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Abstract:

Objectives: To investigate the clinical and echocardiographic presentation of dogs with
persistent atrial standstill (PAS), identify variables measured at first presentation that

could predict their survival and document the progression of the disease after pacing.

Materials and Methods: Retrospective study of medical records of dogs diagnosed with

PAS at three referral hospitals of the United Kingdom over seven years.

Results: Twenty-six dogs were diagnosed with PAS during the study period. Median
age of the population was three years (range: 7 months-12.5 years). The most common
clinical sign was syncope (14/26). Twenty-four dogs received artificial pacemakers
(PM). Major complications after PM implantation were observed in four dogs (4/24).
Serial echocardiographic examinations showed that cardiac dimensions of PAS dogs
with left atrial or left ventricular dilation at first presentation did not return to reference
range after pacing. Further dilation of the cardiac chambers, recurrence of congestive
heart failure (CHF) or development of new episodes of CHF were documented in 7, 4
and 10 PAS dogs despite pacing respectively. Median survival time for cardiac-related
deaths after PM implantation was 1512 days (18-3207). Neither CHF nor
echocardiographic variables at presentation predicted survival after PM implantation

in PAS dogs.

Conclusions: PAS is an uncommon bradyarrhythmia, occurring in young adult dogs.
Affected dogs were often presented with syncope. Whilst syncope resolved, cardiac
remodelling persisted after PM implantation. Long-term survival was favourable after
PM implantation and was not predicted by congestive status or cardiac chamber size

at first presentation.
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Abbreviations:

CHF Congestive heart failure
FS Fractional shortening
LAmax Left atrial diameter in short axis
LA:Ao Left atrium to aorta ratio
LV Left ventricle
LVIDd Diastolic left ventricular internal diameter
Diastolic left ventricular internal diameter normalized to body
LVIDdAN
weight by allometric scaling.
MST Median survival time
PAS Persistent atrial standstill
PM Pacemaker
SD Standard deviation
UK United Kingdom




50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

Introduction

Atrial standstill is a rare condition characterized by a failure of atrial depolarization,

leading to electrical and mechanical atrial inactivity [1].

In people, dogs and cats, temporary paralysis of the atria can result from electrolyte
disturbances (hyperkalemia), anti-arrhythmic agents (digitalis glycosides toxicity,
quinidine toxicity), myocardial infarction, myocarditis or hypoxia [2-5]. In these cases,
the prognosis is favourable since correction of the triggering cause usually restores

atrial activity.

By contrast, in persistent atrial standstill (PAS), progressive and permanent
degenerative changes destroy the atrial myocardium, sinus node and internodal tracts
resulting in irreversible changes (atrial cardiomyopathy) that lead to permanently “silent

atria” with “paper-thin” walls [6-8].

The treatment of choice to alleviate the bradycardia-related clinical signs of canine
PAS is pacemaker (PM) implantation [9]. Only up to 5% of dogs receiving a PM have
PAS, and early reports on long-term prognosis of PAS suggested a relatively short
survival time of only 12 to 18 months with a high incidence of death or euthanasia due
to congestive heart failure (CHF) despite pacing [10-16]. More recently, isolated case
reports and a multicenter retrospective study have been more favourable, recording
survival times longer than two years after PM implantation [8,17,18]. Because of these
conflicting datasets on survival, we reviewed the survival data of PAS dogs presented
to three cardiology referral centers in the United Kingdom (UK) and, in particular, have
investigated whether the conflicting survival data might represent distinct populations

of dogs with different degrees of cardiac dilation at presentation. We hypothesized
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that CHF and cardiac chamber enlargement at initial presentation predict survival after

PM implantation in dogs with PAS.

To investigate this hypothesis, the objectives of our retrospective study were 1) to
describe the clinical and echocardiographic presentations of dogs diagnosed with PAS;
2) to report their management and survival; 3) to identify variables measured at first
presentation that could predict survival and 4) to document disease progression after

pacing using measurements from follow-up echocardiographic examinations.

Animals, Materials and Methods

Data collection

This was a collaborative, multicenter, descriptive, retrospective study. A medical record
search was performed to identify all dogs diagnosed with PAS between March 2006
and December 2013 at University of Edinburgh, University of Liverpool, and Willows

Veterinary Centre.

