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ABSTRACT

The study encompassed 2497 dogs, identifying 29 cases of Dilated Cardiomyopathy (DCM).
Electrocardiographic (ECG) evaluations revealed significant differences in key parameters between
DCM-affected and healthy dogs. Notably, dogs with DCM exhibited alterations in P wave amplitude
and duration, QRS duration, and R wave amplitude, indicative of cardiac dysfunction. Proportional
analysis further delineated distinct ECG abnormalities specific to left and bilateral DCM
presentations. In left DCM, increased QRS and P wave duration, and elevated R wave amplitude
were predominant, while bilateral DCM displayed similar anomalies alongside low voltage QRS and
non-measurable P wave. Increased P wave duration was prevalent in both forms of DCM, with atrial
fibrillation rendering P waves non-measurable in a notable proportion. Deep Q wave presence
substantiated DCM diagnosis. Furthermore, dogs with left and bilateral DCM exhibited prolonged
QRS duration, indicative of cardiac enlargement and global myocardial degeneration. Low voltage
QRS complexes indicated potential pericardial effusion or ascites. However, PR and QT intervals
did not significantly differentiate between healthy and DCM-affected canines. Rhythm disturbances
were prevalent in DCM, with atrial fibrillation most common, followed by ventricular premature
complexes, sinus arrhythmia, and other variants. Left bundle branch block and diverse degrees of
AV block and electrical alternans were also detected. Proportional analysis delineated varied
prevalence rates of rhythm abnormalities between left and bilateral DCM groups, reflecting nuanced
pathological distinctions. This comprehensive investigation underscores the pivotal role of ECG
assessments in diagnosing and monitoring DCM in canine populations, elucidating specific
electrocardiographic aberrations associated with distinct DCM presentations.

Keywords: Atrial fibrillation; cardiomyopathy; DCM; electrocardiography.

1. INTRODUCTION than 0.5 mV) was seen in 13.79 % dogs, which
confirmed for either left or bilateral DCM.

Canine cardiac diseases are potentially lethal,
highly devastating and slowly progressive in
nature, therefore considered as silent Killer.
Dilated cardiomyopathy (DCM) is characterized The present study was conducted collaboratively
by decreased systolic function and dilation of one ~at the Department of Veterinary Clinical
or both ventricles, often leading to heart failure or ~ Medicine, College of Veterinary and Animal
sudden death [1]. DCM is a frequent cause of Science, RAJUVAS, Bikaner, and the Chandrika
cardiac disability, congestive heart failure (CHF), Chimanlal Doshi Cardiovascular Unit for Animals,
and arrhythmic death indogs. World Health Department of Veterinary Clinical Medicine,
Organization’s World Heart Federation classified ~ Ethics, and Jurisprudence, Bombay Veterinary
cardiomyopathy in five groups, i.e. dilated College, Parel, Mumbai-12. A comprehensive
(DCM), hypertrophic (HCM), restrictive (RCM), investigation involving 2497 canines of diverse
arrhythmogenic right ventricular cardiomyopathy  breeds, ages, and genders was conducted to

2. MATERIALS AND METHODS

(ARVCM) and non-classified cardiomyopathy. In
dogs, DCM and ARVCM are the most commonly
reported inherited forms of myocardial disease,
out of which, DCM accounts for approximately
60-87% of total cardiomyopathy cases in dogs.

ECG is a valuable tool in the identification and
characterization of cardiac arrhythmias, analysis
of an irregular rhythm that do not meet the
criteria for a sinus arrhythmia, syncope or
collapse [2], determination of the etiology of
bradycardia or tachycardia, information regarding
cardiac chamber enlargement identification of
dogs with risk of developing ventricular
arrhythmias or dilated cardiomyopathy,
individualization of therapy of heart diseases and
conduction disturbances. Deep Q wave (more

ascertain occurrences of Dilated Cardiomyopathy
(DCM). Through meticulous examination, which
encompassed  historical  analysis, clinical
evaluation, electrocardiography, and
radiography, researchers definitively diagnosed
29 cases of DCM utilizing electrocardiography.
Readings were recorded with a standard
electrocardiograph single channel BPL 108 DIGI-
T Model recording of ECG, subsequent
measuring of complexes and intervals, their
calculations and interpretation, guidelines laid
down by Tilley (1992) were followed

