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Background: Dogs with advanced heart failure are a clinical challenge for veterinarians but there

are no studies reporting clinical features and outcome of this population.

Hypothesis/Objectives: To describe clinical findings and outcome of dogs with advanced heart

failure caused by degenerative mitral valve disease (DMVD).

Animals: Fifty-four dogs with advanced heart failure because of DMVD.

Methods: For study purposes, advanced heart failure was defined as recurrence of congestive

heart failure signs despite receiving the initially prescribed dose of pimobendan, angiotensin-

converting-enzyme inhibitor (ACEI), and furosemide >4 mg/kg/day. Data were collected for the

time of diagnosis of Stage C heart failure and time of diagnosis of advanced heart failure. Date of

death was recorded.

Results: At the diagnosis of advanced heart failure, doses of pimobendan (n530), furosemide

(n528), ACEI (n513), and spironolactone (n54) were increased, with �1 new medications added

in most dogs. After initial diagnosis of advanced heart failure, 38 (70%) dogs had additional medica-

tions adjustments (median52 [range, 0-27]), with the final total medication number ranging from

2-10 (median55). Median survival time after diagnosis of advanced heart failure was 281 days

(range, 3-885 days). Dogs receiving a furosemide dose >6.70 mg/kg/day had significantly longer

median survival times (402 days [range, 3-885 days] versus 129 days [range 9-853 days];

P5 .017).

Conclusions and Clinical Importance: Dogs with advanced heart failure can have relatively long

survival times. Higher furosemide dose and non-hospitalization were associated with longer

survival.
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1 | INTRODUCTION

Degenerative mitral valve disease (DMVD) or chronic valvular dis-

ease is the most common canine acquired heart disease in dogs, and

often leads to congestive heart failure.1 Although other classification

systems have been used to stratify the severity of disease, the 2009

ACVIM Consensus Statement on the diagnosis and treatment of

DMVD provided a new system which has been incorporated into

practice.1 In this 4-stage system, dogs with DMVD with end-stage

disease and clinical signs of congestive heart failure that are refrac-

tory to standard therapy (ie, furosemide, an angiotensin converting

enzyme inhibitor [ACEI], and Pimobendan, [Vetmedin, BoehringerAbbreviations: ACEI, angiotensin-converting-enzyme inhibitor; BUN, blood

urea nitrogen; DMVD, degenerative mitral valve disease.
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Ingelheim Vetmedica, Inc, St. Joseph, Missouri]) were classified as

Stage D heart failure.

Even in human medicine, a clear and precise definition of Stage D

or advanced heart failure, has proven difficult.2 In humans, Stage D

heart failure has been described by some as “advanced progression

and/or persistent severe signs and clinical signs of heart failure despite

optimal medical, surgical, and device therapy.”3 Frequent hospitaliza-

tion, severe exercise intolerance, and poor quality of life are key fea-

tures of the syndrome.

Advanced heart failure in dogs represents a clinical challenge for

veterinarians, not only with the precise definition, but optimal treat-

ment since there are no studies or clinical trials that report clinical fea-

tures and outcome for this population or are designed to evaluate

treatment of dogs in this stage of disease. Therefore, the objective of

our study was to describe the clinical findings and outcome of dogs

with advanced heart failure secondary to DMVD.

2 | MATERIALS AND METHODS

Dogs were eligible for inclusion in this retrospective study if they had

been evaluated by the Cardiology Service at the Cummings Veterinary

Medical Center at Tufts University between January 2010 and Febru-

ary 2016, were diagnosed with DMVD, and had advanced heart failure.

The cardiology database and hospital electronic medical records were

searched for dogs diagnosed with Stage D disease secondary to

DMVD. Dogs classified with Stage C heart failure secondary to DMVD

but that, after review of their medical history and records, met the

study’s definition of advanced heart failure were also included.

