13) 10.2 (6.5–13.2) 12 (9.2–13) 11 (9–14) 11 (8.8–14)
Body weight 6.4 (5–8.4) 5.8 (4.6–8.1) 7 (5.2–9) 6 (5.4–8.7) 6.2 (4.7–8.1)
Sex (M/F) 107/65 9/6 43/33 26/11 29/15
Neuter status (Y/N) 52/117 7/8 22/52 9/27 14/30
Respiratory rate 44 ± 21 29 ± 3.4 34 ± 13 39 ± 10 64 ± 23**
Heart rate 135 ± 28 115 ± 22 120 ± 21 142 ± 25* 160 ± 21**

M, male; F, female.
*Statistical difference between classes B1 and B2
**Statistical difference between classes B2 and Ca

https://doi.org/
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diagnosis. Thirty-two dogs had pulmonary hyperten-
sion (PH): four dogs in class B1, seven dogs in class 
B2 and 21 dogs in class Ca. Dogs in classes B1 and 
B2 had only mild PH. In class Ca, 14 dogs had mild, 
6 dogs had moderate and one dog had severe PH.

Visual analysis of the Poincaré plot derived from 
each ECG tracing was assessed and grouped as dia-
mond, triangle, comet and torpedo shape. 
Undetermined shape was detected in 15 dogs (8 in 
B1, 2 in B2 and 5 in Ca groups). Dogs with undeter-
mined shape were excluded from further analysis. A 
statistically significant association between groups 
of dogs and Poincaré plot shape was observed 
(p < 0.01). Normal and B1 groups showed a predom-
inance of triangular shape (73% and 60% respec-
tively; p < 0.05). In B2 group the predominant shape 
was comet (40%; p < 0.05) while for group Ca the 
predominant shapes were comet and torpedo (41% 
and 36% respectively; p < 0.05). The percentage of 
different Poincaré plot shapes in different groups of 
dogs is presented in Table 3. There was no statisti-
cally significant difference in the proportion of 
Poincaré plot shapes between Maltese and non-Mal-
tese dogs on the entire population nor when groups 
were divided by ACVIM class.

Furthermore, there was a statistically significant 
difference in HR between diamond and comet 
(p < 0.01), diamond and torpedo (p < 0.01), triangle 
and comet (p < 0.01) and triangle and torpedo 
(p < 0.01), where diamond and triangle groups 
showed a lower mean heart rate compared to 
comet and torpedo. Patterns of Poincaré plot 
detected in the study population are presented in 
Figure  1.

When Poincaré plot graphics were overlapped by 
groups, healthy dogs revealed a triangular shape 
while dogs in B1 showed a triangular shape with 
larger distribution over X and Y axis demonstrating 
a variation of short–long (left upper area), long–
short (right lower area), long–long (right upper area) 
and short–short R–R intervals (left lower area). In 
class B2, the Poincaré plot overlapping revealed a 
narrower distribution perpendicular to the line of 
identity. This is explained by a lower amount of 
long–short and short–long intervals as compared to 

B1 dogs. Also, there is a lower density of points in 
the upper right area demonstrating a lower number 
of long–long cycles and the cloud shifts towards 
the left lower area. In class Ca, the density of points 
is displayed in the lower left area demonstrating 
that the beat-to-beat patterning in these dogs is 
overrepresented by short–short intervals. Visual geo-
metric analysis revealed that with MMVD progres-
sion, the dispersion of data points reduces and the 
cluster is moving towards the left lower corner of 
the plot demonstrating a denser region of short–
short intervals (Figure 2).

Subsequently, a subanalysis for each type of 
Poincaré plot performed from a 50 R–R intervals sam-
ple was carried out. Electrocardiographic tracings 
with a diamond shape Poincaré plot revealed large 
beat-to-beat variation on HR tachogram as seen in 
Figure 3A where the bars, representing the instan-
taneous HR, show different heights with a non-linear 
variation. On R–R tachogram (Figure 3B) there is a 
large difference between high peaks (low instanta-
neous HR) and low peaks (high instantaneous HR) 
with a short wave length, (few coordinates on an 
ascending or a descending branch) indicating an 
abrupt and ample change in HR from one beat-to-
beat interval to the following one. Furthermore, the 
sequential construction of the Poincaré plot (Figure 
3C, boxes 1–5) represents the dynamic patterning of 
the beat-to-beat interval distribution for each 10 
consecutive R–R intervals. Notably, larger variations 
with short wave length on R–R tachogram (e.g. 
Figure 3B, box 1) have a tendency of larger dots 
distribution in a triangular or rectangular shape (e.g. 
Figure 3C, box 1), while a smaller variation (e.g. 
Figure 3B, box 4) have a tendency of closer clustering 
(e.g. Figure 3C, box 5). Figure 3D presents the fully 
constructed Poincaré plot of 50 R–R intervals selected 
for analysis.

