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Interobserver and inter-cycle variability in the
electrocardiographic assessment of dogs

Variabilidade interobservador e entre ciclos cardiacos
na avaliacao eletrocardiografica de caes

Fernando Luis Cemenci Gnoatto'; Estela Dall’lAgnol Gianezini?; Taina Minuzzo?;
Tatiana Champion?

Highlights

Observers with little experience overestimate P wave duration values.
The degree of agreement does not proportionally reflect the experience of observers.
The assessment of a cardiac cycle can represent the average of cardiac cycles.

Abstract

The electrocardiogram, which graphically records the phases of the cardiac cycle, plays a crucial role
in diagnosing arrhythmias and conduction abnormalities. However, the reliability of results can be
significantly affected by the level of expertise of the evaluator. Acknowledging potential discrepanciesin
interpretations of the same electrocardiographic readings across different cardiac cycles and between
analysts of varying experience, this study aimed to assess the interobserver and inter-cycle variability
in electrocardiographic exams of dogs. This retrospective research was carried out at the Veterinary
Hospital Superintendency Unit of the Federal University of Fronteira Sul, Realeza Campus, PR, Brazil. The
study involved a random selection of electrocardiographic records from 50 dogs, collected between
September 2018 and December 2019, without discriminationbased onbreed, sex, age, or weight. Various
parameters were analyzed, including heart rate and rhythm; durations of P waves; QRS complexes; PR
and QT intervals; amplitudes of P, R, and T waves; and both atrial and ventricular electrical axes. The data
underwent Shapiro-Wilk normality testing, with parametric data analyzed via analysis of variance and
Tukey's test, and non-parametric data assessed using the Kruskal-Wallis followed by Dunn'’s tests. The
final step involved applying the Kappa Agreement Coefficient Test to the data. The findings revealed
variability in heart rhythm interpretation, with disagreement between evaluators of low to intermediate
experience levels. Specifically, low-level evaluators tended to underestimate maximum heart rates,
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recording a median rate of 105, compared to 122 by high-level evaluators (p=0.0100). Additionally, P
wave durations were consistently overestimated by low-and intermediate-level evaluators, who reported
median durations of 52 and 51, respectively, against 48 by their highly experienced counterparts
(p=0.0064). No significant differences emerged in analyses comparing a single cardiac cycle to either
three cycles or the average of three cycles. The study highlighted the impact of evaluator expertise on
the variability of electrocardiographic interpretations, particularly concerning P wave duration, for which
the evaluators tended to overestimate measurements, and the degrees of agreement, which did not
represent their experience level. The findings stress the importance of training and routine practice in
electrocardiographic examinations to mitigate the risk of mistaken interpretations and analyses.

Key words: Heart rate. Electrocardiogram. Level of experience. Observation errors.

Resumo

O eletrocardiograma representa o registro grafico das fases do ciclo cardiaco e é utilizado para o
diagnostico de arritmias ou disturbios de conducao. No entanto, a confiabilidade dos resultados pode
ser influenciada pelo grau de experiéncia dos avaliadores. Devido a possibilidade de variacdao de
resultados de um mesmo exame entre os ciclos cardiacos e entre analisadores de diferentes niveis
de experiéncia, o estudo teve como objetivo avaliar a variabilidade interobservador e entre ciclos
cardiacos durante a avaliacao de exames eletrocardiogréaficos de caes. A pesquisa foi conduzida de
forma retrospectiva na Superintendéncia Unidade Hospitalar Veterinaria Universitaria da Universidade
Federal da Fronteira Sul, Campus Realeza — PR. Para a andlise eletrocardiografica foram selecionados
aleatoriamente exames de 50 caes, gravados em arquivos computadorizados durante o periodo de
setembro de 2018 a dezembro de 2019, independente da raca, sexo, idade e peso. Foram avaliados
frequéncia e ritmo cardiaco, dura¢cdes de onda P, complexo QRS, intervalo PR e intervalo QT, amplitudes
de onda P, ReT, e eixo elétrico atrial e ventricular. Os dados foram analisados por teste de normalidade
de Shapiro-Wilk, sendo os dados paramétricos analisados por analise de varidncia seguido por Teste
de Tukey e os dados nao paramétricos pelo Teste de Kruskal-Wallis, seguido pelo Teste de Dunn.
Como ultima etapa, os dados foram submetidos ao Teste de Coeficiente de Concordéancia de Kappa.
Evidenciou-se variabilidade na interpretacao de ritmos cardiacos com discordancia de avaliadores de
nivel baixo e intermediario, diferenca da frequéncia cardiaca maxima do avaliador de baixo nivel de
experiéncia que subestimou os valores, obtendo mediana de 105, enquanto o de alto nivel obteve
mediana de 122 (p=0,0100). Ainda, evidenciou-se superestimacdo da duracdo da onda P pelos
avaliadores de nivel baixo e intermediario, que encontraram medianas de 52 e 51 respectivamente,
enquanto o de alto nivel obteve mediana de 48 (p=0,0064). Em relacdo a diferentes ciclos cardiacos,
nao houve diferencas entre a analise de apenas um ciclo em relacao a trés ciclos ou a média de trés
ciclos. Pormeio do estudo foi possivel evidenciar a variabilidade na interpretacdo entre avaliadores com
diferentes niveis de experiéncia, emrelacaoaduracao daondaP, em que osavaliadores superestimaram
os valores e em relacdo aos graus de concordancia que ndo representaram os niveis de experiéncia
dos avaliadores na andlise do todas as variaveis, ressaltando a importancia do treinamento e rotina de
exames eletrocardiograficos para evitar interpretacdes e anélises equivocadas.

