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The objective of the study was to test the effect of the angiotensin-converting enzyme inhibitor (ACEI) benazepril in cats with

chronic kidney disease (CKD). A total of 192 cats with CKD with an initial plasma creatinine concentration $2 mg/dL

($177 mmol/L) and urine specific gravity #1.025 were recruited into a double-blind, parallel-group, prospective, randomized

clinical trial. Cats received daily (q24h) PO placebo (n 5 96) or benazepril?HCl at a dosage of 0.5–1.0 mg/kg (n 5 96) for up to

1,119 days. Most cats were fed exclusively a diet containing low amounts of phosphate, protein, and sodium. Benazepril

produced a significant reduction in proteinuria, assessed by the urine protein-to-creatinine ratio (UPC, P 5 .005). This effect

of benazepril was present in all subgroups tested, including cats with UPC ,0.2, although the effect was largest in cats with

higher UPCs. Plasma protein was maintained at higher concentrations with benazepril as compared with placebo during

treatment in cats with initial UPC ,1 (P 5 .038 versus P 5 .079 for all cats). There was no difference in renal survival time

between the 2 groups when all 192 cats were compared. Mean 6 SD renal survival times were 637 6 480 days with benazepril

and 520 6 323 days with placebo (P 5 .47). Mean 6 SD renal survival times in the 13 cats with initial UPC $1 were 402 6

202 days with benazepril and 149 6 90 days with placebo (P 5 .27). Cats with initial UPC $1 treated with benazepril had

better appetite (P 5 .017) as compared with those treated with placebo. Benazepril was well tolerated. In conclusion,

benazepril decreased proteinuria in cats with CKD.
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C hronic kidney disease (CKD) is one of the main
causes of morbidity and mortality in cats.1,2

Studies in animal models and clinical trials in humans
have revealed that angiotensin-converting enzyme in-
hibitors (ACEIs) have beneficial effects in CKD.3–9 The
principal mechanisms of action of ACEIs in CKD are
attributed to reduction of systemic and glomerular
hypertension, and reduction of proteinuria.3,10,11 Addi-
tional mechanisms may include inhibition of glomerular
hypertrophy and limitation of fibrosis, effects that may
be mediated by angiotensin II.10

The ACEI benazepril prolongs survival time in
humans with CKD, the benefit being greatest when
therapy is started early, and in patients with greater
initial proteinuria.3,4 The efficacy and safety of benaze-
pril also has been demonstrated in humans after renal
transplantation.12 Although benazepril was reported to
reduce proteinuria in cats with CKD in a small pre-
liminary clinical trial,a no large well-controlled studies
have been published so far on the effect of ACEIs in cats
with clinical CKD. Experimentally, benazepril did have
beneficial effects in a remnant kidney model of CKD in
cats, including reduction of systemic hypertension and
normalization of glomerular capillary pressure (GCP) in

the presence of glomerular hypertension.6 Despite re-
duction in GCP, and therefore filtration pressure,
glomerular filtration rate (GFR) was in fact increased
by benazepril because of increased filtration efficacy of
the remaining nephrons.6

The objective of this study was to evaluate the
efficacy and tolerability of benazepril in naturally-
occurring CKD in cats.

Materials and Methods

The trial was a double-blind, multi-center, parallel-group,

placebo-controlled, prospective, randomized clinical trial in cli-

ent-owned cats. All owners gave written informed consent for their

pet to participate in the trial. The protocol was approved by

regulatory agencies in participating countries and by a scientific

committee at Novartis Animal Health (Basel, Switzerland), taking

into account ethical, legal, and welfare factors. The trial was

conducted in compliance with Good Clinical Practice standards.

Selection Procedure

Cats were examined at least twice before entry into the trial,

with a 14 day (range, 7–21 days) interval between selection visits. A

history was taken, and at both visits clinical examinations were

performed including plasma biochemistry, CBC, and urinalysis. In

the event that diet or treatments needed to be changed, modifica-

tions were made and visits rescheduled at least 7 days (forbidden

concomitant treatments) or 14 days (diet) later. Kidney biopsies

were not performed.

Inclusion Criteria

Inclusion criteria were cats with CKD with an initial plasma

creatinine concentration $2 mg/dL ($177 mmol/L) and urine

specific gravity #1.025; cats of all ages, breeds, and sexes with

body weight between 2.5 and 10 kg to permit accurate dosing with

either half or one whole tablet containing 5 mg of benazepril?HCl.

Although the term chronic renal insufficiency was used in the

protocol (and therefore also for the abbreviation BENRIC), the

term CKD is used in this article, including references to previous

literature in which the terms chronic renal insufficiency or chronic

renal failure were used.
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Exclusion Criteria

Pre-admission exclusion criteria were acute renal insufficiency

within the previous 28 days; azotemia of prerenal or postrenal

origin; nephropathy of toxic or infectious origin within the

previous 28 days; urinary tract obstruction; chronic heart failure

(class II, III, or IV New York Heart Association)13; edema

requiring diuretic therapy; diabetes mellitus with uncontrolled

hyperglycemia; clinically relevant hepatic disease; malignant neo-

plasia; chronic gastrointestinal disease judged likely to interfere

with the absorption of the test treatment; pregnant cats or those

planned to become pregnant during the next 12 months. Neither

short life expectancy nor high plasma creatinine concentrations

were pre-admission exclusion criteria.

Treatment

Cats entering the trial were randomized to receive either

benazepril or placebo. Each investigator received an individual

randomization list. Cats were enrolled in strict chronological order

and randomly assigned to benazepril (codes A and D) or placebo

(B or C) groups with the randomization schedule arranged in

blocks of 4. Benazepril was administered as the hydrochloride salt

at a minimum dosage of 0.5 mg/kg (range 0.5–1.0 mg/kg) PO q24h,

with or without food. A minimum dosage of 0.5 mg/kg was chosen

because it was the lowest dosage of benazepril?HCl that produced

maximal inhibition of plasma ACE activity over 24 hours in

healthy cats.14 In addition, 0.5 mg/kg was the lowest dosage of

benazepril?HCl that produced maximal reduction of both systemic

and GCP in cats with experimental CKD.6

The test treatment (FORTEKOR 5)b and placebo were divisible

film-coated tablets of identical appearance in order to maintain

blinding for both the investigators and cat owners. For the placebo,

benazepril?HCl was replaced by lactose. Owners completed a daily

dosing record for each cat. Diet and concomitant treatments were

standardized as much as possible to minimize biases in the trial.

