
Long-term Outcome of Irish Wolfhound Dogs with Preclinical
Cardiomyopathy, Atrial Fibril lation, or Both Treated with
Pimobendan, Benazepril Hydrochloride, or Methyldigoxin

Monotherapy

A.C. Vollmar and P.R. Fox

Background: Dilated cardiomyopathy (DCM) is a common cause of morbidity and mortality in the Irish Wolfhound

(IW). However, the benefit of medical treatment in IW dogs with preclinical DCM, atrial fibrillation (AF), or both has not

been demonstrated.

Objectives: Compare the time to develop congestive heart failure (CHF) or sudden death in IW dogs with preclinical

DCM, AF, or both receiving monotherapy with pimobendan, methyldigoxin, or benazepril hydrochloride.

Animals: Seventy-five client-owned IW dogs.

Methods: Irish Wolfhound dogs were prospectively randomized to receive pimobendan (Vetmedin�)a, benazepril HCl

(Fortekor�)b, or methyldigoxin (Lanitop�)c monotherapy in a 1:1:1 ratio in a blinded clinical trial. The prospectively defined

composite primary endpoint was onset of CHF or sudden death. To assure stringent evaluation of treatment effect, data from

dogs complying with the study protocol were analyzed.

Results: Sixty-six IW fulfilling the study protocol included 39 males, 27 females; median (interquartile range) age,

4.0 years (3.0–5.0 years) and weight, 70.0 kg (63.0–75.0 kg). Primary endpoint was reached in 5 of 23 (21.7%) IW receiving

pimobendan, 11 of 22 (50.0%) receiving benazepril HCl, and 9 of 21 (42.9%) receiving methyldigoxin. Median time to pri-

mary endpoint was significantly longer for pimobendan (1,991 days; 65.4 months) compared to methyldigoxin (1,263 days;

41.5 months; P = .031) or benazepril HCl-(997 days; 32.8 months; P = .008) treated dogs.

Conclusions and Clinical Importance: In IW dogs with preclinical DCM, AF or both, pimobendan monotherapy signifi-

cantly prolonged time to onset of CHF or sudden death than did monotherapy with benazepril HCl or methyldigoxin.
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Myocardial disease is an important cause of mor-
bidity and mortality in large and giant breed

dogs. The Irish Wolfhound (IW) breed has been
noted for its high prevalence of dilated cardiomyopa-
thy (DCM), atrial fibrillation (AF), or both.1–5,d-f In
1 large study of 1,038 IW dogs prospectively screened
between 1990–2004, approximately 29% were affec-
ted,g and in selected populations of IW dogs, AF has
been reported in up to 21% of screened animals.4–7d,g

Moreover, AF may develop before structural or func-
tional changes become apparent, and some affected
dogs may progress to DCM and congestive heart fail-
ure (CHF).6–8,e,g

The effects of cardiac drugs on morbidity and mortal-
ity in humans have received much attention. Indeed,
outpatient management guidelines for heart failure
patients emphasize a systematic approach, incorporate
heart failure performance measures, and stress evidence-
based treatment which includes angiotensin-converting

enzyme inhibitors and digitalis glycosides.9–11 Clinical
trial data are limited in dogs, and the majority of stud-
ies have focused on treatment to manage chronic myxo-
matous valvular disease (MMVD). Trials using
enalapril and conducted largely in populations of dogs
with advanced heart disease but not heart failure have
reported limited benefit or no benefit in these popula-
tions.12,13 Digitalis traditionally has been used to man-
age supraventricular tachyarrhythmias14 and dilated
cardiomyopathy in dogs,14–16 but evidence for clinical
efficacy is sparse. A positive effect on left ventricular
systolic function was identified in digoxin-treated dogs
with experimentally decreased left ventricular ejection
fraction,17 and in a small retrospective study of dogs
with idiopathic DCM receiving digoxin, decreased
heart rate was identified with less pronounced benefit
on left ventricular fractional shortening.18 Pimobendan,
a calcium-sensitizing drug with both inotropic and
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vasodilatory properties, is commonly used to manage
CHF in dogs with MMVD and DCM.19,20 Little data
exist, however, comparing cardiac drugs for managing
dogs with preclinical DCM. Delayed onset of CHF or
sudden death was recorded in pimobendan-treated
Doberman pinscher dogs with preclinical DCM com-
pared to placebo in a randomized, multicenter trial,21