Clinical records of affected dogs were reviewed to obtain the following information:
signalment, weight, clinical signs, average heart rate at first presentation, the presence
of a murmur, date of diagnosis, initial blood work, whether CHF was present at initial
presentation based on thoracic radiographs or thoracic/abdominal ultrasound, the
presence of concurrent non-cardiac diseases, medication before pacing, date of PM
implantation and related minor or major complications, post-pacing development of

CHF, outcome and survival.

Pre-pacing echocardiographic data obtained by multiple observers (board-certified
cardiologist or resident in training under supervision) were reviewed and the following
variables were extracted: left atrial diameter in short axis (LAmax) and left atrium to

aorta ratio (LA:Ao) — both measured in early diastole, on the first frame of aortic valve

5
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closure; diastolic left ventricular internal diameter (LVIDd), normalized diastolic left
ventricular internal diameter (LVIDdN) and fractional shortening (FS). If LVIDdAN was
not available, it was calculated as follows: LVIDd in cm/body weight in kg®2%* [19].
Additional echocardiographic findings, final diagnosis and comments made by the

echocardiographers were also reviewed.

Dogs with increased serum potassium concentrations, receiving digitalis glycosides or
with concurrent non-cardiac diseases were excluded from the study. Dogs that were

not paced after diagnosis were excluded from follow-up and survival analysis.
Follow-up data collection

Echocardiographic measurements collected at <6 months post PM implantation were
reviewed to assess the response to pacing therapy. In dogs that survived >12 months,
echocardiographic data collected between 12-24 months post PM implantation were

also analyzed.

All dogs undergoing PM implantation were included in follow-up and survival analysis.
If the date and cause of death were missing from medical records, the owners or the
referring veterinarian were contacted by phone or e-mail. The follow-up date limit was
31st May 2020, and the cause of death was considered cardiac if dogs died or were
euthanized due to refractory CHF, recurrence of syncope, complications associated

with pacing, or suffered a sudden unexplained death.
Statistical analysis

Data were analyzed with commercial software (Minitab 17 and GraphPad Prism 8).
Normality was tested with the Anderson-Darling test. Continuous data are described
as mean and standard deviation (SD) whereas non-normally distributed data are

described as median and range. Categorical data were compared using the Chi-

6
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squared test. The mean difference and SD of echocardiographic variables (LAmax and
LVIDd) obtained at three different time points (presentation, within 6 months and within
24 months) were used to describe the magnitude of change in cardiac dimensions
between visits. Survival analysis after PM implantation was assessed with Kaplan-
Meier curves. Survival curves were compared with log-rank tests according to whether
either CHF or diastolic left ventricular enlargement (using allometric scaling) was
present at first presentation. Dogs still alive after 31st May 2020 and dogs lost to follow-

up, were right censored. Significant differences were defined by p <0.05.

Results

Demographic and clinical presentation:

Twenty-six dogs met the inclusion criteria. Of these, there were twelve entire females,
six neutered females, four entire males and four castrated males. The female over-
representation was not of statistical significance (p=0.126). Labrador retrievers,
including their crosses, were the most common breed (9/26). The mean body weight
of the population was 20.0 kg (SD 9.3) and median age was three years (7 months-

12.6 years).

Mean heart rate at first presentation was 52 bpm (SD 12.8). The most common reason
for presentation was pre-syncope or syncope (14/26) followed by lethargy and exercise
intolerance (6/26), ascites (5/26) and cough (3/26). Two dogs (2/26) had no clinical

signs apart from their incidental bradycardia.

Most dogs (20/26) had soft systolic murmurs: 12/20 grade 11/VI, 4/20 grade IlI/VI, 3/20
grade IV/VI and 1/20 grade I/VIl. These murmurs were most commonly audible over
the apex (19/20 apical and 1/20 basilar) of the left hemithorax (left 12/20, right 1/20

and both 7/20).
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At the time of initial presentation, 8/26 dogs (31%) were in CHF: 4/8 right CHF, 3/8 left
CHF and 1/8 with biventricular CHF. Nine dogs (9/26) were receiving medication
including theophylline (1/26) and CHF treatment (8/26): furosemide 6/8, pimobendan

5/8, benazepril 4/8 and spironolactone 3/8.

Signalment and clinical presentation data of the 26 dogs included in the study are

summarized in Supplemental Table A (available on-line).

Echocardiographic findings at initial presentation in all PAS dogs:

Echocardiographic data at initial presentation were available for 25/26 dogs.

The left atrium was dilated in most dogs (23/25) and only 2/25 dogs had a LA:Ao < 1.6.

