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Abstract Introduction: The primary objective of this study was to test whether
seven-day Holter recording improves the sensitivity of detecting dilated cardiomyo-
pathy (DCM) predictive criteria (DCMp) compared with 24-h Holter recording in
asymptomatic Doberman Pinscher (DP) dogs.
Animals: Twenty-eight asymptomatic DP dogs with normal echocardiographic ex-
aminations.
Methods: Dogs with normal echocardiographic examinations underwent seven-day
Holter monitoring. The presence of �50 ventricular premature complexes and
or � one couplet/one triplet/one episode of ventricular tachycardia per 24-h per-
iod was considered positive for DCMp.
Results: Five dogs were positive on the first day, and an additional six dogs tested
positive from day two to seven of the Holter recording. The number of dogs positive
for DCMp detected by four days was significantly different (p ¼ 0.031) compared
with the first-day Holter recording.
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Abbreviations

DCM dilated cardiomyop
DCMp dilated cardiomyo

criteria
DP Doberman Pinsche
ECG electrocardiograph
IQR interquartile range
NT-proBNP N-terminal pro

peptide
VA ventricular arrhythmia
VPC ventricular premature
VT ventricular tachycardia

a O’Grady M.R., Horne R. The pre
diomyopathy in Doberman Pinscher
(abstract). J Vet Intern Med 1998; 12:
b Pimobendan, Boehringer Ingelheim

United States.
Conclusions: Seven-day Holter recording detected significantly more dogs with
DCMp compared with the first-day Holter recording. Follow-up studies are war-
ranted to evaluate the long-term accuracy of multiple-day Holter analysis in pre-
dicting the development of DCM in DP dogs.
ª 2020 Elsevier B.V. All rights reserved.
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Introduction

Dilated cardiomyopathy (DCM) is the most common
primary myocardial disease affecting Doberman
Pinscher (DP) dogs [1,2]. It is an inherited, slowly
progressive disease with reported prevalence as
high as 58.8% and 63.2% in European and North
Americana DP dogs, respectively [3]. The disease
has a long preclinical phase during which most
dogs remain asymptomatic. Once clinical signs
develop, it usually progresses very quickly, and
affected dogs die of congestive heart failure or
experience sudden cardiac death [1e3]. Sudden
cardiac death, presumably due to ventricular
fibrillation, has been reported in about 25e30% of
the dogs with DCM irrespective of the echo-
cardiographic findings [4]. Early detection of
echocardiographic features of preclinical DCM is
important as therapies initiated during this stage
can prolong the symptom-free survival duration in
DP dogs [5,6]. A placebo controlled, multicenter
study in DP dogs has shown that therapy with
pimobendanb during the preclinical DCM stage can
delay the onset of symptoms [5]. Treatment with
the angiotensin-converting enzyme inhibitor,
valence of dilated car-
s: A 4.5-year follow-up
199.
, St. Joseph, Minnesota,
benazepril, has also been shown to delay the
progression of preclinical DCM to overt clinical
stage [6]. In addition, early identification of
affected dogs may also help in modification of
breeding programs [7]. Given the heritable nature
of the disease and positive response to drug ther-
apy initiated before the onset of clinical signs,
early diagnosis during the preclinical stage of DCM
is desirable, so that therapeutic and breeding
decisions can be made.

Various screening tools have been evaluated,
aimed at early diagnosis during the preclinical stage
of DCM. A genetic test to detect a mutation of the
pyruvate dehydrogenase 4 gene, encoding for a
mitochondrial protein involved in energy metabo-
lism has been developed in DP dogs with DCM [8].
Dogs that are homozygous or heterozygous for this
gene mutation are considered to be at increased
risk for developing DCM [8]. However, the associa-
tion between pyruvate dehydrogenase 4 gene
mutation and DCM could not be replicated in a
larger study performed in European DP dogs [9].
Recently, a variant in the titin gene (DCM2) was
reported to be highly associated with the develop-
ment of the spontaneous model of canine DCM [10].
This test is also commercially available for screen-
ing DP dogs.c However, owing to variable expression
and incomplete penetrance of these genes, not all
the dogs that have these mutations will eventually
develop DCM [7]. Additionally, having a negative
genetic test result does not preclude a dog from
developing DCM in the future [7]. Biomarkers such
as cardiac troponin I and N-terminal pro B-type
natriuretic peptide (NT-proBNP) have been eval-
uated for screening healthy DP for the diagnosis of
preclinical DCM [11-13]. These studies evaluated
the diagnostic accuracy of biomarker levels to
detect preclinical DCM based on prespecified
echocardiographic and or 24-h ambulatory elec-
trocardiography (ECG) (Holter) cutoff criteria.
Cardiac troponin I and NT-proBNP levels had a
c Veterinary Genetics Laboratory at North Carolina State
University webpage and webinar on dilated cardiomyopathy:
https://cvm.ncsu.edu/genetics/doberman-pinscher-dilated-
cardiomyopathy.

