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Background: Chronic kidney disease (CKD) is a common cause of morbidity and mortality in cats.

Hypothesis: Some baseline variables are associated with shorter survival times in cats with CKD.

Animals: Client-owned cats.

Methods: Cats with CKD with initial plasma creatinine concentration $2.0 mg/dL and urine specific gravity (USG) #1.025

were recruited into a prospective clinical trial that compared benazepril with a placebo. We describe baseline variables in 190

cats and their influence on renal survival time in the placebo group (95 cats), which was followed for up to 1,097 days. Renal

survival time was defined as the time from initiation of therapy to the need for parenteral fluid therapy, euthanasia, or death

related to renal failure.

Results: Of the 95 cats treated with a placebo, 58 were censored and 37 reached the renal survival end point (died, n 5 0;

euthanized, n 5 17; parenteral fluids, n 5 12; parenteral fluids followed by euthanasia, n 5 8). Increased plasma creatinine

concentration, increased urine protein-to-creatinine ratio (UPC), and increased blood leukocyte count were significantly (P ,

.01) associated with a shorter renal survival time and were independent risk factors. Increased concentrations of plasma

phosphate or urea, and lower blood hemoglobin concentration or hematocrit were significantly (P , .01) associated with

a shorter renal survival time and were dependent risk factors, because they also were significantly (P , .01) correlated with

plasma creatinine concentration at baseline.

Clinical Importance: Several variables were significantly associated with a shorter renal survival time in cats with CKD.
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C hronic kidney disease (CKD) is one of the most
important causes of morbidity and mortality in

cats,1,2 and prognostic factors were studied in several
retrospective studies.3–6 In the most recent and extensive
study, reduced survival time was independently associ-

ated with age, plasma creatinine concentration, and
proteinuria in cats with CKD.6 These results are in
agreement with findings in humans, in whom pro-
teinuria, increased serum creatinine concentration, and
reduced blood hemoglobin concentration were found to
be the most important risk factors in end-stage renal
disease.7,8 The primary objective of this study was to
evaluate the efficacy and tolerability of benazepril in the
treatment of naturally occurring CKD in cats; these
results were previously published.9 In the present study,
we describe baseline variables and their relationship with
renal survival time.

Materials and Methods

Materials and methods were previously described in detail.9 In

brief, the study was a multicenter, randomized, double-blind,

parallel-group, placebo-controlled, prospective clinical trial in

client-owned cats. All owners gave prior written informed consent

for their pets to participate in the study. The protocol was

approved by regulatory agencies in the participating countries and

by a scientific committee at Novartis, which took into account

ethical, legal, and welfare factors.

Selection Procedure

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

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

history was taken, and, at both visits, a clinical examination was

made, with plasma biochemistry, CBC, and urinalysis performed.

If diet or treatments needed to be changed, changes were made and

visits were rescheduled at least 7 days (forbidden concomitant

treatments) or 14 days (diet) later. Renal biopsies were not

performed.

Inclusion Criteria

Inclusion criteria were cats with CKD of renal origin with an

initial plasma creatinine concentration $2.0 mg/dL and urine

specific gravity (USG) #1.025 on at least one of the selection visits.

Cats of all ages, breeds, and sexes, and with body weights between

2.5 and 10 kg were included. Although the term chronic renal
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insufficiency was used in the protocol (and, therefore, also for the

abbreviation BENRIC [benazepril in renal insufficiency in cats]),

the term CKD is used in this paper, including references to

previous literature in which the terms chronic renal insufficiency or

chronic renal failure were used.

Exclusion Criteria

Pre-admission exclusion criteria were the following: acute renal

insufficiency within the previous 28 days, CKD 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),10 edema

that required 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, and pregnant cats or

those that were to be bred 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 according to individual randomization lists

for each investigator. All cats were to be fed a diet that contained

low amounts of protein and sodium at least 14 days before the

selection visits and for the duration of the trial. Because most cats

received commercial renal diets, most of them received diets with

low amounts of phosphate, protein, and sodium. Concomitant

therapies were restricted to minimize biases. Antihypertensive

drugs (including angiotensin converting enzyme inhibitors [ACEI]

other than benazepril), diuretics, nonsteroidal anti-inflammatory

drugs, corticosteroids, and antibiotics with nephrotoxic properties

were discontinued at least 7 days before the selection visit.

Treatments for disorders other than CKD, and with no known

effect on the kidney and no known interaction with benazepril,

were permitted in the trial.

Clinical Evaluation

Cats were studied 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. A clinical examination

was made with plasma biochemistry, CBC and, whenever possible,

urinalysis. Biochemistry and CBC were performed by 2 laborato-

ries. Plasma creatinine determinations were made by the Jaffe

method.11 Blood pressure was not measured routinely.

Statistics

Data are presented as mean 6 standard deviation (SD) except

for survival times, which are median. Baseline data were compared

by using the Mann-Whitney U testa or the Fisher exact test.b The

end point for renal survival was ‘‘the need for parenteral fluids, or

euthanasia or death of the cat due to renal failure.’’ The time from

initiation of therapy to the end point of renal survival was

compared by using the Kaplan-Meier method (log-rank test) and

the Cox proportional hazards model.c The Cox model was not used

for the comparison of benazepril with the placebo in the main

study, because the data violated assumptions required for this

method (ie, overlap of curves at early time points) for several

important analyses.9 However, the data in the present paper

fulfilled requirements for the Cox model. In most cases, thresholds

for subgroup survival analyses were defined before the analyses

were conducted and were based on upper or lower limits of the

reference ranges for the laboratories where the analyses were

conducted, published literature or the clinical experience of the

investigators. For some variables, however, analyses with addi-

tional thresholds were needed, based on results of first analyses.