Median LA:Ao was 2.18 (1.53-3.65).

The left ventricular diastolic dimensions were above allometric reference ranges in
12/25 dogs and within normal limits in the other 13/25, with mean LVIDdN 1.87 (SD
0.37) [19]. Mean FS was 44% (SD 10.21) and all dogs with left ventricular dilation in

diastole had FS > 25%.

Concurrent right atrial and right ventricular dilation was described in six dogs. One dog
had an aberrant bronchoesophageal artery (dog #15) and four dogs had valvular
changes (1/4 myxomatous mitral valve disease, 2/4 mitral valve dysplasia and 1/4 both
mitral and tricuspid dysplasia). There was no apical displacement of the hinge points

of the tricuspid valve in the single case of tricuspid valve dysplasia.

Echocardiographic data at initial presentation for paced PAS dogs are summarized in

supplemental table B (available on-line).

Outcome and follow-up.

Non-paced dogs:
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Two dogs (2/26, #5 and #15) were managed medically due to financial constraints.
One was euthanized 19 days after its diagnosis due to refractory CHF and the other

died suddenly during sleep 211 days after first presentation.

Paced dogs.

Pacing complications in the peri-operative period and short-term outcome (<6

months):

There were 24/26 dogs that underwent PM implantation. All dogs had single-chamber
pacing devices inserted transvenously into the right ventricle. A right jugular approach
(14/24) and active fixation leads (13/24 dogs) were most common. All dogs survived

the procedure and were discharged.

One dog (#11) had a major complication during the peri-operative period consisting of
cardiorespiratory arrest followed by successful resuscitation. Two other dogs (#4 and
#13) had a minor peri-operative complication in the form of ventricular arrhythmias

within 48 hours after PM implantation (Figure 1).

Major complications occurred in two dogs within 6 months of the procedure. There was
macro-dislodgment of the pacing lead after 18 days in one dog (#21) that required a
second procedure. Another dog (#1) experienced micro-dislodgement of the pacing
lead first identified on day 40, resulting in recurrence of syncope. Loss of capture was
observed when the patient was positioned in lateral recumbency. Modification of the
delivered voltage temporarily controlled clinical signs but a second procedure was

performed on day 1375.

One dog (#20) developed suspected exit block (loss of capture at 3.5V combined with
normal lead impedance) first identified on day 35. Intermittent syncope resolved after

pacemaker re-programming.
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Two dogs developed CHF within 6 months of PM implantation: the first dog was
euthanized due to refractory congestive heart failure (ascites) and worsening azotemia
18 days after pacing (#13) and the second dog developed pulmonary edema for the

first time 62 days after pacing (#9).

Echocardiographic findings at <6 months post-pacing:

Seventeen of the 23 paced dogs that were still alive one month after pacing underwent
an echocardiographic examination within 6 months of their procedure. Their
echocardiographic data are summarized in supplemental table B (available on-line). In
every case, left atrial or left ventricular dilation persisted where it had been identified

prior to PM implantation.

Only one dog had an LA:Ao < 1.6 (dog #25). This was one of the two dogs with LA:Ao
< 1.6 prior to pacing. The other dog had developed left atrial dilation (dog #21). The
left atrium remained dilated in the other 15/17 dogs. The median LA:Ao was 1.84 (1.59-

3.43).

Of the ten dogs with normal dimensions of the left ventricle (LV) before pacing, 7/10
maintained LV size within the reference range. In the other 3/10, dilation of the LV had
developed (dogs #6, #9, #21). Of the seven dogs with increased dimensions at
presentation, none of them had LV diameters within reference ranges after pacing.

The mean LVIDdN was 1.95 (SD 0.38).

The mean difference in echocardiographic measurements obtained at presentation
and within 6 months after PM implantation (n=17) was -0.12 cm (SD 0.68) for LAmax

and 0.42 cm (SD 0.80) for LVIDd.

Complications and long term-outcome >6 months after PM implantation:

10
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Twenty-one dogs (21/24) survived more than 12 months after PM implantation. Major
complications occurred in one dog >6 months after its intervention. Macro-
dislodgement of the pacing lead occurred 355 days after PM implantation. This dog
(#6) did not undergo a second procedure due to financial constraints and was

euthanized on day 374 due to refractory ascites (Figure 1).

Minor ventricular ectopy in the form of single ventricular premature complexes and
couplets were detected in one dog 212 days after PM implantation (dog #7). No

information about further investigations or anti-arrhythmic treatment was available.

