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ABSTRACT

Background: Canine dilated cardiomyopathy (DCM) is one of the commonly diagnosed acquired myocardial disease in dogs
characterized by hypokinesis, eccentric myocardial hypertrophy. Activation of neurohumoral system (i.e., sympathetic and RAAS)
is crucial in the pathogenesis of DCM with deteriorative effect on the failing heart. In current protocol, ACE inhibitors are being
employed to counter RAAS through blocking of ACE pathway, however aldosterone breakthrough due to alternate tissue pathway
render the treatment less effective. The natriuretic peptides (viz., ANP, BNP) produced in response to cardiac wall stress have
beneficial natriuretic, diuretic and suppressed cardiac sympathetic effects, however, will be cleaved by the enzyme neprilysin
limiting their activity. With this background, this study was aimed to study the effect of Sacubitril-Valsartan, an ARNi drug in
management of canine heart failure due to DCM, evaluating its effects on clinical, echocardiographic parameters as well as on
RAAS and natriuretic peptides.

Methods: Dogs with confirmed DCM on echocardiography were randomly divided into two treatment groups, one with conventional
protocol having ACEI (Group II) and another group with ARNi replacing ACEI in the protocol (Group IlI). Clinical signs, ECG,
echocardiographic evaluation was done at monthly interval till 90" day of therapy. Radiographic evaluation as well as effect on
RAAS by assessing plasma natriuretic peptides and urine aldosterone-creatinine ratio was done on 0" day and 90" days of
therapy. Data was analysed using ANOVA and independent ‘t’ test followed by LSD using IBM SPSS version 2.0.

Result: In the study, group Il dogs showed early resolution of clinical signs compared to group Il. Group Il showed a significant
decrease in left atrial diameter and LA/Ao ratio earlier by 30" day of therapy, while in Group I, the same was noticed on the 60" day.
Cardiac internal diameters were found to be significantly decreased in group Il while group |l showed a non-significant decrease.
Systolic function was found to be significantly increased by 30" day in group Ill while group Ill has a non significant increase in
ejection fraction. Significant decline of Uald:cre ratio was noticed in group Ill indicating its effective inhibition of RAAS. In the study
dogs treated with sacubitril-valsartan was found to have faster resolution of clinical signs, greater reduction in cardiac dimensions
and improvement in systolic function compared to ACEI treated dogs.
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INTRODUCTION

Dilated cardiomyopathy, an acquired myocardial disease
is predominantly characterized by enlargement of the left
cardiac chambers and myocardial hypokinesis with systolic
failure that results in heart failure with a reduced ejection
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fraction (Yadav et al., 2023). Activation of sympathetic
nervous system and Renin-Angiotensin-Aldosterone system
(RAAS) pathway, though are compensatory mechanisms
generated in response to the failing heart, will contribute to
increased workload and contribute to disease progression
(Borgarelli et al., 2001). In a study conducted by Gasparini
et al. (2020), they observed that in dogs with dilated
cardiomyopathy (DCM) a diffuse cardiac remodeling happens
primarily contributed by macrophages and cardiomyocytes
that results in cardiac dilation as well as dysfunction.
The neurohumoral activation in response to neurohormonal
stimulation is well documented, particularly through the
release of natriuretic peptides. These peptides play a
significant role in promoting natriuresis, diuresis and
exerting RAAS suppressive and sympathoinhibitory actions
(Kuwahara, 2021). Neprilysin, a metallopeptidase will
catalyze the degradation of these natriuretic peptides and
render them less effective. Sacubitril inhibits the degradation
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of natriuretic peptides, thereby enhancing their levels
and associated benefits. However, it also prevents the
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degradation of angiotensin I, thereby increasing its levels
and associated risks. Therefore, a novel combination of
Angiotensin receptor and neprilysin inhibitor i.e., valsartan
and sacubitril was developed to effectively inhibit neprilysin
and block angiotensin -Il at AT1 receptors.

The present study was designed to assess the efficacy
of sacubitril-valsartan in the management of chronic heart
failure due to DCM compared to the conventional protocol
with ACEI.

MATERIALS AND METHODS
Study design

This study was conducted as a prospective randomized
study at Madras Veterinary College teaching Hospital, Chennai
over a period of two years from 2021 to 2022. The study
was approved by the university advisory committee.