For example, there was little indication from published literature to

test for low values (,0.2) of urine-to-protein creatinine ratio

(UPC), and normal values for plasma phosphate or urea

concentration could not be used as the reference range, because

there were either no or too few cats in this category. Cases were

staged for plasma creatinine concentration by using the In-

ternational Renal Insufficiency Society (IRIS) classification

scheme: stage 2, .1.6 to #2.8 mg/dL (.140 to #250 mM); stage

3, .2.8 to #5.0 mg/dL (.250 to #440 mM); and stage 4, .5.0 mg/

dL (.440 mM).2

Correlations among variables at baseline, and between in-

dividual variables and renal survival time, were conducted by using

correlation and regression analysis.d For multivariate analysis of

the association between renal survival (independent) and 2 or more

dependent variables, log-linear regression models were used.d In the

study protocol designed to compare benazepril with the placebo,

statistical significance was defined with P , .05. For this study,

however, P , .01 was defined as significant to reduce the risk of

type I errors, because multiple statistical analyses were conducted

and hypotheses for testing were only generated after collection of

the data.

Results

Cats

A total of 190 cats were included in the baseline
analysis. Ninety-five cats were treated with a placebo
and were included in the survival analysis. One cat each
in the benazepril and placebo groups did not fulfill the
pre-admission inclusion criteria defined in the protocol
because they weighed ,2.5 kg and, therefore, could not
be dosed accurately with benazepril at a dosage of 0.5–
1 mg/kg. These cats were included in the analysis,
however, because low body weight in 2 cats was not
expected to have a relevant influence on the results.
However, in contrast to the main BENRIC study, which
followed an intention-to-treat approach,9 2 cats who did
not fulfill the criteria for plasma creatinine concentra-
tion and USG at both selection visits were excluded
from the analysis.

Thyroid hormone (total T4) concentration was
evaluated routinely only in the UK. Only 2 cats had
T4 concentrations above the normal range for the
laboratory (.65 nM) at baseline (76 and 140 nM).
During treatment, abnormally high T4 concentrations
(81 and .300 nM) were detected twice in 1 of 43 cats
sampled. These cats were followed and included in the
analysis, because hyperthyroidism was not an exclusion
criterion.

Treatment

In accordance with the protocol, most cats (n 5 184)
were fed a diet with low amounts of phosphate, protein,
and sodium starting at least 14 days before the selection
visit. This diet was either a commercial renal diete,f,g or
a home-made renal diet made to strict recommenda-
tions.h The diets of 8 cats who would not eat a sufficient
amount of the recommended renal diets had to be
supplemented with normal (nonrenal) foods. Detailed
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analysis of the diet (eg, phosphate, protein, or sodium
content) was not performed.

Baseline Variables

Baseline variables are presented in Table 1 for all cats
according to plasma creatinine concentration by using the
IRIS classification scheme.2 The results reveal increased
mean plasma creatinine, phosphate, and urea concentra-
tions, and decreased mean blood erythrocyte count,
hemoglobin concentration, and hematocrit with a higher
stage of CKD (Table 1). The incidence of hyperkalemia
increased and the incidence of hypokalemia decreased
with a higher stage of CKD. Blood leukocyte counts were
similar in IRIS stages 2 and 3, whereas the frequency of
either increased (13%) or decreased (53%) leukocyte
counts was higher in stage 4. There was no difference in
UPC, plasma alanine aminotransferase (ALT) activity, or
blood platelet counts among the stages of CKD. The
frequency of clinical signs was similar in IRIS stages 2 and
3, but stage 4 was associated with increased frequency of
most clinical signs. The frequency of diarrhea and
vomiting did not differ among the stages of CKD.

Correlations among variables were tested at baseline.
Plasma creatinine concentration was significantly (P ,

.01) and highly correlated (r . 0.5) with plasma urea
and phosphate concentrations. Plasma creatinine con-
centration was significantly associated with plasma urea
concentration (r 5 0.86, P , .001 and R2 5 0.73 for the
corresponding linear regression). Plasma creatinine
concentration was significantly associated with plasma
phosphate concentration (r 5 0.71, P , .001 and R2 5

0.51 for the corresponding linear regression).

Plasma creatinine concentration was significantly (P
, .01) but not highly correlated (20.5 , r , 0.5) with
the following parameters: plasma calcium (r 5 0.31, P
, .001) and potassium concentrations (r 5 0.24, P ,

.001); blood erythrocyte count (r 5 20.46, P , .001),
hematocrit (r 5 20.47, P , .001), and hemoglobin
concentration (r 5 20.46, P , .001); and low USG (r 5

20.20, P , .001).

Plasma creatinine concentration was not significantly
correlated with age (r 5 20.01, P 5 .85); body weight (r
5 20.16, P 5 .026); UPC (r 5 0.09, P 5 .24); plasma
protein concentration (r 5 0.06, P 5 .39); plasma
sodium concentration (r 5 0.13, P 5 .07); plasma ALT
(r 5 20.07, P 5 .32), or alkaline phosphatase (ALP)
activity (r 5 20.08, P 5 .29); or blood leukocyte (r 5

20.06, P 5 .42) or platelet count (r 5 0.09, P 5 .25).
There also was no correlation between UPC and USG (r
5 20.04, P 5 .60), or between UPC and leukocyte
counts (r 5 0.07, P 5 .38).