It was recommended that all cats be fed a diet containing low

amounts of phosphate, protein, and sodium from at least 14 days

before the selection visits, and for the duration of the trial. At day

0, 184 cats (96%) were fed exclusively a commercial diet,c–e and 8

cats (4%) received a homemade diet made to strict recommenda-

tions and containing low amounts of phosphate, protein, and

sodium.7 These diets required supplementation in 8 cats that would

not eat a sufficient quantity of the recommended diets. There were

no reported differences in diet between the 2 treatment groups.

Detailed analyses were not made of the diet (eg, phosphate,

protein, or sodium content).

Concomitant therapies were restricted to minimize biases.

Antihypertensive drugs (including other ACEIs), diuretics, non-

steroidal antiinflammatory drugs (NSAIDs), corticosteroids, or

antibiotics with nephrotoxic properties had to be discontinued at

least 7 days before the selection visit. Other medications needed to

treat disorders other than kidney disease, and with no known effect

on the kidney or no known interaction with benazepril, were

permitted in the trial.

Clinical Evaluation

Cats were treated for up to 3 years. Clinical and laboratory

examinations were scheduled for days 7, 30, 60, 120, 180, 240,

300, 360, 450, 540, 630, 720, 810, and 900, with a precision of

63 days for day 7 and 67 days for subsequent visits. Clinical

examination, plasma biochemistry, CBC, and where possible

urinalysis were performed. Biochemistry and CBC were per-

formed by 2 laboratories. Plasma creatinine measurements were

made by the Jaffe method.15 Blood pressure was not measured

routinely.

Statistics

The intention-to-treat approach was followed for all analyses.

Data are presented as mean 6 standard deviation (SD) or range for

normally distributed data, and median and range or interquartile

(IQ) range if a normal distribution could not be demonstrated. All

P values are 2-tailed with significance defined with P , .05.

The predefined end point for renal survival was ‘‘the need for

parenteral fluid therapy or euthanasia or death of the cat because

of renal failure.’’ Median values potentially were more robust than

means for survival time, but median values were not available for

all groups and no important differences in results were observed

between mean and median values where available. Therefore, both

mean and median survival times are reported. The time delay from

initiation of therapy to the end point for renal survival was

compared by the Kaplan-Meier method with the log-rank test

applied for global comparison of the survival curves.g The effect of

covariates on survival could not be tested with conventional Cox

proportional hazards analysis because the data violated assump-

tions required for this method. Therefore, the effect of covariates

was tested on subgroups by the Kaplan-Meier method.

Statistical analysis of clinical signs and biochemical variables

was challenging because of the repeated measures design of the

study and the progressive loss of cats during the trial. Therefore,

the principal end point was a summary statistic based on a weighted

average. With this method, an area-under-the curve (AUC) was

calculated by the trapezoidal rule (with and without change from

baseline) from time 0 until the last recorded value (t). The

AUC(0Rt) was then divided by the observation period to yield

AUC(0Rt)/t, which is the average value (6 change from baseline)

over the observation period. Weighted averages were compared

with the Mann-Whitney U-testh and summarized as median (IQ

range) because a normal distribution cannot be assumed for AUC

values. Frequency data were compared with Fisher exact test.i

Correlations among variables were determined by regression

analysis.j

Results

Cats

A total of 322 cats were screened, 201 were included
in the trial and only 192 were included in the analysis
because 9 cats had serious protocol deviations or did not
receive any test treatment.

Some cats did not precisely fulfill the pre-admission
inclusion criteria. One cat in the benazepril and 1 cat in
the placebo group weighed ,2.5 kg. The number (%) of
cats with plasma creatinine concentrations ,2 mg/dL
(,177 mmol/L) in the benazepril and placebo groups
were, respectively, 4 (4%) and 2 (2%) at day –14, and 9
(9%) and 6 (6%) at day 0. The number (%) of cats with
urine specific gravity .1.025 in the benazepril and
placebo groups were, respectively, 2 (2%) and 1 (1%) at
day –14, and 5 (5%) and 3 (3%) at day 0. Most of the
discrepancies arose because of differences in results from
the analyses conducted at the investigators’ practices,
which were used for inclusion decisions, and those from
the centralized laboratories, which were used in the final
analyses. In accordance with the intention-to-treat
analysis predefined in the protocol, all cats were
followed in the trial and included in the data analysis.

Thyroid hormone (total T4) concentration was
evaluated routinely only in the UK. Only 2 cats had
T4 concentrations above the upper limit of the reference
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range for the laboratory (.65 nmol/L) at baseline
(76 and 140 nmol/L). During treatment, increased T4

concentrations (81 and .300 nmol/L) were detected in
only 2/133 samples (2 different cats). These cats were
followed and included in the analysis because hyperthy-
roidism was not an exclusion criterion.

Cats were allocated to treatment groups by a ran-
domized method. Baseline data for day 0 (Table 1)
indicate that the groups were matched at baseline (P .

.05), with the exception of plasma alanine aminotrans-
ferase (ALT) activity, which was higher in cats sub-
sequently randomized to receive benazepril (P 5 .0035).
However, subgroup analyses revealed no significant
effect of baseline ALT on proteinuria or survival, and
therefore ALT was not taken into account for sub-
sequent analyses.

Additional efficacy analyses were conducted for the
subgroups with initial urine protein-to-creatinine ratio
(UPC) $1 and cats with and without evidence of chronic
pyelonephritis (ie, bacteria or polymorphonuclear cells
seen on histology) detected at autopsy. For the 13 cats
with initial UPC $1, mean (range) baseline values in the
benazepril and placebo groups were, respectively, UPC
3.7 (1.5–7.0) and 1.8 (1.1–3.6), P 5 .054; plasma
creatinine 2.8 (1.9–3.9) and 4.4 (2.3–9.4) mg/dL, P 5

.25 (plasma creatinine 250 [171–344] and 392 [207–
828] mmol/L, P 5 .25); urine specific gravity 1.015
(1.010–1.020) and 1.015 (1.010–1.020), P 5 .94. For the
11 cats with no evidence of chronic pyelonephritis, mean
(range) baseline values in the benazepril and placebo
groups were, respectively, UPC 1.2 (0.15–4.2) and 0.40
(0.21–0.63), P 5 .78; plasma creatinine 2.7 (1.8–2.8) and
3.2 (2.5–3.8) mg/dL, P 5 .32 (plasma creatinine 236
[160–244] and 285 [217–334] mmol/L, P 5 .32); urine
specific gravity 1.015 (1.010–1.028) and 1.015 (1.009–
1.021), P 5 1.0. It was concluded for these 2 subgroups
that cats that subsequently received benazepril or
placebo had equivalent severity of CKD.