For the purposes of the study, advanced heart failure was defined

as the recurrence of congestive heart failure signs despite a daily dose

of furosemide >4 mg/kg/day, a recommended dose of pimobendan

(0.5-0.6 mg/kg/day), and a maximally tolerated dose of ACEI. Dogs

receiving a total daily dose of furosemide �4 mg/kg/day while receiv-

ing pimobendan and an ACEI with recurrent signs of congestive heart

failure were included only if the total daily dose of furosemide was

increased to >4 mg/kg/day, and if either at least 1 additional cardiac

medication was introduced or if the dose of pimobendan was increased

to an off-label dose. Prescription of other cardiac medications such as

spironolactone, amlodipine, torsemide, or sildenafil before the date of

the first recurrent episode of heart failure was permitted although dogs

were classified in advanced heart failure only once they had recurrent

congestive heart failure despite having been on these medications in

addition to the previously described combination of furosemide

(>4 mg/kg/day), pimobendan, and ACEI (ie, dogs that were receiving

these other medications but were not receiving >4 mg/kg/day of furo-

semide were not enrolled). Dogs in Stage A or B and dogs that had

Stage C heart failure but died or were euthanized before meeting the

criteria for advanced heart failure also were not enrolled. We purposely

avoided the term, “Stage D heart failure” because our criteria for these

dogs with severe, advanced heart failure deviates from the ACVIM

Consensus Statement because it is our general practice to add in other

cardiac medications before the furosemide dose reaches �6 mg/kg

q12h. As a result of our deviation from the ACVIM Consensus defini-

tion of Stage D heart failure, we felt that avoiding the term “Stage D

heart failure” and using a more general term of “advanced heart failure”

would be more accurate.

The diagnosis of DMVD was based on signalment, a left apical sys-

tolic murmur, typical changes to the mitral valve leaflets on echocardi-

ography, the presence of mitral regurgitation on color-flow Doppler,

and left atrial enlargement. The diagnosis of congestive heart failure

was based on the presence of clinical signs, such as ascites attributed

to DMVD, radiographic evidence of pulmonary edema or pleural effu-

sion, or responsiveness to escalation of drug number or dose in dogs

with prior documented pulmonary edema or ascites and recurrent

dyspnea. Dogs were excluded if they had other acquired cardiovascular

disorders (eg, bacterial endocarditis, dilated cardiomyopathy, or pericar-

dial effusion not secondary to DMVD) or congenital heart disease.

Dogs with severe pulmonary hypertension because of primary pulmo-

nary disease or pulmonary embolism, and dogs with other severe sys-

temic diseases (eg, diabetes mellitus, neoplasia, International Renal

Interest Society Stage 4 chronic kidney disease before the diagnosis of

heart failure) also were excluded from the study.

Medical records for all eligible dogs were reviewed. Data were col-

lected at 3 times: (1) at the time of diagnosis of Stage C disease, (2) at

the time of diagnosis of advanced heart failure, and (3) during the

period from diagnosis of advanced heart failure until the time of death

or the end of the study. Information recorded from the medical records

included signalment; body weight; body condition score (1–9 scale);

muscle condition score (normal, mild muscle loss, moderate muscle

loss, and severe muscle loss);4,5 systolic blood pressure (Doppler tech-

nique); presence of arrhythmias; number of visits for re-evaluation;

number of adjustments of cardiac medications; and the total number

and types of cardiac medications prescribed. The highest BUN, creati-

nine, and potassium concentration, and the lowest potassium, sodium,

chloride, albumin, and hematocrit after the diagnosis of advanced heart

failure were also recorded and the number of dogs with abnormalities

for each analyte was determined. The final medications and doses

before the time of death or end of study also were recorded.

Echocardiographic examinations were either performed by a cardi-

ology resident under the supervision of a board-certified veterinary

cardiologist or by a board-certified veterinary cardiologist at various

points during the course of treatment, but were not included in the

analyses for our study since they were not performed at uniform time

points. The cause of death was recorded as sudden death, euthanasia

for heart failure, or death/euthanasia for a noncardiac cause. Owners

or primary care veterinarians were contacted if no information was

available in the medical record regarding the dogs’ outcome. Dogs that

were still alive at the end of the study (ie, the time of analysis) or were

lost to follow up were right-censored.

2.1 | Statistical analysis

Data distributions were examined graphically and using Shapiro-Wilks

tests to determine whether they were normally distributed or skewed.

Normal data are presented as mean6 standard deviation and skewed
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data are presented as median (range). Kaplan-Meier survival curves and

log-rank tests were used to evaluate survival times by dividing variables

(eg, furosemide dose) into those less than or those greater or equal to

the median. All statistical tests were performed with commercial

statistical software (Systat 13.0, Systat, Inc, San Jose, California), and

P values< .05 were considered statistically significant.

