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Abstract
Objectives:
To test the tolerability of long-term administration 

of benazepril in dogs with congestive heart failure (CHF). 

Methods: 
The study was a prospective, randomized, double-

blinded, placebo-controlled clinical trial. A total of 162 dogs
with New York Heart Association (NYHA) class II-IV heart
failure caused by chronic valvular disease (CVD) or dilated
cardiomyopathy (DCM) were enrolled. Benazepril
(minimum dosage, 0.25 mg/kg) or placebo were
administered orally once daily for up to 34 months. In this
paper, we report results of plasma alanine aminotransferase
(ALT), creatinine, potassium and urea.

Results: 
The two groups were matched at baseline (p≥0.18).

Plasma creatinine concentrations were lower during
treatment with benazepril versus placebo for all dogs
(p=0.14) and every sub-group tested (NYHA II, III or IV;
CVD; DCM; initial creatinine >124 µmol/L), although
statistical significance was not reached (p=0.14-0.6).
However, significantly (p=0.035) more cases of creatinine
>124 µmol/L during treatment occurred with placebo
(47%) as compared to benazepril (30%). Plasma ALT and
urea values did not differ between groups for all dogs
(p>0.5) or any sub-group (p=0.23-1.0). Plasma potassium
values did not differ between groups for all dogs (p>0.5).
Although differences approached statistical significance for
potassium in some sub-groups (p=0.07-0.1), there were no
consistent differences between groups.   

Conclusions:
Benazepril was well tolerated during long-term therapy in

dogs with CHF and no specific precautions appear to be
necessary regarding plasma ALT, creatinine, potassium or
urea. The possible action of benazepril in improving renal
function (evidenced via lower plasma creatinine) merits
further investigation. 
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Introduction
We have reported previously results of a large well-

controlled clinical trial with the angiotensin-converting
enzyme inhibitor (ACEI) benazepril in dogs with CHF
(BENCH).1,2,3 In that study, benazepril increased survival
times (by a factor of 2.7), improved exercise ability and
clinical condition, and was well tolerated.1

In earlier years, there was concern that ACEIs might
worsen renal function and/or induce hyperkalemia in dogs
with CHF.4,5,6,7 However, results of both controlled clinical
trials and extensive post-marketing surveillance support the
conclusion that benazepril is tolerated very well in dogs with
CHF. This conclusion seems to be valid also for cases which
previously might have been considered high risk, for
example dogs in end-stage heart failure or with high plasma
creatinine levels.3,8 Recently, the ACEI enalapril was shown
not to decrease renal function during long-term therapy for
dogs with asymptomatic mitral regurgitation, but this
population is not at high risk for adverse events.9

Therefore, in the present paper we report results from the
BENCH clinical trial for four important parameters for
tolerability: plasma ALT, creatinine, potassium and urea.
Our analysis included investigation of results from sub-
groups likely to be at highest risk of adverse events. 
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Variable N Benazepril Placebo Difference mean P value
Mean ± SE Mean ± SE benazepril – placebo

Plasma creatinine (PCr, µmol/L)
All dogs 160 86.2 ± 2.9 94.4 ± 3.9 -8.3 0.14
Initial PCr >124 µmol/L 22 111.7 ± 9.0 140.7 ± 11.4 -29.0 0.14
Initial PCr <124 µmol/L 138 82.0 ± 2.8 85.5 ± 3.1 -3.4 0.31
NYHA Class II 39 79.4 ± 5.1 86.0 ± 8.2 -6.6 0.52
NYHA Class III 67 91.2 ± 3.9 103.5 ± 6.5 -12.3 0.14
NYHA Class IV 54 85.5 ± 6.5 88.9 ± 5.9 -3.4 0.60
CVD 123 85.1 ± 3.4 90.7 ± 4.6 -5.6 0.39
DCM 37 90.5 ± 5.8 104.6 ± 7.4 -14.1 0.24

Plasma urea (mmol/L)
All dogs 160 12.7 ± 0.83 13.1 ± 0.83 -0.35 0.59
Initial urea > 16.7 mmol/L 25 21.8 ± 1.8 21.3 ± 2.0 0.48 0.85
NYHA Class II 39 10.5 ± 1.3 10.3 ± 1.2 0.23 0.87
NYHA Class III 67 12.7 ± 1.2 15.1 ± 1.5 -2.4 0.29
NYHA Class IV 54 14.7 ± 1.7 12.2 ± 1.0 2.5 0.37
CVD 123 13.2 ± 1.0 14.1 ± 1.0 -0.93 0.27
DCM 37 10.9 ± 1.2 10.3 ± 1.2 0.038 0.63

Table 1 -  Plasma creatinine and urea concentrations of dogs with CHF during treatment with benazepril or placebo. 
Results are the weighted average concentrations during treatment, calculated from AUC(0-t)/t. P values are derived from 
the Mann-Whitney U-test. NYHA = New York Heart Association, CVD = chronic valvular disease, DCM = dilated cardiomyopathy.