Triangular shape Poincaré plot shows different 
beat-to-beat patterning. On HR tachogram the vari-
ation of successive instantaneous HR is smaller com-
pared to diamond shape, however, this variation 
maintains a non-linear pattern. As shown in Figure 
4A, a repetitive sequence of high-low (e.g. bars no. 
17 and 18) and low-high (e.g. bars no. 18 and 19) 

Table 2. E chocardiographic measurements of dogs diagnosed with MMVD divided by ACVIM classification.
Variable N (n = 15) B1 (n = 76) B2 (n = 37) Ca (n = 44)

LA/Ao 1.32 ± 0.1 1.41 ± 0.19 2.04 ± 0.35* 2.13 ± 0.34
LVIDd_n 1.22 ± 0.17 1.39 ± 0.17 1.86 ± 0.21* 1.82 ± 0.31
E wave velocity (m/s) 0.67 ± 0.25 0.7 ± 0.16 1.14 ± 0.22* 1.28 ± 0.33
TR PG (mmHg) – 43.7 ± 5.4 44.7 ± 7.1 48.9 ± 12

La/Ao, left atrial to aorta ratio; LVIDd_n, left ventricular internal diameter in diastole normalized to body-weight using an exponent of 0.33; TR 
PG, tricuspid regurgitation pressure gradient.

*Statistical difference between classes B1 and B2

Table 3.  Poincaré plot shapes percentage in different groups of healthy and MMVD dogs.
Groups Diamond (%) Triangle (%) Comet (%) Torpedo (%)

N (n = 15) 20 73.3 6.7 0
B1 (n = 68) 11.8 60.3 14.7 13.2
B2 (n = 35) 5.7 28.6 40 25.7
Ca (n = 39) 0 23.1 41 35.9

Dogs with undetermined shape on Poincaré were excluded from this table.
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is present. The R–R tachogram (Figure 4B) reveals 
predominantly low amplitude peaks alternating with 
higher amplitude peaks with short wave length (e.g. 
coordinates 17, 18 and 19 with no points on the 
ascending or descending branches). The sequential 
construction of the Poincaré plot reveals close clus-
tering of the dots during periods of low variation 
(Figure 4B and C, box 4) consistent with the tip and 
body of the triangle (approximately similar length 
of R–R and R–R + 1) and larger distribution of the 
dots with a triangular shape (Figure 4B and C, box 
2) consistent with the edges of the triangle 
(sequences of long–short and short–long intervals). 
Figure 4D presents the completely constructed 
Poincaré plot of 50 R–R intervals selected for 
analysis.

The HR tachogram of the comet shape revealed 
a small linear variation in instantaneous HR with pro-
gressive increase and decrease in heart rate over 
short periods (Figure 5A). R–R tachogram shows small 
amplitude waves with longer wave length (multiple 
points on ascending and descending branches) 
(Figure 5B). The sequential Poincaré plot reveals a 
circular pattern with dots clustered in the lower part 

of the identity line during higher heart rates (Figure 
5C boxes 1–3) and slightly greater distribution with 
dots clustered in the upper part of the identity line 
during periods of lower HR (Figure 5C, boxes 3 and 
4). Figure 5D presents the completely constructed 
Poincaré plot of 50 R–R intervals selected for analysis 
revealing a comet shape.

The HR tachogram of torpedo shape Poincaré 
plot revealed very small variations in HR (Figure 
6A). R–R tachogram showed minimal amplitude 
waves with long wavelength and absence of any 
regular patterning. Sequential Poincaré plot showed 
closely clustered points traveling along the line of 
identity with minimum perpendicular dispersion 
(e.g. Figure 6C, box 2 and 3). Figure 6D presents 
the complete construction of the Poincaré plot 
from 50 R–R intervals with magnification due to the 
marked clustering of the points and small spatial 
resolution.

Poincaré plot shapes were reviewed by three dif-
ferent observers. Inter-observer agreement between 
all 3 observers, performed for 20 randomly selected 
Poincaré plots from all groups was very high, with 
an ICC of 0.906 (95% CI of 0.8 − 0.96).