3. RESULTS AND DISCUSSION

Results of the major electrocardiographic
waveform, complexes and interval in healthy and
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DCM dogs are summarized in Table 1 and Fig. 1.  in P wave amplitude and duration, QRS duration
The values of the all the ECG parameters of and R wave amplitude, while PR interval, QT
control group were within normal canine range interval and mean electrical axis did not differ
[3,2]. The rhythm of heart in all the dogs was significantly between healthy and DCM affected
sinus arrhythmia (slight variation in R-R interval),  dogs.

which is a normal feature of canine heart (Tilley,

1992). Electrocardiographic measurements of Results of same waveform, complexes and
healthy and DCM dogs are similar to the findings intervals were analyzed to interpretate
of Noszczyk (2012). Another study of Gnieszka these parameters in different groups of DCM
et al. [4] reported 0.055+£0.01 sec. duration of the  (Tablel, Fig. 1). Proportional group
P wave, 0.55+0.1 mV amplitude of the P waves, analysis showed no significant difference
0.1 sec. duration of the P wave, 0.08+0.012 sec.  between left and bilateral DCM group in respect
duration of the QRS complex, 2.84+0.3 mV to P wave duration. However, left DCM
amplitude of the R waves and 0.23+0.02 sec. group found to differ significantly from bilateral
duration of the ST-T segment in dogs with DCM. DCM group. QRS duration did not differ
Dharmasuriya et al. [5] also reported wide QRS  significantly between left and bilateral DCM
interval of 0.1 sec, wide QT interval of 0.027 sec. groups. In respect to PR interval, QT
and R wave height of 4-5mV in a 4-year-old interval and mean electrical axis no
female Dobermann Pinscher with DCM. Similar  significant difference was seen between two
to present findings increased height of the R groups of DCM and healthy diogs. All the
wave (>2.6 mV) has been reported in a findings in group wise analysis supplements the
nondescript dog with DCM by Rajesh et al. [6]. views of Martin [3], Tilley et al. [2], Ware [7] and
Statistical analysis showed significant differences  Mark et al. [8].

Table 1. Electrocardiographic waveform, complexes and interval in healthy and DCM dogs

Measurements (lead 1) Healthy DCM Left DCM Bilateral DCM
P wave duration (sec) 0.042+0.007b 0.056 +£0.001a 0.061 + 0.002a 0.059 £ 0.003a
P wave amplitude (Mv) 0.193+0.030c  0.307 £0.017 b 0.236 + 0.013c 0.363 £ 0.026 ab

PR interval (sec) 0.133+0.021ns 0.143+0.023ns 0.144 +£0.007ns 0.148 £ 0.007 ns
QRS complex duration 0.041+0.01b 0.064+0.01a 0.066+0.002a 0.064 +0.0032
R wave amplitude 1.295+0.205b 1.991+0.315a 2.207+0.089a 1.963+0.107c
QT interval (sec) 0.190+0.030 ns 0.187 £0.030 ns 0.180+0.007 ns 0.195%0.013 ns

Mean electrical axis 78.750 £ 12.46 ns 77.58 £12.27 ns 75.000 +4.235ns 78.75 % 8.45ns
(degree)

Electrocardiographic waveform,complexes and intervals

QT interval (sec) Il control
Bl ocwm

PR interval (sec) B LeftDeM
Bl rightbcMm

. Bilateral DCM
QRS duration (sec)

P wave amplitude (mV)

ECG parameters

P wave duration (sec)