3 | RESULTS

Fifty-four dogs (29 male [27 castrated], 25 female [all spayed]) met the

study inclusion criteria. The most common breeds represented were

cavalier King Charles spaniel (n59), Dachshund (n55), Chihuahua

(n55), Shih Tzu (n55), Maltese (n54), Havanese (n52), Papillon

(n52), Pomeranian (n52), and Miniature Schnauzer (n52).

3.1 | Diagnosis of stage C heart failure

At the time of diagnosis of stage C heart failure, the mean age was

10.461.9 years. Median body weight was 6.5 kg (range, 3.1–65.9 kg)

and median body condition score was 7 (range, 3–8; Table 1). Muscle

condition (n524) was scored as normal (n511), mild muscle loss

(n511), or moderate muscle loss (n52; Table 1). Thirty dogs did not

have muscle condition score noted in the medical record. Pulmonary

edema (n549), pericardial effusion (n56), pleural effusion (n53), and

ascites (n53) were recorded as clinical signs of congestive heart fail-

ure, with some dogs having multiple sites of fluid accumulation. Dietary

recommendations were made to 33 dogs including use of a low-

sodium diet (n532), low sodium treats (n530), and fish oil supple-

mentation (n518). Exercise restriction was recommended for 33 dogs.

3.2 | Diagnosis of advanced heart failure

All 54 dogs had successful resolution of initial Stage C congestive heart

failure. The median time during which dogs were in stage C before

advancing to advanced heart failure was 163 days (range, 10–743

days). At the time of diagnosis of advanced heart failure, dogs’ mean

age was 10.961.9 years. Median body weight was 6.7 kg (range, 2.4–

68.3 kg) and median body condition score was 5 (range, 2–8; Table 1).

Muscle condition for the 36 dogs for which this information was avail-

able was categorized as normal (n513; 36%), mild muscle loss (n518;

50%), and moderate muscle loss (n55; 14%), with no dogs having

severe muscle loss. No muscle condition score recorded for 18 dogs

(33%; Table 1). Eighteen dogs (33%) were hospitalized on the day of

the diagnosis of advanced heart failure, with a median hospitalization

duration of 1 day (range, 1–5 days).

The cardiac rhythms at the time of diagnosis of advanced heart fail-

ure included sinus rhythm (n540), atrial premature contractions (n55),

sinus tachycardia (n54), atrial fibrillation (n52), and third-degree atrio-

ventricular block (n51). Two dogs were noted to have an arrhythmia in

the medical record but the specific type was not recorded. Systolic

blood pressure at the time of diagnosis of advanced heart failure was

131629 mm Hg (n520 dogs). Mean laboratory values recorded

included: Albumin53.860.3 g/dL (n543), BUN531615 mg/dL

(n543), chloride510566 mEq/L (n543), creatinine51.160.5 mg/

dL (n543), packed cell volume55066% (n522), potassium54.16

0.6 mEq/L (n543), and sodium514664 mEq/L (n543). A number

of laboratory abnormalities were present hypochloremia (n539), hypo-

natremia (n517), hemoconcentration (n512), azotemia (n59), hypo-

kalemia (n52), and hyperkalemia (n51).

At the time of diagnosis of advanced heart failure, all 54 dogs were

already receiving furosemide, pimobendan, and an ACEI (Table 2). A

variety of other medications also were being administered. Eight dogs

were receiving a dose of furosemide <4 mg/kg/day but, according to

the predefined eligibility criteria, were included because all had their

total daily dose of furosemide was increased to >4 mg/kg/day and

either at least 1 additional cardiac medication was introduced (n57

[spironolactone, n56; amlodipine, n51]) or the dose of pimobendan

was increased to an off-label dose (n54). Three dogs had both a medi-

cation addition and an increase in the pimobendan dose. A number of

medication adjustments were made at the time of diagnosis of

advanced heart failure. The dosages were increased for pimobendan

(to above the recommended label dose; n530), furosemide (n528),

ACEI (n513), and spironolactone (n54). New medications were also

added to the medical regimen of many dogs: spironolactone (n527),

sildenafil (n513), torsemide (n55), and aldactazide/spironolactone

(n55), with some dogs having multiple medications added. The num-

ber of medications added varied: 1 medication added (n533), 2 medi-

cations added (n56), 3 medications added (n51), and 4 medications

added (n51; Table 2). Overall, medication doses were adjusted in 46

TABLE 1 Body weight, body condition score, and muscle condition score in 54 dogs with advanced heart failure secondary to DMVD