Treatment

The mean (range) dosage of benazepril?HCl admin-
istered was 0.73 mg/kg (0.43–1.04). The treatment
compliance rate (%) was estimated from the number of
administrations reported by the owner in a daily dosing
record versus the total number that should have been
given. The mean 6 SD (range) compliance rate was 96.3
6 5.9% (69–100) for benazepril and 96.4 6 6.1% (67–
100) for placebo. A total of 35 cats (17 with benazepril
and 18 with placebo) had to be withdrawn from the trial
because they could not be dosed in accordance with the
protocol (dosing not achieved for more than 4 consec-
utive days or 3 weeks). Data from these cats were
analyzed up until the time the cats were removed from
the study (ie, censored).

The total number of concomitant treatments admin-
istered was 202 in the benazepril group and 201 in the
placebo group. Differences between groups were judged
not to be relevant with the exception of anti-emetic
therapy, which was used on 1 occasion each in 3 cats
(total of 3 treatments) in the benazepril group and on 1

to 2 occasions each in 7 cats (total of 11 treatments) in
the placebo group. Anabolic steroid usage was similar
between the 2 groups; in the benazepril group 12 cats
received 1 to 8 treatments (total of 35 treatments), and in
the placebo group 8 cats received 1 to 19 treatments
(total of 43 treatments).

A small number of cats received therapies forbidden
in the protocol: the diuretic furosemide (2); NSAIDs
carprofen (6), ketoprofen (2), and tolfenamic acid (1);
corticosteroids dexamethasone (3), methylprednisolone
(4), and prednisolone (8). In accordance with the
intention-to-treat analysis, cats receiving forbidden
treatments were included in the analyses. There were
no relevant differences in use of these treatments
between the 2 test groups and no reported associated
adverse events.

Survival Analysis

A total of 78 cats (40.6%) (benazepril 41, placebo 37)
reached the predefined survival end point versus 114 cats
(59.4%) that were censored from the analysis (benazepril
55, placebo 59). Data from censored cases were analyzed
up to the time of censoring. Results of all cats (n 5 192)
reveal similar renal survival curves (Fig 1) and no
significant differences for the global comparison by the
log-rank test. Mean 6 SD renal survival times were 637
6 480 days with benazepril (n 5 96) and 520 6 323 days
with placebo (n 5 96, P 5 .47). Subgroup analyses were
conducted for initial UPC $1, ,1, $0.5, ,0.5, $0.2,
,0.2, 0.2–1; initial plasma creatinine .1.6 to #2.8 mg/
dL (.140 to #250 mmol/L), .2.8 to #5.0 mg/dL (.250
to #440 mmol/L), .5.0 mg/dL (.440 mmol/L); initial
ALT . or , 60 or 200 IU/L; male, female; age . or #

6 years, age . or # 10 years; short-hair breed, long-hair
breed; and the presence or absence of evidence of
chronic pyelonephritis at autopsy. Significance was not
reached for any subgroup (P $ .22), although the log-
rank test had low statistical power for many of the tests
because of low numbers of cats, overlap of curves at
early time points, or both.

In the placebo group, renal survival times were
inversely related to initial UPC. In the subgroup
analyses for the group with initial UPC $1, mean 6

SD and median renal survival times were 402 6 202,
484 days (n 5 4) in the benazepril group and 149 6 90,
124 days (n 5 9) in the placebo group (P 5 .27, Fig 2).

Renal histology at autopsy was investigated in 19
cats, and evidence of chronic pyelonephritis was
detected in 8 cats. In cats with no evidence of chronic
pyelonephritis detected at autopsy, the mean 6 SD and
median renal survival times were 303 6 179, 318 days (n
5 6) with benazepril and 124 6 103, 192 days (n 5 5)
with placebo (P 5 .22).

There was no difference in renal survival time
between the benazepril and placebo groups when cats
were staged according to initial plasma creatinine
concentration by the International Renal Insufficiency
Society classification scheme (.1.6 to #2.8 mg/dL
[.140 to #250 mmol/L], .2.8 to #5.0 mg/dL [.250 to
#440 mmol/L], and .5.0 mg/dL [.440 mmol/L]).2 In
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Table 1. Baseline data for the cats at inclusion (day 0) in the trial.

Benazepril (n 5 96) Placebo (n 5 96)

P ValueMean (min–max) No. (%) Mean (min–max) No. (%)

General characteristics

Age (years) 10.5 (4.0–19.0) 10.3 (5.0–18.0) 0.96

Body weight (kg) 3.9 (2.4–7.6) 4.2 (2.3–8.3) 0.30

Female – neutered 44 (45.8%) 35 (36.5%) 0.24

Female – intact 2 (2.1%) 1 (1.0%) 1.0

Male – neutered 45 (46.9%) 53 (55.2%) 0.31

Male – intact 5 (5.2%) 7 (7.3%) 0.77

Breed – DSH 66 (68.8%) 65 (67.7%) 1.0

Breed – DLH 4 (4.2%) 5 (5.2%) 1.0

Breed – PSH 11 (11.5%) 11 (11.5%) 1.0

Breed – PLH 15 (15.6%) 15 (15.6%) 1.0

No. (%) . or ,

reference rangea

No. (%) . or ,

reference rangea

Plasma biochemistry

Creatinine (mg/dL) 3.0 (1.8–10.1) 89.9% . 3.2 (1.4–9.4) 95% . 0.30

Creatinine (mmol/L) 269.5 (156.6–893.8) 89.9% . 281.0 (124.8–828.4) 95% . 0.30

Urea (mg/dL) 119.4 (51.0–418.8) 96.9% . 123.6 (50.4–352.8) 98% . 0.53

Urea (mmol/L) 19.9 (8.5–69.8) 96.9% . 20.6 (8.4–58.8) 98% . 0.53

Na (mmol/L) 153.3 (144.0–163.0) 5.2% . 153.2 (142.0–163.0) 1.0% , 0.61

11.5% .