T T T T 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Fig. 1. Electrocardiographic waveform, complexes and interval in healthy and DCM dogs
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Electrocardiographic abnormalities like more
than 0.06 sec QRS duration, low voltage QRS,
more than 0.04 sec P wave duration, more than
0.4 mV amplitude of P wave, non-measurable P
wave, more than 3 mV amplitude of R, more than
0.5 mV depth of Q wave and deep S wave are
62.06, 37.93, 44.82, 20.68, 48.27, 55.17, 13.79
and 17.24 % dogs affected with DCM (Table 2,
Fig. 2). These findings are partially similar to
Polana [9] in dogs with DCM. Proportional
analysis of these abnormalities between groups

showed increased QRS and P wave
duration in 85.71 % and increased R wave
amplitude in 78.57 %, non-measurable P wave in
64.28 %, deep Q wave in 14.29 % dogs with left
DCM, while dogs with bilateral DCM
showed increased QRS and low voltage QRS in
75 %, increased P wave duration, amplitude and
non-measurable P wave in 25 % and increased
R wave amplitude in 62.5 %, deep S wave in
37.5 % and deep Q wave was seen in 25 %
dogs.

Table 2. Frequency of alteration in electrocardiographic waveform, complexes and interval in
DCM affected dogs

Measurements DCM Percent Left DCM Percent Bilateral DCM Percent
(No. of dogs) (No. of dog) (No. of dog)
QRS > 0.06 sec 18 62.06 12 85.71 6 75
Low voltage QRS 11 37.93 0 0 6 75
P wave >0.04 sec 13 44.82 12 85.71 2 25
P wave >0.4 mV 6 20.68 0.00 0.00 2 25
Non-measurable 14 48.27 9 64.28 2 25
P wave
R wave >3 mV 16 55.17 11 78.57 5 62.5
Deep Q>05mVvV 4 13.79 2 14.29 2 25
Deep S wave> 5 17.24 0.00 0.00 3 375
0.35 mV
Frequency of alteration in electrocardiographic parameters in DCM dogs
80
70

§ 60

g 50

S 40
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Fig. 2. Frequency of alteration in electrocardiographic waveform, complexes and interval in
DCM affected dogs
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Study revealed increased P wave duration in
4482 % DCM affected dogs; all of them
confirmed for either left or bilateral DCM, but
increased P wave amplitude was seen in 20.68
% dogs with bilateral DCM (Fig. 2). In 34.48 %
dogs P wave was non-measurable due to atrial
fibrillation. These findings supplements the view
of Richard and Elisa [10], Tilley et al. [2] and
Ware [11] suggested that P  wave
longer than 0.04 ms is diagnostic of left atrial
enlargement, while amplitude of more than 0.4
mV is diagnostic for right atrial enlargement. First
half of P wave represents sinus impulse
activated the right atrium and reaches to AV
node, while second half indicates activation of
left atrium and AV node. The long or abnormally
shaped P wave occurs because of delay in
electrical activation of the enlarged left atrium, as
electricity moves leftward from the SA node,
therefore increased P-wave duration signify
either slow conduction or an enlarged atrium
[12].

Deep Q wave (more than 0.5 mV) was seen in
13.79 % dogs, which confirmed for either left or
bilateral DCM (Table 2). These findings
supplement the views of Nicole [13] as he
described deep Q waves as common
abnormalities in biventricular and right ventricular
enlargement, Kumar et al. [14] also reported
deep Q wave ECG abnormalities of DCM. The Q
wave represents the electrical
transmission through interventricular septum and
depth of the Q wave has been reported to be
connected with the activation processes of
cardiac ventricles.

More than 0.06 ms QRS complex was recorded
in 62.06 % dogs affected with left and bilateral
DCM (Table 2), which was indicative for enlarged
cardiac size and global myocardial
degenerationin the end stages of DCM. Simiz et
al. [15] described widened QRS complex with a
sloppy R descent as a classical
electrocardiographic pattern of DCM in dogs with
good correlation with survival time [16]. QRS
duration has been reported to have significant
prognostic impact as reported to be correlated
with the dimension [17] and function of the left
ventricle along with increased filling pressure.
Additionally linear relationship has been reported
between increased QRS duration and decreased
ejection fraction [18].

Low voltage QRS complexes were seen in
37.93% dogs with DCM, which were due to
bilateral DCM group and suggestive of either

pericardial effusion or ascites [19] in relation to
cardiovascular dysfunction. Criteria for low
voltage QRS is less than 1.0 mV [20].
Additionally, 17.24 % DCM affected dogs
showed electrical alternans, which was another
electrocardiographic indication for pericardial
effusion. Although many noncardiac
reasons have been suggested behind
these changes but percentage of low
voltage QRS and electrical alternans in present
study correlate well with clinical signs,
radiography and echocardiography, as all the
dogs showing low voltage were found to be
affected with ascites or pericardial effusion or
both [3].