Palavras-chave: Ritmo cardiaco. Eletrocardiograma. Nivel de experiéncia. Erros de observacao.
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Introduction

Electrocardiography serves as a
crucial diagnostic method that charts the
electrical potentials produced by the heart,
showcasing myocardial depolarization and
repolarization phases (Porsani et al.,, 2020).
By virtue of its properties, this technique is
capable of identifying alterations in electrical
impulse flow, impulse origins, and their
frequencies (Silveira et al., 2018).

Owing to its diagnostic capabilities,
the electrocardiogram has become a staple
in veterinary practice, effectively identifying
arrhythmias, cardiac conduction blocks,
myocardial oxygenation issues, electrolyte
imbalances, pleural effusions, and cardiac
chamber enlargements (Figueiredo et al.,
2016; Porsani et al., 2020). It is routinely
employedinclinicalassessments, particularly
for geriatric patients and during pre-surgical
evaluations (Figueiredo et al., 2016; Ferreira
etal., 2017; Silveira et al., 2018; Porsani et al.,
2020).

Electrocardiographic readings are
characterized by specific wave durations,
amplitudes, and directions, with potential
variances attributable to the size of the animal
and, most importantly, its species (Macédo
et al, 2019). Deviations from established
norms in the electrocardiogram can indicate
or hint at conduction blocks, arrhythmias,
and atrioventricular overload (Bombardelli et
al., 2021).

However, the reliability of
electrocardiographic  findings can be
compromised by interobserver variability,
particularly due to subjective interpretations
when the analysis is strongly linked to
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qualitative aspects (Porsani et al., 2020). The
assessment of such qualitative variables can
be challenging (Leroy et al., 2013).

The expertise of the observer
significantly influences the interpretation
of various aspects of electrocardiographic
examination, with diagnostic proficiency
closely tied to the level of training of the
evaluator (Leroy et al., 2013). Consequently,
inexperienced observers often fail to
diagnose conditions that are readily identified
by their trained counterparts (Bagardi et al.,
2021).

Porsani et al. (2020) highlight the
potential for interobserver discrepancies,
especially concerning the identification,
measurement, and interpretation of
electrocardiographic data. Moreover,
variations in measurements can arise
independently of an observer's experience
level, but rather due to the evaluator
themselves, and may also occur among
evaluators with comparable expertise.
Previous studies have shown a 4% variability
in electrocardiogram interpretations among
cardiologists and a 9% variability among
sports medicine specialists (Berte et al,
2015; Bagardi et al., 2021).

Given the limited research on the
optimal number of cardiac cycles to analyze
inatracingforaccurate detection of electrical
conduction abnormalities, this study
explores the hypothesis that differences may
exist between analyzing a single cycle, three
cycles, or the average of three cycles. The
objective is to ascertain whether evaluating
multiple cycles is necessary for routine
assessments.
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Additionally, we considered the
potential impact of the experience level of the
evaluatorontheanalysis, examiningvariability
across three distinct levels of expertise
in electrocardiographic interpretation.
Therefore, the study aims to assess both
interobserver variability and inter-cycle
variability during the electrocardiographic
evaluation of dogs.