https://cvm.ncsu.edu/genetics/doberman-pinscher-dilated-cardiomyopathy
https://cvm.ncsu.edu/genetics/doberman-pinscher-dilated-cardiomyopathy
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sensitivity of 86.6% and 76.5%, respectively, to
detect echocardiographic abnormalities during the
preclinical DCM stage. But the sensitivity to detect
abnormalities on 24-h Holter recordings was much
lower (45.2% for NT-proBNP and 70.5% for cardiac
troponin I), limiting the use of these biomarkers as
stand-alone screening tools for early diagnosis of
DCM [11e13]. In addition, NT-proBNP and cardiac
troponin I levels are not specific for DCM as they can
be elevated in association with other cardiac dis-
eases and in various systemic diseases [13].

Screening for preclinical DCM is also performed
using transthoracic echocardiography. Multiple
cutoff values have been proposed for M-mode
obtained left ventricular chamber dimensions for
the diagnosis of echocardiographic features of
preclinical DCM [5,6]. However, volumetric meas-
urements of the left ventricle obtained using
Simpson’s method of discs was reported to have
better sensitivity than M-mode measurements for
the diagnosis of echocardiographic features of
preclinical DCM in DP dogs [14]. Unfortunately,
often the diagnostic yield of stand-alone echo-
cardiography to detect preclinical stage of DCM is
low because not all dogs during this stage will have
echocardiographic abnormalities [3]. Various
studies have shown that ventricular arrhythmias
(VAs) can occur before development of echo-
cardiographic changes during preclinical DCM
[1e3]. A study evaluating the prevalence of DCM in
DP dogs of different age groups reported that 13%
of dogs have isolated echocardiographic abnor-
malities without VA [3]. Twenty-nine percent of
dogs have both echocardiographic changes and VA,
while 37% of dogs only have VA (detected via 24-h
Holter monitoring) during the preclinical stage of
DCM [3]. Considering that a large proportion of
dogs have VA during the preclinical stage of DCM,
screening for VA in an asymptomatic DP dog pro-
vides the best opportunity for early diagnosis [15].
A study in DP dogs with DCM concluded that 5-min
ECGs had high specificity to predict occult DCM,
but they were highly insensitive to detect ven-
tricular premature complexes (VPCs) compared
with a 24-h Holter monitoring [16]. Advanced high
frequency short-term ECG recording may be help-
ful to diagnose occult DCM.d This type of evalua-
tion requires high fidelity ECG recorders and
custom software for high frequency ECG analysis
d Spiljak MS, Petric DA, Wiberg M et al. Advanced electro-
cardiography can identify occult cardiomyopathy in Doberman
Pinschers. September 2011, 21st ECVIM-CA Congress, Unpub-
lished conference paper, 2011. Seville, Spain. Available online
through Veterinary Information Network at http://www.vin.
com/doc/?id¼5072308.
that is not routinely available in the clinical set-
ting. Currently, yearly screening with a 24-h Holter
monitor in addition to transthoracic echocardiog-
raphy is recommended as the gold standard to
screen during the preclinical stage of DCM [15]. A
longitudinal study using 24-h Holter monitoring in
healthy DP dogs without echocardiographic evi-
dence of DCM reported that 100% of dogs with �50
VPCs in a 24-h period and 94% of dogs with � one
couplet or one triplet or one episode of ventricular
tachycardia (VT) in a 24-h period subsequently
developed DCM [17].