Fourteen dogs (58%) developed CHF after pacing, most after the first six months
(12/14, 86%). Of these, 10 dogs (71%) had not been in CHF prior to pacing but in 4
dogs (29%) it was a recurrence of pre-pacing CHF. Two (33%) of the 6 dogs that had
been in CHF prior to pacing remained free from CHF by the end of the study period.
Kaplan-Meier curve analysis revealed median time from pacing to development of CHF

was 1699 days (range 18-3884).

Echocardiographic findings at 12-24 months post-pacing:

Echocardiography was performed in 12/21 dogs that survived longer than 12 months
after PM implantation. These echocardiographic data are summarized in supplemental

table B (available on-line).

All dogs had left atrial dilation (LA:Ao > 1.6), and median LA:Ao was 2.29 (1.62-3.16).
Diastolic left ventricular dimensions were above the reference range in 7/12 dogs.
Three of them had had normal diastolic left ventricular dimensions at < 6 months post
pacing (dogs #7, #10, #11). Mean LVIDdN was 2.02 (SD 0.44) and mean FS was

35.5% (SD 6.83).

11
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The mean difference in echocardiographic measurements obtained at presentation
and within 12-24 months after PM implantation (n=11) was 0.65 cm (SD 1.06) for
LAmax and 0.63 cm (SD 1.32) for LVIDd. The mean difference in echocardiographic
measurements obtained within 6 months and 12-24 months after pacing (n=10) was

0.78 cm (SD 0.85) for LAmax and 0.46 cm (SD 0.73) for LVIDd.

Survival analysis

Twenty-four paced dogs were included in the survival analysis. By the end of the study
period, 14/24 paced dogs had died, 9 /24 were alive and one case was lost to follow-

up 1872 days after PM implantation (Figure 1).

Eleven dogs (11/14) had succumbed to refractory CHF. Only 1 dog died suddenly at
home (1/14) — this dog had been receiving sotalol for ventricular tachycardia since the
immediate post-operative period. Two dogs (2/14) were euthanized due to poor quality

of life with non-specific clinical signs.

The median survival time (MST) for cardiac-related mortality after pacing was 4 years
or 1512 days (18-3207). Survival rate at one year post-pacing was 84%; at two years

it was 75%; at three years it was 66%; and at four years it was 55% (Figure 2).

Prognosticators of survival in paced dogs with PAS.

There was no difference in survival between dogs that were in CHF at first presentation
(MST 1196 days) and those that were not (MST 1847 days), p= 0.628. Similarly, there
was no difference in survival between dogs that had diastolic left ventricular
enlargement at first presentation (MST 1512 days ) and those that did not (MST 1847

days), p=0.608.

Discussion

12
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This retrospective study summarizes the presentation, echocardiographic findings and
survival of dogs diagnosed with PAS at three UK referral hospitals over a period of
seven years. We demonstrate that PAS dogs treated with PM implantation have a
median survival time greater than four years. We therefore conclude that pacemaker
implantation is a feasible and successful management option for dogs with clinical

PAS.

Cardiac chamber dilation was identified on echocardiography in nearly all the dogs
prior to pacing. The majority of PAS dogs in our study had inappropriate bradycardia
at first presentation. It is known that bradycardia induces rapid electrical, mechanical
and structural adaption processes in cardiac myocytes that compensate for the
reduction in cardiac output [20]. Volume overload due to bradycardia leads to eccentric
hypertrophy of the ventricles and elongation of the ventricular myocytes [21]. However,
over a period of up to 24 months, pacing did not lead to normalisation of the left-sided
cardiac dimensions in any of the dogs of this study. Therefore, although we were
unable to provide post mortem analysis, our echocardiographic data would suggest
that bradycardia is not the sole contributor to the chamber dilation observed in PAS
before pacing. Instead, persistence and progression of the cardiac dilation could reflect
the underlying cardiomyopathy in solitude or in combination with the hemodynamic
effects of single-chamber pacing. Histopathological changes that resemble
arrhythmogenic right ventricular cardiomyopathy have been described in dogs with
PAS [22]. These changes are considered irreversible, progressive and include atrophy
and loss of myocytes with fatty or fibrofatty infiltration of the atrial myocardium,

sinoatrial node, internodal tracts and atrioventricular junction [6-8, 22,23].