Materials and Methods

The study was carried out as a
retrospective analysis at the Veterinary
Hospital Superintendency Unit (SUHVU) of
the Federal University of Fronteira Sul (UFFS),
located at the Realeza Campus, PR, Brazil.
G*Power software (version 3.1.9.7) was
utilized to determine the necessary sample
number, employing the configuration for F
tests — ANOVA with repeated measurements,
across different factors. This analysis
identified a cohort of 45 animals, achieving
a statistical power of 0.95 (with an effect
size of 0.5, o = 0.05, and a power of 95%).
The electrocardiographic assessments
were based on the computerized records
of canine patients seen by the Veterinary
Cardiology Service at SUHVU - UFFS. These
records, collected from September 2018
to December 2019, were chosen randomly
and included dogs of various breeds, sexes,
ages, and weights. The only requirement for
inclusion was the complete registration of
each animal's data, while any records with
missing information were excluded.

The initial data collection focused on
fundamental information such as breed, sex,
age, and weight from the cardiology service
records at SUHVU. Electrocardiographic
recordings were conducted using bipolar

leads (I, ll, and Ill) and augmented unipolar
leads (aVR, aVL, and aVF), employing a
multichannel, computerized system (ECGPC
TEB®). The calibration standard was set
at 1 cm/mV, with a recording speed of 50
mm/s, and the recordings lasted around five
minutes each.

The electrocardiograms were
assessed by three evaluators with different
levels of expertise in electrocardiographic
interpretation. These included a low-level (an
undergraduate in their final year of Veterinary
Medicine), an intermediate-level (a Veterinary
professional pursuing graduate studies
with 1.6 years of experience), and a high-
level evaluator (a Veterinary professional
and professor with 20 years of experience
in the field). Each evaluator analyzed the
electrocardiographic tracings independently
and at separate times.

Analyses focused on the bipolar I
lead, examining aspects such as heart rate,
rhythm, and the durations of the P wave,
QRS complex, PR interval, and QT interval in
milliseconds, as well as the amplitudes of the
P, R, and T waves in millivolts. Observations
also included the polarity of the T wave
(positive, negative, or biphasic) and the ST
segmentamplitude across three consecutive
cardiac cycles. To calculate the mean atrial
and middle ventricular electrical axes in the
frontal plane, the amplitude of the P wave and
QRS complex values in leads | and Ill were
measured. This was followed by calculation
using a graphical method, which consists
of measuring the deflection of the waves in
leads | and lll, followed by comparison with
the hexaxial system and determining the
direction of the axes, as presented by Santilli
etal. (2018).
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For the interpretation of the
electrocardiographic tracings, the findings
were compiled in spreadsheets and
compared with established normal values
from the literature. The parameters for
evaluating the P wave and QRS complex
durations were based on those proposed by
Wolf et al. (2000), while the criteria for other
durations, wave amplitudes, and electrical
axis degrees were adopted from Santilli et al.
(2018).

Qualitative variables (sex, breed, T
wave polarity, and electrocardiographic
interpretations) were presented as
percentages reflecting their total
occurrences. The Shapiro-Wilk test was
appliedtoassessthe normality of quantitative
variables. Parametric data were expressed
as mean = standard deviation, while non-
parametric data were presented as medians
accompanied by interquartile ranges (25%-
75%). For parametric variables, an analysis
of variance (ANOVA) followed by Tukey's
post hoc test was employed, whereas non-
parametric variables were analyzed using the
Kruskal-Wallis test with subsequent Dunn's
test, adopting a significance level of p < 0.05.

As a last step, Cohen's Kappa
Agreement Coefficient Testwas performedto
assesstheconcordancebetweenevaluations
made by the low- and intermediate-level
evaluators compared to those made by the
high-level evaluator. The Kappa agreement
coefficient (k) values were interpreted as
follows: <0 indicated no agreement, 0-0.20
slight agreement, 0.21-0.40 fair agreement,
0.41-0.60 moderate agreement, 0.61-0.80
substantial agreement, and 0.81-1.0 almost
perfect agreement (Landis & Koch, 1977). All
statistical analyses were conducted using
Graphpad Prism 5.0 software.

Results and Discussion

In the analysis encompassing three
cardiac cycles evaluated by each of the three
observers, a total of 450 interpretations were
made. These interpretations covered various
parameters: durations of the P wave, QRS
complex, PR interval, QT interval, amplitudes
of the P, R, and T waves, as well as atrial and
ventricular electrical axes. On the other hand,
assessments of heart rhythm, heart rate, and
T wave polarity were conducted only once
for each examination. Electrocardiography,
a non-invasive diagnostic tool, is extensively
utilized in veterinary practice for its
utility in diagnosing cardiac conditions.
Nevertheless, factors such as the use of
different devices can introduce variability
in electrocardiographic tracings, potentially
affecting interpretation accuracy (Figueiredo
etal., 2016; Ferreira et al., 2017; Silveira et al.,
2018; Porsani et al., 2020).

