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FELINE IDIOPATHIC CYSTITIS IS THE MOST COMMON DIAGNOSIS GIVEN 
TO CATS PRESENTING WITH LOWER URINARY TRACT SIGNS

Feline idiopathic cystitis (FIC) is diagnosed in a cat that has presented with lower 
urinary tract signs (LUTS) when examination and diagnostics, including urinalysis, 
urine culture, and imaging, have ruled out other causes. FIC comprises 55–67% 
of feline lower urinary tract disease cases.1-9

FIC is likely to recur,3,10-17 which may significantly decrease a cat’s quality of life 
and/or, particularly when inappropriate urination is occurring, may damage the 
bond between the cat and owner. These concerns may lead to relinquishment of 
the cat to a shelter or to elective euthanasia.3,10,12-14,18-21

Effective and timely management of FIC is critical. Nutritional intervention can 
play a key role in the management of idiopathic cystitis.
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CLASSIFICATION & CLINICAL 
PRESENTATION OF FIC

FIC can be a frustrating disease for veterinarians and cat 
owners alike. Cats with FIC present with the typical LUTS: 

	■ Pollakiuria – increased frequency of urination. 

	■ Periuria – inappropriate urination, i.e., urinating 
outside of the litter box.

	■ Hematuria – blood in the urine.

	■ Dysuria – difficult and painful urination, often 
associated with vocalization.

	■ Stranguria – slow, painful urination; affected cats may 
strain to urinate. 

	■ Signs of pain on bladder palpation, particularly when 
obstructed.

FIC may be an obstructive or non-obstructive disease.22,23
 

Some literature has stated that obstructive FIC is less 
common than non-obstructive.22,23 However, other 
research has reported a higher proportion of obstructive 
FIC, finding urethral obstruction in 50–60% of cats with 
FIC.1,2,10 Proportions may vary depending on the population 
evaluated.

Obstruction in FIC may occur due to urethral plugs, 
urethral muscular spasm, and inflammation, among other 
causes.10,24 One study found 37% of male cats presenting 
with obstructive FIC had a urethral plug; however, urethral 
plugs may go undetected if they are dislodged back into the 
bladder during urinary catheterization.10

Obstruction typically occurs in male versus female cats 
due to the narrow diameter of their penile urethra. Surgery 
(e.g., perineal urethrostomy) may be needed to relieve an 
obstruction. 

Non-obstructive FIC has three clinical presentations: 
1) acute, self-limiting, i.e., an episode lasting 5–10 days 

(typical duration but may be shorter or longer)10,25 before 
resolving on its own, which is thought to be the most 
common presentation; 2) frequent recurring incidents, in 
which signs wax and wane; and 3) persistent occurrence in 
which clinical signs continue.15,22,26-28 

PATHOPHYSIOLOGY OF FIC

The bladder

Although it is not clear if the underlying pathophysiology 
is identical, FIC appears similar to and is used as a model 
for bladder pain syndrome (BPS) in people.29 BPS is more 
common in women than men.

The urothelium, also known as the mucosa, is the bladder 
wall’s innermost layer and is itself composed of a basal, 
intermediate, and superficial layer.30 In health, an intact 
urothelium blocks the movement of most substances across 
it. The urothelium’s superficial layer is responsible for this 
barrier function. 

The superficial layer’s cells are known as umbrella cells 
and are linked by tight junctions.30 The umbrella cells 
also have a luminal glycosaminoglycan (GAG) layer, which 
appears to serve a protective function. However, the relative 
contribution of each part of the urothelium’s superficial 
layer (i.e., GAG layer, umbrella cells, tight junctions) to 
barrier function remains uncertain.

 

Components of the uroepithelial layer

Figure 1:
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appears to occur in cats with FIC.26,31,32 This may expose 
sensory neurons in the submucosa to irritating substances in 
the urine and lead to inflammation and pain.26,33 Submucosal 
petechial hemorrhages and edema may be present. Notably, 
the severity of lesions does not appear to correspond directly 
to the degree of clinical signs, as severe clinical signs can 
occur without significant urothelial damage. 

Compromise to the GAG layer is suspected in cats with 
FIC.34,35 It is not clear whether any changes in uroepithelial 
permeability due to a compromised GAG layer or other part 
of the superficial layer may contribute to the development of 
idiopathic cystitis and/or result from it.30

Research showed that urinary levels of GAG, including 
chondroitin sulfate, the primary GAG in the urine, 
were decreased relative to healthy adult cats.36-38 The 
mechanism(s) and significance of urinary GAG levels to the 
GAG layer are not definitively known.

The role of the GAG layer in the pathophysiology of FIC has 
been further investigated through interventional studies 
in which GAG “replacements” have been administered, in 
theory to adhere to and repair the damaged GAG layer and 
thus help support the bladder mucosal barrier.11,14,37,39,40

The neuroendocrine system

Although FIC is referred to as a cause of LUTS and was initially 
considered strictly a bladder disease, it is now recognized 
as a systemic disease associated with abnormalities in the 
neuroendocrine system in addition to the bladder.31 Other 
body systems may also be involved: A cat with FIC may have 
one or more comorbidities and may present with various 
systemic signs, e.g., vomiting, anorexia/hyporexia.18,41

The neuroendocrine component of FIC involves an 
abnormal response to stress.23,26,33,34 In some cats with FIC, 
the perception of a threat or the presence of chronic stress 
appears to over-activate the sympathetic nervous system. 
This affects bladder sensory neurons, catecholamine 
production, and activity of bladder sensory neurons, pain 
fibers, neurotransmitters, and receptors, triggering bladder 
pain and inflammation.