Present investigation did not find significant
difference in PR and QT interval of healthy and
DCM affected dogs. PR interval represent
amount of time required for both atrial
depolarization and the delay in the A-V node,
while QT interval is a dynamic physiological
variable that can be affected by the
velocities of both the ventricular conduction and
repolarization [21]. In canine
electrocardiography, the QT interval alone is not
helpful in the diagnosis, but a useful rule is that
the QT interval should be less than half of the
preceding RR interval, which is not observed in
present study.

More than 3 mV amplitude of R wave was seen
in 55.17 % of dogs with DCM. The R wave is
good indicator of left ventricular compliance and
contractility and higher amplitude signify
enlargement of left side [22]. Enlarged ventricle
with an increased surface area and thickened
walls produces greater potential. This finding is in
harmony with Dharmasuriya et al. [5] and Rajesh
et al. [6] reported R wave height of 4-5 mV in a
Dobermann Pinscher and R wave of more than
26 mV in a nondescript dog with DCM,
respectively.

Present investigation revealed deep S wave in
17.24 % dogs with DCM, which was confirmed
for either right or bilateral DCM. S wave
produce during third phase of ventricular
depolarization signify apicobasilar activation of
muscle fibers [3]. Similar to observations of
present study regarding S wave, Tilley et al. [2]
suggested more than 0.35 mV depth of
S wave in lead Il as an indication for right
ventricular enlargement. Ware [7] also suggested
deep S wave in lead IlI, Ill and a VF and its
presence in lead | represent right ventricular
enlargement.
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Table 3. Abnormalities of rhythm and cardiac conduction in DCM affected dogs

Abnormalities Recorded in no. of dogs with Percent Left DCM  Percent Bilateral DCM Percent
DCM n=14 n=8
Type of rhythm (Normal- 31.03%, abnormal 68.96 %)
Normal sinus rhythm (sinus arrthymia) 9 31.03 2 14.29 3 37.5
Sinus tachycardia 1 3.45 1 7.14 0
Atrial fibrillation 15 51.72 11 78.57 2 25
Ventricular premature complexes 12 41.38 9 64.29 2 25
Ventricular tachycardia 4 13.79 2 14.29 1 12.5
Conduction abnormalities (24 out of 29= 82.75)
Left bundle branch block 2 6.90 1 7.14 1 125
ST slurring 4 13.79 1 7.14 3 37.5
First degree AV block 7 24.14 4 28.57 3 37.5
Second degree AV block 11 37.93 6 42.86 2 25
Electrical alternans 5 17.24 3
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Mean electrical axis (MEA) did not differ in
healthy and DCM affected dogs of present
investigation. It describes the average direction
of the ventricular depolarization process in the
frontal plane and represents the summation of
the various instantaneous vectors that occur from
the beginning until the end of ventricular muscle
activation [7].

Present investigation recorded abnormalities in
both cardiac conduction and rhythm in DCM
affected dogs (Table 3), which is in agreement
with Kumar et al. [14]. Yamaki et al. (2007)
reported normal sinus rhythm (sinus arrhythmia)
in 45% dogs with DCM. Study of Martin et al. [23]
showed arrhythmia in 89% of dogs and 11% of
DCM affected dogs reported without an
arrhythmia, but all had either QRS enlargement
pattern consistent with cardiomegaly or ST
depression. Morales et al. (2001) reported 9%
dogs without any electrocardiographic
abnormalities.