Client owned dogs presented with chronic heart
failure of class 3a (ISAHC) were taken up for the study.
Twelve healthy dogs formed group | for the purpose of
establishing reference values.

Fifty-two diseased dogs were randomly allotted to
treatment groups Il and Ill. Group Il dogs were treated with
Tab.Pimobendan @ 0.25 mg/kg BID orally, Tab. Enalapril
@ 0.5 mg/kg BID orally, Tab. Furosemide + spironolactone
@ 2 mg/kg BID and cardiac supplement BID orally. In Group
Ill dogs were treated with Tab.Pimobendan @0.25 mg/kg
BID orally, Tab. Sacubitril/valsartan @ 5 mg/kg BID orally,
Tab. Furosemide + spironolactone @ 2 mg/kg BID and
cardiac supplement BID orally.

Post inclusion removal criteria from the treatment
groups was poor owner compliance, any adverse events,
comorbid conditions and incomplete data during trial.
The final design of study was group | with twelve number of
healthy dogs, group Il twelve diseased dogs and group il
twelve diseased dogs. Clinical evaluation was done on
Oth day and were compared during the therapy on 30", 60"
and 90™ days.

ECG examination

Electrocardiographic recording was done with patient in
right lateral recumbency using a standard 4 lead
electrocardiogram (Vesta 30 Li). Recordings were done at
25 mm/s, 50 mm/s paper speed and 10 mm = 1 mv voltage
calibration. All the readings were recorded on thermosensitive
paper and were evaluated for rate, rhythm and amplitude
on days 0, 30, 60 and 90.

Radiographic evaluation

Thoracic radiographs were taken to evaluate the presence
of cardiomegaly using a digital X-ray (Konicka) on day O
and day 90. All the images were taken on right lateral
recumbency during inspiration. Vertebral heart score (VHS)
measurement was done as described by Buchanan and
Bucheler (1995). Radiographs were also evaluated for the
presence of pulmonary edema, pleural effusions and their
response to therapy.

Echocardiographic examination

Echocardiographic evaluation was done using Aeroscan
CD 25 ultrasound system with a phased array probe (2.0 -
6.0 Hz) to obtain 2-D, M mode, color Doppler, spectral
Doppler and Tissue Doppler images as suggested by
Boon (2011). Therapeutic evaluation was done on 30™,
60", 90" days and were compared to Oth day values.

Natriuretic peptides

Plasma sample was collected from the healthy dogs as
well as diseased dogs on 0™, 90" days and were stored at
-80°C. Batch analysis of samples was done to evaluate
atrial natriuretic peptide (ANP) and NT pro BNP levels.
Sandwich ELISA was performed to measure ANP and NT-
proBNP levels using kits obtained from Krishgen®
Biosystems, as per the manufacturer’s instructions.

Urine aldosterone:creatinine ratio

Urine sample was collected from the patient by catheterization
and transferred to an Eppendorf tube. 5 ml of urine sample
was immediately processed for urine creatinine level using
fully automated biochemical analyzer (A-15 Biosystem
Random access analyzer, Biosystems, Barcelona, Spain).
Rest of the sample was immediately stored at -80°C for
batch evaluation on 0" day and 90" day. Urine aldosterone
was estimated by Radio Immuno Assay technique using
Genesys gamma -1 machine as per the manufacturer protocol.

Adverse effect monitoring

All the dogs in therapeutic groups were evaluated for
adverse events using systolic blood pressure evaluation,
BUN and creatinine levels.

BUN, creatinine

Two ml of the sample was collected by phlebotomy in a clot
activator, allowed to clot and centrifuged to separate the
serum extruded. Separated serum was analysed using a
fully automated biochemical analyzer (A-15 Biosystem
Random access analyzer, Biosystems, Barcelona, Spain)
to measure BUN and creatinine on 0", 30", 60" and 90™
days of therapy.

Therapeutic evaluation

Therapeutic evaluation was done at monthly interval till
90 days of therapy. Dogs that were regularly presented for
the evaluation was taken up for comparative evaluation
between the groups.

Statistical methods

The statistical differences among different groups were
tested using ANOVA and independent t test followed by
“Least Significant Difference” posthoc analysis in IBM SPSS
software version 20.