Variable N Benazepril Placebo Difference mean P value
Mean ± SE Mean ± SE benazepril – placebo

Plasma ALT (IU/L)
All dogs 160 98.8 ± 11.2 85.6 ± 9.2 13.2 0.56
Initial ALT >60 IU/L 88 140.0 ± 17.0 118.3 ± 14.6 21.6 0.47
NYHA Class II 39 92.0 ± 21.7 67.1 ± 13.5 25.0 0.73
NYHA Class III 67 85.4 ± 12.4 100.2 ± 19.2 -14.9 1.0
NYHA Class IV 54 123.7 ± 26.0 79.3 ± 9.1 44.4 0.23
CVD 123 105.9 ± 13.6 83.1 ± 8.9 22.7 0.58
DCM 37 70.4 ± 10.7 92.3 ± 24.6 -21.9 0.87

Plasma potassium (K, mmol/L)
All dogs 160 4.2 ± 0.06 4.2 ± 0.07 -0.046 0.54
Initial K > 5.5 mmol/L 5 5.05 ± 0.16 5.2 ± 0.17 -0.11 0.54
Initial K < 4 mmol/L 59 3.8 ± 0.05 3.9 ± 0.08 -0.031 0.92
NYHA Class II 39 4.1 ± 0.09 4.2 ± 0.13 -0.098 0.52
NYHA Class III 67 4.1 ± 0.09 4.4 ± 0.12 -0.29 0.10
NYHA Class IV 54 4.4 ± 0.14 4.1 ± 0.10 0.30 0.22
CVD 123 4.1 ± 0.06 4.3 ± 0.08 -0.18 0.10
DCM 37 4.4 ± 0.17 4.0 ± 0.13 0.40 0.07

Table 2 - Plasma alanine aminotransferase (ALT) and potassium concentrations of dogs with CHF during treatment with
benazepril or placebo. Results are the weighted average concentrations during treatment, calculated from AUC(0-t)/t. P values are
derived from the Mann-Whitney U-test. NYHA = New York Heart Association, CVD = chronic valvular disease, DCM = dilated
cardiomyopathy.
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Animals, materials and methods
Methods and results of the study have been described in
detail previously (BENCH).1

In summary, the study was designed as a prospective,
randomized, double-blinded, placebo-controlled, parallel-
group clinical trial. Dogs with New York Heart Association
(NYHA) class II-IV heart failure caused by chronic valvular
disease (CVD) or dilated cardiomyopathy (DCM) were
recruited into the study. 
The diagnosis, etiology and class of heart failure were
determined by a history and a detailed clinical examination
(at day 0) including a physical examination, observation of
clinical signs, plasma biochemistry profile, echocardiogram,
electrocardiogram and thoracic radiographs.
The pre-admission exclusion criteria were the detection of:
congenital cardiac abnormalities for which a surgical
solution exists; any disease other than heart failure which
could induce clinical signs that could be confused with heart
failure e.g. tracheal collapse; serious gastrointestinal disease
likely to interfere with the absorption of the test drug. Except
certain diuretics, digoxin and anti-arrhythmic drugs,
administration of any drug with a known action on the
cardiovascular system including ACEIs, non-steroidal anti-
inflammatory drugs or vasodilators had to be stopped at least
4 days before the start of the study. Pre-existing hepatic or
renal insufficiency, or a probable short life expectancy in the
opinion of the investigator, were not pre-admission exclusion
criteria.
Cases enrolled into the trial were randomized to receive one
of the two test treatments, benazepril (as the hydrochloride
salt) or placebo. Benazepril at a minimum dosage of 0.25
mg/kg (range 0.25-0.5 mg/kg) or placebo were both
administered orally once daily, with or without food. The
dose of benazepril or placebo was not modified in cases with
hepatic and/or renal  insufficiency.10 The dosage of
benazepril or placebo could be doubled (up to 0.5-1 mg/kg
once daily) once during the study if the investigator rated the
improvement in clinical signs to be insufficient. The study
was a double-blind design, and therefore neither the
investigator nor the owner knew if the dog was assigned to
receive placebo or benazepril, which were administered as
divisible film-coated tablets of identical appearance. The
placebo consisted of the same vehicle as the benazepril tablets
with the active ingredient replaced by lactose. 
Each dog was examined by an investigator at day 0 (baseline)
and then 7, 28 and 56 days after randomization and then
approximately every three months until it died or was
withdrawn from the study (for example due to deterioration
in clinical status or withdrawal of owner consent). At each
examination, dogs were evaluated by a physical examination,
thoracic radiograph and plasma biochemical profile.
Biochemistry analyses were made in a central laboratory for
each country, and included plasma creatinine and urea at all
visits. Plasma ALT and potassium were determined at days 0,
56 and at all subsequent examinations. 
Concomitant diuretic therapy could be administered if
pulmonary edema and/or ascites were present. The following
anti-arrhythmic drugs or digoxin were also permitted when
a cardiac arrhythmia was detected: amiodarone, aprindine,
diltiazem, mexiletine or quinidine. Other drugs, e.g.

