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Introduction
Chronic kidney disease (CKD) is a common condition 
in elderly cats, with at least 50% of the population 
affected.1 As renal transplantation is often not feasible 
for owners, medical management is the mainstay of 
treatment and can help patients live with the metabolic 
complications of the disease and improve quality of 
life.2,3 Clinical signs of feline CKD include polyuria, 
polydipsia, lethargy, decreased appetite, weight loss 
and vomiting.4 In the chronically ill patient, and spe-
cifically in CKD, poor body condition has been corre-
lated with decreased survival.5–7 Therefore, nutrition is 
important for long-term prognosis, and treatments 
that directly target nausea and appetite, in addition to 

medical therapies for metabolic complications, are of 
benefit to patients.8 Several studies have documented 
the therapeutic value of specially formulated diets in 
the management of CKD.9–11 However, patients that 
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Abstract
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refuse to eat specially formulated diets cannot benefit 
from them; therefore, a key therapeutic target for these 
patients should be the maintenance of appetite and 
food intake. Additionally, poor appetite is perceived 
by owners as a significant quality-of-life concern, and 
anorexia in companion animals can cause emotional 
distress to owners.12

The exact pathophysiology of why cats with CKD 
suffer from anorexia and vomiting is not currently 
known. A recent study demonstrated that the incidence 
of classic uremic gastropathy lesions (gastritis and 
ulceration) appears to be much lower in cats than in 
other species.13 Although hypergastrinemia has been 
documented in cats with CKD,14 a correlation with gas-
tric hyperacidity has not been demonstrated in cats or 
humans with CKD.13,15 Without knowing the degree to 
which uremic gastric lesions or gastric hyperacidity are 
responsible for clinical signs, other mechanisms should 
be considered. Uremic toxins are sensed by the chemo-
receptor trigger zone of the area postrema, and ablation 
of this area has been shown to relieve uremic vomiting 
in dogs.16

Maropitant (Cerenia; Zoetis) is a selective neuro
kinin-1 (NK-1) receptor antagonist acting to block effec-
tively the binding of emetic-eliciting substance P, the 
most potent tachykinin at the NK-1 receptor.17 Maropitant 
has been shown to be an effective antiemetic in cats, 
ameliorating xylazine-induced vomiting when given 
orally, subcutaneously or intravenously.17 As xylazine-
induced vomiting is mediated by the area postrema in 
cats,18 it can be postulated that maropitant would be 
effective for uremic vomiting. The purpose of this clini-
cal trial was to assess the efficacy of maropitant as an 
appetite stimulant and an antiemetic in cats with CKD, 
thus providing support for the use of this medication in 
the nutritional management of cats with CKD.

Materials and methods
Cats
This was a double-blind, placebo-controlled, multi-
institute prospective study. Cats with stable CKD (a 
priori determination of serum creatinine of 177–442 
μmol/l [2.0–5.0 mg/dl]) and a history of decreased 
appetite, vomiting or poor body condition were 
enrolled. Diagnostic tests required within 1 month of 
enrollment included a serum biochemistry profile, com-
plete blood count, urinalysis, urine culture, blood pres-
sure and serum total thyroxine measurement. Exclusion 
criteria included a normal appetite, other systemic ill-
nesses, complications of CKD (such as pyelonephritis or 
ureteral obstruction), or history of uremic crisis requir-
ing hospitalization and intravenous fluid therapy 
within the month prior to study enrollment. Other con-
current therapies such as dietary management, famoti-
dine, potassium supplementation, antihypertensive 

medications and subcutaneous fluids were accepted 
therapies if they were started more than 2 weeks before 
the beginning of the trial and given consistently 
throughout the study period. No treatment changes 
were allowed during the study period; if treatment 
changes were deemed medically necessary, the cat was 
removed from the study. The study was approved by 
the Institutional Animal Care and Use Committee at 
Colorado State University (#11-2556A), and all owners 
reviewed and signed consent forms prior to participa-
tion in the study.