Our survival results are in broad agreement with median survival times of 866 days for

all-cause mortality in paced PAS dogs obtained in a recent study [17]. They also
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compare favourably with the five-year survival time described for dogs paced for any
type of bradyarrhythmia in the UK [11]. Our study is at odds with the much poorer
survival (12-18 months) described in early reports of PAS, which suggested that dogs
diagnosed with PAS at a younger age may have shorter survival times either because
of more malignant cardiac disease or because their PAS was part of a polysystemic
disease involving skeletal muscles [12,14,18, 24-28]. Those studies describe stunted
growth, marked atrophy of the temporal, shoulder and pelvic muscles, stiff gait, partial
trismus and chronic regurgitation in affected dogs. None of these findings was reported
in any of the dogs recruited in the current study. It is therefore possible that poorer
outcome in previous reports reflects a different form of PAS with a different aetiology.
For example, in people, multiple diseases and conditions are known to induce or
contribute to atrial cardiomyopathies including hereditary muscular dystrophies, CHF,
supraventricular arrhythmias, myocarditis, NPAA mutations, genetic repolarization

disturbances, hypertension, obesity or diabetes [29].

Most dogs with non-PAS bradyarrhythmias are presented for PM implantation between
7-11 years of age, and most succumb to non-cardiac diseases rather than the
development of CHF [10,12,13,30-33]. Our population of dogs was presented as young
adults and most died from refractory CHF. These results were comparable with
Cervenec et al’s population of PAS dogs with a median age of 3.5 years in which 64%
suffered a cardiac-related death [17]. Serial echocardiography and follow-up
examinations in our cases not only identified progressive dilation of cardiac chambers
but also new episodes or recurrence of CHF despite PM implantation. Progression of
the disease and CHF in paced PAS dogs is thought to occur because of ongoing
destruction of the atrial myocardium leading to reduced ventricular filling and

decreased production of atrial natriuretic peptide [15,22,25]. Our data demonstrate that
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PAS will lead to cardiac-related death, and that survival in this younger population is
comparable to that of older paced dogs with non-PAS bradyarrhythmias that die from

non-cardiac age-related diseases [10,12,13,30-33].

Prognostication at first presentation with PAS seems challenging, and negative
prognostic indicators used in other cardiac diseases, such as cardiac chamber size
and congestive status, appear to have poor predictive value in PAS. We utilised
echocardiographic measurements as a surrogate of cardiomyopathy severity and
tested whether this could be used to predict outcome. The left atrium to aorta ratio was
suspected to be a poor prognostic tool in canine PAS since left atrial dilation is a
common feature in affected dogs. This was justified by our findings in which 52% of
dogs had a LA:Ao at presentation between 1.8 and 2.5, clustering around the median.
Diastolic left ventricular dimensions were used instead. Contrary to our hypothesis, we
were unable to demonstrate a relationship between survival and diastolic left
ventricular size or CHF prior to pacing. Our results are in agreement with previous
studies [12,17] but should be interpreted with caution. The low number of dogs in our
study, despite its multicenter nature, was similar to those in recent publications that
included dogs with PAS [10-13,17,34] and not only demonstrates that PAS is
uncommon but also reduced statistical power. This possibly prevented us from
identifying CHF and heart sizes as contributors to survival (Type |l errors) and meant
that we were unable to determine the influence of multiple baseline variables through

univariate and then multivariate Cox proportional hazards analyses.

In every case where pacing was successful, syncope resolved. While this does not
address the incongruity between progressive chamber dilation despite an increased
heart rate after pacing, we have at least demonstrated an association between low

heart rate and syncope in PAS dogs. Our rate of major complications (17%) also
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compares favourably with rates of 13-18% that have been recently published
[30,32,34]. Based on these results, we believe that pacemaker implantation should be
offered to the owner as an appropriate form of management when dogs with PAS are

presented with syncope.

Labrador retrievers and their crosses were the most common breed in our study. This
breed is the most frequently presented for PM implantation in the UK [10,11]. Our
results may reflect the breed’s popularity but familial inheritance of PAS of unknown
mechanism is suspected in the Labrador and English Springer spaniel [17,23,26].
Human familial PAS has been associated with mutations of the natriuretic peptide

precursor A, cardiac sodium channel SCN5A and Connexin-40 genes [29,35,36].

PAS in association with Ebstein’s anomaly has been reported in people [37,38]. Four
dogs in our study had concurrent congenital cardiac abnormalities. To the authors’
best knowledge, this is the first publication describing dogs with cardiovascular

malformations and atrial standstill simultaneously.