Despite having better sensitivity than short-term
ECG to detect occult VA, the diagnostic accuracy of
a single 24-h Holter recording could be affected by
spontaneous day-to-day variation in the frequency
and complexity of VA [18,19]. A study in people has
demonstrated that seven-day Holter monitoring
increased the sensitivity of detecting non-sustained
VT episodes compared with a 24-h Holter recording
because of spontaneous day-to-day variability in VA
[20]. A seven-day Holter study in boxer dogs diag-
nosed with arrhythmogenic right ventricular car-
diomyopathy reported similar spontaneous day-to-
day variability in VPC frequency and complexity
[19]. In this study, boxer dogs with lower VPC fre-
quencies had a higher degree of spontaneous day-
to-day variability than dogs with higher VPC fre-
quencies [19]. Currently, no information is available
in DP dogs regarding the degree of spontaneous
day-to-day variability of VA during any stage of
DCM. If spontaneous day-to-day variability in VPC
frequency and complexity exists in DP dogs during
the preclinical stage of DCM, it could significantly
impact the diagnostic accuracy of a single 24-h
Holter recording. The objective of this study is to
evaluate the degree of day-to-day variation in DCM
predictive criteria (DCMp) of asymptomatic DP dogs
by comparing the number of dogs positive for DCMp

identified by the first 24-h period of the Holter
recording to the entire seven-day Holter
monitoring.
Animals, materials, and methods

Client-owned DP dogs aged between 3 and 8 years
were prospectively evaluated at the College of
Veterinary Medicine, Veterinary Medical Center,
Michigan State University, between the years
2014e2017. After thorough review of medical his-
tory, dogs that did not have any reported history of
collapse, weakness, or other clinical signs suggestive
of cardiovascular disease were considered for
enrollment. Dogs were excluded if they were
receiving any cardiac medications. Dogs were also

http://www.vin.com/doc/?id=5072308
http://www.vin.com/doc/?id=5072308
http://www.vin.com/doc/?id=5072308
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excluded if they were receiving fish oil, taurine, or L-
carnitine on the possibility that these might affect
VA frequency. However, dogs were enrolled if a
minimum of six-week washout period was followed
after stopping the aforementioned supplementa-
tion. Lactating, pregnant in estrus were also exclu-
ded to avoid any potential effect of reproductive
status on the frequencyand or complexity of VA [21].
After initial screening through history, dogs under-
went routine cardiology evaluation including phys-
ical examination, transthoracic echocardiographic
evaluation, and seven-day Holter monitoring.

Transthoracic echocardiographye was performed
by a cardiology resident (T.G.) under the supervision
of a board-certified veterinary cardiologist (R.A.S.)
using standard views as previously recommended for
screening of DCM in DP dogs [15]. Left ventricular
internal end-diastolic diameter �47 mm and left
ventricular internal end-systolic diameter �38 mm
were considered to be abnormal [15]. Left ven-
tricular end-systolic and end-diastolic volume indices
were calculated in dogs where appropriate echo-
cardiographic images were available for calculation
using the biplane Simpson’s method of discs [14].
Dogs that had normal echocardiographic measure-
ments underwent seven-day Holter monitoring.

Holter monitors were applied to the dogs using
the previously described techniques [22]. The Hol-
ter recordings were analyzed using an automated
computer softwaref with analyses verified by the
cardiology resident (T.G.) under the supervision of a
board-certified veterinary cardiologist (R.A.S.). This
verification process involved detection of VPCs that
were identified as normal complexes by the auto-
mated system and vice versa. For each 24-h period
of the Holter recording, mean heart rate per 24-h
period, the frequency of VPCs, couplets, triplets,
and the number of VT episodes were tabulated for
each dog. For classification of ventricular origin
complexes, ventricular complexes occurring within
�100% of the prevailing RR interval were classified
as VPCs, and ventricular complexes occurring at �
150% of the prevailing RR interval were considered
as ventricular escape complexes. Ventricular com-
plexes occurring between 100% and 150% of the
prevailing RR interval were classified as non-
premature ventricular complexes. Non-premature
ventricular complexes were not included in the
analysis of DCMp. Total VPC count per day included
both isolated VPCs and VPCs in complex forms.
e Vivid E90, General Electric Medical System, Waukesha,
Wisconsin, United States.
f Pathfinder SL, Spacelab’s Healthcare, Snoqualmie, Wiscon-