Survival Analysis

Thirty-seven cats in the placebo group reached the
predefined renal survival end point (the need for
parenteral fluids, or euthanasia or death from renal
failure), whereas 58 cats were censored. Of the 37 cats
who reached the renal survival end point, none died, 17
were euthanized, 12 received fluids, and 8 cats were
recorded as receiving fluids at the same visit as

euthanasia. To the authors’ knowledge, parenteral fluids
were administered IV in all cases. The main reasons for
censoring were failure of the owner to follow the
protocol or to medicate the cat (n 5 24) and cats still
surviving at the end of the 3-year trial period (n 5 19).
Data from censored cases were used in the survival
analysis up to the date at which they were censored
(random censoring) or the last time point of the trial
(fixed). The median renal survival time for all 95 cats
was 319 days, and this was significantly longer (P ,

.001) in the 58 cats who were censored (644 days)
compared with the 37 cats who reached one of the
defined end points (124 days). For most variables tested,
however, equivalent conclusions were reached when all
cats, censored cats, euthanized cats, or cats who received
fluids were analyzed combined or separately. Increased
plasma creatinine, phosphate, and urea concentrations;
increased UPC; and decreased hemoglobin concentration
always were associated with shorter survival times,
regardless of the end point studied. For subsequent
analyses, therefore, cases that were censored or reached
one of the survival end points were combined for survival
analysis. A statistically significant association (P , .01
with the Cox model) with the renal survival end point was
noted for the following variables: increased plasma
creatinine, urea, and phosphate concentrations; increased
UPC; lower hemoglobin concentration or hematocrit;
and decreased blood leukocyte count (Table 2).

For regression analysis of renal survival time versus
dependent variables, only cases (maximum 37 cats) that
reached the renal survival end point were used in the
analysis. In all cases, simple linear regressions produced
poor fits to the data and the scatter of the data was
large. For linear regression, R2 values were as follows:
plasma urea concentration (0.26), plasma phosphate
concentration (0.23), blood hemoglobin concentration
(0.22), blood erythrocyte count (0.20), blood hematocrit
(0.20), plasma creatinine concentration (0.18), UPC
(0.15), and USG (0.15). Visual examination of the
graphs suggested that, in some cases, a hyperbolic
function would produce better fits. However, R2 values
were worse or improved only modestly with a hyperbolic
function, and so were not evaluated further.

General Characteristics. No significant effect on renal
survival time was observed for the age of cat at
recruitment, body weight, breed, or sex (Table 2).

Plasma Biochemistry. Higher plasma concentrations
of creatinine, phosphate, and urea were all highly
significantly (P , .001) associated with shorter renal
survival times (Figs 1–3). Differences among subgroups
also were significant (P , .01) in many cases (Table 2).
Only 2 cats had plasma urea ,59.4 mg/dL (the upper
limit of the reference range) at baseline, and both were
censored in the analysis. Therefore, threshold values of
120 and 240 mg/dL were tested for plasma urea
concentration. All cats had initial plasma phosphate
concentration .2.8 mg/dL, and, therefore, thresholds of
4.7 and 6.8 mg/dL were chosen (reference range, 2.8–
6.8 mg/dL).
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Table 1. Baseline data for cats with CKD at inclusion (day 0) in the study.

All Cats (n 5 190) IRIS Stage 2 (n 5 109)a IRIS Stage 3 (n 5 65)a IRIS Stage 4 (n 5 16)a

Mean 6 SD No. (%) Mean 6 SD No. (%) Mean 6 SD No. (%) Mean 6 SD No. (%)

General characteristics

Age (y) 10.4 6 3.8 10.3 6 3.8 10.6 6 3.6 10.9 6 4.4

Body weight (kg) 4.0 6 1.1 4.1 6 1.1 4.1 6 1.1 3.5 6 0.8

Female, neutered 75 (39.5) 49 (45.0%) 23 (35.4%) 3 (18.8%)

Female, intact 4 (2.1) 3 (2.8%) 1 (1.5%) 0 (0%)

Male, neutered 98 (51.6) 49 (45.0%) 38 (58.5%) 11 (68.8%)

Male, intact 13 (6.8) 8 (7.3%) 3 (4.6%) 2 (12.5%)

Breed,DSH 129 (67.9) 73 (67.0%) 43 (66.2%) 13 (81.3%)

Breed, DLH 8 (4.2) 6 (5.5%) 2 (3.1%) 0 (0%)

Breed, PSH 24 (12.6) 15 (13.8%) 8 (12.3%) 1 (6.3%)

Breed, PLH 29 (15.3) 15 (13.8%) 12 (18.5%) 2 (12.5%)

No. (%) . or ,

reference

rangeb

No. (%) . or ,

reference

rangeb

No. (%) . or

,

reference

rangeb

No. (%) . or

,

reference

rangeb

Plasma biochemistry

Creatinine (mg/dL) 3.1 6 1.4 93.1% . 2.4 6 0.3 88% . 3.5 6 0.6 100% . 6.8 6 1.5 100% .

Urea (mg/dL) 122.4 6 52.1 97.9% . 98.4 6 23.3 96.3% . 133.8 6 32.7 100% . 235.2 6 84.9 100% .

Na (mmol/L) 153.2 6 3.3 8.5% . 153.1 6 2.8 5.6% . 153.4 6 4.0 13.8% . 153.9 6 3.5 6.3% .

0.5% , 1.5% , 0% ,

K (mmol/L) 4.3 6 0.8 12.2% , 4.2 6 0.7 16.7% , 4.4 6 0.8 7.7% , 4.7 6 0.6 0% ,

5.8% . 4.6% . 6.2% . 12.5% .

Calcium (mg/dL) 10.0 6 0.8 57.1% . 10.0 6 0.7 50.0 % . 10.4 6 0.9 64.6% . 10.4 6 1.0 75.0% .

Phosphate (mg/dL) 5.0 6 2.0 1.1% , 4.3 6 1.1 1.9% , 5.3 6 1.7 0% , 9.3 6 3.1 0% ,

12.7% . 2.8% . 13.8% 75.0% .

Protein (g/dL) 7.5 6 0.8 18.5% . 7.5 6 0.9 20.4% . 7.4 6 0.6 15.4% . 7.7 6 0.6 18.8% .

ALT (U/L) 64.7 6 76.0 33.9% . 69.0 6 95.9 31.5% . 60.3 6 35.1 38.5% . 54.3 6 33.7 31.3% .

ALP (U/L) 51.1 6 37.3 9.0% . 53.1 6 40.2 5.2% . 49.5 6 32.3 7.7% . 42.9 6 36.7 12.5% .