and benazepril administered to Doberman pinschers
with asymptomatic DCM prolonged the time to
develop CHF in 1 retrospective report.22 Few original
studies, however, have attempted to identify whether
treatment improves survival in giant breed dogs with
preclinical DCM or AF. Thus, the present study aimed
to compare the effects of pimobendan, benazepril, or
methyldigoxin monotherapy on long-term clinical out-
come in asymptomatic IW dogs with preclinical DCM,
AF, or both.

Materials and Methods

Study population

Client-owned, purebred, IW dogs were recruited between

October 2001 and October 2008 through cardiovascular screening

clinics in Belgium, Germany, and the Netherlands. Each dog had

a complete physical examination, 6-lead electrocardiogram (ECG)

recorded in right lateral recumbency, right lateral thoracic radiog-

raphy, CBC with differential count, and a serum biochemistry

profile performed. The laboratory tests included measurement of

total serum protein, creatinine, urea, and potassium concentra-

tions, and alanine aminotransferase activity. Two-dimensional

(2D) and M-Mode echocardiographic examination was performed

by 1 cardiologist (ACV). From the right parasternal 4-chamber

view, left ventricular chamber, and wall dimensions were deter-

mined by M-mode and 2D measurements of both atria made

at their maximal diameter according to published guidelines.23

Measurements for each parameter were averaged from 4 to 6

cardiac cycles in dogs with sinus arrhythmia, and from 10 cardiac

cycles in dogs with AF. Criteria to designate DCM were applied

from published values.24,25

Study design

Our study was a prospective, blinded clinical trial. Parallel

treatment groups were randomized for 1:1:1 allocation using com-

puter generated random blocks of 3. Dogs received oral pimoben-

dan, benazepril, or methyldigoxin PO. The investigator, study

monitor, and sponsor remained blinded until each animal reached

the primary endpoint or until study termination. Blinding was

ensured by participation of a technician not involved in study pro-

cedures who performed randomization and dispensed study medi-

cations.

Inclusion Criteria. Preclinical DCM, AF, or both was diag-

nosed on the basis of medical history and complete physical

examination; ECG; and echocardiographic evidence of left ven-

tricular dilatation and decreased left ventricular shortening frac-

tion (SF) based upon reference values in the IW breed.24,25

Absence of pulmonary edema or vascular congestion was con-

firmed for each dog at enrollment by evaluating right lateral tho-

racic radiographs.

Exclusion Criteria. Dogs were excluded if they had congenital

heart disease, coughing, exercise intolerance, tachypnea, systemic

disease judged to be clinically severe, or if they were pretreated

with any cardiovascular drug before enrollment.

Study treatments and monitoring

Each dog was randomly assigned to receive 1 of 3 PO-adminis-

tered treatments: pimobendane (0.24–0.26 mg/kg PO q12h approx-

imately 1 hour before feeding), benazepril HClf (0.25–0.5 mg/kg

PO q24h), or methyldigoxing (0.005 mg/kg PO q12h). Serum

digoxin trough concentrations were measured after at least 7 days

of methyldigoxin administration and, if necessary, the dose was

modified to achieve serum concentrations between 1–2 ng/mL.

Concomitant treatment with diltiazemh sustained release formula-

tion (1.5–3 mg/kg PO q12h) was permitted if needed to control

ventricular heart rate in dogs with AF. Each enrollee received suf-

ficient quantity of medication to treat until the next scheduled

visit. At each visit, the remaining number of study medication pills

was counted by a technician to assess treatment compliance. Dogs

were re-examined 3 months after enrollment and every 6 months

thereafter, or when cardiac decompensation was suspected by the

owner or primary veterinarian. For all follow-up examinations,

each dog had a medical history, complete physical examination,

ECG, and echocardiographic examination performed. Thoracic

radiographs were taken if there was suspicion of CHF based upon

history, physical examination, or echocardiographic examination.