RESULTS AND DISCUSSION
Exercise intolerance, lethargy, dyspnea and ascites were
the most common signs recorded in DCM affected dogs.
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Group Il dogs showed complete resolution by the 90" day
of therapy, except for one case where ascites was still
persistent. On the other hand, in Group lll, complete
resolution of all the signs was noticed by the 60" day of
therapy (Table 1).

Electrocardiography revealed significant (p<0.05)
increase of PR interval by 90™ day in both therapeutic
groups. Group Il showed a significant decrease in QRS
duration by 90" day when compared with 0" day (Table 2).

Radiographic evaluation

VHS (vertebral heart size) was significantly higher (p<0.01)
in Groups Il (12.33+0.17) and Ill (12.25+0.15) (Fig 1a) on
day 0 compared to healthy dogs. By day 90, VHS significantly
decreased (p<0.01) to 11.50+0.29 in Group Il and 10.96+
0.21 in Group lll. Pre-therapy radiographs showed pulmonary
edema in 11 dogs (Group II) and 10 dogs (Group llI), with 2
in each group having pleural effusions (Fig 1b). By day 90,
7 dogs in Group Il and 9 in Group Ill recovered from
pulmonary edema, while mild cases persisted in 4
(Group 1) and 1 (Group IlI). No pleural effusions were
observed in either group by day 90.

Echocardiography
LA/Ao ratio

The meantSE value of left atrial diameter and left atrium-
to-aorta ratio was found to be significantly increased
(p<0.01) in DCM-affected dogs on the 0" day in both Group II
and Group lll, compared to healthy dogs. Upon therapy,
dogs in Group lll showed a significant decrease in left
atrial diameter and LA/Ao ratio earlier by 30" day of therapy
(Fig 2), while in Group I, the same was noticed on the 60"
day (Table 3).

M-mode evaluation

Dogs with DCM showed a significant increase (p<0.01) in
LVIDd (left ventricular internal diameter in diastole), LVIDs
(left ventricular internal diameter in systole), EPSS (E-point
septal separation) and a significant decrease of fractional
shortening (FS) on 0" day when compared with healthy
ones (Fig 3). On 90" day, Group Il dogs showed no

significant difference in LVIDd, LVIDs and EPSS (Table 4,
Fig 4). In contrast Group Ill had a significant decrease in
LVIDd, LVIDs and EPSS by the 60" and 90" days (p<0.01)
of therapy and a significant increase in FS by 30" day
(Fig 4).

Modified Simpson disc summation method

A significant increase (p<0.01) was noticed in end-diastolic
volume (EDV) and end-systolic volume (ESV) on the 0" day
in both Group Il and Group Ill, along with a significant
decrease (p<0.01) in ejection fraction (EF). Dogs treated
in Group Il showed a significant decrease in EDV and ESV
(p<0.01) by the 60" day and a significant increase (p<0.05)
in EF was noticed early by the 30" day. No significant
difference in EDV, ESV and EF was observed in dogs treated
in Group Il until the 90" day of therapy (Table 5).

Aortic flow velocity

Aortic velocity was significantly lower (p<0.01) in dogs with
DCM compared to healthy dogs. Aortic velocity was
significantly increased by the 60" day in Group II, while in
Group I, this increase was noticed as early as the 30" day
of therapy.

Natriuretic peptides

Pretherapeutic evaluation of natriuretic peptides, ANP and
NT pro BNP, revealed a significant increase (p<0.01) in
both parameters in DCM-affected dogs compared to
healthy dogs.

On 90" day of therapy significantly decreased (p<0.01)
ANP levels was noticed in both the groups. Of the two
therapeutic groups, pronounced decline (p<0.05) was
observed in Group lll compared to Group Il. NT pro BNP
also significantly decreased (p<0.01) by 90" day compared
to pretherapeutic levels in both the groups (Table 6).

Urine aldosterone:creatinine ratio

Dogs with DCM exhibited a significantly increased (p<0.05)
urine aldosterone creatinine ratio (Uald:cre ratio) compared
to healthy dogs. Notably, Group Il showed a significant
reduction (p<0.05) in the Uald: Cre ratio after therapy,
indicating marked improvement (Table 7). In contrast,

Table 1: Comparison of clinical signs during therapy in group Il and group .