Figure 1. R epresentative Poincaré plot shapes derived from 5-min ECG recording with SDNN value (ms) for each tracing. 
Each point represents the coordinates in milliseconds for R–R (X axis) and R–R + 1 (Y axis); A. diamond shape; B. triangle 
shape; C. comet shape; D. torpedo shape; SDNN—standard deviation of the NN intervals expressed in milliseconds.
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Figure 2.  Overlapped Poincaré plots from normal dogs and dogs divided by ACVIM classes of severity with mean group 
value of SDNN (ms): A healthy dogs; B dogs in class B1; C dogs in B2; D dogs in class Ca; the X and Y axis scales are 
identical among graphics to underline the dynamics of point distribution between healthy dogs and dogs in different 
severity classes of MMVD; SDNN—standard deviation of the NN intervals expressed in milliseconds.

Figure 3. A . Heart rate tachogram, B. R–R tachogram and C, D. Poincaré plot construction from 50 R–R intervals in a dog 
with MMVD in class B1, with a mean HR of 101 bpm. Heart rate tachogram shows very large, nonlinear variations in heart 
rate characterized mainly by long–short and short–long pairs and occasionally short–short and long–long pairs. R–R tacho-
gram reveals high amplitude spikes with very few coordinates on the ascending and descending branches explained by the 
nonlinear behavior of this pattern and the large variations between intervals. Sequences of Poincaré plots reveal a highly 
spread distribution across the identity line and perpendicular to it. The shapes representative for this pattern are triangles 
(sequences of short–short  +  short–long  +  long–short or long–short  +  short–short  +  long–short) or squares (sequences of 
short–short  +  short–long  +  long–long  +  long–short). Image D represents the final construction of the Lorenz plot derived 
from 50 R–R showing a ‘diamond’ shape.
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4.  Discussion

Previous studies suggest that HRV is a useful method 
to evaluate cardiac autonomic modulation in humans 
and animals, as well as for risk assessment in a variety 
of cardiac diseases (Malik et al. 1996; Kleiger et al. 
2005; Ootaki et al. 2008; Zhou et al. 2009; Rasmussen 
et al. 2011; Oliveira et al. 2014; Bogucki and Noszczyk-
Nowak 2017). In a previous study, we found that HRV 
expressed by time and frequency domain decreases 
with the increase in MMVD severity (Baisan et al. 2021).

In the present study we aimed to evaluate the 
geometrical beat-to-beat variability through Poincaré 
plot analysis derived from a five-minute long elec-
trocardiogram in healthy dogs and dogs diagnosed 
with different MMVD classes. In this study, for the 
assessment of geometrical beat-to-beat variability 
we only used sinus beats to ensure the true auto-
nomic nervous system (ANS) behaviour, therefore 
any non-sinus arrhythmias were excluded. Moreover, 
we only included dogs at first presentation and 
before any cardiovascular therapy was administered, 

Figure 4. A . Heart rate tachogram, B. R–R tachogram and C, D. Poincaré plot construction from 50 R–R intervals in a dog 
with MMVD in class B1 with a HR of 99 bpm. Heart rate tachogram shows short nonlinear fluctuations in heart rate com-
prising isolated larger variations. R–R tachogram (B) reveals alternations between small variations (e.g. R–R 4–7), medium 
variations (e.g. R–R 7–11) and large variations (e.g. R–R 17–19). Sequential Poincaré plots reveal alternations between periods 
with clustered dots (consistent with small variations in R–R intervals) and dispersed dots (consistent with larger variations 
in R–R intervals, e.g. box 4). D The construction of the Lorenz plot graphic revealing a triangle shape.

Figure 5. A . Heart rate tachogram, B. R–R tachogram and C, D. Poincaré plot construction from 50 R–R intervals in a dog 
with MMVD in class B2 and a mean HR of 145 bpm. The HR tachogram shows rapid and linear fluctuations in HR and 
consecutive increase and decrease in rate, also represented in R–R tachogram. In sequential Poincaré plots 1–3 the R–R 
coordinates’ distribution is smaller and the construction reveal a circular distribution. During the last two plots (4 and 5), 
associated with a mild decrease in HR on tachogram the R–R coordinates reveal a larger distribution with the same circular 
pattern. D The final construction of the Poincaré plot derived from a 50 R–R intervals sequence revealing a ‘comet’ shape.
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to avoid the potential effect of cardiac drugs on the 
dynamics of ANS.