The dogs were followed until their discontinuation in the study, or

until the study ended on 31 March, 2011.

Outcome measures

The primary study endpoint was defined as first onset of CHF

or SD. Diagnosis of CHF was supported by evidence from history,

physical examination, and thoracic radiography indicating changes

consistent with pulmonary edema or pleural effusion. Death was

defined as SD when witnessed by the owner as a sudden collapse

and death. When unwitnessed, the designation of SD required the

owner to have observed the dog to be in normal health within

8 hours before to it was found dead, and with no history or indi-

cation of other disease or condition that may have caused death.

Statistical analysis

Dogs included in efficacy analysis were required to fulfill the

inclusion criteria and to comply with the study protocol. The

study, which required at least 1 follow-up examination after enroll-

ment, was designated as the per protocol dataset (PPS). The full-

analysis-set (FAS) followed the intention-to-treat principal and

was defined as all dogs randomized to the study and having

received at least 1 dose of study medication.26 Continuous data

were described using median and interquartile range (IQR) and

categorical variables were described by percentage. Treatment

groups were compared with the F-test for continuous variables or

with Fisher’s exact test for categorical variables. The primary end-

point was prospectively defined as a composite comprising CHF

or sudden cardiac death. Efficacy was defined as the time interval

from study initiation to primary endpoint as estimated using the

Kaplan–Meier survival method. Survival estimates were plotted

for the 3 treatment groups. Two-sided log-rank tests were per-

formed for pairwise comparisons of the time to primary endpoint

curves for pimobendan and benazepril as well as for pimobendan

and methyldigoxin, followed by the Bonferroni–Holm procedure

for multiple comparisons. Median values and IQR are reported.

Hazard ratios (HR) for pimobendan versus benazepril HCI

and for pimobendan versus methyldigoxin were calculated using

proportional hazard models with treatment as factors. Dogs were

right-censored if they were euthanized or died for noncardiac rea-

sons, or were lost to follow-up. Analyses were performed using

commercially available statistical software.i A P value < .05 was

considered statistically significant.
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Results

Study population

Seventy-seven dogs were randomized to 1 of 3 treat-
ment groups (Fig 1). The FAS consisted of 75 dogs (all
enrolled animals excluding the 2 that never were given a
dose of study medication). Sixty-six dogs comprised the
PPS efficacy analysis for the following reasons: 2 dogs
were excluded because owners did not administer the
study medication; 9 additional dogs did not satisfy the
study protocol (3 in the benazepril HCl group [1 experi-
enced SD before the first reexamination visit; 1 died
from noncardiac cause; and 1 received additional non-
permitted cardiac treatment]); 2 dogs in the pimoben-
dan group were lost to follow-up; and, 4 dogs in the
methyldigoxin group (1 lost to follow-up, 2 withdrawn
from the study because of gastrointestinal disease on
days 58 and 511 after enrollment, and 1 dog that
received additional nonpermitted cardiac treatment).

Baseline parameters

The 3 treatment cohorts for the 66 PPS dogs included
pimobendan (n = 23), benazepril (n = 22) and methyldi-
goxin (n = 21; Table 1). There were 39 males (all intact)
and 27 females (24 intact, 3 neutered). Dogs (median
[IQR]) were 4.0 years (3.0–5.0 years) old and weighed
70.0 kg (63.0–75.0 kg). Twenty of these 66 dogs had AF

as the only detected cardiac abnormality (8 in the
pimobendan group, 6 in the benazepril HCl group, and 6
in the digoxin group). Forty-six of the 66 dogs had
DCM of which 30 had AF (9 dogs in the pimobendan
group, 12 in the benazepril group, and 9 in the methyldi-
goxin group) and 16 of which had sinus arrhythmia (6
dogs in the pimobendan group, 4 in the benazepril HCl
group, and 6 in the methyldigoxin group). Diltiazem was
given to control ventricular heart rates for AF in 8 dogs
with persistently increased mean ventricular heart rates
that varied between 168–211 bpm during physical exami-
nation, ECG recordings, or echocardiography. These
were 2 dogs in the pimobendan group, 3 dogs in the
benazepril group, and 3 dogs in the methyldigoxin
group. In 5 of these dogs, diltiazem was prescribed at the
time of inclusion and in 3 dogs after tachycardia was
detected during reexaminations (1 at day 81 in a dog
treated with benazepril, the others at days 419 and 582
in dogs treated with methyldigoxin and pimobendan,
respectively). The dogs that were given methyldigoxin
had trough serum digoxin concentrations between 1.2
and 1.8 ng/mL, assessed 7 to 14 days after initiation of
treatment or after dose adjustment.