 

The term “Pandora syndrome” has been proposed for a 
syndrome in cats exhibiting chronic recurrent idiopathic 
LUTS plus signs of comorbidities when:34 

	■ There is indication of an early adverse event, e.g., 
a kitten that was orphaned or a pregnant cat in a 
new home (maternal stressor). Review articles have 
presented data in multiple species suggesting that 
maternal stressors, either pre- or postnatally, can alter 
the developing hypothalamic-pituitary-adrenal (HPA) 
axis of the fetus or neonate.23,34,42 Timing of the stressor 
in relation to development of the HPA axis affects 
its impact. 

	■ Clinical signs wax and wane, with appearance of signs 
associated with a perceived stressor or threat.

	■ Signs improve with multimodal environmental 
modification (MEMO) (see further discussion under 
“Multimodal environmental modification”).

Biomarkers

Researchers are working to identify and validate potential 
urine and blood biomarkers for cats with FIC, as well as 
people with BPS.23 Successful identification of specific and 
sensitive biomarkers could provide a diagnostic test for FIC 
as opposed to being a diagnosis of exclusion. Potentially, 
screening of healthy cats could be employed to identify 
those at risk so that management could be instituted before 
clinical signs develop.

FIC may result from complex interactions between the nervous system, 
adrenal glands, bladder, and environment.

Figure 2:
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RISK FACTORS FOR FIC

As noted above, a stressful event or chronic stress appears to 
initiate inflammation and signs of FIC in some cats. 

One study reported that compared to cats with no history 
of urinary tract signs, cats with FIC were likely to be more 
nervous and fearful than housemate cats and to hide from 
strangers.10 Owners of nearly 40% of the cats with FIC 
reported the occurrence of a stressful event in the 3 months 
before the cat’s initial episode.

Research compared cats with LUTS to healthy cats and 
cats with non-urinary tract disease.41 Researchers found 
that the cats with LUTS were more likely to exhibit signs of 
fear, nervousness, or aggression than the other two groups 
of cats. Cats with LUTS also showed a significantly greater 
startle response.

Some research has indicated that living in a multi-pet 
household increases the risk of FIC, especially when 
there is conflict between cats and, thus, the potential for 
chronic stress.43,44 Cats without elevated resting places were 
found to have a 4.64x higher risk of FIC, a risk factor that 
may be linked to stress.44 Genetics may also play a role in 
susceptibility to stress.31

Researchers have identified other risk factors for FIC, 
including:

	■ Sex: Male cats appear predisposed.2,6,9,43,44 

	■ Neuter status: Neutered cats of both sexes are more 
likely than intact cats to have FIC.9

	■ Age: Cats tend to have their first episode of FIC when 
young to middle-aged.1,6,7,9,10 Mean age has been 
reported as between 2 and 6 years of age.

	■ Weight: Cats with FIC were more likely to be overweight 
or were significantly heavier than control cats with no 
history of LUTS.10,43,45

	■ Breed: Several studies reported that purebred cats were 
at higher risk.9,43 However, other studies have not found 
a breed predisposition.1,5,10

	■ Activity: Less active cats10 or those living indoors9 or 
in an apartment versus a house,44 which may link to 
activity level, have been found to be at higher risk.

The pathophysiology of FIC is very complex and is 
still being investigated. Based on the contribution 
of the nervous, endocrine, and immune systems 
in conjunction with an early adverse event, the 
environment, genetics, and other risk factors, 
researchers have suggested that FIC may be triggered 
when a predisposed cat is placed in a stressful 
environment.10,31,46

RECURRENCE OF FIC

Similar to other causes of LUTS in cats, FIC is likely to 
recur, although reported rates of recurrence have varied 
due to different populations, measures, and follow-up 
periods.3,10-17,23

Researchers have reported recurrence rates ranging 
from 24–78% for urinary tract disease signs in cats with 
FIC.3,10,12,14-16 One study found that 80% of recurrent cases 
recurred within 6 months.10 In the same study, cats had an 
average of 5.5 incidents throughout their lifetime.

After resolution of obstructive FIC, research found that 16–
36% of affected cats had a recurrent obstruction.11,13,16,17

Since the cause of LUTS may differ between episodes,3,47 a 
thorough examination and relevant diagnostics should be 
performed each time a cat presents with LUTS.
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NUTRITIONAL
APPROACH TO FIC

The goals of management for FIC are to:23 

	■ Shorten the duration of the event.

	■ Lessen the severity of the episode.

	■ Lower the risk of obstruction.

	■ Increase comfort during the episode. 

	■ Reduce the risk of recurrence.

Nutrition and hydration can both play a role in management.

Increased total water intake

Promoting a more dilute urine via increasing water intake 
is a major goal of management.48 In the case of FIC, a more 
dilute urine contains a lower concentration of compounds 
that may cause irritation to the bladder lining. A higher 
urine volume may increase frequency of urination, helping 
eliminate these substances before they can cause irritation.