K (mmol/L) 4.4 (2.5–6.4) 9.4% , 4.3 (2.6–7.9) 12.5% , 0.49

6.3% . 5.2% .

Calcium (mg/dL) 10.0 (8.0–13.2) 51.0% . 10.4 (8.0–12.8) 61.5% . 0.32

Calcium (mmol/L) 2.5 (2.0–3.3) 51.0% . 2.6 (2.0–3.2) 61.5% . 0.32

Phosphate (mg/dL) 4.6 (2.4–15.2) 1% , 5.3 (2.5–14.6) 0% , 0.48

8.3% . 16.7% .

Phosphate (mmol/L) 1.6 (0.79–4.9) 1% , 1.7 (0.80–4.7) 0% , 0.48

8.3% . 16.7% .

Protein (g/dL) 7.4 (4.9–10.2) 18.8% . 7.5 (5.9–9.5) 16.7% . 0.74

Protein (g/L) 74.4 (49.0–102.0) 18.8% . 74.6 (59.2–95.0) 16.7% . 0.74

ALT (UI/L) 76.4 (16.0–706.7) 43.8% . 54.0 (14.0–519.0) 25.0% . 0.0035

ALP (UI/L) 54.0 (17.0–228.0) 11.5% . 45.4 (0–124.2) 5.2% . 0.25

CBC

Erythrocyte (1012/L) 7.0 (1.2–11.9) 9.4% , 7.0 (3.3–10.8) 11.5% , 0.92

2.1% . 3.1% .

Hemoglobin (g/L) 101.3 (26.0–156.0) 25.0% , 101.6 (48.0–146.0) 25.0% , 0.85

1% .

Hematocrit (%) 33.6 (8.4–48.2) 11.5% , 33.5 (16.1–46.4) 13.5% , 0.88

3.1% . 2.1% .

Leukocytes (109/L) 8.7 (1.9–25.2) 14.6% , 8.6 (1.2–28.9) 20.8% , 0.55

6.3% . 6.3% .

Platelets (109/L) 324.8 (27.0–1175.0) 14.6% , 331.9 (39.0–1032.0) 9.4% , 0.52

9.4% . 6.3% .

Urine biochemistry

Specific gravity 1.015 (.1.000–1.030) 5.1% . 1.015 (.1.000–1.035) 3.1% . 0.98

UPC 0.39 (0.035–7.0) 0.40 (0.032–3.6) 0.47

Presence of clinical signs

Decreased appetite 439 (40.6%) 39 (40.6%) 1.0

Halitosis 30 (31.3%) 23 (24.0%) 0.33

Dull coat 27 (28.1%) 27 (28.1%) 1.0

Buccal cavity lesions 28 (29.2%) 26 (27.1%) 0.87

Vomiting 15 (15.6%) 6 (6.3%) 0.063

Weakness 9 (9.4%) 7 (7.3%) 0.79

Neurological signs 6 (6.3%) 1 (1.0%) 0.12

Diarrhea 4 (4.2%) 3 (3.1%) 1.0

DSH, domestic short-hair; DLH, domestic long-hair; PSH, pedigree short-hair; PLH, pedigree long-hair; ALT, alanine aminotransferase;

ALP, alkaline phosphatase; UPC, urine protein-to-creatinine ratio. P values calculated by Mann-Whitney U-test or Fisher exact test.
a Reference ranges were derived from the 2 laboratories in which the analyses were conducted: plasma creatinine 0.23–2.0 mg/dL (20–

177 mmol/L), urea 15.0–59.4 mg/dL (2.5–9.9 mmol/L), ALT 5–60 IU/L, ALP 0–90 IU/L, sodium 144–157 mmol/L, potassium 3.5–

5.5 mmol/L, calcium 8.0–10.6 mg/dL (2.0–2.65 mmol/L), phosphate 2.8–6.8 mg/dL (0.9–2.2 mmol/L), protein 49–80 g/L; blood

erythrocytes 5–10 3 1012/L, hemoglobin 90–150 g/L, hematocrit 25–48%, leukocytes 6–15 3 109/L, platelets 150–550 3 109/L.
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cats with initial plasma creatinine .5.0 mg/dL
(.440 mmol/L), mean 6 SD and median renal survival
times were 99 6 66, 91 days (n 5 7) with benazepril and
70 6 33, 65 days with placebo (n 5 9) (P 5 .068, Fig 3).

Proteinuria

The limit of detection for urine protein was 0.1 g/L.
No sign of lower urinary tract infection was detected in
any cat included in the trial, as evidenced by presence of
bacteria, casts, or red or white blood cells in the urine.
However, urine was not cultured routinely. Urine was
collected by the following methods: cystocentesis, 60%;
spontaneous urination or expression of the bladder,
13.5%; urethral catheterization, 5.2%; unknown or
mixture of methods used, 25.4%.

Benazepril produced a statistically significant re-
duction in proteinuria, as assessed either from urine
protein concentrations (P 5 .017) or UPC (P 5 .005,

Table 2). Although UPC values are reported in this
article for all subsequent analyses, equivalent results
were obtained with urine protein concentrations, sug-
gesting that the observed changes in UPC were caused
by changes in urine protein rather than urine creatinine.

Results of the subgroup analyses reveal a beneficial
effect of benazepril (ie, lower median values for the
change from baseline in the benazepril group versus
placebo) in reducing the loss of protein in the urine in
every subgroup tested with the exception of cats with
chronic pyelonephritis. In all other subgroups, benaze-
pril reduced UPC as compared with placebo, including
subgroups with initial UPC greater or less than 0.2 or
1.0, but statistical significance was not reached for every
group (Table 2).

The effect of benazepril on UPC was rapid in onset,
being present by the first time point of day 7 (Fig 4).
Similar profiles were observed in all subgroups (data not
shown). There was no evidence that the antiproteinuric
action of benazepril was reduced with repeated admin-
istration. The fact that differences between mean values
for UPC were greatest at early time points (days 7–240)
and were progressively reduced at later time points can
be explained by the fact that the survival time of
(placebo-treated) cats was inversely related to UPC.
Therefore, cats with high UPC values were lost at early
time points from the trial, and the animals remaining in
the trial at later time points had lower UPC values.
Consequently, the action of benazepril in reducing UPC
was highly visible at early times rather than later.