Outcomes

Twenty-five of the 66 dogs (37.9%) reached a pri-
mary study endpoint (CHF [21/25] and sudden death

Fig 1. Flow diagram of patient allocation. SD, sudden death; CHF, congestive heart failure; GI, gastrointestinal, (1°endpoint = primary

endpoint).
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[4/25]). Median time to reach primary endpoint was
1,576 days (51.8 months). Thirty-seven of the 66 dogs
(56%) died or were euthanized as a consequence of
noncardiac causes (Table 2). Four of the 66 dogs
(6.1%) were alive at the end of study. When reviewing
treatment allocations of the 25 dogs that reached pri-
mary endpoint, 5 of 23 dogs (21.7%) were randomized
to receive pimobendan, 11 of 22 (50%) were random-
ized to receive benazepril HCl, and 9 of 21 (42.9%)
were randomized to receive methyldigoxin. The median
time to reach primary endpoint was significantly longer
for dogs that received pimobendan (1,991 days;
65.4 months) compared to those that received benaze-
pril HCl (997 days; 32.8 months; P = .008), or for
pimobendan compared to methyldigoxin (1,263 days;
41.5 months; P = .031; Fig 2). The HR for the primary
efficacy variable indicated that the risk for reaching the
primary endpoint was significantly higher for dogs that
received benazepril (HR, 4.26; 95% CI, 1.33, 13.60;
P = .014) and for dogs that received methyldigoxin
(HR, 3.27; 95% CI, 1.06 10.09; P = .04) compared to
dogs that received pimobendan. Both pimobendan and

benazepril were well tolerated. Two dogs in the methyl-
digoxin group were withdrawn because of gastrointesti-
nal signs.

Subanalysis of the 46 Dogs with DCM. Forty-six of
the 66 dogs had DCM and 16 of these 46 dogs (34.8%)
reached primary endpoint. Median time to achieve pri-
mary endpoint based on the Kaplan–Maier procedure
could not be estimated for all dogs within the 9.5 year
study time frame because of right censoring. Of these
46 dogs, primary endpoint was reached in 2 of 15 dogs
in the pimobendan group (1 developed CHF and the
other experienced SD), in 7 of 16 dogs in the benazepril
group (all developed CHF), and in 7 of 15 dogs in the
methyldigoxin group (4 developed CHF and SD
occurred in 3).

Subanalysis of the 20 Dogs with AF Only. Twenty of
the 66 dogs had AF as the only detected cardiac condi-
tion initially. Congestive heart failure occurred in 9
(45%) of these 20 dogs, and 4 died from SD later (1 each
in the pimobendan and methyldigoxin groups and 2 in
the benazepril group). In the pimobendan group 3 of 8
dogs developed CHF (median interval, 1,737 days

Table 1. Population characteristics of IW dogs summarized by treatment. Data are reported in frequencies or medi-
ans (interquartile range).

Variable

Treatment Groups (PPS n = 66)

P-valuePimobendan (n = 23) Benazepril (n = 22) Methyldigoxin (n = 21)

Age (years)* 4.5 (3.3,5.8) 3.4 (2.5,5.0) 4.0 (2.8,4.5) .257

Sex (F/FC/M/MC) 11/1/11/0 7/0/15/0 6/2/13/0 .365

Body weight (kg)* 70.0 (62.0,75.0) 68.5 (62.0,74.0) 70.0 (63.0,75.0) .782

Diltiazem (n) 2 3 3 .805

AF (%) 8 (34.8%) 6 (27.3%) 6 (28.6%) .843

DCM (%) 15 (65.2%) 16 (72.7%) 15 (71.4%) .843

DCM with AF (%) 9 (60.0%) 12 (75.0%) 9 (60.0%) .59

DCM with sinus arrhythmia (%) 6 (40.0%) 4 (25.0%) 6 (40.0%) .59

PPS, per protocol dataset; F, female; FC, female neutered; M, male; MC, male castrated; AF, atrial fibrillation; DCM, dilated cardiomy-

opathy; *Median (interquartile range).