analgesics or antibiotics, were permitted for the treatment of
acute illnesses only if they had no known effect on the
cardiovascular system. 

The feeding regimen of the dogs instigated at the start of the
study, e.g. with or without a low sodium diet, was not
changed during the trial. Apart from this, no special
instructions were provided on the diet of the dogs.

Statistical analysis

In all cases, the software SAS Online Doc® Version 8, Cary,
NC: SAS Institute Inc., 1999, was used. Summary statistics
were calculated with SAS® Procedure univariate. Differences
between the two treatment groups at baseline were tested for
statistical significance using the Fisher Exact test (SAS®

Procedure freq) for frequency data and the t test 
(SAS® Procedure test) for mean (SE) data. 

For the plasma biochemistry parameters, weighted average
values during treatment were calculated from AUC(0-t)/t
where t is the last time point with a recorded value. This
parameter is suitable for repeated measurements since it takes
into account any variation in times of data recording and
minimizes bias caused by missing values. Weighted average
values were compared between the two groups using the
Mann-Whitney U test (SAS® Procedure npar1way). A non-
parametric test was used as AUC values should not be
assumed to be normally distributed. 

In all cases, a two-tailed α level of 0.05 was defined as
significant.

Results

Details of dogs at baseline

A total of 162 dogs were included in the analysis: 87 in the
benazepril group and 75 in the placebo group. As described
previously, the two groups were similar at baseline (p>0.1).1

A total of 36 breeds of dogs with body weights 5-73 kg and
ages 2-15 years were included in the trial. Most cases had
CVD (77%), the remainder DCM (23%). Drugs affecting
the cardiovascular system had already been prescribed in
70% of dogs. At the time when the test treatment was
introduced, the dogs were distributed approximately equally
between the stages of heart failure (NYHA class II 25%, class
III 42%, and class IV 33%). Cardiac arrhythmias were
present in 50% of cases (38% supraventricular and 12%
ventricular), notably in cases of DCM (86% of cases). 

Biochemical parameters were outside the normal range in
many dogs at baseline: a total of 88 dogs (55%) had plasma
ALT >60 IU/L, 22 (14%) had creatinine >124 µmol/L, 25
(16%) had urea >16.7 mmol/L, 5 (3%) had plasma
potassium >5.5 mmol/L, and 59 (37%) had plasma
potassium <4 mmol/L. 

The frequency of use and dosages of concomitant drugs were
similar (p>0.1) in the two groups. Diuretics were used in 140
dogs (86%), digoxin in 57 dogs (35%) and other anti-
arrhythmic drugs in 11 dogs (7%). A total of 10 dogs (11%)
in the benazepril group and 6 dogs (8%) in the placebo
group received the test treatment as a monotherapy
throughout their follow-up.