Based on the visual analysis of the geometric 
patterning and according to the literature, the 
Poincaré plot shapes were classified in five groups 
as diamond, triangle, comet, torpedo and undeter-
mined shape (Esperer et  al. 2008; Moise et  al. 2019; 
Romito et  al. 2021). According to this assessment, 
we found an association between beat-to-beat clus-
tering shape and disease severity. While healthy 
dogs and dogs with MMVD class B1 were associated 
mainly with diamond and triangle shapes, classes 
B2 and Ca were commonly associated with comet 
and torpedo shapes, respectively. In a previous study 
analyzing Poincaré plots from Holter recording in 
dogs, comet, and diamond shapes were associated 
with SR and normal HRV while torpedo shape was 
associated with SR and reduced HRV (Romito et  al. 
2021). In the present study we did not intend to 
compare HRV time or frequency domain results with 
Poincaré plot shape, however plots from dogs in 
more advanced MMVD classes (e.g. classes B2 and 
Ca) were associated with a narrower distribution of 
the cloud. Several studies have shown that a fan 
shape is exclusively associated with atrial fibrillation 
(DeProspero and Adin 2020; Romito et  al. 2021). In 
our study, we used the term ‘triangle’ to avoid con-
fusion with atrial fibrillation pattern since all of our 
dogs were in SR. However, some of our dogs exhib-
ited a similar pattern on a 5-min recording because 
this shape was most probably corresponding to the 
‘tip’ of the normal ‘Y’ shape on 24-h Holter recording. 
This may be explained by the fact that in the clinical 
setting, our patients did not reach the ‘branching’ 
point of the Poincaré plot, also called avoidance 
zone which emerges at a HR of 98–103 bpm also 

being recorded during sleep hours (Moïse et  al. 
2010; Moise et  al. 2019). As expected, the mean HR 
showed differences between Poincaré plot shapes. 
Diamond and triangle shapes had significantly lower 
mean HR compared to comet and torpedo. This 
means that with heart rate increase, the coordinates 
distribution along and perpendicular to the line of 
identity decreases. Heart rate is controlled by ANS 
system and the balance between sympathetic and 
parasympathetic arms (Malik et  al. 1996; Moise et  al. 
2019). However, there are other mechanisms asso-
ciated with changes in HRV such as the regulatory 
mechanisms via respiratory sinus arrhythmia, the 
baroreceptor reflex and rhythmic changes in vascular 
tone (Shaffer and Ginsberg 2017). Respiratory sinus 
arrhythmia was shown to decrease with the increase 
in HR therefore, when SRA is such elevated as in 
the dog, HR and interbeat interval variability are 
also influenced by the breathing pattern (Grosso 
et  al. 2021). In our study, respiratory rate was only 
significantly higher in dogs with MMVD class Ca. 
However, there was a trend of increase in rate even 
before acute CHF, a finding that is also supported 
by previous studies (Boswood et  al. 2020). Moreover, 
we did not perform specific analysis on SRA because 
this requires dual channel paralel recording of ECG 
and respiratory curve (Grosso et  al. 2021).

When all Poincaré plots from healthy dogs and 
dogs in class B1 were overlapped, the resulting 
graphic revealed a wide distribution both along the 
identity line and perpendicular to it. Dogs in MMVD 
class B2 revealed comet as the most common 
Poincaré plots shape. Comet shape is characterized 
by points placed along the line of identity (length 
larger than width), with only one central cluster 
revealing a smaller dispersion perpendicular to the 

Figure 6. A . Heart rate tachogram, B. R–R tachogram and C, D. Poincaré plot construction from 50 R–R intervals in a dog 
with MMVD in class Ca with a mean HR of 186 bpm. The HR tachogram reveals short both linear and nonlinear changes 
in heart rate as well as periods with unremarkable variation (e.g. last part of the R–R tachogram, box 5). The R–R tachogram 
reveals very small variations in HR (between 0 and 2%) with no repetitive pattern. Note that the minimum variation in HR 
corresponding to the last part of the tachogram reveals a highly clustered distribution (B and C, box 5). D The final con-
struction of the Lorenz plot derived from 50 R–R intervals—large graphic represents the distribution scaled to 350 ms and 
the small graphic represents the magnified distribution scaled to 14 ms highlighting the degree of variation in heart rate 
for this dog.
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identity line (Romito et  al. 2021). These findings 
may support the idea that ANS balance and beat-
to-beat variability are altered in dogs with MMVD 
even before CHF is clinically visible. When Poincaré 
plots from dogs in class Ca were overlapped, the 
points clustered in the left lower area of the 
Poincaré plot corresponding to a high prevalence 
of short–short R–R intervals. This could be explained 
by the increase in the heart rate in dogs with con-
gestive heart failure due to MMVD (Boswood et  al. 
2020; Baisan et  al. 2021) and loss of sinus respira-
tory arrhythmia (López-Alvarez et  al. 2015).