To mitigate the impact of equipment
variability on the electrocardiographic
tracings, this study ensured that all
examinations were performed using the
same device. It is crucial to approach the
evaluation of electrocardiographic tracings
with diligence, particularly for computerized
electrocardiography, where the durations of
the P wave and QRS complex may deviate
from the standards established for traditional
methods. Reference values specific to
computerized electrocardiography should
be consulted due to their differences from
those of the conventional approach (Arias et
al., 2021).

Fromthedatabaseofthe SUHVU-UFFS
cardiology service, 50 electrocardiographic
exams were reviewed. The breed distribution
included 12 Poodles, 11 mixed breeds,

Semina: Ciénc. Agrar. Londrina, v. 45, n. 1, p. 177-192, jan./fev. 2024 1 81



SEMINA ———

Gnoatto, F.L.C. etal.

eight Pinschers, four Shih Tzus, three
Yorkshire Terriers, two Border Collies, three
Dachshunds, two Boxers, one Lhasa Apso,
one Pug, one Cocker Spaniel, one French
Bulldog, and one Golden Retriever.

Regarding the sex distribution of the
subjects, 62% (31/50) of the examinations
were of female animals, while 38% (19/50)

Table 1

were of male animals. The age of the subjects
was 8 t 4.3 years, and their average weight
was 6 (4.5-9.6) kg.

Table 1 presents the heart rhythms
identified by the highly experienced evaluator
in the electrocardiographic examinations,
accompanied by their absolute and relative
frequencies.

Absolute and relative frequencies of heart rhythms found by the evaluator with a high level of
experience in the electrocardiographic analysis of 50 patients

Heart rhythm

Absolute Relative

frequency (50) frequency (%)

Sinus arrhythmia with wandering pacemaker 12 24
Sinus arrhythmia 10 20
Sinus arrhythmia with wandering pacemaker and sinus arrest 8 16
Sinus rhythm 7 14
Sinus tachycardia 3 6

Sinus arrhythmia with first-degree atrioventricular block 2 4

Sinus arrhythmia with ventricular premature complexes 2 4

Sinus arrhythmia with atrial premature complexes 1 2

Sinus rhythm with paroxysmal supraventricular tachycardia 1 2

Sinus arrhythmia with sinus arrest and ventricular premature 1 5

complexes

Siqus arrhythmia with vyandgring pacemaker, isolated premature ] 5

atrial complexes, and bigeminy

Sin_us arrh_ythmia with second-degree Mobitz type Il ] 5

atrioventricular block

Sinus arrhythmia with ventricular extrasystole and accelerated 1 5

idioventricular rhythm
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Out of 150 analyses conducted
by three observers, agreement on the
basic rhythm of the electrocardiographic
recordings was reached in 68% (101) of
cases. This left 32% (49) of the heart rhythms
with discrepancies among the evaluators.
Differences were noted particularly from the
least experienced observer and the one with
intermediate experience. Disagreements
weremore frequentwiththeleastexperienced
observer, accounting for 51% (25) of cases,
and 49% (24) by the intermediate-level
observer, when compared to the findings
of the most experienced observer. Many

Table 2

of these disagreements were attributed to
a lack of experience in identifying specific
electrocardiographic features throughout
the recordings, such as atrioventricular
blocks, wandering pacemaker, ventricular
premature complexes, and sinus arrest.

Table 2 presents the
electrocardiographic variables measured by
observers with varying levels of experience
in dogs, showing mean values with standard
deviations or median values with interquartile
ranges.

Mean (standard deviations) or median (interquartile ranges) values of electrocardiographic
variables measured by observers with different levels of experience in dogs