Group Il (n=12)

Group Il (n=12)

Clinical sign
ot day 30" day 60" day 90™ day ot day 30" day 60" day 90" day

Exercise intolerance 12 7 2 0 11 3 0 0
Lethargy 12 3 1 0 11 0 0 0
Dyspnoea 11 2 1 0 11 3 0 0
Ascites 10 4 4 1 7 1 0 0
Cough 6 2 0 0 7 1 0 0
Inappetence 2 3 1 0 3 0 0 0
Sleeping difficulty 5 0 0 0 3 0 0 0
Anorexia 5 0 0 0 3 1 0 0
Edema 1 0 1 0 1 0 0 0
Syncope 0 0 0 0 1 0 0 0
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Group Il did not exhibit any significant change compared to
their pre-therapeutic levels (67.30%) and cough (46.15%).
These were consistent with reports of Jeyaraja et al. (2015),
Kumar et al. (2018); Harmon et al. (2017) and Dutton and
Lépez Alvarez (2018). Superior resolution of clinical signs
was seen in group Il due to the beneficial effects of the
valsartan which promotes higher levels of Ang1-7 peptide
and other alternative angiotensin peptides, such as Angl-5,
through increased pooling of angiotensin Il (ATIl). These
alternative peptides have potential natriuretic, vasodilatory
and cardioprotective effects (Larouche Lebel et al., 2021).
In addition to valsartan, sacubitril through facilitation of
sustained natriuretic peptides action contribute towards
inhibition of cardiac remodeling and fibrosis (Braunwald,
2015). Early recovery from clinical signs in heart failure
patients using sacubitril/valsartan, compared to enalapril,
has also been reported by McMurray et al. (2014).
Proinflammatory response was seen in DCM
demonstrated by neutrophilic leukocytosis, was thought to
be due to increased secretion of proinflammatory
mediators from the failing myocardium (Domanjko Petric
et al.,, 2018) and diminished anti-inflammatory effects of
the endothelium (Cunningham et al., 2012). This results in
a state of aseptic inflammation, further exacerbated by

increased angiotensin Il through its action on the AT1
receptor (Di Raimondo et al., 2012). Dogs treated in group
Ill had earlier suppression of this inflammatory response
by 30" day compared to 60" day in group Il. This earlier
response highlights the effective AT1 receptor blockade by
valsartan when compared with reduced angiotensin Il by
ACE inhibitor (Di Raimondo et al., 2012). The therapeutic
efficacy of sacubitril/valsartan in controlling inflammation
in patients with chronic heart failure was also reported by
Goncalves et al. (2020) and Bolla et al. (2022). Di Raimondo
et al. (2012) also highlighted the univocal evidence
supporting the anti-inflammatory role of ARBs on the
AT1 receptor.

Pulmonary edema in dilated cardiomyopathy occurs
as a consequence of left ventricular systolic dysfunction
and elevated left atrial pressure increasing pulmonary
venous hydrostatic pressure (Saini, 2021). Sympathetic
activation further contributes by constriction of splanchnic
vessels, causing an increased circulation to the pulmonary
vasculature and precipitation of pulmonary edema (Ettinger,
2017). Better clearance of pulmonary edema was seen in
group Il compared to group I, likely due to to the protective
effect of sacubitril/ivalsartan on the natriuretic peptides and
the increased Ang1-7, which promote vasodilation, natriuresis

Table 6: Natriuretic peptides within and between treatment groups I, IIl.

ANP (pg/ml) NT-pro BNP (pmol/l)

Group | Group Il Group Il Group | Group Il Group Il

(n=12) (n=12) (n=12) p-value 10 (n=12) (n=12) p-value
ot day 32.472+2.90 152.68%9+7.26 158.1929+9.17 0.00 696.912+30.90 2130.30%9+132.50 2098.4729+122.83 0.00
90" day - 53.00%9+5.29 69.87"+4.57 0.024 - 1109.62°9+64.90 1043.20°+ 50.42 0.428
p-value 0.000 0.000 0.000 0.000
Table 7: Comparison of urine aldosterone:creatinine ratio between and within therapeutic groups.

Uald:creatinine (pg/mg)
Group | (n=12) Group Il (n=12) Group Il (n=12) p-value

o day 0.06 2+0.01 0.14%9+0.04 0.122+0.01 0.043
90" day - 0.10%+0.03 0.04%9+0.01 0.113
p-value 0.553 0.006

(a)

(b)

Fig 1a: Cardiomegaly recorded in a dog with DCM (VHS= 14.0) and 1b pleural effusion and pulmonary edema.
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and diuresis (Lee and Daniels, 2016; Larouche Lebel
et al., 2021).