Drug preparation
To allow for a blinded study, commercially available 
16 mg maropitant tablets were compounded into 4 mg 
doses by the pharmacy at the Colorado State University 
Veterinary Medical Center according to the Professional 
Compounding Centers of America protocol. The 
method used is guaranteed to produce accurate com-
pounding to within 10% of the target dose. Analysis of 
random compounded capsules for maropitant content 
using liquid chromatography coupled to tandem mass 
spectrometry showed accuracies of 98.5% ± 1.1% to the 
intended content and a stability of at least 6 months as 
formulated. Maropitant capsules were compounded 
within 6 months of use and stored at room temperature. 
An identical placebo capsule was manufactured con-
taining lactose. The lots were coded A and B, and the 
pharmacy staff kept the key to the code until the com-
pletion of the study.

Study design
Predetermined randomization for order of treatment 
allocation, stratified by International Renal Interest 
Society (IRIS) Stage, was established using an online ran-
dom number generator, and as cats were enrolled they 
were assigned consecutively to a treatment group. The 
clinician and owner were blinded as to the treatment 
group. A physical examination, body weight measure-
ment, body condition score (BCS; Purina Body Condition 
System)19 and serum biochemistry profile were per-
formed at the beginning of the study. The 4 mg or pla-
cebo capsule was administered orally daily, followed by 
3 ml of water via syringe, for 2 weeks. Owners were 
asked to fill out a daily log sheet regarding appetite, 
vomiting episodes, activity level, quality of life and 
occurrence of unusual behavior in the cats compared 
with baseline (Supplementary material). At the end of 
the study period, the log sheets were collected and a 
physical examination, body weight measurement, BCS 
and serum biochemistry profile were performed. For 
each cat enrolled, physical examinations and BCSs were 
performed by the same clinician. Occurrence of adverse 
effects was determined using incidence of unusual 
behaviors recorded in the daily owner log, and results of 
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serum biochemistry performed before and after each 
phase of the study. All serum biochemistry profiles were 
performed at the Colorado State University’s diagnostic 
laboratories.

Statistical analysis
An a priori power calculation was performed based on 
weight gain as a primary endpoint. Assuming a mean 
body weight of 3 kg for cats enrolled in the study, a gain 
in weight of 300 g (0.3 kg) would be regarded as clinically 
significant. A power calculation was performed using a 
statistical calculator (Lenth, R. V. [2006]; Java Applets for 
Power and Sample Size [http://www.stat.uiowa.
edu/~rlenth/Power]). Using a difference in means of 0.3 
kg, a SD of 0.5 and a P value of 0.05, the power calculation 
for a paired t-test with 24 cats in the treatment group 
gives a power of 0.80 for this experiment.

Appetite and activity data were converted to clinical 
scores; decreased appetite or activity were scored as −1, 
unchanged appetite or activity were scored as 0 and 
increased appetite or activity were scored as 1. Scores 

were then summed for the 2 week treatment period. The 
number of vomiting episodes over 14 days and summed 
clinical scores for appetite and activity were compared 
between placebo and maropitant treatment phases using 
a Mann–Whitney U-test. Weight and clinicopathologic 
parameters (serum creatinine, blood urea nitrogen 
[BUN], phosphorus, potassium) were compared between 
placebo and maropitant treatment phases at baseline 
and post-treatment using a Mann–Whitney U-test. For 
all analyses, a P value of <0.05 was considered to be sta-
tistically significant.