Drug treatment
The mean dosage of benazepril administered at the start of

the trial was 0.33 mg/kg (range 0.25-0.5 mg/kg). The dose
was doubled during the study in 33% of dogs in the
benazepril group and 39% of dogs in the placebo group. The
mean final dosage of benazepril administered was 0.45
mg/kg (range 0.23-1.0 mg/kg). The test treatments were
administered for a mean (range) of 161 days (1 to 1009) for
benazepril and 127 days (2 to 834) for placebo. 
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Tolerability - Clinical observations
As described previously in BENCH1, the incidence of

undesirable events during the trial was not significantly
different between the two groups (63% of dogs with
benazepril versus 68% with placebo, p=0.62), although the
mean time for exposure to treatment was longer in the
benazepril group (160 versus 127 days).

Undesirable events of gastrointestinal origin occurred in
43% of cases with benazepril and 33% with placebo, but
differences did not reach statistical significance (p=0.26).
The difference was due to cases of vomiting, which occurred
more frequently in dogs receiving benazepril (22%) versus
placebo (12%), although differences were not statistically
significant (p=0.09). Adverse events of cardiovascular origin
occurred in 41% of cases with benazepril and 43% of cases
with placebo. 

Discussion 
The efficacy results of this study have been published

previously, and showed that benazepril produced statistically
significant prolongation of survival time and a delay in the
time to worsening of heart failure in dogs with CHF during
long-term treatment.1 Benazepril also improved the exercise
tolerance and global clinical condition during a short-term
evaluation and was well tolerated.1 In the present paper we
describe results of four parameters important for tolerability
assessment. Plasma urea and creatinine concentrations may
reflect (indirectly) renal function. Plasma ALT reflects
hepatic insufficiency. Deviations of plasma potassium
outside the normal range, either hyperkalemia or
hypokalemia, are deleterious. 

The principle weakness of our study is that the number of
dogs, although the largest reported at present for a veterinary
cardiology trial, was nevertheless too low to allow optimal
assessment of results for all subgroups. For example, only 37
cases of DCM were included. Strengths of our study
included the fact that it employed the gold standard design
of being a prospective, randomized, blinded comparison of
the test product versus a placebo. In addition,  the dogs were
followed for up to three years. Finally, the inclusion criteria
were broader than have been employed in comparative ACEI
trials.11,12,13,14 Although this may have the disadvantage of
increasing variability within groups and thereby reduce the
power of the study to detect differences between groups, it
has the advantage that the results are more likely to be
relevant to clinical practice. Of particular relevance for
tolerability assessment is the fact that our study included
cases that might be considered high risk for adverse events;
for example there were no exclusion criteria for hepatic or
renal insufficiency or for dogs with a predicted short life
expectancy. Baseline biochemistry results indicate that
hepatic and renal insufficiency were frequent at baseline,
presumably secondary to the primary heart failure. At the
recommendation of the reviewers, the previous publication
of BENCH employed the International Small Animal
Cardiac Health Council (ISACHC) classification for stage of
heart failure.1 However, since other relevant publications in
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Plasma biochemical parameters
There were no significant differences (p≥0.18) between the
two groups in plasma biochemistry parameters at baseline.
Mean ± SE baseline values were respectively in the benazepril
and placebo groups: 82.9 ± 3.8 and 83.2 ± 4.6 µmol/L for
plasma creatinine (p=0.79), 41.3 ± 2.6 and 40.4 ± 2.5 mmol/L
for plasma urea (p=0.95), 109 ± 14.5 and 85.2 ± 8.6 IU/L for
plasma ALT (p=0.18), and 4.2 ± 0.1 and 4.2 ± 0.1 mmol/L
for plasma potassium (p=1.0). 
After initiation of treatment, there were no statistically
significant (p<0.05) differences between mean values for the
two groups for any of the tested parameters (Figures 1-4,
Tables 1-2), although significance was approached for several
parameters. Plasma creatinine values were lower during
treatment with benazepril as compared to placebo for all dogs
and all sub-groups. Statistical significance was not reached for
any group, although it was approached (p=0.14) for all dogs,
dogs with initial creatinine >124 µmol/L and dogs in Class III
heart failure (all p=0.14). Plasma potassium levels were lower
with benazepril as compared to placebo for dogs with CVD
(p=0.10) and dogs with class III heart failure (p=0.10), but
were higher with benazepril for dogs with DCM (p=0.07).
Differences did not approach significance for plasma
potassium for all dogs (p=0.54).
In addition, analyses were made of the number of cases with
values outside the normal range. The number of cases with
plasma creatinine values >124 µmol/L at baseline was equal in
the two groups: benazepril n=12 (14%) and placebo n=10
(14%). During the trial, plasma creatinine exceeded 
124 µmol/L in 26 (30%) cases with benazepril versus 35
(47%) with placebo (p=0.035). The number of incidents of
doubling or greater of the initial plasma creatinine value
during the trial was n=15 (17%) with benazepril as compared
to n=20 (27%) with placebo (p=0.18).  
The number of cases with plasma urea values >16.6 mmol/L
at baseline was equal in the two groups: benazepril n=14
(16%) and placebo n=11 (15%). During the trial there was a
total of 51 incidents (59%) of plasma urea >16.6 mmol/L
with benazepril versus 41 (55%) with placebo (p=0.64). The
number of incidents of doubling or greater of the initial
plasma urea value during the trial was n=11 with benazepril as
compared to n=12 with placebo.
The number of cases with plasma ALT values >60 IU/L at
baseline was equal in the two groups: benazepril n=49 (57%)
and placebo n=39 (53%). During the trial there was a total of
38 incidents (44%) of plasma ALT >60 IU/L with benazepril
versus 32 (43%) with placebo (p=1.0). 
The number of cases with plasma potassium >5.5 mmol/L at
baseline was equal in the two groups; benazepril n=3 (3%) and
placebo n=2 (2%).  During the trial there were equal numbers
of incidents of plasma potassium >5.5 mmol/L in the two
groups; benazepril n=2 and placebo n=2. The number of cases
with plasma potassium <4 mmol/L at baseline was greater
with benazepril (n=37, 43%) as compared to placebo (n=22,
30%) (p=0.1). During the trial the number of incidents of
plasma potassium <4 mmol/L in the two groups was n=36
(41%) with benazepril and n=33 (44%) with placebo
(p=0.75). Therefore, benazepril appeared to inhibit the
incidence of hypokalemia without increasing the incidence of
hyperkalemia, although differences did not reach significance. 