Observer 1 Observer 2 Observer 3 p

Min. HR 97 (83-107)? 86 (74-94)? 87 (78-110)? 0.1329
Max. HR 105 (91-132)2 111 (99-144)z 122 (108-152)° 0.0100
Avg. HR 151 (122-160° 146 (128-169)° 150 (124-178)? 0.8476
P (ms) 52 (44-57)* 51 (46-57)* 48 (43-50)° 0.0064
PR (ms) 94 (77-105)° 86 (76-103)? 87 (76-100)° 0.7102
QRS (ms) 55 (48-60)° 57 (51-63)2 54 (48-60)° 0.3617
QT (ms) 198 + 2432 206 + 222 203 £ 212 0.2676
P (mV) 0.28 +0.10°2 0.26 +0.112 0.29 +0.112 0.2599
Q (mV) 0.07 (0.00-0.14)? 0.09 (0.00-0.16)2 0.08 (0.00-0.14)? 0.7843
R (mV) 1.13(0.82-1.41)2 1.15 (0.82-1.45) 1.13(0.87-1.47) 0.9465
T (mV) 0.30(0.20-0.47)? 0.35(0.18-0.53)? 0.23(0.16-0.37)? 0.3157
ST (mV) 0.04 (0.02-0.08)2 0.03 (0.00-0.08)2 0.05 (0.00-0.08)2 0.3766
o[ 60 (49-72)2 62 (44-75)° 61 (49-72)° 0.9616

° QRS 70 (54-79)° 69 (53-78)2 70 (55-77)° 0.9667

HR: Heart rate. Min.: Minimum. Max.: Maximum. Avg.: Average. Observer 1: Low-experience-level evaluator.
Observer 2: Intermediate-experience-level evaluator. Observer 3: High-experience-level evaluator. Medians in the
row followed by different lowercase letters are statistically different by the Test.
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In dogs exhibiting sinus arrhythmia,
both minimum and maximum heart rates
were calculated, followed by an average
rate, whereas for dogs with regular rhythms,
only the average rate was determined. There
was no significant difference in the minimum
(p=0.1329) and average (p=0.8476) heart
rates among the observers. However, the
maximum heart rate identified by the least
experienced observer was significantly
different from that identified by the most
experienced observer (p=0.0100), likely due
to the inexperience of the former in selecting
the electrocardiographic segment with the
highest heart rate during sinus arrhythmia.

Furthermore, Table 2 indicates a
significant discrepancy in the measurement
of P wave duration (p=0.0064) between the
less experienced and intermediate-level
observerscomparedtothe mostexperienced
observer. This discrepancy arose because
the less experienced and intermediate-
level observers tended to overestimate the
duration of the P wave, reporting median
values of 52 and 51 ms, respectively, whereas
the most experienced observer reported a
median value of 48 ms. Such overestimation
can lead to incorrect diagnoses of left atrial
overload by less experienced observers,
as prolonged P wave duration may indicate
this condition. However, the sensitivity of
electrocardiography in detecting atrial or
ventricular overload is limited (Santilli et al.,
2018; Arias et al., 2021; Bombardelli et al.,
2021).

This large difference is primarily
due to the differing levels of experience
among the evaluators, as experience can
impact measurements in other diagnostic
tests, such as echocardiography (Leroy et
al., 2013). In human medicine, acceptable

184

intra- and interobserver variability in P
wave measurement in electrocardiographic
tracings has been reported, with high-
resolution monitors enhancing the analysis
quality and helping to reduce observer
variability (Dilaveris et al., 1999). For the
authors, the tendency of less experienced
evaluators to overestimate P wave
measurements stems from their uncertainty
in accurately determining the start and end
points of the wave.

Variability in electrocardiographic
interpretation can lead to unnecessary
additional tests, which may cause stress
for the animal and incur significant costs
(Dores etal., 2017; Porsani et al., 2020). Other
electrocardiographic parameters such as
the QRS complex, PR and QT intervals, and
the amplitudes of the P, R, Q, and T waves did
not show significant differences among the
evaluators.

Table 3 reveals that 64% (288/450)
of the measured P wave durations exceeded
the established normal ranges for dogs
(Santilli et al., 2018; Arias et al., 2021). Of
these, 34.72% (100/288) were identified
by the least experienced evaluator, 36.8%
(106/288) by the intermediate-level
evaluator, and 28.47% (82/288) by the most
experienced evaluator. The P wave on an
electrocardiogram signifies depolarization
of the left and right atria. The duration of
a normal P wave should not exceed 44.54
+ 1.04 milliseconds for dogs under 9.9 kg,
46.42 + 0.86 milliseconds for dogs between
10 and 20 kg, and 48.50 + 1.70 milliseconds
for dogs over 20 kg. The amplitude should
not surpass 0.4 mV, as higher values may
indicate right atrial overload (Santilli et al.,
2018; Arias et al., 2021).
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Table 3