Variable Units
At diagnosis
of stage C

At diagnosis
of advanced heart
failure

Lowest value between
diagnosis and death or
end of study

Body weight Kg 6.5 (3.1–65.9) 6.7 (2.4–68.3) 6.3 (1.6–68.3)

Body condition score 1–9 7 (3–8) 5 (2–8) 5 (1–8)

Muscle condition score Normal muscle 11/24 (46%) 13/36 (36%) 13/42 (31%)

Mild muscle loss 11/24 (46%) 18/36 (50%) 9/42 (21%)
Moderate muscle loss 2/24 (8%) 5/36 (14%) 15/42 (36%)
Severe muscle loss 0/24 (0%) 0/36 (0%) 5/42 (12%)
Cachexia (any muscle loss) 13/24 (54%) 23/36 (64%) 29/42 (69%)

Data are presented as number (for muscle condition score) or median (range) for muscle condition score category, the denominator indicates the num-
ber of dogs for which this information was available in the medical record, and the number in parentheses indicates the percentage.
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dogs (85%) at the time of diagnosis of advanced heart failure and medi-

cations were added to the regimen in 41 dogs (76%).

3.3 | After the diagnosis of advanced heart failure

Forty-one of the 54 dogs (76%) were re-evaluated at our hospital after

the diagnosis of AHF. The median number of re-evaluations after diag-

nosis of advanced heart failure was 1 (range, 0 - 30). A median of 2

medication adjustments (range, 0–27) were made after the diagnosis of

advanced heart failure. These included changes in furosemide

(increased dose: n521; decreased dose: n54 [2 because of severe

azotemia and 2 that were receiving other diuretics], pimobendan

(increased in 23 dogs), and ACEI (increased dose: n53; decreased

dose: n56). Discontinuation of the ACEI was recommended for 2

dogs because of worsening azotemia. Enalapril was the most commonly

used ACEI (n550), followed by benazepril (n53), and lisinopril (n51).

Other medications added after the diagnosis of AHF included sildenafil

(n520), torsemide (n515), digoxin (n56) spironolactone (n54), and

aldactazide/hydrochlorothiazide (n54). Many dogs were receiving

multiple diuretics: 1 (n59), 2 (n529), 3 (n514), or 4 (n52). The

number of dogs and the ultimate dosage of medications are shown in

Table 2. The total number of medications ranged from 2–10

(median55). Thirty-eight of the 54 dogs (70%) were receiving �5

medications per day.

Eighteen dogs required hospitalization during the time period after

the diagnosis of advanced heart failure, with 2 dogs hospitalized twice.

After the diagnosis of advanced heart failure, most dogs lost body

weight (n530) but some gained weight (n57). Body weight changes

were not recorded in 17 dogs. Median weight was 6.3 kg (range, 1.6–

68.3 kg) and a median body condition score of 5 (range, 1–8), with a

thin body condition score (ie, <4/9) recorded in 22 dogs (Table 1).

Muscle condition score was recorded in 42 dogs, with 29/42 dogs

(69%) having some muscle loss recorded and 5/42 dogs having severe

muscle loss (Table 1). Laboratory abnormalities found after the

diagnosis of advanced heart failure, based on the dogs’ highest or low-

est recorded value, included increased BUN concentration (35/43;

81%), hypochloremia (31/41; 76%), hyponatremia (18/41; 44%), hypo-

kalemia (15/41; 37%), increased creatinine concentration (10/43; 23%),

anemia (7/35; 20%), and hyperkalemia (0/41; 0%).

3.4 | Survival analysis

At the time of analysis, 37 dogs had died and 17 were still alive; no

dogs were lost to follow-up. Reasons for death included euthanasia for

worsening heart failure or heart failure that did not respond to changes

in medications (n520, 54%), sudden death (n514, 38%), and euthana-

sia for other causes (n53, 8%; pneumonia [n51, 3%]; acute kidney

injury [n51, 3%], back pain [n51, 3%]). Of the dogs with sudden

death, necropsy was performed on only 1 and revealed a left atrial tear

and hemopericardium. Median survival time after the diagnosis of

advanced heart failure was 281 days (range, 3–885 days). Longer sur-

vival time was noted for dogs receiving a furosemide dose greater than

or equal to the median dose of 6.70 mg/kg/day (median survival5402

days [range, 3–885 days]) compared to those receiving a furosemide

dose lower than the median (median survival5129 days [range, 9–853

days]; P5 .017; Figure 1). Dogs that were hospitalized on the day of

diagnosis of advanced heart failure had a shorter survival time (median

survival5163 days [range 3–464 days]; compared to dogs treated as

outpatients (median survival5318 days [range, 9–885 days]; P5 .011;

Figure 2). No other variables were found to be associated with survival

time.