10

Figure 1 - Mean (SE) plasma creatinine concentrations (µmol/L) in dogs with CHF.  Benazepril or placebo therapy was started 
on day 1.  Numbers indicate number of dogs remaining in the trial at each time point in the benazepril/placebo groups.

Figure 2 - Mean (SE) plasma urea concentrations (mmol/L) in dogs with CHF. Benazepril or placebo therapy was started on day 1.
Numbers indicate number of dogs remaining in the trial at each time point in the benazepril/placebo groups.
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Tolerability - Clinical observations
As described previously in BENCH1, the incidence of

undesirable events during the trial was not significantly
different between the two groups (63% of dogs with
benazepril versus 68% with placebo, p=0.62), although the
mean time for exposure to treatment was longer in the
benazepril group (160 versus 127 days).

Undesirable events of gastrointestinal origin occurred in
43% of cases with benazepril and 33% with placebo, but
differences did not reach statistical significance (p=0.26).
The difference was due to cases of vomiting, which occurred
more frequently in dogs receiving benazepril (22%) versus
placebo (12%), although differences were not statistically
significant (p=0.09). Adverse events of cardiovascular origin
occurred in 41% of cases with benazepril and 43% of cases
with placebo. 

Discussion 
The efficacy results of this study have been published

previously, and showed that benazepril produced statistically
significant prolongation of survival time and a delay in the
time to worsening of heart failure in dogs with CHF during
long-term treatment.1 Benazepril also improved the exercise
tolerance and global clinical condition during a short-term
evaluation and was well tolerated.1 In the present paper we
describe results of four parameters important for tolerability
assessment. Plasma urea and creatinine concentrations may
reflect (indirectly) renal function. Plasma ALT reflects
hepatic insufficiency. Deviations of plasma potassium
outside the normal range, either hyperkalemia or
hypokalemia, are deleterious. 