Absolute and relative frequencies of electrocardiographic alterations found in the analysis of
450 records from 50 patients, frequency of alterations found by observers with different levels of
experience (low, intermediate, and high), and description of electrocardiogram reference values

for dogs

Electrocardiographic Reference fAbsqute fReIatlve Observer Observer Observer
variable valuest requency - frequency 1 2 ]
(n=450) (%)
<4454 + 1.04* 0 0 0
P (ms) < 46.42 + 0.86% 288 64 s(?gof 32%36? 2%;)/°
<4850 + 1.70***
33.3% 41.6% 25%
PR (ms) 60-130 24 5.3} ) (10) ©6)
<5478+ 1.61* o 0 0
QRS (ms) <59.70 % 1.18% 192 426 3(262)/0 3?6'2)/° 3(16?)/0
< 63.30 + 1.54***
33.3% 50% 16.6%
T 150-24 1 4
QT (ms) 50-240 8 (6) @) 3)
31.6% 25% 43.3%
P (mV) <04 60 13.3 (19) (15) 26)
31.2% 37.5% 31.2%
R (mV) 0.5-3 48 10.6 (15) (18) (15)
. 36.3% 18.1% 45.4%
P o -18° to +90° 11 2.4
axis (°) 8°to +90 ) 2) (5)
. 37.8% 34.8% 27.2%
(o) o] (o]
QRS axis (°) +40°to +100 66 14.6 (25) (23) (18)

Observer 1: Low-experience-level evaluator. Observer 2: Intermediate-experience-level evaluator. Observer 3:
High-experience-level evaluator. * Up to 9.9 kg; ** From 10 to 19.9 kg; *** Over 19.9 kg. T (Wolf et al., 2000; Santilli

etal., 2018).

For the QRS complex duration, 42.6%
(192/450) of the readings were above the
normalrange. Ofthese, 32.81% (63/192) were
reported by the least experienced evaluator,
35.41% (68/192) by the intermediate-level
evaluator, and 31.77% (61/192) by the most
experienced evaluator. The QRS complex
represents the depolarization of the left and
right ventricles. The acceptable durations for
the QRS complex vary with dog size (Arias et
al., 2021), with durations beyond 54.78 £ 1.61
milliseconds for dogs under 9.9 kg, 59.70 t

Semina: Ciénc. Agrar. Londrina, v. 45, n. 1, p. 177-192, jan./fev. 2024

1.18 milliseconds for dogs between 10 and
20 kg, and 63.30 £ 1.54 milliseconds for
dogs over 20 kg suggesting left ventricular
overload. R wave amplitudes should range
from 0.5 mV to 2.5 mV in small- to medium-
sized dogs, and up to 3.0 mV in larger breeds
(Santilli et al., 2018; Arias et al., 2021).

It is important to note that
computerized methods may vyield higher
P wave and QRS complex duration values
compared to traditional methods. Therefore,
the type of recording equipment should be

185
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taken into account when interpreting these
durations to avoid interpretation errors.
Additionally, human observers tend to be
more accurate in detecting anomalies on
computer screens than with traditional
methods, which may explain the increased
duration values for the P wave and QRS
complex (Oliveira et al., 2013; Porsani et
al., 2020; Arias et al., 2021). Nevertheless,
such measurements should be approached
cautiously, with the expertise of the
observer playing a crucial role in accurately
determining the start and end points of the
electrocardiographic waveform.

As shown in Table 4, for P wave
duration, there was fair agreement (k=0.278)
between the low- and high-level evaluators
and moderate agreement (k=0.488) between
the intermediate- and high-level evaluators.
In the case of QRS complex duration,
there was moderate agreement (k=0.431)
between the low- and high-level evaluators
and fair agreement (k=0.382) between the
intermediate- and high-level evaluators.
Unlike what was observed for the duration
of the P wave, the agreement between
evaluators was greater in relation to the low-
level evaluator.

Table 4

Kappavalues and degrees of agreement of electrocardiographic results obtained among evaluators
with low and intermediate levels of experience relative to the results obtained by the evaluator with
a high level of experience

Electrocardiographic

variable Agreement Agreement
P (ms) 0.278 Fair 0.488 Moderate
PR (ms) 0.431 Moderate 0.382 Fair
QRS (ms) 0.790 Substantial 0.790 Substantial
QT (ms) 0.658 Substantial 0.370 Fair
P (mV) 0.852 Almost perfect 0.766 Substantial
R (mV) 0.779 Substantial 0.898 Almost perfect
QRS axis (°) 0.623 Substantial 0.811 Almost perfect