Results
Cats
A flow chart outlining study enrollment, allocation, out-
come and analysis is depicted in Figure 1. Thirty-four 
cats successfully completed the trial (one cat was 
excluded from analysis as it was subsequently discov-
ered to be the other cat in the household that was vomit-
ing); data were analyzed from 21 cats that received drug 
(nine Stage II cats, 12 Stage III cats) and 12 cats that 

Assessed for eligibility (n = 85)

Randomized (n = 41)

Excluded (n = 44):
• concurrent disease (n =16)
• not interested in enrolling (n = 15)
• disease too advanced (n = 6)
• disease not advanced enough (n = 3)
• uremic crisis or complica�on (n = 3)
• conflic�ng medica�on (n = 1)

Placebo (n = 15):
• received (n = 12)
• did not ini�ate (n = 2)
• discon�nued (n = 1)*
• lost to follow-up (n = 0)

Maropitant (n = 26):
• received (n = 22)
• did not ini�ate (n = 3)
• discon�nued (n = 0)
• lost to follow-up (n = 1)

Analyzed (n = 21)
Excluded from analysis (n = 1)†

Analyzed (n = 12)
Excluded from analysis (n = 0)

Figure 1  Flow chart describing assessment for eligibility, enrollment, allocation, outcome and analysis of cats with chronic 
kidney disease for the maropitant study, which was a placebo-controlled, blinded clinical trial. *Medication was discontinued as 
the owner could no longer successfully administer it. †Subsequently discovered to be the other cat in the household that was 
vomiting

http://www.stat.uiowa.edu/~rlenth/Power
http://www.stat.uiowa.edu/~rlenth/Power
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received placebo (seven Stage II cats, five Stage III cats). 
The 21 cats allocated to the maropitant group included 
domestic shorthair (n = 10), domestic longhair (n = 6), 
domestic mediumhair (n = 1), Siamese (n = 3) and Birman 
(n = 1). The median age was 14 years (range 10–20 years) 
with 14 spayed females and seven neutered males. The 
12 cats allocated to the placebo group included domestic 
shorthair (n = 8), domestic longhair (n = 2), Siamese 
(n = 1) and Ragdoll (n = 1). The median age was 14 years 
(range 6–18 years) with seven spayed females and five 
neutered males. There was no statistically significant dif-
ference in age or sex between groups. There was no statis-
tically significant difference in weight, serum creatinine, 
potassium, phosphorus or BUN between maropitant and 
placebo treatment groups in the prestudy period. 

The 21 cats allocated to the maropitant group had 
been receiving a variety of medications, including no 
medications (n = 7), subcutaneous (SC) fluids (n = 5), 
benazepril (n = 4), meloxicam (n = 3), mirtazapine (n = 
2), amlodipine (n = 2), famotidine (n = 1), aluminum 
hydroxide (n = 1), potassium supplementation (n = 1), 
lanthum carbonate (n  =  1), polysulfated glycosamino-
glycans injection (n = 1), multivitamin (n = 1), ciclosporin 
(n = 1), butorphanol (n = 1) and tea pill supplement (n = 
1). The 12 cats allocated to the placebo group had been 
receiving a variety of medications, including no medica-
tions (n = 6), SC fluids (n = 2), Azodyl renal support sup-
plement (Vetoquinol) (n = 1), amlodipine (n = 1), 
tramadol (n = 1), amitriptyline (n = 1) and benazepril (n 
= 1). The 21 cats allocated to the maropitant group had 
been eating a renal diet (n = 4), a renal diet plus a non-
renal diet (n = 9) or a non-renal diet (n = 7). The 12 cats 
allocated to the placebo group had been eating a renal 
diet (n = 2), a renal diet plus a non-renal diet (n = 5) or a 
non-renal diet (n = 5). 

No reported changes in medication or diet were made 
during the study period. At initial assessment for study 
entry, two cats were treated for a urinary tract infection, 
one cat was started on amlodipine for hypertension and 
one cat was started on potassium supplementation. All 
four cats were required to wait to start the clinical trial an 
additional 2 weeks beyond the recheck, at which they 
were deemed medically stable by the attending veteri-
narian (antibiotics finished and urinary tract cleared as 
confirmed by urinalysis and culture; blood pressure 
within normal range; potassium within normal range).