To promote water intake, the following strategies may be 
beneficial:49,50

	■ Feeding wet diets or adding water to dry food. 
Cats may have a lower total daily water intake (a lower 
water to calorie ratio) when eating dry food versus 
wet food.51-54 Studies suggest that dietary moisture 
levels greater than 70–75% (wet food or dry food with 
added water) increase total daily water intake and urine 
volume and decrease urine specific gravity.52,54,55

Feeding a wet therapeutic urinary diet resulted in a 
recurrence of lower urinary tract signs during a one-
year follow-up period in just 11% of cats with FIC versus 
39% of cats fed a dry version of the same diet.56 

	■ Feeding a diet with moderately increased levels of 
sodium (Na) or salt (NaCl). Research has shown that 

feeding cats dry diets with moderately increased levels 
of Na/NaCl compared to lower Na/NaCl diets for up to 
21 days increases voluntary water intake and daily urine 
volume.57,58

The vast majority of published research in cats, both 
short- and long-term (from 2 weeks up to prospective 
research lasting as long as 5 years), has demonstrated 
that moderately increased levels of salt in diets fed to 
healthy and aging cats do not adversely affect heart or 
kidney function or affect blood pressure.59-64

	■ Providing a nutrient-enriched flavored water 
supplement. Several Purina studies support its benefit:

•	In healthy cats fed a dry diet, overall mean free liquid 
intake was significantly higher for the group offered a 
nutrient-enriched flavored water supplement (nutrient 
water) in addition to tap water compared to the group 
of cats offered tap water only.65 In the nutrient water 
group, nutrient water intake was a mean of 96.6% ± 3% 
of total daily liquid intake, showing that the increase 
in free liquid consumption was due to a high nutrient 
water intake. The increased water intake resulted in 
production of a significantly higher urine volume and 
more dilute urine in the nutrient water group.

•	Researchers in a second study reported similar 
findings.66 Mean daily free liquid intake and urine 
volume significantly increased, and urine became 
significantly more dilute in healthy cats offered 
nutrient water in addition to tap water, while none of 
the variables changed significantly in a group of cats 
offered tap water only.

	■ Offering different water sources (i.e., still water, 
circulating water, free-falling water). While research 
has shown that no one source is uniformly superior 
at encouraging water intake, individual cats did show 
increases in water intake with either still, circulating, or 
free-falling water, thus suggesting personal preferences 
may exist.67-69
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	■ Providing water in multiple locations around the 
home. Water should be located where easily accessible 
and where cats will not feel threatened while drinking. 
Providing multiple water bowls around the home may 
encourage water consumption as well as, in multi-
pet households, serve to reduce the risk of resource 
competition and thereby stress (see “Multimodal 
environmental modification”).33,46

	■ Offering water in different types of bowls, e.g., 
stainless steel, ceramic, glass, and/or wide bowls 
(so that a cat’s whiskers do not touch the sides of the 
bowl) to determine the cat’s individual preference.

Water should always be clean and fresh.

Therapeutic urinary diets

Research has evaluated the effect of feeding therapeutic 
urinary diets on resolution of clinical signs in cats with 
suspected FIC. Five of 6 hematuric cats with suspected FIC 
fed a Purina therapeutic urinary diet became non-hematuric 
versus 1 of 7 cats fed a veterinary therapeutic diet from 
another manufacturer.70

Nutritional management of anxiety

Nutritional management of anxious behaviors, as may be 
associated with stress, has been explored on a limited basis 
in cats, although not in controlled clinical trials in cats 
with FIC:

	■ Purina research showed the proprietary strain of 
Bifidobacterium longum reduced stress and associated 
behavior in cats.71

	■ Other research in cats suggests that alpha-casozepine 
and L-tryptophan may help reduce anxiety.72,73 

MULTIMODAL
ENVIRONMENTAL
MODIFICATION

Due to the association of FIC with stress, multimodal 
environmental modification (MEMO) is an important 
recommendation for cats with FIC.32,33,74,75 

MEMO has been defined as “institution of changes in the 
cat’s environment to attempt to reduce lower urinary tract 
signs by decreasing the likelihood of activation of the stress 
response system.”18 The goal of MEMO is to provide cats with 
an enriched or “optimized” lower stress environment.32,76,77

Researchers grouped feline environmental needs into five 
pillars or systems: nutritional (food and water), physical 
resource (space), elimination (litter boxes and litter), social 
(social contact), and behavioral (body care and activity).76 
They noted that providing an enriched environment is 
important for all cats.

MEMO encompasses:32,33,75,76,78

	■ Making any changes, e.g., to food, gradually.

	■ Offering the cat the ability to make choices if the cat 
desires. During a diet change, presenting the cat with 
the current food and the new food in two separate 
bowls allows the cat to choose which diet to eat rather 
than having the change forced upon them.

Owners should determine whether their cat prefers 
a particular water source, temperature, and/or 
receptacle by offering options. A cat may also prefer a 
particular type of litter box and/or litter.

	■ Providing ample resources, especially in multi-cat 
households. “Ample” resources are typically defined 
as the number of cats in the home plus one of every 
resource, e.g., litter boxes, food and water bowls, and 
resting/hiding places. This helps minimize conflict 
between cats. 
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Litter boxes should be placed in different locations from 
food and water bowls. Litter boxes and bowls should be 
kept clean.

	■ Locating resources in “safe” areas, where the cat will 
not feel threatened. It is important to note that this 
involves an appreciation of what the cat may perceive 
as a threat regardless of whether it actually is a threat. 
Providing high towers/perches allows cats to rest where 
they will not be disturbed, especially but not only 
useful in households with dogs or small children, and 
to observe their surroundings.

	■ Allowing the cat to express natural behaviors, such as 
predatory and play behavior, e.g., by providing food 
in food puzzles and/or prey-like toys, and scratching 
behavior, e.g., by providing scratching posts.

	■ Making interactions between the owner or other 
members of the household and the cat positive and 
predictable. This comprises determining how the cat 
likes to interact (e.g., playing, being petted or held), 
what toys the cat enjoys, and how long the cat wishes 
to interact with family members.