Observer 1: Low-experience-level evaluator. Observer 2: Intermediate-experience-level evaluator. Kappa
agreement coefficient (k), k<0 indicates no agreement, 0-0.20 slight agreement, 0.21-0.40 fair agreement, 0.41-
0.60 moderate agreement, 0.61-0, 80 substantial agreement, and 0.81-1.0 almost perfect agreement (Landis &
Koch, 1977).
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It is important to interpret with
caution the findings where 64% of P wave
duration measurements indicated potential
atrial overload and 42.6% of QRS complex
duration measurements suggested possible
left ventricular enlargement (Bombardelli et
al., 2021). These findings in smaller animals,
particularly changes related to the P wave,
may be evidenced with increasing age,
such as the deposition of fibrous tissue in
the heart due to apoptosis and an increase
in connective tissue within the cardiac
interstitium, which are typical of aging. These
changes may also coincide with prevalent
cardiac conditions like degenerative valve
disease,which cancauseatrialandventricular
remodeling (Oliveira et al., 2013; Mendes et
al., 2019; Arias et al.,, 2021; Bombardelli et al.,
2021).

Regarding PR interval duration,
5.3% (24/450) of the readings fell outside
the normal range for dogs. Analysis by the
evaluators showed that 87.5% (21/24) of
these were prolonged and 12.5% (3/24) were
shortened, relative to the normal range of
60 to 130 milliseconds. The distribution of
these measurements among the evaluators
was 33.3% (8) by the low-level, 41.6% (10)
by the intermediate-level, and 25% (6) by
the high-level evaluator. Both the low- and
intermediate-level evaluators achieved
substantial agreement (k=0.790) regarding
PR interval duration. Accurate measurement
of the PR interval is critical, as a shortened
PR interval may indicate conditions such as
ventricular pre-excitation, while a prolonged
PRintervalcanbeindicative of atrioventricular
conduction delays or blocks (Santilli et al.,
2018). It is important to recognize that an
observer'slimited experience canresultinthe
selection of PR intervals that are inaccurately
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short or long, failing to reflect the true
duration on the electrocardiographic tracing.
Changes in the PR interval may be evident
paroxysmally, and could be overlooked by
less experienced observers due to their lack
of expertise (Santilli et al., 2018).

In the evaluation of the QT interval
duration, 4% (18/450) of the measurements
deviated from the normal range. The
distribution of these measurements was
as follows: 33.3% (6/18) were assessed by
the least experienced evaluator, achieving
substantial agreement (k=0.658); 50%
(9/18) by the intermediate-level evaluator,
with fair agreement (k=0.370); and 16.6%
(3/18) by the most experienced evaluator.
Thus, it is crucial for evaluators, particularly
those with less experience, to carefully
identify the start of repolarization and
the end of myocardial depolarization. QT
interval variations may indicate electrolyte
imbalances, and according to Martin (2007),
prolongations potentially signal conditions
such as hypocalcemia, hypokalemia,
and hypothermia, whereas shortenings
can be indicative of hypercalcemia and
hyperkalemia.

For the amplitudes of the P and R
waves, 13.3% (60 out of 450) and 10.6%
(48/450) of the readings, respectively, were
found to be outside the accepted norms for
the canine species. The distribution of these
deviations among the observers is detailed
in Table 1. The low-level evaluator achieved
an almost perfect agreement (k=0.852) for
P wave amplitude, while the intermediate-
level evaluator  reached substantial
agreement (k=0.766). In contrast, for the R
wave amplitude, the low-level evaluator had
substantial agreement (k=0.779), and the
intermediate-level evaluator achieved an
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almost perfect agreement (k=0.898). The
variations in P wave amplitude are justified,
particularly in cases with a wandering
pacemaker, in which the greater amplitude
is more likely to be recognized by the more
experienced observer.

In terms of T wave polarity, there
was a 12% discrepancy (19/150) with the
assessments of the highly experienced
evaluator. Among these divergent findings,
47.3% (9/19) were made by the least
experienced evaluator and 52.7% (10/19) by
the intermediate-level evaluator. The least
experienced evaluator reached an almost
perfect agreement (k=0.825), while the
intermediate-level evaluator had substantial
agreement (k=0.615). T wave changes
are often non-specific and challenging
to interpret. Selecting a section of the
electrocardiogram with minimal artifacts
and uniformity is essential for accurately
determining T wave polarity (Santilli et al,,
2018).ltisimportantto note thatthe presence
of artifacts and a non-linear baseline can
lead to misinterpretation of biphasic waves,
especially by observers with a lower level of
experience.