Urine biochemistry

Specific gravity 1.015 6 ,0.00 1.015 6 0.01 1.01 6 ,0.00 1.015 6 ,0.00

UPC 0.40 6 0.8 0.38 6 0.9 0.41 6 0.6 0.45 6 0.4

Hematology

Erythrocyte

(31012/L)

7.0 6 1.6 11% , 7.4 6 1.5 3.8% , 6.9 6 1.7 12.9% , 5.1 6 1.2 53.3% ,

2.8% . 1.9% . 4.8% . 0% .

Hemoglobin (g/L) 100.9 6 22.2 27.1% , 105.9 6 20.2 17.3% , 98.5 6 22.3 32.3% , 76.4 6 17.3 73.3% ,

0.6% . 1.6% . 0% .

Hematocrit (%) 33.4 6 7.0 13.3% , 35.3 6 6.5 4.8% , 32.3 6 6.8 17.7% , 25.7 6 5.0 53.3% ,

2.8% . 3.8% . 1.6% . 0% .

Leukocytes (3109/L) 8.6 6 3.9 18.8% , 8.6 6 3.8 16.3% , 8.5 6 3.0 14.5% , 8.6 6 7.2 53.3% ,

6.6% . 6.7% . 4.8% . 13.3% .

Platelets (3109/L) 332.0 6 185.4 13.3% , 318.7 6 196.6 17.3% , 351.3 6 166.6 6.5% , 343.8 6 182.6 13.3% ,

8.8% . 9.6% . 8.1% . 6.7% .

Presence of clinical signs

Decreased appetite 79 (41.4%) 44 (40.4%) 24 (36.9%) 11 (68.8%)

Halitosis 52 (30.3%) 29 (26.6%) 15 (23.1%) 8 (50.0%)

Dull coat 54 (28.3%) 30 (27.5%) 18 (27.7%) 6 (37.5%)

Buccal cavity lesions 52 (27%) 28 (26%) 17 (26%) 7 (44%)

Vomiting 21 (11%) 12 (11%) 8 (12%) 1 (6%)

Weakness 17 (10.1%) 9 (8.3%) 3 (4.6%) 5 (31.3%)

Neurologic signs 7 (6.1%) 4 (3.7%) 2 (3.1%) 1 (6.3%)

Diarrhea 6 (3%) 2 (2%) 4 (6%) 0 (0%)

CKD, chronic kidney disease; IRIS, International Renal Insufficiency Society; DSH, Domestic Shorthair; DLH, Domestic Longhair;

PSH, Pedigree Shorthair; PLH, Pedigree Longhair; UPC, urine protein-to-creatinine ratio; ALT, alanine aminotransferase; ALP, alkaline

phosphatase; SD, standard deviation.
a The IRIS classification scheme for cat CKD: plasma creatinine .1.6 to #2.8 mg/dL 5 stage 2; .2.8 to #5.0 mg/dL 5 stage 3; and

.5.0 mg/dL 5 stage 4 (from Ref. 2).
b Reference ranges were derived from the 2 laboratories in which the analyses were conducted: plasma creatinine 0.23–2.0 mg/dL, urea

15.0–59.4 mg/dL, ALT 5–60 U/L, ALP 0–90 U/L, sodium 144–157 mM, potassium 3.5–5.5 mM, calcium 8.0–10.6 mg/dL, phosphate 2.8–

6.8 mg/dL, protein 4.9–8.0 g/dL, 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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Table 2. Statistical analysis of the relative risk of reaching the defined renal survival end point (need for parenteral
fluid, or euthanasia or death related to renal failure) according to baseline variables in cats with CKD.

Parameter (unit)