There were several limitations relating to this study’s retrospective nature. Pacemaker
implantation technique and programming, echocardiographic protocols, CHF
management and re-examination times were not standardized and results are limited
by the accuracy of the patient records. Definitive diagnosis of PAS requires
electrophysiological studies and cardiac mapping, which were not performed in any of
these cases. Therefore, itis possible that some dogs had combinations of third-degree
atrioventricular block with atrial fibrillation, sinus arrest or sinoatrial block [31]. The
underlying cause of PAS in this population of dogs was unknown and post mortem
examinations were not performed. Serum troponin | levels may have provided

additional insight. However we excluded these results as they were only available for
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14 dogs, were measured at different laboratories and were obtained at different
timepoints relative to pacing. Finally, we excluded PAS dogs with concurrent systemic
diseases, and our survival results only included cardiac-related deaths. Despite these
limitations, we believe this study offers valuable, particularly prognostic, information to

the clinician.

Conclusions:

In summary, the results of this study suggest that PAS is an uncommon
bradyarrhythmia that occurs usually in young mature animals. Syncope resolved but
cardiac remodelling persisted after pacemaker implantation. Long-term survival was
favourable but was not predicted by congestive status or cardiac chamber size at first

presentation.
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476  Figure captions:

477  Figure 1. Flow chart summarizing the treatment and outcome of the 26 PAS dogs

478 included in the study. CRP: cardiopulmonary resuscitation; PM: pacemaker.

479  Figure 2. Kaplan-Meier survival analysis in 24 PAS dogs undergoing artificial
480 pacing (results showed in days). Median survival time for cardiac mortality in PAS

481 dogs was 1512 days (18-3207).
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Figure 1. Flow chart summarizing the treatment and outcome of 26 dogs with

persistent atrial standstill included in the study. CRP:

resuscitation; PM: pacemaker; PAS: persistent atrial standstill.
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Survival plot for 24 PAS dogs after PM implantation
Kaplan-Meier Method
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Figure 2. Kaplan-Meier survival analysis in 24 dogs with persistent atrial
standstill undergoing artificial pacing (results showed in days). Median survival
time for cardiac mortality in PAS dogs was 1512 days (18-3207). PAS: persistent atrial

standstill.
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Clinical

Dog Breed Age (years) | Weight (Kg) Gender HR Murmur signs CHF
Nova Scotia
#1 Duck Tolling 0.6 15 FE 40 VI, L, A None No
. I, R,A.
Retriever
IVIVI, LA. Exercise
i Toy Poodle 10 8 ME 50 VI, RA. | intolerance No
#3 Labrador 3.0 25 FN 50 VI, LA, | Ataxiaand No
lethargy
#4 Cross 2.0 21 FE 50 None Syncope No
Syncope, dry
. VI, L, A. cough,
#5 Shih Tzu 7.0 7 MN 60 VI R, A, lethargy and Yes
anorexia
English Several
#6 Springer 2.0 18 M 32 [I/VI, L A syncopal No
Spaniel episodes
Wheezy
breathing
47 Labrador 4.0 26 MN 80 IVVIL, A and No
Cross .
occasional
cough.
Ascites and
48 Labrador 3.0 29 FN 56 VI, L, A exercise Yes
VIR, A .
intolerance
Syncope,
#9 Labrador 4.0 25 ME 53 VI, LA, weakness No
Cross and reduced
appetite
VI, L, A Syncope,
#10 Lhaso Apso 3.0 5 FE 64 IVILRA weakness No
Cavalier eizlrjgigé
#11 King Charles 1.0 7 FE 40 vl R, A . Yes
. intolerance
Spaniel .
and ascites
Basset Exercise
#12 Fauve de 7.0 18 ME 60 VI, LA. intolerance No
Bretagne and lethargy