Study revealed rhythm disturbances in 68.96% of
dogs, while 31.03 % failed to demonstrate any
rhythm disturbances. Among various rhythm

abnormalities, DCM affected dogs showed
highest occurrence of atrial fibrillation (51.72%)
(Figs. 5A to F) followed by ventricular premature
complexes (41.38%) (Figs. 6, 7), sinus
arrhythmia (31.03%), ST slurring (Fig. 8) and
ventricular tachycardia (13.79%) (Fig. 9), and
sinus tachycardia (3.45%), left bundle branch
block (6.90%). First degree, second degree AV
block (Fig. 10) and electrical alternans were
detected in 24.14%, 37.93% and 17.24% DCM
dogs, respectively.  Proportional analysis
between groups showed 14.29, 57.14 and
37.50% sinus arrhythmia, 78.57%, 28.57 and
25.00% atrial fibrillation, 64.29, 14.29 and
25.00% ventricular premature complexes, 14.29
and 12.50% ventricular tachycardia in
left and DCM groups. Sinus tachycardia was
seen only in 7.14% dogs with left DCM. Left
bundle branch block was observed in 7.14 and
3750 % dogs of left and bilateral DCM
affected dogs. Similarly, ST slurring was seen in
7.14 and 12.50% of left and bilateral DCM
affected dogs.

Abnormalities of rhythm and cardiac conduction
in DCM affected dogs in Fig 3.

Abnormalities of rhythm and cardiac conduction in DCM

Percentage of dogs showing abnormality

Fig. 3. Abnormalities of rhythm and cardiac conduction in DCM affected dogs
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ECG ABNORMALITIES IN DCM AFFECTED DOGS

Fig. 4. Long amplitude and duration of P wave in bilateral DCM
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Fig. 8. Atrial fibrillation with ventricular premature complex

Fig. 10. Second degree heart block
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Fig. 11. ST segment slurring/ coving
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Among various rhythm disturbances recorded in
present study, atrial fibrillation predominated,
which supplements the view of Borgarelli et al.
(2001) Present study comprises of 65.51 % large
sized dogs and 34.49 % medium to small sized
dogs, which correlated well with previous reports
where atrial fibrillation has been reported more
frequently in giant breeds and ventricular
premature complexes and the ventricular
tachycardia are more frequent in Dobermanns. In
contrast, some giant-breed dogs exhibit atrial
fibrillation with no evidence of underlying cardiac
disease, which is known as lone atrial fibrillation.
Kumar et al. [14] suggested that these
arrhythmias may be present up to nine months
prior to the development of echocardiographic

evidence of DCM in certain breeds like
Doberman.
Present investigation showed ventricular

premature complexes (VPCs) (41.38 %) (Figs. 6,
7) followed by ventricular tachycardia (13.79%)
as most common ventricular arrhythmias.
Severity of ventricular tachycardia is often
associated with the degree of dilation and

dysfunction of the left ventricle [24]. Some
studies have found that most Doberman
Pinschers in the occult phase have evidence of
both abnormalities. Other studies reported that
VPCs are often the first evidence for
cardiomyopathy in the occult phase.

Cardiac conduction abnormalities were seen in
82.75% dogs with DCM, which was more than
previous report of Kumar et al. [14]. Although,
these rhythmic and conduction disturbances are
not specific to this disease, but their clinical,
prognostic and therapeutic evaluation aspects
exalt the importance of consideration in all dogs
affected by DCM. Branch block pattern and other
interventricular conduction disturbance seen in
present investigation supplements the view of
Ware [11], but these changes are not specific
and rarely contribute to the diagnosis and are
considered as benign alterations [25,26].

4. CONCLUSION

This study revealed significant
electrocardiographic differences between healthy
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and DCM-affected dogs, with notable
abnormalities in P wave amplitude and duration,
QRS duration, and R wave amplitude among
DCM dogs. Specific patterns of electrical
disturbances were identified in left and bilateral
DCM  groups, highlighting the  distinct
manifestations of the disease. Increased P wave
duration was a marker of left atrial enlargement,
while increased amplitude indicated right atrial
enlargement. Prolonged QRS complexes and
deep Q waves were associated with ventricular
enlargement and myocardial degeneration. Low
voltage QRS complexes and electrical alternans
suggested pericardial effusion or ascites. Rhythm
disturbances, especially atrial fibrillation, were
common in DCM-affected dogs, underscoring the
need for comprehensive electrocardiographic
evaluation in diagnosing and managing DCM.
These findings enhance understanding of DCM's
electrocardiographic characteristics, aiding in the
early detection and treatment of this condition in
dogs.
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