4 | DISCUSSION

Survival time after the diagnosis of advanced heart failure in this popu-

lation of dogs with DMVD was longer than we anticipated based on

our experience and clinical impression. Degenerative mitral valve dis-

ease is a progressive disease with a slow onset of clinical signs, and

TABLE 2 List of medications administered to 54 dogs with DMVD and advanced heart failure at 3 different time points

At diagnosis of advanced heart
failure

Changes made at diagnosis of
advanced heart failure Before death or end of study

Drugs n
Median dose (range)
(mg/kg/day) n

Median dose (range)
(mg/kg/day) n

Median dose (range)
(mg/kg/day)

Furosemide 54 4.62 (1.18-12.10) 54 5.59 (4.00–12.10) 54 6.70 (3.10–14.71)

Pimobendan 54 0.57 (0.25-0.94) 54 0.76 (0.39-1.31) 54 0.85 (0.49-1.94)

ACEI 54 0.85 (0.27-2.14) 54 0.97 (0.32-1.47) 53 0.94 (0.27-1.47)

Spironolactone 14 1.44 (0.69-3.43) 36 1.48 (0.49-3.43) 36 1.87 (0.53-4.76)

Sildenafil 7 3.53 (2.20-6.16) 16 4.57 (1.43-7.52) 29 4.57 (0.41-9.68)

Torsemide 1 0.34 (0.34-0.34) 6 0.29 (0.13-0.34) 19 0.25 (0.12-0.59)

Thiazide diuretic 0 — 5 1.33 (0.77-2.78) 8 1.59 (0.49-2.78)

Advanced heart failure was defined as the persistence of congestive heart failure despite a daily dose of furosemide >4 mg/kg/day, a recommended
dose of pimobendan (0.5-0.6 mg/kg/day), and a maximally tolerated dose of ACEI. Dogs receiving a total daily dose of furosemide �4 mg/kg/day while
receiving pimobendan and an ACEI with recurrent signs of congestive heart failure were included only if the total daily dose of furosemide was
increased to >4 mg/kg/day, and if either at least 1 additional cardiac medication was introduced or if the dose of pimobendan was increased to an off-
label dose. Data are presented as median (range).
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many of the affected animals might die of an unrelated diseases.6 How-

ever, once congestive heart failure develops, survival time is expected

to be between 6 and 14 months.7–9 In our study, the median duration

between the diagnosis of stage C and advanced heart failure was 163

days, and the median survival time after the diagnosis of advanced

heart failure was 281 days (�9 months), with a range of 3–885 days.

While the majority of dogs died or were euthanized because of wor-

sening heart failure, multiple factors other than the underlying cardiac

disease can impact survival time in veterinary medicine, including medi-

cation adherence, financial issues, and owner preferences. Nonetheless,

these findings could assist clinicians during communications regarding

prognosis with owners of dogs with advanced heart failure because of

DMVD.

In our study, one variable that was significantly associated with

survival time was the furosemide dose after the diagnosis of

advanced heart failure: a higher furosemide dose was significantly

associated with longer survival time. This association has not been

previously reported in the veterinary literature, although there are no

previous publications describing the clinical course of dogs with

advanced heart failure because of DMVD. In human patients with

advanced heart failure, several studies have reported a negative asso-

ciation between a higher dose of loop diuretics and survival.10–12 In

addition to being in a different species, other study design differen-

ces make direct comparison with this study difficult. For example,

some human studies used dose at discharge from hospitalization for

advanced heart failure,13 dose prescribed at the first ambulatory visit

for heart failure,12 or baseline dose from clinic visits for advanced

heart failure.10 This association, however, could be related more to

disease severity, than to the diuretic dose.11 In fact, a recent article

assessed the ongoing dose of furosemide over 5 years in people with

chronic heart failure and found that high doses of furosemide were

not associated with worse survival when adjusted for patient charac-

teristics and disease severity.14

The second variable associated with survival time in our study was

hospitalization at the time of diagnosis of advanced heart failure. While

only 33% of dogs were hospitalized at the time of diagnosis of

advanced heart failure, this was associated with a shorter survival time

compared to dogs that were treated as outpatients. This could suggest

that dogs requiring hospitalization for advanced heart failure have

more severe or advanced disease. However, other possibilities such as

owners’ financial limitations or perception of poor prognosis also could

have impacted owners’ decisions of euthanasia and survival time.15

Since there are no currently agreed upon indicators of severity of dis-

ease in dogs with advanced heart failure, we were not able to test this

hypothesis in our study but this could be useful to investigate in future

studies.