Subsequently, further paralel analysis on different 
patterns of Poincaré plots constructed from a period 
of 50 consecutive R–R intervals was attempted. This 
analysis permitted a step-by-step comparison between 
changes in HR and R–R tachogram and sequential 
(10 R–R intervals) Poincaré plots. In a diamond distri-
bution, there was a high nonlinear variability among 
consecutive R–R intervals which was specific to lower 
heart rates. This behaviour had been shown in several 
studies and was associated with healthy dogs with 
normal SRA (Moise et  al. 2019). Moreover, a previous 
research found that besides SRA, altered conduction 
and exit blocks in the sinoatrial conduction pathways 
may contribute to the behaviour of beat-to-beat vari-
ability in dogs (Moïse et  al. 2021). Similarly, at lower 
HR, beat-to-beat coordinates clustered in a triangular 
shape which was mostly found in healthy dogs and 
dogs in class B1. In these dogs, interbeat interval 
variation was smaller, however long–short and short–
long sequences were present. As a difference to dia-
mond shape these dogs did not have consecutive 
long–long intervals (which would cluster in the upper 
region of the identity line). This could be explained 
as long–long intervals are expected to have a higher 
prevalence during sleep (Moise et  al. 2019) and high 
vagal tone bursts while the recording in our dogs 
was performed during awake period in the clinical 
environment. Comet shape was associated with 
higher heart rate. Interestingly, in this particular case, 
the beat-to-beat variability revealed a linear pattern 
with progressive increase and decrease in heart rate 
similar to human R–R variability (Moise et  al. 2019). 
While in healthy human beings this behaviour appears 
at lower heart rates, this pattern was found mainly 
in dogs with cardiomegaly with and without evidence 
of pulmonary edema. Interestingly, in a previous 
study on dogs subjected to Holter monitoring, comet 
shape was associated with sinus respiratory arrhyth-
mia and normal HRV (Romito et  al. 2021) while in 
another study all healthy dogs presented a ‘Y’ shape 
(Blake et  al. 2018). However, our analysis performed 
Poincaré plots derived from 5 min recording cannot 
be compared to 24-h Holter recordings. The torpedo 
shape was also encountered during faster heart rates 
and revealed both linear and nonlinear minimal 
changes in beat-to-beat variability resulting in a thin 
cluster along the line of identity, associated mostly 
with dogs in acute CHF due to MMVD. In a previous 
study we found a significant decrease in HRV time 
and frequency domain parameters once pulmonary 

edema was clinically relevant (Baisan et  al. 2021), 
therefore a low dispersion of the cluster is expected.

This study has several limitations. Five-minute 
electrocardiographic recording in the clinical envi-
ronment may be altered by a variety of stimuli and 
HR or beat-to-beat intervals may behave differently 
from one dog to another which could bias our data. 
However, clinical environment includes all these 
stimuli and removing any interferences with ANS 
would result in a purely experimental study which 
was not our aim. Also, this study is mainly based 
on visual analysis and quantification of patterns is 
difficult and no gold standard is available for these 
methods. The description of Poincaré plots in this 
study could be shallow therefore we hope that 
these findings will promote further investigations 
in this field and further studies will shed light in 
the unique beat-to-beat patterning in dogs with 
different pathological conditions. Finally, our find-
ings show individual variations as the same Poincaré 
plot shape can be found in different groups and 
these data should be interpreted in a clinical 
setting.

This study’s findings indicate that Poincaré plot 
shapes tend to change with the MMVD severity. 
These results may be considered in risk assessment 
along with other biomarkers for dogs with MMVD 
especially since easy-to-use software for geometrical 
analysis of HRV are already available (Flanders et  al. 
2022). However, a widely accepted classification of 
the Poincaré plot shape is not yet available and 
future studies are needed for exploring the associa-
tion between different biomarkers and beat-to-beat 
distribution during this pathological condition.

Conclusions

Our study demonstrated that Poincaré plot shape 
derived from 5 min ECG recording changes with 
MMVD progression where healthy dogs and dogs in 
class B1 have shown a higher prevalence of diamond 
and triagle shape while dogs in class B2 were asso-
ciated with comet and those in class Ca with comet 
and torpedo shapes. Moreover, a focused analysis of 
beat-to-beat patterning comparing tachograms and 
sequential Poincaré plots revealed differences of the 
inter-beat intervals behaviour between different 
shapes. These findings suggest that geometrical anal-
ysis of HRV in dogs with cardiac conditions could be 
a useful tool in the risk assessment and further stud-
ies are warranted.
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