There was no difference in the progression of urine
specific gravity between the 2 groups (data not shown).

Plasma Protein

Plasma protein may be a relevant end point in view of
the observed antiproteinuric effect of benazepril. Plasma
protein concentrations were matched at baseline (P 5

.74) but were higher during treatment with benazepril
than placebo, the main effect being prevention of the

Fig 1. Kaplan-Meier plots of renal survival in all cats (benazepril,

n 5 96; placebo, n 5 96). The graph reveals the percentage of cats

not reaching the end point of the need for parenteral fluid therapy

or euthanasia or death due to renal failure. P 5 .47 (log-rank test).

Fig 2. Kaplan-Meier plots of renal survival in cats with initial

UPC $1 (benazepril, n 5 4; placebo, n 5 9). The graph reveals the

percentage of cats not reaching the end point of the need for

parenteral fluid therapy or euthanasia or death due to renal failure.

P 5 .27 (log-rank test).

Fig 3. Kaplan-Meier plots of renal survival in cats with initial

plasma creatinine .5.0 mg/dL (.440 mmol/L) (benazepril, n 5 7;

placebo, n 5 9). The graph reveals the percentage of cats not

reaching the end point of the need for parenteral fluid therapy or

euthanasia or death due to renal failure. P 5 .68 (log-rank test).
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reduction in plasma protein with time observed in the
placebo group (Fig 5). Median (IQ range) change from
baseline weighted averages were +0.158 (4.4) g/L for
benazepril and 21.04 (4.8) g/L for placebo (P 5 .079).
Median (IQ range) weighted averages during treatment
(without change from baseline) were 73.2 (7.4) g/L for
benazepril and 72.2 (8.9) g/L for placebo (P 5 .51).

Higher plasma protein concentrations during treat-
ment were observed in the benazepril group as compared
with placebo in all subgroups (UPC ,2, UPC ,1, UPC

$0.2) except UPC $1. Statistical significance (P 5 .038)
was reached for the group UPC ,1. No effect of
benazepril on plasma protein concentration was ob-
served in the group with initial UPC $1 (P 5 .31);
however, plasma protein concentrations in some cats in
this group exhibited large day-to-day variation.

Increased UPC was significantly (P 5 .0009) but not
highly (r 5 0.25) correlated with plasma protein concen-
tration at baseline. For the linear regression, y 5 21.39
UPC with a slope of 0.024 L/g and R2 5 0.062. In

Table 2. Urine protein-to-creatinine ratio values from cats in which urine samples were available.

Subgroup of Cats

Benazepril Placebo

BZ – PLa P Valueb
Median IQ range No. Median IQ range No.

All cats 0.002 0.08 85 0.048 0.14 80 20.046 0.0052

Initial UPC $1 21.37 4.31 4 0.071 1.13 9 21.44 0.037

Initial UPC ,1 0.005 0.08 81 0.047 0.12 71 20.042 0.013

Initial UPC $0.2 20.020 0.16 36 0.028 0.38 34 20.048 0.11

Initial UPC ,0.2 0.015 0.06 49 0.050 0.10 46 20.035 0.024

Initial 0.2# UPC ,1 20.012 0.16 32 0.017 0.31 25 20.029 0.36

Initial PCr 1.6–2.8 mg/dL (140–

250 mmol/L)

0.005 0.08 29 0.023 0.07 25 20.018 0.13

Initial PCr .2.8–5.0 mg/dL (.250–

440 mmol/L)

0.002 0.08 52 0.049 0.17 45 20.047 0.031

Initial PCr .5.0 mg/dL (.440 mmol/L) 20.064 0.14 3 0.065 0.51 8 20.129 0.3583

Male 0.003 0.08 42 0.053 0.16 53 20.050 0.0079

Female 0.002 0.08 43 0.017 0.12 27 20.015 0.33

Age ,6 years 20.018 0.04 9 0.071 0.22 3 20.089 0.064

Age .6 years 0.005 0.08 76 0.047 0.13 77 20.042 0.02

Age ,10 years 0.003 0.07 42 0.042 0.17 41 20.038 0.014

Age .10 years 0.002 0.10 43 0.049 0.14 39 20.048 0.14

Short hair 0.004 0.08 68 0.050 0.14 60 20.046 0.013

Long hair 20.005 0.07 17 0.028 0.15 20 20.033 0.35

Chronic pyelonephritis 0.304 – 1 20.066 0.46 6 0.370 0.21

No chronic pyelonephritis 20.021 0.38 5 0.355 0.65 4 20.376 0.020

IQ, interquartile; UPC, urine protein-to-creatinine ratio; PCr, plasma creatinine concentration.
a BZ – PL 5 difference between median values benazepril – placebo. Data are the median and IQ range weighted average change from

baseline during treatment, calculated by AUC(0Rt)/t, where t is the observation period.
b P values calculated by Mann-Whitney U-test with significance defined as P , .05.

Fig 4. Mean 6 SD change from baseline of urine protein-to-

creatinine ratio (UPC) in all cats from which urine samples were

available. P 5 .0052 (Mann-Whitney U-test on weighted averages).

Fig 5. Mean 6 SD change from baseline total plasma protein

concentrations in all cats. P 5 .079 (Mann-Whitney U-test on

weighted averages).
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addition, regressions revealed positive correlations
between changes from baseline in UPC and plasma
protein during treatment for both groups: P values for
slopes were .0023 for benazepril and .11 for placebo;
although regression coefficients were low (R2 values
were 0.13 and 0.044, respectively). No cats were reported
to have had clinical signs of nephrotic syndrome at any
time in the trial.

Body Weight and Appetite

There were no differences in body weights between
the 2 groups during treatment (P 5 .89). Weighted
average appetite scores were not different between
groups during treatment for all cats (P 5 .66). In the
UPC $1 group, median (IQ range) appetite scores were
significantly (P 5 .017) higher with benazepril, 1.90
(0.17), than with placebo, 1.26 (0.42).