While  myocardial depolarization
occurs omnidirectionally, depolarization
vectors, measured in degrees, delineate
the direction of depolarization at various
stages of the cardiac cycle (Santilli et al.,
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2018). Concerning the average atrial and
ventricular electrical axes, disagreement
with established norms for canines was
observed in 2.4% (11/450) and 14.6%
(66/450) of results, respectively. For the
middle ventricular electrical axis, the least
experienced evaluator achieved a substantial
agreement level (k=0.623), whereas the
moderately experienced evaluator reached
an almost perfect agreement (k=0.811).
This indicates that the electrocardiographic
tracings, as assessed by novices and
semi-experienced evaluators, exhibited
minimal alterations in myocardial electrical
transmission (Santilli et al., 2018). Generally,
wave and interval durations displayed lower
agreement coefficients, in contrast to wave
amplitudes and the ventricular electrical
axis, which showed higher scores, indicating
greater consensus among evaluators.

Table 5 presents the mean values and
standard deviations or median (interquartile
ranges) of electrocardiographic variables
from three cardiac cycles and theiraveragein
dogs. The study revealed a lack of significant
differences in electrocardiographic
assessments across three cardiac cycles,
suggesting that the measurement of a
single cycle by a well-trained or minimally
trained evaluator could represent the
findings of additional cycles within the
electrocardiogram.
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Table 5

Mean values and standard deviations or median (interquartile ranges) of electrocardiographic
variables measured in three cardiac cycles and the average of three cardiac cycles in dogs

Cycle 1 Cycle 2

P (ms) 48 (43-53)° 50 (43-53)2

PR (ms) 90 (77-103)? 89 (75-103)?

QRS (ms) 53 (50-60)? 55 (50-62)?

QT (ms) 202 + 232 202 + 232

P (mV) 0.27 (0.20-0.34)  0.27 (0.20-0.34)2
Q (mV) 0.08 (0.00-0.14)>  0.07 (0.00-0.14)2

R (mV) 1.2 (0.8-1.5) 1.1 (0.8-1.4)
T (mV) 0.29 (0.19-0.46)° 0.27 (0.18-0.45)2
ST (mV) 0.03 (0.00-0.09)*  0.04 (0.00-0.09)?

P axis (°) 60 (49-74)? 60 (46-74)?

QRS axis (°) 70 (53-79)2 69 (53-78)2

Average of three

Cycle 3 cycles o]

50 (43-54)? 49 (44-54)3 0.8092
88 (76-103)? 88 (77-103)? 0.9770
53 (50-63)? 55 (49-60)* 0.9690
202 + 222 202 + 222 0.9981
0.26 (0.20-0.34)* 0.27 (0.20-0.34)? 0.9999
0.08 (0.00-0.15)* 0.08 (0.00-0.14)? 0.9988
1.1 (0.8-1.4)2 1.1 (0.8-1.4)2 0.9967
0.28(0.19-0.43)> 0.28(0.18-0.46)2 0.9711
0.04 (0.00-0.08)  0.04 (0.00-0.08) 0.9577
60 (49-71)2 61 (48-72)° 0.9937
70 (53-78)? 70 (54-78)° 0.9990

Medians in the row followed by different lowercase letters are statistically different by the Kruskal-Wallis Test.

The data
than
electrocardiographic

more

imply that

assessing

one cardiac cycle during

exams

might be

given the potential for variations within the
same electrocardiogram.

unnecessary, as one cycle could typify
the average of those encountered in the
evaluation. Nevertheless, vigilance is
advised to detect any alterations that might
influence the accurate measurement of the
waves. Despite no variance observed across
cycle analyses, measuring multiple cycles is
recommended to verify any deviations from
the norm, thus solidifying the interpretation
within the electrocardiographic report and
ensuring the validation of the results.

Electrocardiographic recordings
were analyzed by various evaluators at
different instances to preclude bias and
skewed interpretations. Yet, the choice of
different cardiac cycles partially reflects
agreement or erroneous measurements,
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Conclusion

The study revealed variability in
electrocardiographic interpretation among
observers of differing expertise levels.
Observers with a lower level of experience
showed variable agreement with the most
seasoned professional. Interpretative errors,
such as overestimation of heart rnythms and
P wave duration by low- and intermediate-
level evaluators, could lead to inaccuracies
in electrocardiographic assessments and
reports. Although no difference was noted in
the measurement of otherwaves, the degrees
of agreement varied. Despite the lack of
significant differences in interpretations
across various cardiac cycles, where one
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cycle could represent the average of the

recordings,

electrocardiographic tracings

must be approachedwith caution, particularly
by those with little experience.
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