Comparison of Subgroups

(test versus reference)
Relative

Riska

95%

Confidence

Intervala

P Value,

Subgroup

Comparisonsa

P Value, All

Group Testb
Test Group Reference

General characteristics

Age (y) .6 #6 1.2 0.3–5.2 .76

.10 #10 0.91 0.47–1.7 .77

Body weight (kg) #4 .4 2.5 1.2–5.0 .013

.5 #3 4.4 1.2–16.5 .027 }.056

.5 .3 to #5 2.8 1.0–8.1 .052

Breed PLH DSH 2.9 1.4–6.1 .0062 }.028

PSH DSH 1.2 0.43–3.6 .68

DLH DSH 0.57 0.077–4.3 .59

Sex Male Female 1.1 0.57–2.2 .75

Plasma biochemistry

Creatinine (mg/dL) .2.8 to #5.0 .2.0 to #2.8 2.3 1.1–4.9 .025 },.001

.5.0 .2.0 to #2.8 9.3 3.5–24.5 ,.001

.5.0 .2.8 to #5.0 3.8 1.5–9.6 .0041

Urea (mg/dL) $120 to ,240 ,120 4.2 2.1–8.2 ,.001 },.001

$240 ,120 20.8 4.2–103.2 ,.001

$240 $120 to ,240 3.3 0.70–15.2 .13

Phosphate (mg/dL) .4.7 to #6.8 #4.7 3.2 1.3–7.4 .0082 },.001

.6.8 #4.7 21.4 8.6–53.1 ,.001

.6.8 .1.5 to #6.8 7.1 3.0–16.5 ,.001

Calcium (mg/dL) $10.6 $8.0 to ,10.6 1.5 0.78–2.9 .22

Sodium (mmol/L) $157 $145 to ,157 0.81 0.32–2.1 .67

Potassium (mmol/L) ,3.5 $3.5 to ,5.5 0.73 0.26–2.1 .56 }.55

$5.5 $3.5 to ,5.5 1.7 0.51–5.4 .40

Protein (g/dL) $8.0 $4.9 to ,8.0 1.4 0.68–3.0 .35

ALP (U/L) $60 to ,90 ,60 0.84 0.32–2.2 .72 }.078

$90 ,60 3.0 1.0–8.7 .04

ALT (U/L) $60 to ,150 ,60 0.91 0.41–2.0 .81 }.82

$150 ,60 1.7 0.24–12.8 .59

Urine biochemistry

UPC .0.5 #0.5 3.3 1.5–7.2 .0026

.0.2 to #1.0 #0.2 3.2 1.6–6.7 .0014 },.001

.1.0 #0.2 4.3 1.6–12.0 .005

.0.2 to #0.4 #0.2 2.2 0.86–5.6 .10 },.001

.0.4 #0.2 4.9 2.3–10.6 ,.001

Specific gravity #1.015 .1.015 2.3 1.03–5.3 .043

CBC

Erythrocyte (31012/L) #5 .5 2.7 1.3–6.0 .010

Hematocrit (%) #25 .25 3.5 1.8–7.1 ,.001

Hemoglobin (g/L) #90 .90 3.4 1.8–6.6 ,.001

Leukocytes (3109/L) .15 .6 to #15 8.2 2.9–22.9 ,.001 },.001

#6 .6 to #15 2.1 1.0–4.3 .038

Platelets (3109/L) .150 #150 1.9 0.66–5.3 .24

Clinical signs

Appetite Poor Good 2.0 1.04–3.9 .04

Buccal cavity lesions Present Absent 0.71 0.33–1.6 .39

Coat condition Poor Good 1.1 0.51–2.2 .88

Diarrhea Present Absent 1.5 0.35–6.1 .60

Halitosis Present Absent 0.94 0.44–2.0 .88

Vomiting Present Absent 0.83 0.2–3.5 .80

Weakness Present Absent 2.8 1.0–8.1 .05

DLH, Domestic Longhair; DSH, Domestic Shorthair; PLH, Pedigree Longhair; PSH, Pedigree Shorthair; UPC, urine protein-to-

creatinine ratio.
a Cox proportional hazards model.
b Log-rank test.

P , .01 was defined as significant, both for the all group and the subgroup comparisons.
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The correlation between plasma concentrations and
renal survival time was significant for all 3 parameters:
creatinine, r 5 20.42, P 5 .0098, and in the linear
regression R2 5 0.18; urea, r 5 20.51, P 5 .0014, and in
the linear regression R2 5 0.26; phosphate, r 5 20.48, P
5 .0029, and in the linear regression, R2 5 0.23. No
significant effects on renal survival time were observed
for plasma concentrations of calcium, potassium,
sodium, or protein, or for plasma ALP and ALT
activities (Table 2).

Urine Biochemistry. UPC was used as the descriptor
for proteinuria. Kaplan-Meier plots were generated with
thresholds of 0.2, 0.4, 0.5, and 1 for UPC. In a first
analysis, a UPC value of 0.5 was used, because this value
was considered in many text books at the time the
analyses were conducted as a threshold for clinically
relevant proteinuria in cats.2 In a second analysis, UPC

values of 0.2 and 1.0 were chosen as thresholds. The
value of 0.2 was chosen because it was considered as
suggestive of borderline proteinuria12 and one third of
the cats in this study had UPC . 0.2. The value of 1.0
was chosen because it represented approximately 10% of
the cats in this study and was regarded in textbooks as
being definitive for proteinuria in cats.2 In a third
analysis, UPC values of 0.2 and 0.4 were chosen as
thresholds. The value of 0.4 was chosen because a value
of 0.43 discriminated significantly between short and
longer survival times in cats with CKD in a preliminary
study.i In all analyses made, higher levels of UPC were
associated with shorter renal survival times (Table 2,
Fig 4). In addition to the Kaplan-Meier plots, a corre-
lation analysis of initial UPC versus renal survival time
was made. The correlation was not significant (r 5

20.20, P 5 .26).

Fig 3. Kaplan-Meier plots of renal survival time in cats accord-

ing to initial plasma phosphate concentration. The graph shows the

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

parenteral fluids, or euthanasia or death because of renal failure. P

, .001.

Fig 1. Kaplan-Meier plots of renal survival time in cats accord-

ing to initial plasma creatinine concentration. The graph shows the

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

parenteral fluids, or euthanasia or death because of renal failure. P

, .001.

Fig 2. Kaplan-Meier plots of renal survival time in cats accord-

ing to initial plasma urea concentration. The graph shows the

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

parenteral fluids, or euthanasia or death because of renal failure. P

, .001.

Fig 4. Kaplan-Meier plots of renal survival time in cats accord-

ing to initial urine protein-to-creatinine ratio. The graph shows the

percentage of cats not reaching the endpoint of the need for

parenteral fluids, or euthanasia or death because of renal failure. P

, .001.
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For USG, visual inspection of Kaplan-Meier plots
suggested that the threshold of 1.015 was an important
one, because the curves were similar for cats with USG
# 1.010 and . 1.010–1.015. However, there was no
significant (P 5 .043) effect of initial USG on renal
survival time when using 1.015 as the threshold
(Table 2). The correlation between initial USG and
renal survival time also was not significant (r 5 0.39, P
5 .029).

CBC. Lower blood erythrocyte count, hematocrit,
and hemoglobin concentration were associated with
shorter renal survival times and produced qualitatively
similar results, although the association was significant,
at P , .01 for hematocrit and hemoglobin but not for
erythrocyte count (P 5 .01). Kaplan-Meier plots are
shown only for hemoglobin concentration (Fig 5), but
similar plots were obtained for erythrocyte count and
hematocrit.

Correlations between initial blood erythrocyte count,
hematocrit and hemoglobin concentration, and renal
survival time also were significant: erythrocyte counts, r
5 0.44, P 5 .0077, and for the linear regression R2 5

0.20; hematocrit, r 5 0.45, with P 5 .0072, and for the
linear regression R2 5 0.20; and hemoglobin concentra-
tion, r 5 0.47, P 5 .004, and for the linear regression R2

5 0.23.