In addition to providing enrichment, toys, play 
sessions, and puzzle feeders encourage activity, which 
may help cats maintain ideal body condition.

MEMO should be tailored to the individual cat. Some cats 
may benefit from intensive management, while less may be 
needed for other cats.75 Working together with the pet owner 
to develop a MEMO plan is encouraged to help reduce pet 
owner stress and increase the likelihood of success.46

Some research evaluating efficacy of MEMO has been 
published:

	■ In an observational study in which a comprehensive 
individualized MEMO plan was instituted in cats with 
a history of recurrent FIC, only 28% of cats had further 
recurrence of LUTS during the follow-up period lasting 
approximately 10 months.18 In addition, signs of fear 
and nervousness and respiratory signs (a sickness 
behavior suggestive of a comorbidity) significantly 
lessened. 

	■ In contrast to those results, no benefit in reducing 
recurrence of LUTS was noted in FIC cats in whom 
MEMO was instituted compared to FIC cats in whom no 
environmental modifications were made.3 

While the research is limited and results are conflicting, the 
studies have several limitations. The same environmental 
modifications (type and number) were not applied for 
all cats in each study. Cats were in a home environment 
making the control of other variables not possible. Due to 
the differences among individual cats in their threshold 
for stress and causes of stress, research on MEMO is 
challenging.

Feline idiopathic cystitis is the most common cause of feline lower urinary tract 
signs and is often recurrent. It may adversely affect a cat’s quality of life, damage 
the human-animal bond, and lead to relinquishment of the cat or to elective 
euthanasia. Thus, effective management is crucial. Nutritional intervention, i.e., 
increasing hydration and feeding therapeutic urinary diets, is a key component of 
the management of feline idiopathic cystitis.



FELINE IDIOPATHIC CYSTITIS: Nutritional Management  |  9

1. Dorsch, R., Remer, C., Sauter-Louis, C., & Hartmann, K. (2014). Feline lower 
urinary tract disease in a German cat population. A retrospective analysis of 
demographic data, causes and clinical signs. Tierärztliche Praxis Kleintiere, 
42(4), 231-239.

2. Gerber, B., Boretti, F. S., Kley, S., Laluha, P., Muller, C., Sieber, N., Unterer, 
S., Wenger, M., Fluckiger, M., Glaus, T., & Reusch, C. E. (2005). Evaluation 
of clinical signs and causes of lower urinary tract disease in European cats. 
Journal of Small Animal Practice, 46(12), 571-577. doi: 10.1111/j.1748-5827.2005.
tb00288.x 

3. Kaul, E., Hartmann, K., Reese, S., & Dorsch, R. (2020). Recurrence rate and 
long-term course of cats with feline lower urinary tract disease. Journal of 
Feline Medicine and Surgery, 22(6), 544-556. doi: 10.1177/1098612X19862887 

4. Kruger, J. M., Osborne, C. A., Goyal, S. M., Wickstrom, S. L., Johnston, G. 
R., Fletcher, T. F., & Brown, P. A. (1991). Clinical evaluation of cats with lower 
urinary tract disease. Journal of the American Veterinary Medical Association, 
199(2), 211-216. 

5. Lekcharoensuk, C., Osborne, C. A., & Lulich, J. P. (2001). Epidemiologic 
study of risk factors for lower urinary tract diseases in cats. Journal of the 
American Veterinary Medical Association, 218(9), 1429-1435. 

6. Lew-Kojrys, S., Mikulska-Skupien, E., Snarska, A., Krystkiewicz, W., & 
Pomianowski, A. (2017). Evaluation of clinical signs and causes of lower 
urinary tract disease in Polish cats. Veterinarni Medicina, 62(7), 386-393. 
doi: 10.17221/170/2016-VETMED 

7. Nururrozi, A., Yanuartono, Y., Sivananthan, P., & Indarjulianto, S. 
(2020). Evaluation of lower urinary tract disease in the Yogyakarta cat 
population, Indonesia. Veterinary World, 13(6), 1182-1186. doi: 10.14202/
vetworld.2020.1182-1186 

8. Piyarungsri, K., Tangtrongsup, S., Thitaram, N., Lekklar, P., & 
Kittinuntasilp, A. (2020). Prevalence and risk factors of feline lower urinary 
tract disease in Chiang Mai, Thailand. Scientific Reports, 10(1), 196. 
doi: 10.1038/s41598-019-56968-w 

9. Saevik, B. K., Trangerud, C., Ottesen, N., Sørum, H., & Eggertsdóttir, A. V. 
(2011). Causes of lower urinary tract disease in Norwegian cats. Journal of 
Feline Medicine and Surgery, 13(6), 410-417. doi: 10.1016/j.jfms.2010.12.012 

10. Defauw, P. A., Van de Maele, I., Duchateau, L., Polis, I. E., Saunders, J. H., 
& Daminet, S. (2011). Risk factors and clinical presentation of cats with feline 
idiopathic cystitis. Journal of Feline Medicine and Surgery, 13(12), 967-975. 
doi: 10.1016/j.jfms.2011.08.001 

11. Delille, M., Fröhlich, L., Müller, R. S., Hartmann, K., & Dorsch, R. (2016). 
Efficacy of intravesical pentosan polysulfate sodium in cats with obstructive 
feline idiopathic cystitis. Journal of Feline Medicine and Surgery, 18(6), 492-
500. doi: 10.1177/1098612X15588934 