sin, United States.
Ventricular tachycardia was defined as an episode
of four or more consecutive VPCs occurring at a rate
of �160 beats per minute. Ventricular couplets and
triplets were defined as pairs and triples of VPCs
that were initiated by a ventricular complex
occurring within �100% of the prevailing RR inter-
val, respectively. Ventricular couplets and triplets
that were initiated by a ventricular complex
occurring �100% of the prevailing RR interval were
not included in couplet or triplet count. Dogs that
had �50 VPCs and or � one couplet and or � one
triplet and or � one VT in a 24-h period were con-
sidered positive for DCMp [14]. Dogs that had <50
VPCs, no couplets, no triplets, or no episodes of VT
in a 24-h period were considered negative for DCMp

for each day of the Holter recording. For each dog,
the number of positive DCMp days of entire seven
days was tabulated. Dogs that were positive for
DCMp on the first 24-h period of the Holter recording
were designated first-day Holter positive. Dogs that
were negative for DCMp on the first 24-h period of
the recording but were positive on any other day of
the recording were designated as seven-day Holter
positive. Dogs that were negative for DCMp on all
seven days of the Holter recording were classified
as seven-day Holter negative.

Statistical analysis was performed using a com-
mercial software program.g Statistical significance
was set at alpha <0.05. Normality was tested using
the ShapiroeWilk test and by visual inspection of
histograms. Normally distributed continuous varia-
bles were expressed as mean � standard deviation.
Non-parametric continuous variables were
expressed as median with range and or interquartile
range (IQR; 25th percentile-75th percentile) as
applicable. Categorical variables were reported as
frequency and percentages. The Wilcoxon rank sum
test was used to compare body weight, age, left
ventricular internal diameter in diastole, left ven-
tricular internal diameter in systole, fractional
shortening, and mean heart rate/24-h period
between the dogs positive and negative for DCMp.
The proportion of positive results between the first-
day and seven-day Holter recording was compared
using one tailed McNemar’s exact test.

Results

Signalment

The flow chart of dogs from study enrollment to
the Holter outcome in this study is depicted in
g Stata, StataCorp LP, College Station, Texas, United States.
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Fig. 1. A total of 28 dogs were initially recruited to
the study. Two dogs were excluded because of
abnormal echocardiographic left ventricular
chamber measurements. Two additional dogs were
excluded because the QRS morphology during
suspected ectopic beats could not be clearly dif-
ferentiated between supraventricular and ven-
tricular origin beats. Twenty-four dogs completed
the seven-day Holter study, of which 19 were
females (11 spayed) and five were males (one
neutered). The median age was 5.12 years
(IQR ¼ 4.4e6.2 years). The median body weight
was 32.7 kg (IQR ¼ 29.75e39.5 kg).

Holter results

Ventricular premature complexes were detected
in 17 of the 24 dogs (71%) during the entire seven-
day Holter recording. The maximum VPC fre-
quency per 24-h period ranged from 2 to 2862
(median ¼ 6 VPCs/24-h period; IQR ¼ 2e47 VPCs/
24-h period). The percentage of dogs and their
respective frequency of maximum VPCs per 24-h
period is depicted in Table 1. Ten of 24 (42%) dogs
and seven of 24 dogs (29%) dogs had at least one
couplet and at least one triplet per 24-h period of
the recording, respectively. The fastest instanta-
neous heart rate of couplet/triplet for each dog
ranged from 200 to 300 beats per minute. The
median number of couplets per 24-hour period was
three couplets (range ¼ 1e225 couplets/24-h
period; IQR ¼ 2e103 couplets/24-h period) and
the median number of triplets/24-h period was
two triplets (range ¼ 1e91 triplets/24-h period;
IQR ¼ 1e4 triplets/24-h period) in dogs that had
couplets and triplets, respectively. Only two dogs
had episodes of VT, with one dog having one epi-
sode and another dog having five episodes of VT
within the 24-h period.