Blood platelet counts were not significantly associat-
ed with renal survival time (Table 2). Blood leukocyte
counts were significantly (P , .001) associated with
renal survival time (Fig 6). In the post-hoc analyses, cats
with blood leukocyte counts higher than the normal
reference limit had significantly (P , .001) shorter renal
survival times compared with cats with blood leukocyte
counts in the normal range of .6 3 109 and #15 3 109/
L (Table 2). Renal survival times, however, were not
significantly different between cats with low and normal
leukocyte counts. In the regression analysis, there was

no significant correlation between blood leukocyte
counts and renal survival time (r 5 20.20, P 5 .25).

Clinical Signs. Clinical signs were measured as present
or absent by the veterinarian during clinical examination
of the cat and after questioning the owner. No
significant effect on renal survival time was observed
for any of the signs (Table 2). No reliable assessment
could be made of the effect of neurologic signs or
ophthalmic lesions on renal survival time, because too
few cats showed these signs.

Multivariate Analysis. A simple log-linear regression
model approach was used to test for the association
between renal survival time and baseline variables that
were shown to be statistically (P , .01) associated with
survival time (plasma creatinine, urea and phosphate,
UPC, and blood hemoglobin). Blood leukocytes were
not included in these analyses because, although
leukocytosis was significantly (P , .001) associated
with reduced survival time in the Cox analysis, the
correlation between leukocyte counts and survival was
poor (r 5 20.20, P 5 .25). More complicated but
potentially more powerful nonlinear models were not
tested, because this study included data from only 37
cats who reached one of the renal survival end points.
For 2 dependent variables (A and B), the model on the
original scale is: Renal failure time 5 exp(m) 3 Aa 3 Bb

The corresponding statistical model was linearized by
log transformation. None of the attempted models
resulted in a good fit with R2 values #0.33, indicating
that only #33% of the observed variation was explained
by the model. The optimal model for 2 variables
included UPC (A) and urea (B). For this association:
R2 5 0.33, m 5 9.6 (P , .001), a 5 20.07 (P 5 .67), and
b 5 21.5 (P 5 .0014). R2 values for other models were:
UPC and plasma creatinine (R2 5 0.21), UPC and
hemoglobin (R2 5 0.24), and UPC and plasma

Fig 6. Kaplan-Meier plots of renal survival time in cats accord-

ing to initial blood leukocyte count. The graph shows the

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

parenteral fluids, or euthanasia or death because of renal failure. P

, .001.

Fig 5. Kaplan-Meier plots of renal survival time in cats accord-

ing to initial blood hemoglobin concentration. The graph shows the

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

parenteral fluids, or euthanasia or death because of renal failure. P

, .001.
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phosphate (R2 5 0.25). More complicated models with
$3 variables improved the fit only moderately (R2 #

0.42). Combining all 5 variables in a model with UPC
(A), creatinine (B), phosphate (C), urea (D), and
hemoglobin (E) produced R2 5 0.42, and none of the
variable estimates were significant: Renal failure time 5

exp(m) 3 Aa 3 Bb 3 Cc 3 Dd 3 Ee

For this model: m 5 20.58 (P 5 .91), a 5 0.05 (P 5

.75), b 5 0.75 (P 5 .34), c 5 20.45 (P 5 .48), d 5 21.5
(P 5 .11), and e 5 1.4 (P 5 .073).

Discussion

Data relevant to the comparison of benazepril versus
placebo, the primary objective of the trial, were
published separately.9 In the present study, we reported
baseline results in 190 cats and survival data in 95 cats
treated with a placebo. The principal findings were that
several variables were significantly associated with
shorter renal survival time in cats with CKD. Increased
plasma creatinine concentration, increased UPC, and
increased blood leukocyte counts were independent risk
factors for decreased renal survival time. In addition,
increased plasma phosphate and plasma urea concen-
tration, and lower blood hemoglobin concentration and
hematocrit, were dependent risk factors, because these
variables were correlated with plasma creatinine con-
centration at baseline, in addition to being associated
with shorter renal survival time. A recent study found
that age, plasma creatinine concentration, and pro-
teinuria were related to shorter survival time in cats in
CKD.6

We followed these cats for up to 3 years in a pro-
spective study in which concomitant medicines and diets
were controlled. However, this study was limited by the
number of cats. Although the number of cats included in
the survival analysis (n 5 95) is larger than in some
earlier studies,3–5 the number still is relatively small, and
the analysis was confounded by the high number of
cases (n 5 58) that were censored, leaving only 37 cats
that reached the predefined survival end point. A similar
problem with censored cases was encountered in field
studies with ACEIs in dogs with congestive heart
failure.13,14 The relatively low number of cats who
reached the survival end point presumably contributed
to the lack of significance for many of the regressions of
variables versus renal survival time. Significance was
reached for more variables by using survival analysis
that took into account both cases that reached the end
point and censored cases for the time before they were
censored. An additional complication is the fact that
censoring was either random (eg, owner could not
medicate the cat) or fixed (eg, cats were alive at the end
of the study after 3 years). As might be expected, the
renal survival time for censored cases was significantly
(P , .001) longer (644 days) than for cats who reached
the renal failure end point (124 days). An additional
important limitation of this study was that, although the
comparison of benazepril with the placebo was a pro-
spective trial with predefined statistical analyses,9 the
decision to make the secondary analyses presented in

this paper was only taken after the data were collected
and the primary analyses were made. Although thresh-
olds for most of the analyses were predefined before the
statistical analyses were conducted, in some cases,
additional analyses had to be made. For example, we
had insufficient cats with plasma urea concentrations in
the normal range to be able to use the normal range as
the reference for survival analyses and, therefore, had to
test higher thresholds. These facts, in addition to the
multiple statistical analyses, conducted led us to define
alpha 5 .01 for statistical significance to reduce the risk
of type I error. This decision increased the risk of type II
error. Therefore, additional studies may be warranted
on appetite, breed, and USG for which P values were
..01 but ,.05.