Quality of Life

The quality of life (QOL) of each cat was assessed by
the owner at each visit as compared with baseline. For
summary statistics, scores of 1 to 4 were attributed for
worse (1), same (2), improved (3), or much-improved
(4). There was no difference in weighted average QOL
scores between groups for all cats (P 5 .84). For the
subgroup with initial UPC $1, the weighted average
QOL was 2.8 (0.9) with benazepril and 2.0 (0.1) with
placebo (P 5 .065).

Other Efficacy Parameters

No significant or biologically relevant differences
were noted between the groups for other efficacy
variables: general clinical condition, buccal cavity
lesions, appearance of coat, neurologic signs, and
appearance of the ocular fundus. In all cats, simple
subjective scoring schemes with low discriminatory
power were used. Attempts were made to quantify the
frequency and volume of both drinking and urination,
but too few data were collected to make any meaningful
assessments. Most of the cats in the study had free access
to outdoors.

Adverse Events

The incidence of all reported adverse events was 205
with benazepril and 170 with placebo, and differences
were not significant (P $ .29) for any organ system.

Plasma Biochemistry

Plasma ALT activity was significantly higher at
baseline in the cats subsequently randomized to receive
benazepril as compared with placebo (P 5 .0035,
Table 1), and this difference was maintained during
treatment (P 5 .0002). However, change from baseline
was not different between the 2 groups after initiation of
treatment (P 5 .20). Therefore, we conclude that there
was no relevant effect of treatment on plasma ALT.

Total plasma calcium concentrations were not signif-
icantly different between groups either at baseline (P 5

.32) or during the trial (P 5 .84). Change from baseline
revealed a slight increase during the trial for calcium
concentration in the benazepril group and a slight
decrease in the placebo group (difference +0.19 mg/dL,
+0.048 mmol/L, P 5 .037). The number of cats with
calcium concentrations outside of the reference range
was the same in both groups. The number of cats with
calcium concentrations .10.6 mg/dL (.2.65 mmol/L)
on at least 1 occasion after visit 2 was 48 (50%) with
benazepril and 48 (50%) with placebo (P 5 1.0). The
number of cats with calcium concentration ,8.0 mg/dL
(,2.0 mmol/L) on at least 1 occasion after visit 2 was 2
(2.1%) with benazepril and 2 (2.1%) with placebo (P 5

1.0). Therefore, we conclude no relevant effect of
treatment on plasma calcium concentration. Plasma
phosphate concentrations were not different between the
2 groups either before (P 5 .48) or during treatment
(P 5 .81).

At baseline (day 0), 21 (10.9%) cats had plasma
potassium concentrations below the reference range for
cats (,3.5 mmol/L), whereas only 11 (5.7 %) cats had
concentrations above the normal range (. 5.5 mmol/L,
Table 1). There were no significant differences in mean
plasma potassium concentrations between groups dur-
ing treatment (P 5 .24). The number of cats with plasma
potassium concentrations .5.5 mmol/L was 6 (benaze-
pril) and 5 (placebo) at baseline (day 0, Table 1). During
the trial, 15 cats in both groups (benazepril and placebo)
had plasma potassium concentrations .5.5 mmol/L on
at least 1 visit (P 5 1.0). A total of 9 (benazepril) and 12
(placebo) cats had potassium concentrations
,3.5 mmol/L at day 0 (Table 1). During treatment, 18
(benazepril) and 21 (placebo) cats had potassium
concentrations ,3.5 mmol/L on at least 1 occasion (P
5 .72). Therefore, we conclude that benazepril had no
relevant effect on plasma potassium concentrations and
in particular did not contribute to hyperkalemia.

Plasma creatinine concentrations were not different
between the groups either before (P 5 .30, Table 1) or
during treatment (P 5 .49). Median (IQ range) values
during treatment were 2.7 (1.1) mg/dL with benazepril
and 2.8 (1.5) mg/dL with placebo (P 5 .49). Values
expressed as mmol/L were 238 (99) mmol/L with bena-
zepril and 246 (130) mmol/L with placebo. There was
also no significant (P 5 .19) difference in change from
baseline in plasma creatinine concentration with bena-
zepril (+0.09 mg/dL, +7.9 mmol/L) as compared with
placebo (+0.05 mg/dL, +4.4 mmol/L). In addition, in the
subgroup with initial plasma creatinine concentration
.5.0 mg/dL (.440 mmol/L), median plasma creatinine
concentrations were not significantly different during
treatment with benazepril (6.6 mg/dL, 581 mmol/L) as
compared with placebo (6.2 mg/dL, 544 mmol/L, P 5

.70). Change from baseline was also not significantly
(P 5 .7) different in the subgroup with initial plasma
creatinine concentration .5.0 mg/dL (.440 mmol/L):
benazepril (+0.54 mg/dL, +48 mmol/L) and placebo
(+0.10 mg/dL, +9 mmol/L). There were no significant
differences in other plasma biochemical variables
(plasma concentrations of sodium and urea, and alkaline
phosphatase activity) between groups.
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CBC

At baseline, 20 cats (10.4%) had red blood cell counts
below the normal range (,5 3 1012/L, Table 1). During
treatment, there were no significant differences between
groups for red blood cell parameters (erythrocyte count,
hemoglobin, and hematocrit) or leukocyte counts.

Median erythrocyte counts were the same in the
benazepril (7.1 3 1012/L) and placebo (7.1 3 1012/L)
groups during treatment (P 5 .81). Change from
baseline analysis also revealed no significant difference
(P 5 .17) between groups: benazepril (20.17 3 1012/L)
as compared with placebo (+0.01 3 1012/L). The number
of cats with erythrocyte counts below the reference
range (5 3 1012 /L) during therapy (i.e. after visit 2) was
18 (18.9%) with benazepril and 15 (15.6%) with placebo
(P 5 0.57). The number of cats with platelet counts
below the reference range (150 3 109/L) during therapy
(ie, after visit 2) was 24 (25.3%) with benazepril and 21
(21.9%) with placebo (P 5 .61).

There were no differences between groups for other
CBC variables including platelets or white blood cells.

Discussion

This study of benazepril treatment of cats with CKD
employed the technique of a double-blind, placebo-
controlled, prospective, randomized trial. Nevertheless,
the study had important limitations, and therefore
definitive conclusions can only be made for relatively
few end points. For the treated population, benazepril
was tolerated well and reduced proteinuria but did not
affect survival time. In addition, a benefit of benazepril
was noted on improving appetite for the small groups of
cats with more marked proteinuria (UPC $1).