Thirteen of 24 dogs (54%) were negative for
DCMp on all seven days of the Holter recording. Of
these 13 dogs, six dogs (46%) had VPCs and their
maximum VPC frequency per 24-h period ranged
from 2 to 46 VPCs (median ¼ 5 VPCs/24-h period;
IQR ¼ 2e13 VPCs/24-h period). Seven of these 13
dogs (54%) did not have any VPCs during the entire
seven-day Holter recording. Eleven dogs were
positive for DCMp on at least one day of the seven-
day Holter recording. Five of 11 dogs (45%) were
first-day Holter positive. Of the 11 dogs positive
for DCMp, four dogs (36%) were positive for DCMp

based on � 50 VPCs/24-h period criteria. Seven
dogs (64%) were positive for DCMp solely based
on � one couplet/triplet/VT criteria. These dogs
did not have �50 VPCs on any day of the seven-
day Holter recording. All of the dogs that were
positive based on � 50 VPC criteria also had
couplets and triplets on at least one day of the
seven-day Holter recording. None of the dogs
were positive for DCMp based on VT criteria alone.
The relationship between the number of DCMp-
positive dogs and the number of days positive for
DCMp of the seven days of the Holter recording is
depicted in Fig. 2. Note that only one dog was
positive for DCMp criteria on all seven days of the
Holter recording. Table 2 provides a 2 � 2 con-
tingency table with the number of DP dogs
meeting the DCMp criteria according to the results
of single- versus seven-day Holter recording.
Seven-day Holter recording detected significantly
more dogs positive for DCMp (p ¼ 0.016) than the
first-day Holter recording. The probability of
obtaining a positive result for DCMp improves with
longer duration of Holter recording (Fig. 3). Four
days of Holter recording detects significantly a
greater number of dogs positive for DCMp criteria
than the first day of the Holter recording
(p ¼ 0.031) (Fig. 3). The number of dogs that were
positive for DCMp criteria was not significantly
different between four days and seven days of
Holter recording (Fig. 3). Supplementary table A
(table available in Supplementary Material
online) provides the baseline data comparison
between the dogs that are positive and negative
for DCMp criteria. Of all the baseline variables
compared, only left ventricular internal diameter
in diastole (p ¼ 0.04) was significantly higher in
dogs that were positive for DCMp compared with
dogs negative for DCMp (supplementary table A).
Percent day-to-day spontaneous variability in VPC
frequency was calculated using the formula pre-
viously reported for boxer dogs with arrhythmo-
genic right ventricular cardiomyopathy [19].
Table 3 provides the percent day-to-day varia-
tion in the number of VPCs for each dog in the
study.

Seven of 11 dogs positive for DCMp (64%) had
ventricular escape complexes (range ¼ 0e154/24-
h period; median ¼ 2/24-h period; IQR ¼ 0e15/24-
h period) and ten of 11 dogs positive for DCMp

(91%) had non-premature ventricular ectopic
complexes (range ¼ 0e467/24-h period;
median ¼ 3/24-h period ¼ IQR: 0e152/24-h
period). Of the 13 dogs that were negative for
DCMp, one dog had ventricular escape complexes
(two total) and two dogs had non-premature ven-
tricular complexes (three and eight beats/24-h
period). Addition of these late coupled ven-
tricular complexes did not change the total num-
ber of dogs positive for DCMp. However, in one dog
the number of positive DCM days increased from
five to six days.



Fig. 1 Flow chart of seven-day Holter study in healthy Doberman Pinscher dogs with normal echocardiographic
parameters. DCM ¼ dilated cardiomyopathy; VPC ¼ ventricular premature complex; DCMp ¼ � 50 VPCs and or �1
couplet and or �1 triplet and or �1 VT/24-h periods of Holter recording; VT ¼ ventricular tachycardia.

Fig. 2 Depicts the number of dogs that are positive for
dilated cardiomyopathy criteria based on the number of
days that they are positive of the seven days of the
Holter recording. Note that only one dog is positive on all
seven days of the Holter recording. DCM ¼ dilated
cardiomyopathy.

Table 1 Maximum frequency of ventricular pre-
mature complexes per 24-hour period.

Maximum VPC
frequency
per 24-h period

Number
of dogs

Percentage
of dogs %

0 7 29
1e10 9 38
11e25 2 8
25e49 2 8
�50 4 17

Maximum frequency of ventricular premature complexes per
24-h period of the seven-day Holter recording in healthy
Doberman Pinscher dogs with normal echocardiographic
examinations. VPC ¼ ventricular premature complex.
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Discussion

Our results show that seven-day Holter recording
detects a greater number of dogs with DCMp cri-
teria than a single 24-h Holter assessment. This
finding is consistent with several human studies
that showed longer duration Holter monitoring
detects more patients with arrhythmic events
[20,23]. The increased sensitivity of seven-day
Holter recoding is due to very high spontaneous
day-to-day variation of VPC frequency and com-
plexity noted in the study dogs. For example, only
one dog (one of 11 dogs positive for DCMp) was
positive for DCMp on all seven days of the Holter
recording. If a routine, single 24-h Holter recording
is performed, only the aforementioned dogs will
have a 100% probability of testing positive for
DCMp, irrespective of the day when the Holter
recording is performed. The rest of the dogs pos-
itive for DCMp(ten of 11 dogs positive for DCMp) will
have varying probabilities of testing falsely



Table 2 Proportion of Doberman Pinscher dogs
positive and negative for dilated cardiomyopathy
predictive criteria as detected by single- versus
seven-day Holter recording.