Additional limitations of the study were identified.
Systemic blood pressure was not measured routinely,
because, at the time of starting the trial, reliable methods
were not used routinely at most of the veterinary
practices involved in the study. Therefore, no staging
of cases according to blood pressure could be per-
formed. This was an important limitation, because the
relationship between some parameters (eg, UPC and
survival) might be confounded by blood pressure
abnormalities. In a recent study in cats with CKD,
UPC was significantly correlated with systolic blood
pressure.6 Thyroid function was not monitored in many
cases, and, therefore, the incidence and influence of
hyperthyroidism in these cats was not known. Renal
biopsies were not performed, and, therefore, no histo-
logic diagnoses were obtained. Although most cats
received diets low in phosphate, protein, and salt, we
did not specifically control plasma phosphate concen-
trations, and few cats received oral phosphate binders.
In addition, no cats in the placebo group received any
medications for hypertension, such as ACEIs or calcium
channel blockers. Different conclusions might be
reached with optimal control of plasma phosphate
concentration and blood pressure. In spite of these
limitations, several important conclusions can be made
from this study’s results.

Some of the results of the present analysis are not
surprising and merely confirm conclusions of other
studies. The demographic results from this study are
consistent with those reported previously.3–6 Anorexia
was the most common clinical sign (41%, from Table 1,
total group), and anemia (11%) and hypokalemia (12%)
were common, as previously reported in cats with
CKD.3 These cats had a high incidence of high ALT
activity (34%), suggesting that liver pathology or
hyperthyroidism might have complicated the CKD.2

An important finding of this study was the significant
association between initial UPC value and shorter renal
survival time, and notably the finding that UPC values
as low as 0.2 appear to be clinically relevant in cats with
CKD. The presence of urinary-tract infection, however,
was not excluded thoroughly in most cats, because we
did not routinely culture urine samples and relied
instead on urine sediment examination. Therefore,
urinary-tract infection or inflammation may have
contributed to proteinuria in some cats. By making
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separate Kaplan-Meier analyses with UPC thresholds of
0.2, 0.4, 0.5, and 1.0, we looked for evidence of
a threshold for UPC below which UPC no longer
correlated with survival. Lower UPC values were
associated with longer renal survival time at all thresh-
olds. Therefore, we conclude that, over the range of
UPC values we tested, #0.2 to .1, higher UPC values
were associated with shorter renal survival time in cats
with CKD. At the time of the analyses, most investiga-
tors concluded that proteinuria in cats was only
clinically relevant for UPC values above 0.5 to 1.2

However, recent studies in the UK support the
conclusion of this study that mild proteinuria in cats
with CKD may be relevant for prognosis.6,j These results
are in agreement with studies in humans in which
proteinuria was found to be the strongest of 29 variables
tested for predicting the risk of reaching end-stage renal
failure.7,8 In this study, however, UPC was not a better
prognostic indicator than several other variables.

We found no correlation between UPC and plasma
creatinine concentration at baseline. Mean UPC values
were 0.38, 0.41, and 0.45 in cats with IRIS stage 2, 3, and
4 CKD, respectively. In contrast, a highly significant
correlation between UPC and plasma creatinine con-
centration was reported in another study of cats with
CKD.6 In an additional study, median UPC values were
0.07 in cats with compensated CKD and 0.32 in uremic
animals.5 In this study, UPC and plasma creatinine
concentration were independent risk factors for a shorter
renal survival time in cats with CKD, because the 2
variables were not correlated at baseline, but each was
highly significantly and inversely correlated to survival
time. A similar conclusion was previously made in
humans with CKD8,15 and recently in cats.6

This study did not provide any direct information on
the origin of the proteinuria (ie, glomerular or tubular)
or its etiology (eg, glomerular hypertension, inflamma-
tion, systemic hypertension). Probable mechanisms for
proteinuria in cats with CKD are glomerular capillary
hypertension, systemic hypertension, or both.16 Other
mechanisms could include glomerular basement mem-
brane pathology, proximal tubular dysfunction, or
both.2 In addition, we cannot use the data from this
study to determine to what extent proteinuria contri-
butes to progression of disease or whether it is merely
a marker for underlying disease. In humans, proteinuria
is an independent (and modifiable) risk factor for the
progression of the CKD, and appropriate treatment is
recommended whenever it is present, with ACEIs being
the drugs of choice.15,17 Additional studies are warranted
to examine the relationship between mild proteinuria
and survival in cats with CKD. Although we did not
measure urine albumin concentration, a recent study in
cats with CKD found that it was not more useful than
UPC.6 The extent of proteinuria present in these cats did
not appear to have clinically affected plasma protein
concentrations, because these were within reference
limits in all cats and no cases of nephrotic syndrome
were included.

We found a significant association between higher
plasma creatinine concentration and shorter renal-

survival time. We used the IRIS classification scheme2

to stage CKD and found, as expected, shorter survival
times in more advanced stages of disease. Similar results
were obtained in cats in a recent UK study.6 In humans,
proteinuria and serum creatinine concentration were
found to be the best of 29 parameters tested for
predicting the risk of reaching end-stage renal failure.7,8

We found a highly significant association between
increased plasma phosphate concentration and shorter
renal-survival time. We did not find other reports of this
association in cats, but, in 1 study, increasing frequency
and severity of hyperphosphatemia was associated with
more serious CKD.18 The relationship between increased
plasma phosphate concentration and increased mortal-
ity is well established in humans,19 and beneficial effects
of low phosphate diets on survival were reported in cats
with CKD.5,20 Although most of the cats in the present
study were fed with diets that contained low amounts of
phosphate (in addition to low amounts of sodium and
protein), we did not monitor the effectiveness of dietary
management in CKD. In addition, oral phosphate
binders were used only in cats at the UK sites.

Cats with CKD may develop hypokalemia.2 At
baseline, 12% of the cats in the present study had
hypokalemia (,3.5 mM), whereas only 6% had hyper-
kalemia (.5.5 mM). The frequency of hyperkalemia
increased and that of hypokalemia decreased with
progression of stage of CKD. This effect is believed to
occur as the frequency of polyuria decreases, with
oliguria and eventually anuria developing as the cat
progresses to terminal CKD.21 No significant associa-
tion, however, was observed between either hyperkale-
mia or hypokalemia and renal survival time.