12. Eggertsdóttir, A. V., Blankvandsbråten, S., Gretarsson, P., Olofsson, A. 
E., & Lund, H. S. (2021). Retrospective interview-based long-term follow-up 
study of cats diagnosed with idiopathic cystitis in 2003-2009. Journal of 
Feline Medicine and Surgery, 23(10), 945-951. doi: 10.1177/1098612X21990302 

13. Gerber, B., Eichenberger, S., & Reusch, C. E. (2008). Guarded long-term 
prognosis in male cats with urethral obstruction. Journal of Feline Medicine 
and Surgery, 10(1), 16-23. doi: 10.1016/j.jfms.2007.06.007 

14. Gunn-Moore, D. A., & Shenoy, C. M. (2004). Oral glucosamine and the 
management of feline idiopathic cystitis. Journal of Feline Medicine and 
Surgery, 6(4), 219-225. doi: 10.1016/j.jfms.2003.09.007 

15. Kruger, J. M., Conway, T. S., Kaneene, J. B., Perry, R. L., Hagenlocker, 
E., Golombek, A., & Stuhler, J. (2003). Randomized controlled trial of the 
efficacy of short-term amitriptyline administration for treatment of acute, 
nonobstructive, idiopathic lower urinary tract disease in cats. Journal of 
the American Veterinary Medical Association, 222(6), 749-758. doi: 10.2460/
javma.2003.222.749 

16. Nivy, R., Segev, G., Rimer, D., Bruchim, Y., Aroch, I., & Mazaki-Tovi, M. 
(2019). A prospective randomized study of efficacy of 2 treatment protocols 
in preventing recurrence of clinical signs in 51 male cats with obstructive 
idiopathic cystitis. Journal of Veterinary Internal Medicine, 33(5), 2117-2123. 
doi: 10.1111/jvim.15594 

17. Segev, G., Livne, H., Ranen, E., & Lavy, E. (2011). Urethral obstruction in 
cats: Predisposing factors, clinical, clinicopathological characteristics and 
prognosis. Journal of Feline Medicine and Surgery, 13(2), 101-108. 
doi: 10.1016/j.jfms.2010.10.006 

18. Buffington, C. A., Westropp, J. L., Chew, D. J., & Bolus, R. R. (2006). 
Clinical evaluation of multimodal environmental modification (MEMO) in 
the management of cats with idiopathic cystitis. Journal of Feline Medicine 
and Surgery, 8(4), 261-268. doi: 10.1016/j.jfms.2006.02.002 

19. Casey, R. A., Vandenbussche, S., Bradshaw, J. W. S., & Roberts, M. A. 
(2009). Reasons for relinquishment and return of domestic cats (Felis 
Silvestris Catus) to rescue shelters in the UK. Anthrozoös, 22(4), 347-358. 
doi: 10.2752/089279309X12538695316185 

20. Lappin, M. R. (2022, October 8-9). Urinary disease as a cause of feline 
relinquishment. Proceedings Companion Animal Nutrition Summit: The 
Power of Nutrition. Evolving Science. New Perspectives, Toronto, Canada.

21. New, J. C., Jr., Salman, M. D., King, M., Scarlett, J. M., Kass, P. H., & 
Hutchison, J. M. (2000). Characteristics of shelter-relinquished animals and 
their owners compared with animals and their owners in U.S. pet-owning 
households. Journal of Applied Animal Welfare Science, 3(3), 179-201. 

22. Chew, D., & Buffington, C. A. T. (2013, September 26-29). Pandora 
syndrome: It’s more than just the bladder. American Association of Feline 
Practitioners Conference, Dallas, Texas.

23. He, C., Fan, K., Hao, Z., Tang, N., Li, G., & Wang, S. (2022). Prevalence, 
risk factors, pathophysiology, potential biomarkers and management of 
feline idiopathic cystitis: An update review. Frontiers in Veterinary Science, 9, 
900847. doi: 10.3389/fvets.2022.900847 

24. Osborne, C. A., Lulich, J. P., Kruger, J. M., Ulrich, L. K., Bird, K. A., & 
Koehler, L. A. (1996). Feline urethral plugs. Etiology and pathophysiology. 
Veterinary Clinics of North America: Small Animal Practice, 26(2), 233-253. 

25. Kruger, J. M., Lulich, J. P., MacLeay, J., Merrills, J., Paetau-Robinson, 
I., Brejda, J., & Osborne, C. A. (2015). Comparison of foods with differing 
nutritional profiles for long-term management of acute nonobstructive 
idiopathic cystitis in cats. Journal of the American Veterinary Medical 
Association, 247(5), 508-517. doi: 10.2460/javma.247.5.508 

26. Gunn-Moore, D. (2003). Feline lower urinary tract disease. Journal of 
Feline Medicine and Surgery, 5(2), 133-138. doi: 10.1016/S1098-612X(02)00129-8 

27. Grauer, G. F. (2013). Current thoughts on pathophysiology & treatment of 
feline idiopathic cystitis. Today’s Veterinary Practice, November/December, 
38-41. 