Altered mitral valve geometry in DCM causes regurgitation
of blood into the atrium and increased left atrial volume
overload resulted in significantly increased left atrial aorta
ratio (Janus et al., 2016). In this study, Group Il showed a
significant decrease in LA/Ao, while Group Il had a non-
significant decrease. These results concur with Newhard
et al. (2018), who reported reduced left atrial diameter in
dogs treated with sacubitril/ivalsartan for myxomatous mitral
valve disease. Sun et al. (2022) suggested that angiotensin
receptor-neprilysin inhibitors (ARNi) are more effective in
left atrial reverse remodeling compared to ACE inhibitors
or ARBs alone.

M-mode parameters showed non-significant improvement
in group Il while group Ill dogs showed significant improvement
of systolic functional parameters. Modified Simpson disc
evaluation revealed significant decrease in EDV and
increase in EF in group Il while no significance in group II.
The E/Ea ratio, an indicator for left ventricular filling pressure
was elevated in DCM dogs. Sacubitril/valsartan significantly
reduced filling pressure while the enalapril group has no
significant effect.

Group IlI's superiority was due to the inclusion of ARNi
(sacubitril/valsartan), which effectively addresses the
pathophysiology of heart failure. In contrast, enalapril in
Group Il is an ACE inhibitor that blocks angiotensin Il
production via the ACE pathway but does not affect the
local tissue pathway, where angiotensin Il is produced by

chymase. This limitation can lead to aldosterone
breakthrough (ABT) in Group Il. Lantis et al. (2015) showed
that ACE inhibitors fail to prevent aldosterone breakthrough
in dogs with activated RAAS. Ames et al. (2017) reported
that 30% of dogs treated with ACE inhibitors like enalapril/
benazepril for congestive heart failure had incomplete RAAS
blockade. In contrast, valsartan blocks the AT1 receptor of
angiotensin Il, which is responsible for the harmful effects
like fibrosis (Webb and de Gasparo, 2001). In process
valsartan allows continued angiotensin Il production,
leading to the formation of Ang1-9, Angl-7 and Angl-5,
which are vasodilatory, natriuretic and cardioprotective in
nature (Larouche Lebel et al., 2021). It also enhances
natriuretic peptides, which inhibit renin secretion and block
aldosterone, disrupting the hormonal cascade involved in
heart failure (Newhard et al., 2018). Additionally, ANP and
BNP protect the heart by inhibiting angiotensin-II effects on
myocytes and reducing norepinephrine-induced growth
of cardiac cells (D’ Elia et al., 2017). ANP also limits cell
proliferation and collagen synthesis, offering antifibrotic
benefits (Volpe, 2014). As a result, the combination of
sacubitril and valsartan led to significant improvements
in fractional shortening and reductions in left atrial and
left ventricular diameters in Group lll, compared to Group
Il treated with enalapril.

The urine aldosterone-to-creatinine ratio was
significantly reduced by ARNi, while enalapril had no effect,
with similar findings reported by Mochel et al. (2019).
Sacubitril/valsartan’s superiority over enalapril lies in its

Group 11

90" day

Group III

90™ day

Fig 2: Comparison of 0" day and 90™ day LA/Ao in group Il and group Il dogs.
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Fig 3: M-mode echocardiographic measurement of canine DCM.
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Fig 4: Pre therapy and 90" day therapeutic comparison of M - mode findings in treated dogs.

effective inhibition of RAAS by blocking AT1 receptors,
preventing angiotensin Il from binding and reducing
aldosterone synthesis from both plasma and tissue pathways
(Webb and de Gasparo, 2001). Additionally, sacubitril plays a
key role in further reducing aldosterone levels.

CONCLUSION
Dogs treated with Sacubitril- valsartan showed earlier
resolution of clinical signs, better reduction in cardiac

dimensions and substantial improvement in cardiac
function compared to conventional treatment with ACE
inhibitor. Therefore, sacubitril-valsartan can be added to
the regular treatment protocol for patients with dilated
cardiomyopathy replacing ACE inhibitors. Further it is
advocated to have a multicenter blind fold study for further
validation of sacubitril-valsartan (ARNi).
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