Seven-day
Holter positive

Seven-day
Holter negative

Total

First day Holter
positive

5 0 5

First day Holter
negative

6 13 19

Total 11 13 24

p ¼ 0.016; McNemar’s exact test.
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negative for DCMp. In addition, note that there is
nearly 100% spontaneous day-to-day variation in
VPC frequency even in dogs with high VPC fre-
quency/24-h Holter period.

Recently published screening guidelines for DCM
in DP dogs classified dogs that have 50e300 VPCs/
24-h Holter period as DCM suspects and recom-
mended a recheck Holter evaluation within
Fig. 3 Effect of increasing duration of Holter recording o
criteria in healthy Doberman Pinscher dogs with normal ech
ability of obtaining a positive result with increasing duration
one year of initial evaluation [15]. This recom-
mendation was based on a study that showed
improved specificity of diagnosing preclinical DCM
with two Holter examinations within one year
showing �50 VPCs on a 24-h Holter recording.h In
this study, even a single 24-Holter recording
showing �50 VPCs had 100% sensitivity for diag-
nosing preclinical DCM but the specificity was
slightly lower (88.1%) than that of two positive
Holter examinations (98% specificity). However,
the follow-up period was only one year, and it is
possible that with longer follow-up period the
specificity of a single positive 24-Holter (�50 VPCs)
recording may improve. The DCMp criteria used in
this study was based on a previous, longer duration
(two years) longitudinal study that evaluated the
association between the initial 24-h Holter findings
and development of overt DCM in healthy DP dogs
[17]. In the aforementioned study, 100% of dogs
with �50 VPCs and 94% of dogs with at least one
couplet or triplet developed echocardiographic
criteria for DCM [4]. It is noteworthy that, 42% of
dogs (36 of 89 dogs with known DCM status) in the
n obtaining positive dilated cardiomyopathy predictive
ocardiographic examinations. Note the increasing prob-
of the Holter recording. * denotes statistical significance.

h Geraghty N, Wess G. Vergleich verschiedener Holterkriterien
zur Diagnose des arrhythmischen Stadiums der dilatativen Kar-
diomyopathie beim Dobermann. Tierärztliche, Facultät der LMU
München; 2011. p. 1e107.



Table 3 Day-to-day variation in ventricular
arrhythmia frequency.

Dog Max VPC Min VPC Median VPC Variability %a

DCMp-positive dogs
1 296 0 1 100
2 21 0 11 100
3 2231 37 156 98
4 5 0 1 100
5 2873 610 1262 79
6 47 9 12.5 81
7 2 0 0 100
8 2 0 0 100
9 2 0 0 100
10 819 0 138 100
11 4 0 0 100
DCMp-negative dogs
12 0 0 0 e
13 0 0 0 e
14 0 0 0 e
15 0 0 0 e
16 0 0 0 e
17 0 0 0 e
18 0 0 0 e
19 4 0 0 100
20 46 0 0 100
21 2 0 0 100
22 2 0 0 100
23 6 0 0 100
24 13 0 0 100

Spontaneous day-to-day variation in ventricular premature
complex frequency in apparently healthy Doberman
Pinscher dogs with normal echocardiographic measure-
ments.
DCMp: dilated cardiomyopathy predictive criteria; max VPC:
maximum number of VPCs per 24 h on a seven-day Holter
recording; median VPC: median number of VPCs per 24 h on
a seven-day Holter recording; min VPC: minimum number of
VPCs per 24 h on a seven-day Holter recording; VPC: ven-
tricular premature complex.
a variability % ¼ max VPCs/24hours - min VPCs/24hours