REFERENCES



10  

28. Osborne, C. A., Kruger, J. M., Lulich, J. P., Johnston, G. R., Polzin, D. J., 
Ulrich, L. K., & Sanna, J. (1996). Prednisolone therapy of idiopathic feline 
lower urinary tract disease: A double-blind clinical study. Veterinary Clinics 
of North America: Small Animal Practice, 26(3), 563-569. doi: 10.1016/s0195-
5616(96)50085-9 

29. Jones, E., Palmieri, C., Thompson, M., Jackson, K., & Allavena, R. (2021). 
Feline idiopathic cystitis: Pathogenesis, histopathology and comparative 
potential. Journal of Comparative Pathology, 185, 18-29. doi: 10.1016/j.
jcpa.2021.03.006 

30. Lewis, S. A. (2000). Everything you wanted to know about the bladder 
epithelium but were afraid to ask. American Journal of Physiology. Renal 
Physiology, 278(6), F867-F874. doi: 10.1152/ajprenal.2000.278.6.F867 

31. Buffington, C. A., Westropp, J. L., & Chew, D. J. (2014). From FUS to 
Pandora syndrome: Where are we, how did we get here, and where 
to now? Journal of Feline Medicine and Surgery, 16(5), 385-394. doi: 
10.1177/1098612X14530212 

32. Forrester, S. D., & Towell, T. L. (2015). Feline idiopathic cystitis. 
Veterinary Clinics of North America: Small Animal Practice, 45(4), 783-806. 
doi: 10.1016/j.cvsm.2015.02.007 

33. Hostutler, R. A., Chew, D. J., & DiBartola, S. P. (2005). Recent concepts in 
feline lower urinary tract disease. Veterinary Clinics of North America: Small 
Animal Practice, 35(1), 147-170, vii. doi: 10.1016/j.cvsm.2004.08.006 

34. Buffington, C. A. (2011). Idiopathic cystitis in domestic cats--Beyond the 
lower urinary tract. Journal of Veterinary Internal Medicine, 25(4), 784-796. 
doi: 10.1111/j.1939-1676.2011.0732.x 

35. Kruger, J. M., Osborne, C. A., & Lulich, J. P. (2009). Changing paradigms 
of feline idiopathic cystitis. Veterinary Clinics of North America: Small 
Animal Practice, 39(1), 15-40. doi: 10.1016/j.cvsm.2008.09.008 

36. Buffington, C. A., Blaisdell, J. L., Binns, S. P., Jr., & Woodworth, B. 
E. (1996). Decreased urine glycosaminoglycan excretion in cats with 
interstitial cystitis. The Journal of Urology, 155(5), 1801-1804. 

37. Panchaphanpong, J., Asawakarn, T., & Pusoonthornthum, R. (2011). 
Effects of oral administration of N-acetyl-d-glucosamine on plasma and 
urine concentrations of glycosaminoglycans in cats with idiopathic cystitis. 
American Journal of Veterinary Research, 72(6), 843-850. doi: 10.2460/
ajvr.72.6.843 

38. Pereira, D. A., Aguiar, J. A., Hagiwara, M. K., & Michelacci, Y. M. (2004). 
Changes in cat urinary glycosaminoglycans with age and in feline urologic 
syndrome. Biochimica et Biophysica Acta, 1672(1), 1-11. doi: 10.1016/j.
bbagen.2004.02.002 

39. Bradley, A. M., & Lappin, M. R. (2014). Intravesical glycosaminoglycans 
for obstructive feline idiopathic cystitis: A pilot study. Journal of Feline 
Medicine and Surgery, 16(6), 504-506. doi: 10.1177/1098612X13510918 

40. Wallius, B. M., & Tidholm, A. E. (2009). Use of pentosan polysulphate in 
cats with idiopathic, non-obstructive lower urinary tract disease: A double-
blind, randomised, placebo-controlled trial. Journal of Feline Medicine and 
Surgery, 11(6), 409-412. doi: 10.1016/j.jfms.2008.09.003 

41. Buffington, C. A., Westropp, J. L., Chew, D. J., & Bolus, R. R. (2006). 
Risk factors associated with clinical signs of lower urinary tract disease in 
indoor-housed cats. Journal of the American Veterinary Medical Association, 
228(5), 722-725. doi: 10.2460/javma.228.5.722 

42. Matthews, S. G. (2002). Early programming of the hypothalamo-
pituitary-adrenal axis. Trends in Endocrinology & Metabolism, 13(9), 
373-380. doi: 10.1016/s1043-2760(02)00690-2 

43. Cameron, M. E., Casey, R. A., Bradshaw, J. W. S., Waran, N. K., & Gunn-
Moore, D. A. (2004). A study of environmental and behavioural factors that 
may be associated with feline idiopathic cystitis. Journal of Small Animal 
Practice, 45(3), 144-147. doi: 10.1111/j.1748-5827.2004.tb00216.x 

44. Kim, Y., Kim, H., Pfeiffer, D., & Brodbelt, D. (2018). Epidemiological study 
of feline idiopathic cystitis in Seoul, South Korea. Journal of Feline Medicine 
and Surgery, 20(10), 913-921. doi: 10.1177/1098612X17734067 

45. Lund, H. S., Sævik, B. K., Finstad, O. W., Grøntvedt, E. T., Vatne, T., & 
Eggertsdóttir, A. V. (2016). Risk factors for idiopathic cystitis in Norwegian 
cats: A matched case-control study. Journal of Feline Medicine and Surgery, 
18(6), 483-491. doi: 10.1177/1098612X15587955 

46. Westropp, J. L., & Buffington, C. A. T. (2004). Feline idiopathic cystitis: 
Current understanding of pathophysiology and management. Veterinary 
Clinics of North America: Small Animal Practice, 34(4), 1043-1055. 
doi: 10.1016/j.cvsm.2004.03.002 

47. Lund, H. S., & Eggertsdóttir, A. V. (2019). Recurrent episodes of feline 
lower urinary tract disease with different causes: Possible clinical 
implications. Journal of Feline Medicine and Surgery, 21(6), 590-594. 
doi: 10.1177/1098612X18783839 

48. Forrester, S. D., & Roudebush, P. (2007). Evidence-based management of 
feline lower urinary tract disease. Veterinary Clinics of North America: Small 
Animal Practice, 37(3), 533-558. 