Table 2. Causes for right censoring per treatment group (Per Protocol Set).

Reason for Censoring Pimobendan (n = 23) Benazepril (n = 22) Methyldigoxin (n = 21) Total

Euthanized Most prominent finding 13 7 8 28 42.4%

Osteosarcoma, Lymphoma, Tumor 5 3 5 13

Paraparesis, Tetraparalysis 6 1 0 7

Pain, Fever 1 1 0 2

Aggression 0 1 0 1

Renal failure 0 0 1 1

Gastric torsion 0 1 0 1

Diabetes mellitus, anorexia 0 0 1 1

Vomiting 0 0 1 1

Pneumonia 1 0 0 1

Died 3 3 3 9 13.6%

Pneumonia 2 2 0 4

Gastric torsion 1 0 1 2

Shock 0 1 0 1

Splenic torsion 0 0 1 1

Vomiting 0 0 1 1

Noncardiac death-total 16 10 11 37 56.1%

Alive at end of study-total 2 1 1 4 6.1%

Censored-total 18 11 12 41 62.1%
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[57.1 months]), whereas 5 dogs died of noncardiac causes
(median interval, 1,014 days [33.8 months]). In the bena-
zepril group, CHF occurred in 4 of 6 dogs (median
interval, 522 days [17.2 months] and 3 died of noncardiac
causes (median interval, 802 days [26.7 months]). In
the methyldigoxin group, 2 of 6 dogs developed CHF
(median interval, 1,359 days [44.7 months]), whereas 4
dogs died of noncardiac causes (median interval
1,363 days [45.4 months]). The small number of affected
dogs did not permit statistical comparisons.

Full-analysis-set (FAS) of 75 Dogs. The median time
to primary endpoint of the FAS population (n = 75)
was 1,454 days (47.8 months). Consistent with the anal-
ysis of the PPS cohort, the median time to primary end-
point was significantly longer for pimobendan-treated
dogs compared to benazepril- or methyldigoxin-treated
dogs (pimobendan, 1,991 days [65.4 months]) versus
benazepril (858 days [28.2 months], P = .002; pimoben-
dan versus methyldigoxin (1,263 days [41.5 months],
P = .019).

Discussion

We prospectively compared long-term outcomes in
IW with preclinical DCM, AF, or both that were trea-
ted with 3 commonly used cardiac drugs. Substantial
benefit was identified for the cohort that received
pimobendan compared with those that received either
an ACEI or cardiac glycoside. Pimobendan significantly
prolonged the time to onset of CHF or SD by
33.1 months compared to benazepril HCl and by
24.3 months compared to methyldigoxin. Thus, benaze-
pril or methyldigoxin monotherapy were comparatively
less effective than pimobendan. These findings comple-
ment those observed in the PROTECT study21 that

identified improved survival in Doberman pinscher dogs
with preclinical DCM that received pimobendan com-
pared with placebo. Others have reported short-term
hemodynamic and neuroendocrine benefits in pimoben-
dan-treated dogs with CHF associated with MMVD
compared with benazepril-treated dogs, including larger
decreases in heart rate, left atrial size, systolic and dias-
tolic left ventricular diameters and volumes, and
increased ejection fraction.27 Superiority of pimobendan
compared to ACEI treatment has been reported in dogs
with CHF associated with MMVD,28,29 and in DCM
dogs with CHF in which pimobendan was added to
conventional treatment.30,31 Pimobendan is a benzimi-
dazolpyridazinone drug with potent positive inotropic
and vasodilatory effects.32,33 Whether positive inotropy,
preload, or afterload reduction, or decrease in cardiac
size and filling pressures facilitated prolonged preclinical
duration in our study warrants further investigation.