denominator max VPCs/24 hour
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aforementioned study did not have any VPCs on
their initial Holter recording but they subsequently
developed echocardiographic features of DCM [4].
There are various possible explanations why these
dogs did not have VPCs on their initial Holter
recording. One possibility is that some of these
dogs had isolated echocardiographic abnormalities
during their initial Holter examination and could
have subsequently developed VA on follow-up
evaluations. It is also possible that in some of these
dogs, the 24-h Holter recording was not sensitive
enough to detect VA, and multiple-day Holter
screening could have improved the sensitivity of
detecting dogs with VA.
Our findings have important clinical implications
for screening asymptomatic DP dogs during the
preclinical stage of DCM. Owing to the presence of
spontaneous variation in VPC frequency and com-
plexity, classifying DCMp status based on a single
24-h Holter recording may not actually represent
the true arrhythmia status in these dogs. This can
impact therapy and breeding decisions. Our study
also found that four days of Holter recording
detected significantly more dogs positive for DCMp

than the first 24-h period of the Holter recording.
Further increase in the recording duration (from
day four to seven) did not significantly increase the
number of dogs positive for DCMp. Considering the
cost associated with longer duration Holter
screening a total of four days might be a more
practical and economical option for owners
screening DP dogs for occult DCM.

In our study, ventricular escape complexes and
non-premature ventricular complexes were not
included in the VPC frequency count. These com-
plexes were predominantly noted during times of
slow heart rate periods. The classification of ven-
tricular complexes based on the prevailing RR
interval in dogs could be affected by the presence
of significant sinus arrhythmia. Therefore, some of
the non-premature ventricular complexes could
actually represent VPCs, especially late diastolic
VPCs. Interestingly, these non-premature ven-
tricular complexes and ventricular escape com-
plexes were noted almost exclusively in dogs that
were positive for DCMp. Only two of the dogs
negative for DCMp had these non-premature ven-
tricular complexes. Further long-term follow-up
studies are needed to evaluate the prognostic
significance of these non-premature ventricular
complexes and their association with various
stages of DCM.

In our study, of the 11 dogs that were positive
for DCMp, only four dogs were tested positive
based on � 50 VPCs/24-h period criteria. As pre-
viously reported, 100% of dogs with �50 VPCs/24-h
period on a Holter recording will go onto develop
overt DCM [17]. However, this predictive value
only applies to a 24-h Holter recording and cannot
be directly extrapolated to a seven-day Holter
recording. It is possible that not all the dogs that
were positive based on � 50 VPCs on a seven-day
Holter recording will go on to develop DCM in the
future. In addition, seven dogs tested positive
solely based on couplet/triplet and VT criteria.
These dogs did not have �50 VPCs on any day of
the seven-day Holter recording. The couplet/trip-
let/VT criteria have been shown to have a slightly
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lower predictive value (94%) than the �50 VPCs
criteria (100% predictive value) [14]. Considering
the lower predictive value for the couplet/triplet/
VT criteria, seven-day Holter monitoring could be
overly sensitive in detecting VA complexity,
resulting in false-positive results. However,
recently published screening guidelines for pre-
clinical DCM in DP dogs recommended a recheck
evaluation in any dogs that show complexity in VA
(couplet, triplet, or VT at high instantaneous rate)
irrespective of the number of VPCs, highlighting
the importance of VA complexity in occult DCM
diagnosis [13]. At this time, it is unknown if all the
dogs that tested positive for DCMp on a seven-day
Holter recording will go on to develop overt DCM,
but it is reasonable to consider more aggressive
follow-up of these dogs. In addition, some the dogs
that tested negative for DCMp criteria in this study
could have been evaluated before development of
arrhythmogenic or echocardiographic manifes-
tations of DCM. Therefore, long-term follow-up
studies are needed to risk stratify asymptomatic
DP dogs based on their DCMp status and the num-
ber of positive DCMp days on a seven-day Holter
recording. In our study, comprehensive diagnostic
workup to screen for any systemic cause for VA was
not performed. Therefore, non-cardiac causes for
these VAs due to subclinical systemic disease are
not completely ruled out in some dogs.
Conclusions

Multiple-day Holter recording detects a greater
proportion of DCMp-positive dogs than single 24-h
Holter assessment. The probability of obtaining a
positive result for DCMp is significantly improved
with four days of Holter recording. Further long-
term follow-up studies are warranted to eval-
uate the accuracy of a multiple-day Holter
recording in predicting the development of DCM
in the future.
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