Cats with CKD are at risk for concomitant liver
disease or hyperthyroidism, which may lead to increased
plasma ALT activity.2 In the present study, 34% of cats
had increased ALT activity at baseline, but we found no
relationship between increased ALT activity and renal-
survival time. There also was no correlation between
plasma ALT activity and creatinine concentration at
baseline.

Cats with CKD are at risk of developing nonregen-
erative anemia,2,21 and, at baseline, 11% of these cats had
low red blood cell counts (,5 3 1012/L). The anemia of
CKD primarily is the result of decreased erythropoietin
production by the kidney, but additional contributory
factors potentially include decreased erythrocyte life
span, suppression of the erythroid marrow by uremic
toxins, and gastrointestinal hemorrhage.22 In a previous
study, no significant correlation was found between
anemia and survival time in cats with CKD.5 However,
baseline low hemoglobin concentration was the third
most useful of 29 variables (after proteinuria and serum
creatinine concentration) tested for predicting the risk of
reaching end-stage renal failure in humans.8 In this
study, low hemoglobin concentration and hematocrit
were significantly (P , .01) associated with decreased
renal survival time, but a low erythrocyte count was not
significantly (P 5 .01) associated with decreased renal
survival time. Low body weight (P 5 .01) and decreased
appetite (P 5 .056) were not significantly associated
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with renal survival time. In another study, not restricted
to cats with kidney disease, emaciated cats were 4.4
times more likely to die than cats with better body
condition.23

The frequency of CKD increases with age in cats.4 In
this study, we found no difference in renal survival time
between cats $10 years of age compared with those
,10 years of age. We recruited too few cats aged
,6 years of age (n 5 5) to reliably test the effect of
younger age on renal survival. In another recent study,
age was significantly and inversely correlated with
survival time in cats with CKD.6

Although the incidence of CKD is reported to be
equal between male and female cats in some textbooks,2,3

we recruited slightly more males (57%) than females
(43%) into this trial, similar to the study of Lulich et al4

(58% male, 42% female). However, we found equal renal
survival times between the 2 sexes. Certain breeds of cats
(eg, Maine Coon, Abyssinian, Siamese, Russian Blue,
and Burmese) have been reported to be at higher risk of
developing CKD, but the odds ratios were only slightly
increased.4 In this study, there was no significant effect of
breed on renal survival time (P 5 .028). It is worth noting,
however, that, in a subgroup comparison, Pedigree
Longhair (PLH) cats had an increased relative risk of
decreased renal-survival time (P 5 .0062) compared with
Domestic Shorthair cats (Table 2), but the all-group
comparison of breeds was not significant (P 5 .028). Of
the 14 PLH cats, 12 were Persian cats who had very short
survival times (median, 56 days). No ultrasound exam-
inations were conducted, however, and we do not know
how many cats had polycystic kidney disease.

In conclusion, we found that several baseline vari-
ables were significantly associated with a shorter renal
survival time in cats with CKD. The variables with
statistical significance (P , .01) in the Cox analysis were
increased plasma concentrations of creatinine, phos-
phate, and urea; UPC; decreased blood hemoglobin
concentration and hematocrit; and increased blood
leukocyte count. For all of the variables tested, however,
the degree of scatter was relatively large in correlation
analyses, and, therefore, we did not identify any single
variable that could be used to reliably predict the
survival time of an individual cat. However, the power of
the correlation analyses was low because of the low
number (n 5 37) of cats who reached the survival end
point, and, therefore, results in this study did not exclude
the possibility that some variables could be useful for
predicting prognosis. By using the highest R2 values in the
regression analyses as indices of reliability, the best
variables for predicting survival time in individual cats
were, in order: plasma urea concentration (R2, 0.26),
plasma phosphate concentration (R2, 0.23), blood hemo-
globin concentration (R2, 0.22), blood erythrocyte count
and blood hematocrit (both R2, 0.20), plasma creatinine
concentration (R2, 0.18), and UPC and USG (both R2,
0.15). As an additional step, we attempted to model the
association between renal survival time and 2 or more
baseline variables by using multivariate analysis. None of
the models produced good fits. The best model for 2
variables combined UPC and plasma urea concentration

(R2 5 0.34). The addition of plasma creatinine, phos-
phate, and urea concentrations to this model for a total of
5 variables produced only modest improvement in the fit
(R2 5 0.42). This latter result is not surprising, because
plasma creatinine, phosphate, and urea concentrations,
and blood hemoglobin were dependent risk factors.
Additional studies with a larger number of cats are
needed. Nevertheless, the complicated multifactorial
nature of feline CKD makes it difficult to predict with
accuracy and confidence the survival time for individual
cats with this disease.

Footnotes

a Procedure npar1way, SAS Online Doc Version 8, 1999, SAS

Institute Inc, 1999, Cary, NC
b Procedure freq, SAS Online Doc Version 8, 1999, SAS Institute

Inc, 1999, Cary, NC
c Procedure lifetest or phreg, SAS Online Doc Version 8, 1999, SAS

Institute Inc, 1999, Cary, NC
d Procedure mixed or reg, SAS Online Doc Version 8, 1999, SAS

Institute Inc, Cary, NC
e Hills Feline k/d diet
f Waltham Feline Renal diet
g Léorénil Feline Renal diet
h Vetalim Software, F.Enjalbert, D.Grandjean, B.M.Paragon,

Vetocom Sarl, France
i Syme HM, Elliot J. Relation of survival time and urinary protein

excretion in cats with renal failure and/or hypertension. J Vet

Intern Med 2003;17:405 (abstract)
j Walker D, Syme HM, Markwell P, et al. Predictors of survival in

healthy, non-azotaemic cats. J Vet Intern Med 2004;18:417

(abstract)
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