Benazepril monotherapy in our study was inferior to
pimobendan and methyldigoxin when comparing dura-
tion of survival to primary endpoint. Of the IW dogs
that reached primary endpoint, benazepril-treated dogs
had median survival of 997 days (32.8 months), which
was 994 days (32.7 months) shorter than observed in
pimobendan-treated dogs and 266 days (8.7 months)
shorter than observed in methyldigoxin-treated dogs.
Several studies have reported efficacy of ACEI drugs in
the management of dogs with heart disease associated
with MMVD. Two clinical trials designed to determine
whether treatment with enalapril would prevent or delay
onset of CHF in small breed dogs with MMVD reported
limited12 benefit or lack of clinical effect.13 Benazepril
used alone or as an add-on to standard treatment in
MMVD or DCM dogs with CHF extended life span
compared to dogs that did not receive benazepril.34

Fig 2. Kaplan–Meier survival curves for time to primary endpoint (CHF, SD), (Per Protocol Set, n = 66). Comparison by log-rank test

between pimobendan and benazepril HCl (P = .008) and between pimobendan and methyldigoxin (P = .031) were statistically significant,

respectively. Because of right censoring, the 25% quartile could not be calculated.
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Regarding use of ACEI in dogs with preclinical DCM, a
retrospective study comparing the effect of benazepril
given to Doberman Pinschers in the preclinical phase of
DCM reported a 3 month delay in progression to overt
DCM in benazepril-treated dogs compared to non-
treated Doberman Pinscher dogs.22 Some studies of dogs
with preclinical DCM have failed to demonstrate rennin-
angiotensin-aldosterone activation,35,36 leading to the
possibility of limited ACEI efficacy in some cases.

In this study, survival of the cohort that received
methyldigoxin monotherapy to primary endpoint was
inferior to survival of pimobendan-treated dogs. The
study groups did not differ significantly with regard to
the proportion of AF cases. Cardiac glycosides have
long been used in veterinary medicine to treat heart dis-
ease, but a clear survival benefit has not been reported,
and little data are available regarding its efficacy in
dogs with preclinical DCM. Based on the energetic con-
sequences of calcium handling by the myocyte in an
experimental animal model, a beneficial effect of digi-
talis in CHF may depend upon the stage of disease.37

In humans, digoxin did not decrease overall mortality
in a large trial of human CHF patients, but did
decrease the rate of hospitalization and worsening
CHF.38 However, in a meta-analysis of digoxin use and
mortality risk in humans with AF, digoxin use was
associated with a greater risk for mortality regardless of
concomitant CHF.39 Thus, the role of digitalis in the
management of CHF remains controversial and the true
effect of digoxin on morbidity and mortality remains
unclear. Relatively small numbers of dogs were reported
with SD and the proportions among treatment cohorts
were relatively similar, especially between the pimoben-
dan and methyldigoxin cohorts. The dogs in this study
had trough digoxin concentrations between 1.2 and
1.8 ng/mL measured 7–14 days after starting treatment
or after dose adjustment, respectively. However, digoxin
monotherapy was substantially inferior to pimobendan
with respect to outcome.

An important limitation of this study is that the rela-
tionship of AF to the development of DCM or the
exacerbation of CHF are uncertain and could have
affected outcome in some dogs. Secondly, inasmuch as
no placebo group was included, an estimate of time to
CHF or SD in untreated IW dogs was not available.
Thus, we cannot ascertain whether no treatment would
have been equivalent to, or better than, any of the
tested treatments. In addition, a high rate of naturally
occurring, noncardiac death affected some proportion
of IW dogs before they reached the primary cardiac
endpoint.

In conclusion, long-term PO administration of
pimobendan to dogs with preclinical DCM, AF or both
significantly prolonged time to onset of CHF or SD
compared to those treated with benazepril HCl or
methyldigoxin. These finding lend credence to the con-
cept that clinical benefit can accompany early disease
detection and treatment. Furthermore, the findings sup-
port the practice of cardiac screening examinations for
breeds of dogs that have a high prevalence of DCM
with or without AF.
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