The principal limitations of the trial are as follows:
(1) The treated population was highly heterogeneous,
consisting of cats with a wide range of stages of kidney
disease (plasma creatinine concentrations ranged from
1.4 to 10.1 mg/dL [125 to 894 mmol/L]) and for which
little attempt was made to determine the underlying
renal pathology. This fact and the relatively low number
of cats may have contributed to the poor fit of data to
the various correlations we evaluated; (2) Urine samples
were not routinely cultured; instead we relied on
examination of urine sediments. Therefore, the presence
of urinary tract infection was not thoroughly excluded in
most cats; (3) Renal biopsies were not taken antemor-
tem, and therefore we could not establish diagnoses by
histologic examination of any cat; 4) Systemic blood
pressure was not measured routinely, because at the time
of the study most of the participating veterinary centers
did not routinely use reliable methods. Therefore we
could not stage cats according to their blood pressure or
examine effects of treatment on blood pressure. The use
of benazepril in this trial in the absence of blood
pressure measurements, nevertheless, may still be
justified ethically because at least part of the benefit of
ACEIs in CKD in humans appears to be independent
of their systemic antihypertensive action3; (5) Thyroid
hormone concentrations were not monitored in all cats,
and therefore the incidence of hyperthyroidism is not

known; (6) The groups were not exactly matched at
baseline, and cats subsequently randomized to receive
benazepril had significantly higher baseline ALT activ-
ities. Although no significant effect of these results was
discovered in subsequent analyses, cats that received
benazepril might have had a higher baseline frequency
of liver insufficiency, hyperthyroidism, or both; (7) The
number of cats (192) is relatively small and the maximal
treatment time of 3 years is short for a survival study in
CKD. The low number of cats was confounded by the
relatively high proportion of cats (59%) that were
censored in the analysis, leaving only 41% of cats
reaching the predefined survival end point. A similar
problem with censored cases was encountered in
field studies with ACEIs in canine congestive heart
failure16,17; (8) The data were not suitable for studying
the effect of covariates on survival with the standard
Cox proportional hazards model, as had been planned
in the protocol, and in its place we had to use the
weaker method of making separate Kaplan-Meier plots
for individual survival curves and testing effects with
the log-rank test; (9) Although we attempted to assess
clinical signs, this proved to be very difficult; it
proved impossible to collect data on water intake and
urination.

In summary, testing the effect of an ACEI in CKD of
cats proved very difficult. Clinical signs are difficult to
measure in cats with CKD and only appear relatively
late and in a variable manner. Benefits on survival time
are most likely to be seen with early treatment, but
testing this point optimally would require a trial with
long treatment times and a large number of cats to reach
statistical significance with the inevitable drop-out of
animals unrelated to CKD. The most definitive efficacy
result in this trial was proof of reduction in proteinuria
with benazepril. This variable was measured quantita-
tively, and the effect of benazepril occurred rapidly.

Reduction in proteinuria with ACEIs has been
reported previously in clinical studies in dogs and
humans, and in experimental studies in cats and
dogs.3,5–9 The mechanism of action is attributed to
a reduction in filtration pressure secondary to reduced
glomerular hypertension, as well as other mechanisms
such as improved function of the glomerular basement
membrane allowing maintenance of its selective perme-
ability.6,11 Benazepril has been revealed to reduce
filtration pressure in cats with experimental CKD.6 A
hemodynamic mechanism probably played an important
role in the antiproteinuric effect of benazepril in the cats
in this trial because the effect was already visible at the
first time point of 7 days. Other authors have concluded
that proteinuria in cats with CKD or hypertension may
be caused by glomerular capillary hypertension.k The
antiproteinuric action of benazepril in the cats in this
study was proportionally greater in cats with more
marked proteinuria. Similarly, the beneficial effect of
benazepril in reducing proteinuria and prolonging
survival time in humans with CKD was proportional
to the initial extent of proteinuria.3 However, the
antiproteinuric effect of benazepril was present in all
cats in this trial, including animals with milder pro-
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teinuria. Statistical significance was reached even in the
cats with very low UPC values (,0.2 at baseline), and
regression analysis suggested no lower magnitude of
proteinuria below which benazepril had no effect.
Previously, most authorities have suggested that pro-
teinuria in cats was only clinically relevant with UPC
values .0.5 or 1.2 The fact that benazepril was effective
in this study in reducing proteinuria regardless of the
initial magnitude of proteinuria suggests that a patho-
logic mechanism (eg, glomerular hypertension) may
have been present in many of the cats. If so, in theory
ACEIs should be beneficial in many cats with CKD. In
a preliminary study, survival times in clinically healthy
nonazotemic cats were longer in the group with mean
UPC values of 0.11 as compared with the group with
UPC values of 0.30, lending support to the idea that
mild proteinuria is deleterious in cats.l Alternatively,
however, proteinuria may simply be a marker of
underlying disease.

The antiproteinuric action of ACEIs in cats with
CKD may be relevant in at least 2 respects. First, loss of
protein via the kidneys might reduce plasma protein
concentrations. In the cats, benazepril reduced urine
protein loss and maintained plasma protein concentra-
tions (P 5 .079 for all cats, P 5 .038 for cats with initial
UPC $1). However, it is not possible to judge from the
results if the 2 findings are linked or if other mechanisms
were involved in maintaining plasma protein concentra-
tions. Although a correlation existed between low
plasma protein and high UPC at baseline, and between
decreased UPC and increased plasma protein concen-
tration during treatment, the fit of the regressions was
poor. The low magnitude of proteinuria measured in
most of the cats is unlikely to have produced a clinically
relevant effect on plasma protein concentration. The
maintenance of plasma protein concentrations with
benazepril perhaps is more likely to have been mediated
by other mechanisms (eg, appetite or body weight).