49. Bartges, J., & Corbee, R. J. (2023). Nutritional management of lower 
urinary tract disease. In A. J. Fascetti, S. J. Delaney, J. A. Larsen, & C. 
Villaverde (Eds.), Applied veterinary clinical nutrition (2nd ed., pp. 412-440). 
Wiley-Blackwell. doi: 10.1002/9781119375241.ch16 

50. Dunn, M., Kornya, M., & Lulich, J. (2022). 2022 AAFP consensus statement: 
Approaches to urolithiasis treatment. https://catvets.com/wp-content/
uploads/2024/08/Urolithiasis-Consensus-Statement-FINAL.pdf

51. Anderson, R. S. (1982). Water balance in the dog and cat. Journal of Small 
Animal Practice, 23(9), 588-598. doi: 10.1111/j.1748-5827.1982.tb02519.x 

52. Buckley, C. M., Hawthorne, A., Colyer, A., & Stevenson, A. E. (2011). Effect 
of dietary water intake on urinary output, specific gravity and relative 
supersaturation for calcium oxalate and struvite in the cat. British Journal of 
Nutrition, 106 Suppl 1, S128-S130. doi: 10.1017/S0007114511001875 

53. Seefeldt, S. L., & Chapman, T. E. (1979). Body water content and turnover 
in cats fed dry and canned rations. American Journal of Veterinary Research, 
40(2), 183-185. 

54. Thomas, D. G., Post, M., & Bosch, G. (2017). The effect of changing the 
moisture levels of dry extruded and wet canned diets on physical activity in 
cats. Journal of Nutritional Science, 6, e9. doi: 10.1017/jns.2017.9 

55. Deng, P., Iwazaki, E., Suchy, S. A., Pallotto, M. R., & Swanson, K. S. (2014). 
Effects of feeding frequency and dietary water content on voluntary physical 
activity in healthy adult cats. Journal of Animal Science, 92(3), 1271-1277. 
doi: 10.2527/jas.2013-7235 

56. Markwell, P. J., Buffington, C. A., Chew, D. J., Kendall, M. S., Harte, J. G., & 
DiBartola, S. P. (1999). Clinical evaluation of commercially available urinary 
acidification diets in the management of idiopathic cystitis in cats. Journal of 
the American Veterinary Medical Association, 214(3), 361-365. 

57. Hawthorne, A. J., & Markwell, P. J. (2004). Dietary sodium promotes 
increased water intake and urine volume in cats. Journal of Nutrition, 
134(8 Suppl), 2128S-2129S. doi: 10.1093/jn/134.8.2128S 

https://catvets.com/wp-content/uploads/2024/08/Urolithiasis-Consensus-Statement-FINAL.pdf
https://catvets.com/wp-content/uploads/2024/08/Urolithiasis-Consensus-Statement-FINAL.pdf


FELINE IDIOPATHIC CYSTITIS: Nutritional Management  |  11

58. Queau, Y., Bijsmans, E. S., Feugier, A., & Biourge, V. C. (2020). Increasing 
dietary sodium chloride promotes urine dilution and decreases struvite 
and calcium oxalate relative supersaturation in healthy dogs and cats. 
Journal of Animal Physiology and Animal Nutrition, 104(5), 1524-1530. 
doi: 10.1111/jpn.13329 

59. Chetboul, V., Reynolds, B. S., Trehiou-Sechi, E., Nguyen, P., Concordet, 
D., Sampedrano, C. C., Testault, I., Elliott, J., Abadie, J., Biourge, V., & 
Lefebvre, H. P. (2014). Cardiovascular effects of dietary salt intake in aged 
healthy cats: A 2-year prospective randomized, blinded, and controlled 
study. PLoS One, 9(6), e97862. doi: 10.1371/journal.pone.0097862 

60. Cowgill, L. D., Segev, G., Bandt, C., Stafford, C., Kirby, J., Naylor, S., 
Neal, L., Queau, Y., Lefebvre, H. P., & Polzin, D. (2007). Effects of dietary salt 
intake on body fluid volume and renal function in healthy cats. Journal of 
Veterinary Internal Medicine, 21(3), 600-601. 

61. Luckshander, N., Iben, C., Hosgood, G., Gabler, C., & Biourge, V. (2004). 
Dietary NaCl does not affect blood pressure in healthy cats. Journal of 
Veterinary Internal Medicine, 18, 463-467. 

62. Reynolds, B. S., Chetboul, V., Elliott, J., Laxalde, J., Nguyen, P., 
Testault, I., Dorso, L., Abadie, J., Lefebvre, H. P., & Biourge, V. (2024). 
Long-term safety of dietary salt: A 5-year ProspEctive rAndomized bliNded 
and controlled stUdy in healThy aged cats (PEANUT study). Journal of 
Veterinary Internal Medicine, 38(1), 285-299. doi: 10.1111/jvim.16952 

63. Reynolds, B. S., Chetboul, V., Nguyen, P., Testault, I., Concordet, D. V., 
Carlos Sampedrano, C., Elliott, J., Trehiou-Sechi, E., Abadie, J., Biourge, V., 
& Lefebvre, H. P. (2013). Effects of dietary salt intake on renal function: A 
2-year study in healthy aged cats. Journal of Veterinary Internal Medicine, 
27(3), 507-515. doi: 10.1111/jvim.12074 