27




523

Cavalier Syncope,
#13 King Charles 1.0 10 FE 36 None lethargy and Yes
Spaniel ascites
#14 German 2.0 21 FN 48 VI, LA. None No
Shepherd
English VLA Pre-syncopal
#15 Springer 4.0 24 MN 60 SA episodes Yes
: II/VI,R,A.
Spaniel and cough
#16 Labrador 10 26 FN 60 VLA Lethar, No
: IIVI,RA. 9y
#17 RGoI_den 7.0 29 FN 60 None Syncope No
etriever
Exercise
#18 Lurcher 3.0 13 FE 52 None '”to':r:gnce No
weakness
#19 Miniature 3.0 8 FE / None Syncope and Yes
Schnauzer ascites
Syncope and
#20 Labrador 1.0 39 MN 40 IVI, L, B. several No
weakness
episodes
#21 Labrador 12.0 28 FN 72 VI L A | Syncopal No
episodes
#22 Labrador 3.0 23 FN 55 VI, LA, Syncopal No
Cross episodes
#23 Brittany 1.0 14 FE 35 None Syncopal Yes
Spaniel episodes
#24 Collie 10.0 16 FE 25 IV/VI, LA. Syncopal No
episodes
#25 Cane Corso 4.0 37 FE 45 VI, LA. _Exercise No
intolerance
#26 Labrador 5.0 28 FN 64 NIVILL,A. Cough Yes
Cross
Summa Median:3 Mean:19.95 Mean:51.48
ry (0.6-12) (SD: 9.27) (SD: 12.90)
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528

Supplemental table A. Signalment and clinical presentation of 26 dogs
diagnosed with persistent atrial standstill in three referral centers of the UK. Two
dogs (marked in grey) did not receive a pacemaker. A: apical; B: basilar; CHF:
congestive heart failure; FE: entire female; FN: neutered female; HR: heart rate; L: left;

ME: entire male; MN: neutered male; R: right; SD: standard deviation.
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529

Dog LA:AO. L L prci-sveI Eti:lion LZ(;?n%N 1;\-,2'2?1’1“0 presanstation <t|3: r?w 1 2-|;imo
presentation <6mo 12-24 mo (cm/Kg®?") | (cmiKg®??) | (cmiKg®?7) (%) (%) (%)
#1 2.32 1.83 2.41 1.84 1.46 1.55 48 18 19
#2 3.28 1.76 1.82 2.05 2.07 1.81 46 37 30
#3 1.96 2.19 2.50 1.98 1.98 1.93 43 28 29
#4 2.18 3.43 / 1.85 2.25 / 35 45 /
#6 1.80 1.72 / 1.84 2.24 / 26 30 /
#7 2.91 2.85 / 2.76 2.78 / 42 / /
#8 1.94 1.76 1.96 1.75 1.45 1.65 49 46 36
#9 1.82 1.82 / 1.71 1.96 / 49 35 /
#10 2.74 / / 1.73 / / 63 / /
#11 1.96 1.76 2.17 1.72 1.74 1.77 47 36 39
#12 1.68 / 2.87 1.87 / 2.05 48 / 41
#13 1.65 / / 1.37 / / 39 / /
#14 2.28 / / 2.06 / / 44 / /
#16 2.42 / / 1.63 / / 30 / /
#17 2.20 1.69 2.96 0.92 1.82 2.37 37 32 38
#18 2.66 2.95 3.16 2.38 2.71 3.17 44 50 41
#19 2.06 1.70 / 1.68 1.58 / 68 59 /
#20 1.86 1.82 / 1.58 1.81 / 34 34 /
#21 1.53 1.92 1.90 1.61 1.95 1.91 52 / 33
#22 2.82 1.89 3.15 1.85 1.68 2.33 35 20 43
#23 / / 1.91 / / 1.94 / / 40
#24 2.92 / / 2.43 / / 50 / /
#25 1.60 1.59 1.62 1.73 1.63 1.70 57 38 36
#26 1.93 1.97 / 1.99 2.09 / 25 20 /
Summary Median: 2.06 | Median: 1.82 | Median: 2.29 Mearl: 1.87 Mea!\: 1.95 Mearl: 2.02 Mea.n 43.96 Meari: 35.21 Mear!: 35.45
(1.53-3.28) (1.59-3.43) (1.62-3.16) SD: 0.37 SD: 0.38 SD: 0.44 SD: 10.71 SD: 11.52 SD: 6.83
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536

Supplemental table B. Echocardiographic follow-up in 24 PAS dogs that
received PM implantation during the study: LA:Ao , LVIDAN and FS at
presentation, within six months after PM implantation (<6mo) and 12-24 months
post-pacing (12-24 mo). Note that dogs #5 and #15 have been excluded (not paced).
cm: centimetres; FS: fractional shortening; Kg: kilograms; LA:Ao: left atrium-to-aorta
ratio; LVIDAN: diastolic left ventricular diameter normalised to body weight;, mo:

months; SD: standard deviation.
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