At the time of diagnosis of advanced heart failure, dogs were

already receiving numerous medications, with some dogs receiving

high doses. The variability in doses was related to disease severity and

clinical signs, as well as the wide range in number and types of medica-

tions each dog was receiving. For example, some dogs received lower

doses of furosemide because they were receiving multiple diuretics (eg,

furosemide and spironolactone or furosemide and torsemide). The

median dose of pimobendan at the time of diagnosis of advanced heart

failure was 0.57 mg/kg/day, which is higher than the labeled-approved

dose (0.5 mg/kg/day) but still within the recommended range given by

the ACVIM Consensus Statement (0.5-0.6 mg/kg/day). However, some

dogs were getting higher doses. These were typically dogs that were

given pimobendan q8h at the time of their first onset of congestive

heart failure (Stage C), and this dosing regimen was continued. This

accounts for the high end of the dosage range shown in Table 2.
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FIGURE 2 Survival curve of 54 dogs with advanced heart failure.
Survival time was significantly longer for dogs that were treated as
outpatients on the day of diagnosis of advanced heart failure (solid
line; median survival5318 days [range, 9–885 days]) compared
with dogs that were hospitalized at the time of diagnosis of
advanced heart failure (dotted line; median survival5163 days
[range, 3–464 days]; P5 .011)
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FIGURE 1 Survival curve of 54 dogs with advanced heart failure.
Survival time was significantly longer for dogs that were receiving
greater than or equal to the median dose of 6.70 mg/kg/day of
furosemide (solid line; median survival5402 days [range, 3–885
days]) compared with dogs that were receiving less than 6.70 mg/
kg/day of furosemide (dotted line; median survival5129 days
[range, 9–853 days]; P5 .017)
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Multiple medication changes were made at the time of diagnosis

of advanced heart failure, with 85% having dose adjustments and 76%

having new medications added. The adjusted doses were often higher

than those recommended in the ACVIM Consensus Statement (eg,

pimobendan [median50.76 mg/kg/day; range, 0.39-1.31 mg/kg/day]).

In addition, medications were used that did not reach consensus in the

ACVIM Consensus Statement (eg, hydrochlorothiazide, sildenafil,

torsemide).

Additional medication adjustments were made during the course

of treatment after the diagnosis of advanced heart failure. This included

increases or decreases in the medication dose, addition of medications,

and, in some cases, discontinuation of medications. For example, the

ACEI dose was decreased in 6 dogs and in 2 of these dogs, the ACEI

was discontinued because of worsening azotemia. The majority of dogs

(70%) were receiving at least 5 cardiac medications, with some dogs

receiving up to 10 medications. These results are similar to those from

human patients with heart failure in which polypharmacy (>5 medica-

tions) is common.16 In one study of human patients with advanced

heart failure that died during hospitalization, patients were taking a

mean of 8.662.9 medications at the time of admission and 94% were

receiving at least 5 medications.17

Multiple medications were required to manage these dogs with

advanced heart failure, but taking multiple medications also can

increase the risk for adverse effects or drug interactions. At the time of

diagnosis of advanced heart failure, multiple laboratory abnormalities

were present, including hypochloremia, hyponatremia, polycythemia,

and azotemia. Hypo- and hyperkalemia were uncommon, at the time of

diagnosis of advanced heart failure, with only 2 and 1 dogs affected,

respectively. Since this was a retrospective study, there were not pre-

determined time points for measurement of laboratory values, but after

the diagnosis of advanced heart failure, laboratory abnormalities

became even more common, with 81% of dogs having an increased

BUN and 76% of dogs with hypochloremia at some point during treat-

ment. Hypokalemia (37%) was less common and no dogs were identi-

fied to have hyperkalemia. It is unclear whether the azotemia was

prerenal secondary to diuretic therapy, because of worsening heart dis-

ease and reduced cardiac output, or the result of primary renal disease.