Effect of maropitant in cats with CKD
Administration of maropitant to cats with CKD for 
2 weeks resulted in a statistically significant decrease in 
vomiting in comparison with placebo based on a Mann–
Whitney U-test (P <0.01; Figure 2). The median number 
of vomiting episodes for cats in the maropitant group 
was zero (range 0–5) and the median number of vomit-
ing episodes for cats in the placebo group was two (range 

0–4). There was no statistically significant difference in 
appetite or activity scores between maropitant and pla-
cebo treatment groups during the study period. There 
was no statistically significant difference in weight, 
serum creatinine, potassium, phosphorus or BUN 
between maropitant and placebo treatment groups in 
the post-study period. Weight and clinicopathologic 
data are presented in Table 1. No unusual behavior that 
could be considered an adverse effect was reported in 
the daily log by the owners.

Discussion
In this randomized, placebo-controlled, double-blind 
prospective clinical trial, daily administration of 4 mg 
maropitant orally for 2 weeks resulted in a statistically 
significant decrease in vomiting in cats with CKD. This 
study assesses the use of maropitant for antiemetic ther-
apy in a chronic disease state. Maropitant seems a logical 
choice for vomiting associated with uremia as it has pre-
viously been shown to be effective against xylazine-
induced vomiting in cats,17 and both xylazine and uremic 
toxins have been demonstrated to act via the area pos-
trema.16–18 Management of uremic vomiting in CKD cats 
may be helpful in preserving fluid balance and calories 
consumed. Similar to a previous safety study in cats, 
which assessed daily doses up to 5 mg/kg, no apparent 
adverse effects of daily maropitant administration were 
appreciated during the 2 week trial period.17 No statisti-
cally significant increase in appetite, weight or activity 
was documented during the 2 week trial period. Various 
explanations for this finding include a placebo effect, the 
length of the clinical trial, the possibility that decreasing 

Figure 2  Effect of 2 weeks of maropitant administration 
on vomiting in cats with chronic kidney disease (CKD). 
Compared with placebo, a statistically significant decrease  
in vomiting was seen in cats with CKD (n = 21) administered 
4 mg maropitant orally daily for 2 weeks (P <0.01)
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vomiting may not have had a discernible effect on appe-
tite or weight, and multi-cat households may affect 
accuracy of assessment.

Owner assessment of appetite may have been influ-
enced by a placebo effect, thus altering the ability of this 
study to assess the efficacy of maropitant to improve appe-
tite in CKD cats. Four of 12 cats in the placebo group were 
reported to have increased appetite for more than 6/14 
days during the trial period. In a previous study looking at 
the effect of the appetite stimulant mirtazapine on the 
appetite of cats with CKD, similar appetite scores resulted 
in significant weight gain over 3 weeks.8 In the four cats in 
the present study a discernible change in weight was not 
documented. However, unlike mirtazapine, maropitant 
has not been described as an appetite stimulant, rather as 
an antiemetic. Therefore, an increase in appetite is not nec-
essarily expected. An effect on appetite would potentially 
come secondary to the palliation of nausea associated with 
uremia, which is an endpoint virtually impossible to meas-
ure in veterinary patients. As the effect of maropitant on 
appetite is potentially more subtle than a drug that acts 
directly as an appetite stimulant, a 2 week clinical trial may 
not have been long enough to appreciate weight gain as a 
result of administration.

During the enrollment phase of the clinical trial, every 
effort was made to recruit cats that did not have evidence 
of other systemic disease, particularly one that would 
cause vomiting. To the best of the attending clinician’s 
knowledge, this was the case. Abdominal ultrasound and 
intestinal biopsies would have been helpful to more 