The principle weakness of our study is that the number of
dogs, although the largest reported at present for a veterinary
cardiology trial, was nevertheless too low to allow optimal
assessment of results for all subgroups. For example, only 37
cases of DCM were included. Strengths of our study
included the fact that it employed the gold standard design
of being a prospective, randomized, blinded comparison of
the test product versus a placebo. In addition,  the dogs were
followed for up to three years. Finally, the inclusion criteria
were broader than have been employed in comparative ACEI
trials.11,12,13,14 Although this may have the disadvantage of
increasing variability within groups and thereby reduce the
power of the study to detect differences between groups, it
has the advantage that the results are more likely to be
relevant to clinical practice. Of particular relevance for
tolerability assessment is the fact that our study included
cases that might be considered high risk for adverse events;
for example there were no exclusion criteria for hepatic or
renal insufficiency or for dogs with a predicted short life
expectancy. Baseline biochemistry results indicate that
hepatic and renal insufficiency were frequent at baseline,
presumably secondary to the primary heart failure. At the
recommendation of the reviewers, the previous publication
of BENCH employed the International Small Animal
Cardiac Health Council (ISACHC) classification for stage of
heart failure.1 However, since other relevant publications in
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Plasma biochemical parameters
There were no significant differences (p≥0.18) between the
two groups in plasma biochemistry parameters at baseline.
Mean ± SE baseline values were respectively in the benazepril
and placebo groups: 82.9 ± 3.8 and 83.2 ± 4.6 µmol/L for
plasma creatinine (p=0.79), 41.3 ± 2.6 and 40.4 ± 2.5 mmol/L
for plasma urea (p=0.95), 109 ± 14.5 and 85.2 ± 8.6 IU/L for
plasma ALT (p=0.18), and 4.2 ± 0.1 and 4.2 ± 0.1 mmol/L
for plasma potassium (p=1.0). 
After initiation of treatment, there were no statistically
significant (p<0.05) differences between mean values for the
two groups for any of the tested parameters (Figures 1-4,
Tables 1-2), although significance was approached for several
parameters. Plasma creatinine values were lower during
treatment with benazepril as compared to placebo for all dogs
and all sub-groups. Statistical significance was not reached for
any group, although it was approached (p=0.14) for all dogs,
dogs with initial creatinine >124 µmol/L and dogs in Class III
heart failure (all p=0.14). Plasma potassium levels were lower
with benazepril as compared to placebo for dogs with CVD
(p=0.10) and dogs with class III heart failure (p=0.10), but
were higher with benazepril for dogs with DCM (p=0.07).
Differences did not approach significance for plasma
potassium for all dogs (p=0.54).
In addition, analyses were made of the number of cases with
values outside the normal range. The number of cases with
plasma creatinine values >124 µmol/L at baseline was equal in
the two groups: benazepril n=12 (14%) and placebo n=10
(14%). During the trial, plasma creatinine exceeded 
124 µmol/L in 26 (30%) cases with benazepril versus 35
(47%) with placebo (p=0.035). The number of incidents of
doubling or greater of the initial plasma creatinine value
during the trial was n=15 (17%) with benazepril as compared
to n=20 (27%) with placebo (p=0.18).  
The number of cases with plasma urea values >16.6 mmol/L
at baseline was equal in the two groups: benazepril n=14
(16%) and placebo n=11 (15%). During the trial there was a
total of 51 incidents (59%) of plasma urea >16.6 mmol/L
with benazepril versus 41 (55%) with placebo (p=0.64). The
number of incidents of doubling or greater of the initial
plasma urea value during the trial was n=11 with benazepril as
compared to n=12 with placebo.
The number of cases with plasma ALT values >60 IU/L at
baseline was equal in the two groups: benazepril n=49 (57%)
and placebo n=39 (53%). During the trial there was a total of
38 incidents (44%) of plasma ALT >60 IU/L with benazepril
versus 32 (43%) with placebo (p=1.0). 
The number of cases with plasma potassium >5.5 mmol/L at
baseline was equal in the two groups; benazepril n=3 (3%) and
placebo n=2 (2%).  During the trial there were equal numbers
of incidents of plasma potassium >5.5 mmol/L in the two
groups; benazepril n=2 and placebo n=2. The number of cases
with plasma potassium <4 mmol/L at baseline was greater
with benazepril (n=37, 43%) as compared to placebo (n=22,
30%) (p=0.1). During the trial the number of incidents of
plasma potassium <4 mmol/L in the two groups was n=36
(41%) with benazepril and n=33 (44%) with placebo
(p=0.75). Therefore, benazepril appeared to inhibit the
incidence of hypokalemia without increasing the incidence of
hyperkalemia, although differences did not reach significance. 
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Figure 1 - Mean (SE) plasma creatinine concentrations (µmol/L) in dogs with CHF.  Benazepril or placebo therapy was started 
on day 1.  Numbers indicate number of dogs remaining in the trial at each time point in the benazepril/placebo groups.