64. Xu, H., Laflamme, D. P., & Long, G. L. (2009). Effects of dietary sodium 
chloride on health parameters in mature cats. Journal of Feline Medicine 
and Surgery, 11(6), 435-441. doi: 10.1016/j.jfms.2008.10.001 

65. Zanghi, B. M., Gerheart, L., & Gardner, C. L. (2018). Effects of a 
nutrient-enriched water on water intake and indices of hydration in 
healthy domestic cats fed a dry kibble diet. American Journal of Veterinary 
Research, 79(7), 733-744. doi: 10.2460/ajvr.79.7.733 

66. Zanghi, B. M., Wils-Plotz, E., DeGeer, S., & Gardner, C. L. (2018). Effects 
of a nutrient-enriched water with and without poultry flavoring on water 
intake, urine specific gravity, and urine output in healthy domestic cats fed 
a dry kibble diet. American Journal of Veterinary Research, 79(11), 1150-1159. 
doi: 10.2460/ajvr.79.11.1150 

67. Grant, D. C. (2010). Effect of water source on intake and urine 
concentration in healthy cats. Journal of Feline Medicine and Surgery, 12(6), 
431-434. doi: 10.1016/j.jfms.2009.10.008 

68. Pachel, C., & Neilson, J. (2010). Comparison of feline water consumption 
between still and flowing water sources: A pilot study. Journal of Veterinary 
Behavior, 5, 130-133. 

69. Robbins, M. T., Cline, M. G., Bartges, J. W., Felty, E., Saker, K. E., Bastian, 
R., & Witzel, A. L. (2019). Quantified water intake in laboratory cats from 
still, free-falling and circulating water bowls, and its effects on selected 
urinary parameters. Journal of Feline Medicine and Surgery, 21(8), 682-690. 
doi: 10.1177/1098612X18803753 

70. Lappin, M. R., Gil, N., Krause, L., & Greco, D. (2019). Effect of 2 urinary 
diets on hematuria in shelter cats with suspected interstitial cystitis. 
Journal of Veterinary Internal Medicine, 33(5), 2518. 

71. Davis, H., Franco, P., Gagne, J., McGowan, R. T. S., Hawley, J., & Lappin, 
M. (2021). Effect of Bifidobacterium longum 999 supplementation on stress 
associated findings in cats with FHV-1 infection. Journal of Veterinary 
Internal Medicine, 35(6), 3058. doi: 10.1111/jvim.16220 

72. Beata, C., Beaumont-Graff, E., Coll, V., Cordel, J., Marion, M., Massal, 
N., Marlois, N., & Tauzin, J. (2007). Effect of alpha-casozepine (Zylkene) on 
anxiety in cats. Journal of Veterinary Behavior, 2(2), 40-46. doi: 10.1016/j.
veb.2007.02.002 

73. Landsberg, G., Milgram, B., Mougeot, I., Kelly, S., & de Rivera, C. 
(2017). Therapeutic effects of an alpha-casozepine and L-tryptophan 
supplemented diet on fear and anxiety in the cat. Journal of Feline Medicine 
and Surgery, 19(6), 594-602. doi: 10.1177/1098612X16669399 

74. Sparkes, A. (2018). Understanding feline idiopathic cystitis. In Practice, 
40(3), 95-101. doi: 10.1136/inp.k435 

75. Westropp, J. L., Delgado, M., & Buffington, C. A. T. (2019). Chronic lower 
urinary tract signs in cats: Current understanding of pathophysiology and 
management. Veterinary Clinics of North America: Small Animal Practice, 
49(2), 187-209. doi: 10.1016/j.cvsm.2018.11.001 

76. Herron, M. E., & Buffington, C. A. (2010). Environmental enrichment 
for indoor cats. Compendium: Continuing Education for Veterinarians, 
32(12), E4.  

77. Herron, M. E., & Buffington, C. A. (2012). Environmental enrichment 
for indoor cats: Implementing enrichment. Compendium: Continuing 
Education for Veterinarians, 34(1), E3.  

78. American Association of Feline Practitioners. (n.d.). What your cat 
needs to feel secure. Retrieved June 5, 2024 from https://catfriendly.com/
cat-friendly-homes/what-your-cat-needs-to-feel-secure/

https://catfriendly.com/cat-friendly-homes/what-your-cat-needs-to-feel-secure/
https://catfriendly.com/cat-friendly-homes/what-your-cat-needs-to-feel-secure/


PURINA TRADEMARKS ARE OWNED BY SOCIÉTÉ DES PRODUITS NESTLÉ S.A.  
EC/CRCA

Learn more at  
PurinaInstitute.com

For more information and a wealth of pet nutrition resources,
visit PurinaInstitute.com and sign up for scientific communications.              

By signing up, you’ll receive updates on discoveries in nutritional science, free 
resources to support you in your nutrition conversations with clients, invitations to 

events, newsletters, and much more from the Purina Institute.

PurinaInstitute.com/Sign-Up

Advancing Science for Pet Health 
At the Purina Institute, we believe science is more powerful when it’s shared. That’s why we’re 
on a mission to unlock the power of nutrition to help pets live better, longer lives. A global 
professional organization, the Purina Institute shares Purina’s leading-edge research, as well as 
evidence-based information from the wider scientific community, in an accessible, actionable 
way so veterinary professionals are empowered to put nutrition at the forefront of pet health 
discussions to further improve and extend the healthy lives of pets through nutrition.

GET TO KNOW THE PURINA INSTITUTE

https://www.purinainstitute.com
https://www.purinainstitute.com
https://www.purinainstitute.com/sign-up