completely assess enrolled cats but were not possible 
within the scope of this project. Owing to the commonal-
ity of comorbidities in elderly cats, it is therefore possible 
that cats were enrolled with underlying systemic disease 
that could have affected their outcomes. One cat in the 
maropitant group had a vomiting incidence much greater 
than the rest of the group despite medication administra-
tion; vomiting incidence was essentially unchanged dur-
ing the study period despite medication administration. 
As this is an unexpected finding given the apparent 
potency of this drug as an antiemetic, regurgitation mis-
classified and reported by the owner as vomiting or other 
unknown systemic disease should be considered as a dif-
ferential for this cat. A limitation of any feline clinical trial 
is the likelihood of a multi-cat household making the 
assessment of food intake and vomiting incidence chal-
lenging. Although other members of the feline household 
could have been vomiting concurrently, most owners felt 
that they could differentiate their cats’ vomit. However, in 
one case a cat was removed from analysis when it was 
subsequently discovered it was in fact the other cat in the 
household that was chronically vomiting and not the cat 
with CKD that was enrolled in the study.

One aspect of the study that could potentially confound 
results is the variety of concurrent therapies that cats were 
receiving at the time of enrollment. Cats within the maro-
pitant group were collectively receiving more therapies 
than cats in the placebo group. It is also impossible to say 
whether a given therapy could have an unknown syner-
gistic effect with maropitant. Unfortunately, it is virtually 

Table 1  Pre- and post-treatment comparison of weight and serum biochemistry parameters relevant to renal function  
in cats treated with maropitant (4 mg PO daily) or placebo for 14 days. Results are displayed as median (range) 

Maropitant Placebo

  Pretreatment Post-treatment Pretreatment Post-treatment

  Median Range Median Range Median Range Median Range

Weight (kg) 3.6 2.3–6.0 3.6 2.3–6.1 3.6 1.4–6.3 3.7 1.3–6.3
Creatinine 3.1 2.0–4.0 2.7 1.9–4.2 2.5 2.0–4.8 2.3 1.9–5.3
(0.8–2.4 mg/dl)  
Creatinine 274 177–354 239 168–371 221 177–424 203 168–469
(71–212 μmol/l)  
BUN 54 29–120 56 31–109 52 32–77 49 25–87
(18–35 mg/dl)  
BUN 19.3 10.4–42.8 20 11.1–38.9 18.6 11.4–27.5 17.5 8.9–31.1
(6.4–12.5 μmol/l)  
Phosphorus 4.7 2.8–9.0 4.8 2.9–9.0 4.9 2.8–10.2 5.2 3.0–11.9
(3–6 mg/dl)  
Phosphorus 1.5 0.9–2.9 1.6 0.9–2.9 1.6 0.9–3.3 1.7 1.0–3.8
(1–1.9 μmol/l)  
Potassium 4.4 3.5–5.5 4.3 3.6–5.8 4.4 3.6–6.0 4.6 3.8–5.2
(3.5–5.2 meq/l)  

BUN = blood urea nitrogen
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impossible to standardize therapy without affecting enroll-
ment for clinical trials; thus, the results of the study need to 
be interpreted with this variability in mind. Another aspect 
of the study that could affect interpretation of the results is 
that it cannot entirely be ruled out that an inherent differ-
ence in vomiting incidence existed between the treatment 
groups at baseline. However, as the study was randomized 
and sufficiently powered it is most likely that the signifi-
cant difference in vomiting was the effect of maropitant 
administration.

A limitation of this study was that it was necessary to 
compound the maropitant in order to blind the study. 
Because of the concern for accuracy of the dose with 
compounding, analysis of compounded capsules was 
performed and found to be acceptable. As owners would 
typically be administering a quarter of a 16 mg tablet for 
a cat, dose variability would likely be similar in the clini-
cal setting. Although the dose administered was found 
to be accurate, there is a possibility the stability of the 
drug was affected and this could have an unknown 
effect on the efficacy of the drug.

Conclusions
Daily oral administration of maropitant was demon-
strated to palliate vomiting associated with CKD. 
However, within the 2 week trial period it did not appear 
to improve significantly appetite or result in weight gain 
in cats with Stage II and III CKD. However, longer clini-
cal trials and studies in late-stage disease are needed to 
better assess the effect of maropitant on weight gain and 
nutrition in cats with CKD.

Supplementary material  Daily log completed by own-
ers during the study.
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