Figure 2 - Mean (SE) plasma urea concentrations (mmol/L) in dogs with CHF. Benazepril or placebo therapy was started on day 1.
Numbers indicate number of dogs remaining in the trial at each time point in the benazepril/placebo groups.

P
la

sm
a 

cr
ea

ti
ni

ne
 (

µm
ol

/L
)

Time (days)

P
la

sm
a 

ur
ea

 (
m

m
ol

/L
)

Time (days)



effect of benazepril on creatinine reached statistical
significance for one endpoint and there was a non-significant
trend for a beneficial effect of benazepril with respect to
potassium.

Plasma creatinine values were above the normal upper range
for dogs (124 µmol/L) in 14% of dogs at baseline, probably
reflecting decreased glomerular filtration rate (GFR)
secondary to compromised renal blood flow as a
consequence of heart failure. Mean plasma creatinine values
were lower with benazepril as compared to placebo during
treatment, but this only approached and did not reach

13

Journal of Veterinary Cardiology, Vol.6, No. 1, May 2004

veterinary cardiology have used the NYHA scheme,11,12,13,14

we decided in the interests of standardization to use the
NYHA system in this paper. The plasma biochemistry results
indicate that altered hepatic and renal function were
common in the dogs at the time of inclusion in our study. At
inclusion, 14% of dogs had plasma creatinine >124 µmol/L,
16% had plasma urea >16.6 mmol/L, 55% had plasma ALT
>60 IU/L, 37% of cases had hypokalemia (plasma K <4
mmol/L) but few (3%) had hyperkalemia (plasma K >5.5
mmol/L). The results presented in this paper indicate that
there was no worsening of these parameters during treatment
with benazepril as compared to placebo. In fact, a beneficial
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statistical significance (p=0.14). However significantly
(p=0.035) more dogs treated with placebo had high
creatinine values (>124 µmol/L) during treatment as
compared to benazepril. Therefore, it must be considered
probable that benazepril has a genuine action in decreasing
plasma creatinine levels in dogs with heart failure. It is
unlikely that this effect was related to body weight or
appetite since no differences in these parameters were noted
between groups. Therefore, it is probable that the decrease in
plasma creatinine with benazepril was due to increased GFR,
for which two possible mechanisms of action are known.
First, benazepril may improve GFR secondary to improved
renal plasma flow (RPF) secondary to increased cardiac
output (CO). In a model of heart failure in dogs, induced by
rapid ventricular pacing, benazepril increased CO and
increased RPF and GFR.15 The increase in CO caused by
benazepril was at least in part due to a reduction in
peripheral resistance. In that study, benazepril was
administered intravenously at a dose of 11.5 mg/day to dogs
with a mean body weight of 25 kg (~0.46 mg benazepril/kg).
The relevance of that study to the dosages used in the present
study (0.25-1 mg/kg via the oral route) is not clear, however,
since the relative bioavailability of benazepril administered
via intravenous and oral routes is not known. An increase in
RBF and GFR has also been described with 0.4 mg/kg
intravenous benazepril in anesthetized dogs with neither
cardiac nor renal impairment.16 A second mechanism for an
increase in GFR with benazepril is increased filtration
efficiency (Kf) of the nephrons. Oral dosages of 0.25-1
mg/kg benazepril have been shown to increase GFR, via
increased Kf in spite of reduced glomerular capillary
pressure, in cats with experimental chronic renal
insufficiency.17

An effect of benazepril in improving renal function,
evidenced by a decrease in plasma creatinine, in dogs with
heart failure was not anticipated when the trial was initiated.
Previously there was concern that ACEIs might decrease
renal function in cases of heart failure via reduction in GFR,
as in humans.4,5 However, no effect of the ACEI enalapril on
plasma creatinine was noted in asymptomatic dogs with
mitral regurgitation.9

Although there was no significant difference in plasma
potassium concentrations between groups (p=0.54), there
were fewer incidents of hypokalemia with benazepril during
treatment but no difference in the incidence of
hyperkalemia. These results are consistent with the known
beneficial action of ACEIs in counteracting the hypokalemic
effect of diuretics such as furosemide (mediated via
inhibition of aldosterone production).6 The results of our
study indicate that the risk of hyperkalemia with benazepril
in dogs with CHF seems to be minimal. Recent work
suggests that the risk of hyperkalemia with ACEIs in humans
has also been exaggerated in the past.6