Second, reduction in proteinuria concentrations may
inhibit progression of CKD. In humans, proteinuria is
an independent and modifiable risk factor for the
progression of CKD, and proteinuria should be treated
whenever present. ACEIs are the drugs of first choice for
such treatment.18,19 The mechanism of the deleterious
effect of proteinuria on renal function is not known with
certainty but could include toxic effects of protein on
renal tubular cells.11,20 Fewer data are available in cats,
but results from this study and other preliminary datam

reveal an inverse relationship between magnitude of
proteinuria and survival time in cats with CKD.
However, results of this trial revealed no effect of
benazepril on survival time in all cats. Survival times
were longer with benazepril (402 days) than placebo
(129 days) in the 13 cats with more marked proteinuria
(UPC $1), but differences were not significant (P 5

.27), and therefore this finding must be tested in
additional trials with more statistical power. The
following points should be considered with respect to
survival.

First, ACEIs probably have no benefit on survival in
cats with mild proteinuria when started in middle- or

end-stage CKD. However, no conclusions can be drawn
on the effect of ACEI therapy started earlier. In humans
with CKD, the benefit of ACEI is greatest when therapy
is started early.3,5,18,21 Although a reasonable proportion
(52%) of cats in this trial with initial plasma creatinine
concentration .2.8 mg/dL (.250 mmol/L) reached the
renal survival end point during the trial, only 35%
of cats with initial plasma creatinine concentration
#2.8 mg/dL (#250 mmol/L) reached the end point.
Larger numbers of cats should be followed for at least
5 years to test the effect of earlier intervention.

Second, many additional medications (including
other antihypertensive drugs) were not permitted in this
trial. Of particular relevance are calcium channel
blockers (CCB), which are drugs of first choice in the
treatment of hypertension of cats, which affects approx-
imately 30% of cats with CKD.22,23 Although CCB
reduce systemic hypertension, they have no effect on (or
may even aggravate) glomerular hypertension by di-
lating the afferent arteriole.8 Combinations of CCB and
ACEI should produce additive efficacy on systemic
hypertension and treat glomerular hypertension due to
vasodilation of the efferent arteriole by the ACEI. We
therefore recommend that the efficacy of a combination
of CCB and ACEI be tested in cats with CKD and that
survival be evaluated as an end point.

Third, and consistent with the findings of other
studies, a moderately high incidence (42%) of chronic
pyelonephritis was detected in 19 cats investigated by
renal histology at autopsy.2 We did not routinely culture
urine and urinary tract infections were not thoroughly
excluded pretrial. Renal survival time was longer in the
benazepril (303 days) as compared with placebo group
(124 days) in the small number of cats with no evidence
of chronic pyelonephritis detected at autopsy, but
differences were not significant (P 5 .22, n 5 11). It
would be useful to test in a prospective trial the efficacy
of ACEIs in cats with CKD in which kidney infection
either was excluded pretrial and urine culture frequently
tested during the trial, or in cats that had received
intensive antibiotic therapy.

We tried to test the efficacy of benazepril on various
clinical signs, but many of these investigations proved to
be of no value because of inadequately sensitive scoring
schemes or too few data. In particular, measuring
volumes of urine produced and water drunk proved to
be impossible as most cats had free access to outdoors.
However, a beneficial effect of benazepril was observed
on appetite for the group with initial UPC $1. An
action of benazepril in improving appetite and body
weight in cats with CKD is possible because similar
effects were seen in a controlled laboratory trial in
growing healthy cats.24

Effects of benazepril on appetite and body weight
might have contributed to the observed effect of
benazepril in maintaining plasma protein concentrations
in this trial. In support of this finding, ACEIs assist
prevention of weight loss in humans with chronic heart
failure.25

The tolerability of benazepril was evaluated as
a secondary objective to the efficacy assessments.
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Although the power of the study was not sufficient to
detect an increased frequency of rare adverse events, we
conclude that benazepril appears to be well tolerated
during long-term treatment in cats with CKD and no
special precautions appear to be necessary. Nevertheless,
some discussion is relevant with respect to plasma
potassium and creatinine concentrations.

Cats with CKD may develop hypokalemia.2 We also
observed this effect because at baseline, 10.9% of cats
had hypokalemia (,3.5 mmol/L), whereas only 5.7%
had hyperkalemia (.5.5 mmol/L). Hyperkalemia is
a known effect of ACEIs in humans and is explained
by reduction in aldosterone concentrations.26 However,
we found no significant differences in the cats between
the benazepril and placebo groups in either mean plasma
potassium concentrations or the frequency of hypoka-
lemia or hyperkalemia. Although these results suggest
that there may be no safety problems regarding plasma
potassium concentrations with the use of benazepril in
cats with CKD, these results cannot be extrapolated to
all cats because no cats in this trial received potassium-
sparing diuretics, which can potentiate the hyperkalemic
effect of ACEIs, and we did not record the potassium
content of the diet.

Plasma creatinine concentration is an important
variable for tolerability assessment in cats with CKD.
Moderate increases in plasma creatinine concentration
were observed in humans with CKD at the start of
therapy with benazepril.3 This effect is attributed to
reduction in GFR secondary to reduced glomerular
hypertension and is thought to contribute to the long-
term renoprotective action of ACEIs.3,27 Therefore,
moderate increases in plasma creatinine concentration
are not considered problematic in humans treated with
ACEIs for CKD.3,21 However, acute large increases in
plasma creatinine concentration may reflect acute renal
insufficiency triggered by reduction in GFR and caused
by reduced GCP. We investigated the plasma creatinine
concentration results and found no significant differ-
ences between the benazepril and placebo groups.
Absence of increase in plasma creatinine concentration
with benazepril at the start of therapy might be
explained by the fact that benazepril had only a slight
effect in reducing systemic blood pressure and increased
single nephron GFR in cats with experimental CKD.6

In addition to assessment of plasma creatinine
concentrations, we investigated the effect of benazepril
in inducing acute renal insufficiency by means of survival
analysis. In no subgroup was the time to the renal failure
end point worse with benazepril as compared with
placebo. This result was also valid for the subgroup with
initial plasma creatinine concentration .5.0 mg/dL
(.440 mmol/L), which could be considered the group in
this trial at highest risk of developing acute renal
insufficiency. However, this group consisted of only 16
cats and only 1 cat with plasma creatinine concentration
.9 mg/dL (.800 mmol/L) at baseline was included into
this trial, therefore the effect of benazepril in this highest
risk group could not be tested.

In conclusion, benazepril had some beneficial effects
and was well tolerated during long-term therapy in cats

with CKD and no special precautions appear to be
necessary for its use. Additional studies with ACEIs in
selected subgroups of cats with CKD are recommended,
notably with respect to survival.
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