Body weight and body composition changes also were common in

this population of dogs with advanced heart failure. At all timepoints,

dogs had a wide range of body condition scores, with most (even at

late stages) having a body condition score �4/9, which is considered

normal, and some being overweight or obese. Cachexia, which is a loss

of muscle loss associated with disease, was very common and

increased in prevalence from 54% at the time of diagnosis of Stage C

heart failure to 64% at the time of diagnosis of advanced heart failure

to 69% after the diagnosis of advanced heart failure. Cardiac cachexia

is associated with reduced strength, impaired immune function, and, in

people, increased mortality.18,19 The deleterious effects of cachexia

support recommendations to assess muscle condition score, in addition

to body condition score, in every patient at every visit,5 since dogs can

have cachexia despite a normal or overweight body condition score.

The prevalence of cachexia is similar to a previous study in dogs with

heart failure secondary to dilated cardiomyopathy in which 54% of

dogs were identified to have cachexia.20 In our study, muscle condition

scores were not available for all dogs, but this information now is

included in the standard cardiovascular evaluation for all dogs in our

hospital.

Our study has a number of important limitations that must be con-

sidered. One of the major limitations is our definition of advanced heart

failure and deviation from the definition of Stage D heart failure in the

2009 ACVIM Consensus Statement.1 Our definition for advanced heart

failure (we specifically avoided the use of “Stage D heart failure”) incor-

porates our own practice patterns and information from humans with

advanced heart failure. Although the ACVIM Consensus Statement did

not reach agreement on spironolactone and recommended a furose-

mide dose �6 mg/kg q12h to identify dogs in Stage D heart failure, the

authors of our study rarely allow the furosemide dose to rise above

4 mg/kg/day before adding in additional drugs, such as spironolactone

or an off-label dose of pimobendan. Thus, we defined advanced heart

failure as the recurrence of congestive heart failure despite a daily dose

of furosemide >4 mg/kg/day, a recommended dose of pimobendan

(0.5-0.6 mg/kg/day), and a maximally tolerated dose of ACEI. Dogs

receiving a total daily dose of furosemide �4 mg/kg/day while receiv-

ing pimobendan and an ACEI with recurrent signs of congestive heart

failure were included only if the total daily dose of furosemide was

increased to >4 mg/kg/day, and if either at least 1 additional cardiac

medication was introduced, or if the dose of pimobendan was

increased to an off-label dose. We could not rely exclusively on defini-

tions provided in the 2009 ACVIM Consensus Statement, in part

because of new research and changing practice patterns, and in part

because some dogs had been administered spironolactone or other

medications before coming to our clinic or at the time of initial diagno-

sis of Stage C heart failure. Even when evaluating the human literature,

there is no clear consensus on what should be defined as Stage D or

advanced heart failure.2 The criteria used in defining Stage D or

advanced heart failure in dogs can vary among cardiologists, and that

the definition will undergo serial revision as newer options such as sur-

gical valve repair or new drug therapies become more common.

Although not all cardiologists will agree on our definition, we hope that

these results from dogs with advanced heart failure provide a first step

towards optimizing treatment for this population.

Another limitation is the retrospective nature of our study, so not

all information was available for all dogs at the same timepoints. As

previously mentioned, the option for euthanasia in veterinary medicine

can impact survival time. In addition, owners of dogs with advanced

heart failure who do not elect euthanasia at the time of advanced heart

failure diagnosis are typically dedicated and might have more financial

resources for medications and serial re-evaluations, which could influ-

ence survival time. The relatively small number of cases also limited the

statistical power to find other potential associations with survival.

Finally, an important limitation is that these results are from a single

institution and might reflect practice patterns and a population of dogs

unique to this hospital. Therefore, they might not be representative of

the general population of dogs with advanced heart failure since the

treatment of these challenging cases can vary among different

clinicians.
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Advanced heart failure is challenging to manage because of the

complexity of treatment, the systemic impact of cardiac medications,

and important issues such as cost of care, quality of life, and individual

owner preferences. Optimal treatment for dogs with advanced heart

failure secondary to DMVD could not be determined from this retro-

spective study and has not yet reached consensus among veterinary

cardiologists. Nevertheless, results from our study showed that dogs

with advanced heart failure can have a relatively long survival time,

with higher furosemide doses and non-hospitalization associated with

longer survival.
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