In conclusion, the results of our study provide further
evidence that benazepril is well tolerated in dogs with CHF.
The possible action of benazepril in improving renal
function (evidenced via lower plasma creatinine values)
merits further investigation. 
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Figure 4 - Mean (SE) plasma potassium concentrations (mmol/L) in dogs with CHF.  Benazepril or placebo therapy was started on day
1.  Numbers indicate number of dogs remaining in the trial at each time point in the benazepril/placebo groups.
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effect of benazepril on creatinine reached statistical
significance for one endpoint and there was a non-significant
trend for a beneficial effect of benazepril with respect to
potassium.

Plasma creatinine values were above the normal upper range
for dogs (124 µmol/L) in 14% of dogs at baseline, probably
reflecting decreased glomerular filtration rate (GFR)
secondary to compromised renal blood flow as a
consequence of heart failure. Mean plasma creatinine values
were lower with benazepril as compared to placebo during
treatment, but this only approached and did not reach
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12

statistical significance (p=0.14). However significantly
(p=0.035) more dogs treated with placebo had high
creatinine values (>124 µmol/L) during treatment as
compared to benazepril. Therefore, it must be considered
probable that benazepril has a genuine action in decreasing
plasma creatinine levels in dogs with heart failure. It is
unlikely that this effect was related to body weight or
appetite since no differences in these parameters were noted
between groups. Therefore, it is probable that the decrease in
plasma creatinine with benazepril was due to increased GFR,
for which two possible mechanisms of action are known.
First, benazepril may improve GFR secondary to improved
renal plasma flow (RPF) secondary to increased cardiac
output (CO). In a model of heart failure in dogs, induced by
rapid ventricular pacing, benazepril increased CO and
increased RPF and GFR.15 The increase in CO caused by
benazepril was at least in part due to a reduction in
peripheral resistance. In that study, benazepril was
administered intravenously at a dose of 11.5 mg/day to dogs
with a mean body weight of 25 kg (~0.46 mg benazepril/kg).
The relevance of that study to the dosages used in the present
study (0.25-1 mg/kg via the oral route) is not clear, however,
since the relative bioavailability of benazepril administered
via intravenous and oral routes is not known. An increase in
RBF and GFR has also been described with 0.4 mg/kg
intravenous benazepril in anesthetized dogs with neither
cardiac nor renal impairment.16 A second mechanism for an
increase in GFR with benazepril is increased filtration
efficiency (Kf) of the nephrons. Oral dosages of 0.25-1
mg/kg benazepril have been shown to increase GFR, via
increased Kf in spite of reduced glomerular capillary
pressure, in cats with experimental chronic renal
insufficiency.17

An effect of benazepril in improving renal function,
evidenced by a decrease in plasma creatinine, in dogs with
heart failure was not anticipated when the trial was initiated.
Previously there was concern that ACEIs might decrease
renal function in cases of heart failure via reduction in GFR,
as in humans.4,5 However, no effect of the ACEI enalapril on
plasma creatinine was noted in asymptomatic dogs with
mitral regurgitation.9

Although there was no significant difference in plasma
potassium concentrations between groups (p=0.54), there
were fewer incidents of hypokalemia with benazepril during
treatment but no difference in the incidence of
hyperkalemia. These results are consistent with the known
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inhibition of aldosterone production).6 The results of our
study indicate that the risk of hyperkalemia with benazepril
in dogs with CHF seems to be minimal. Recent work
suggests that the risk of hyperkalemia with ACEIs in humans
has also been exaggerated in the past.6

In conclusion, the results of our study provide further
evidence that benazepril is well tolerated in dogs with CHF.
The possible action of benazepril in improving renal
function (evidenced via lower plasma creatinine values)
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Figure 3 - Mean (SE) plasma alanine aminotransferase (ALT, IU/L) concentrations in dogs with CHF. Benazepril or placebo therapy was
started on day 1.  Numbers indicate number of dogs remaining in the trial at each time point in the benazepril/placebo groups. 
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Figure 4 - Mean (SE) plasma potassium concentrations (mmol/L) in dogs with CHF.  Benazepril or placebo therapy was started on day
1.  Numbers indicate number of dogs remaining in the trial at each time point in the benazepril/placebo groups.
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