Urinary relative supersaturation

B Introduction

Urinary stones represent 18% and 15% of all lower uri-
nary tract diseases in dogs and cats respectively (1). In
various veterinary stone analysis laboratories, dogs
account for 72-81% of total stone submissions, much

I KEY POINTS

¢ Relative supersaturation (RSS) remains to
date the best tool to assess the risk of crystal
formation in urine. It is used to optimize
diet formulations, but is unfortunately too
cumbersome to be measured in a clinical
setting.

¢ Data obtained in healthy dogs and cats show
that urinary pH is an important determinant of
struvite RSS, but not calcium oxalate RSS.

e Urinary pH should be interpreted with caution by
practitioners when assessing patients at risk for
urolithiasis, due to within-day variability and the
poor correlation with calcium oxalate RSS.

e [ncreasing dietary sodium or moisture is
effective in decreasing RSS of both struvite and
calcium oxalate. Urine specific gravity can be
used by practitioners to monitor patients at risk

of urolithiasis. I

24 /Veterinary Focus / Vol 24 n"1/ 2014

and urolithiasis risk

B Yann Quéau, DVM, Dipl. ACVN

Royal Canin Research Center, Aimargues, France

Dr. Quéau graduated from the National Veterinary School of Toulouse (France) in 2007 after completing a
veterinary thesis on the effect of aging on the glomerular filtration rate in dogs. Following graduation he
completed an internship in Renal Medicine and Hemodialysis, and a residency in Small Animal Clinical Nutrition,
at the University of California, Davis. He became a Diplomate of the American College of Veterinary Nutrition in
2011, and currently works at the Royal Canin Research Center in Aimargues, France.

B Vincent Biourge, DVM, PhD, Dipl. ACVN, Dipl. ECVCN

Royal Canin Research Center, Aimargues, France

Dr. Biourge graduated from the Faculty of Veterinary Medicine of the University of Liege (Belgium) in 1985. He
stayed as an assistant in the nutrition department for two years before moving to the Veterinary Hospital of the
University of Pennsylvania (USA] and later to the Teaching Hospital of the University of California, Davis as a
PhD/resident in clinical nutrition. In 1993 he received his PhD in Nutrition and became a Diplomate of the
American College of Veterinary Nutrition. In 1994 he joined Royal Canin’s Research Center in Aimargues as
nutritionist and head of scientific communication. Between 1999 - 2007 he was in charge of managing the
nutritional research programs; since 2008 he has held the post of Health & Nutrition Scientific Director.

more than cats (2-4). Struvite and calcium oxalate
(CaOx) uroliths represent 80-90% of all stones in both
species, but data from North America and Europe show
that relative proportions of each type have varied over
the years. Struvite predominated in the 1980s, but was
progressively outnumbered by calcium oxalate in the
mid-1990s. An inverse shift has now been reported in
the last few years (2,5-7).

Veterinarians in practice have limited access to urine
samples and tools when it comes to assessing the risk
of an animal forming uroliths. Urine specific gravity (USG)
and pH, as well as microscopic examination of the sedi-
ment to visualize crystals, are frequently performed on
“spot” urine samples, and while they can be informative,
such tests are unfortunately imperfect when considering
the risk of various types of urolithiases. For instance,
stones can be present when visualized crystals are
absent (and vice-versa), and urine pH varies greatly over
the course of the day (8). This paper reviews the relation-
ship between urinary relative supersaturation (RSS) and
the risk of urolithiasis in dogs and cats, and identifies
recent advances in this area.

B Why use relative

supersaturation?

Supersaturation of the urine is the physico-chemical
prerequisite for stones to develop. In this state, crystal-
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lization can occur because the concentration of the
crystallizing ions is higher than their solubility product
(i.e., the concentration at which the components of a
crystal will precipitate in a solvent (like water), at a
defined temperature, and - depending on the nature of
the crystals - a defined pH). The degree of supersatura-
tion affects crystal nucleation, growth and aggregation,
the three steps that precede the formation of macro-
scopic stones. Therefore the degree of urine supersatu-
ration for a given crystal (e.g., calcium oxalate) is a good
indicator of the risk that formation of this salt will occur in
the urine, although it does not take into account some
other influences such as the presence of organic pro-
moters or inhibitors of crystallization. Estimation of uri-
nary RSS was the most widely used and recognized
method in human medicine until less expensive prediction
models became available, and RSS has now been used
for more than a decade in dogs and cats after validation
in these species (9).

B Methodology: how to evaluate and
interpret RSS

Animal phase

To be relevant, RSS must be estimated on a representa-
tive urine sample. In humans, one or two 24-hour urine
collections are required for comprehensive metabolic
evaluation of patients and for RSS calculation (10). In
dogs and cats fed canned diets, 48-hour urine collection
periods have been described when performing pH moni-
toring and RSS estimation (11,12), as urine can be more
concentrated than in humans. When dry diets are fed,
even longer collection periods (e.g., 72 hours) may be
necessary if the diets are not specifically formulated to
increase diuresis.
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representative urine
samples for RSS.

The protocol currently used at the Royal Canin Research
Center (as approved by the Ethics Committee) to obtain
representative urine samples is shown schematically in
Figure 1. Biriefly, urine is collected from individual ani-
mals by a non-invasive method for at least 72 hours
(after the animals have had 7 days of adaptation to the
new diet). The individual urine samples are then pooled
and stored at 4°C; pH is measured and then adjusted to
2.0 with hydrochloric acid in order to dissolve all salts
before ion concentrations are determined.

Analytical phase and RSS calculation

The concentrations of calcium, phosphate, magnesium,
sodium, potassium, ammonium, oxalate, citrate, sulfate
and uric acid in the urine pool are measured by ionic
chromatography; all of these are required to calculate
the RSS of a given urine sample. Various computer soft-
ware packages have been developed and validated for
both dogs and cats, allowing RSS to be calculated from
the urinary concentrations and urine pH (9). Urine pH is
required for the calculation as it influences the form in
which certain ions will be present; the overall effect of
pH on RSS will be discussed later.

Briefly, the computer program determines the concen-
trations of the solutes that remain free to interact (the
activity products) to form various crystals - including cal-
cium oxalate and struvite - taking into account all pos-
sible interactions between the ions and the complexes
that could be formed. These activity products are then
compared to the solubility products (see above) of the
given salt to predict whether the urine is undersaturated
or supersaturated for this salt. The ratio is known as the
RSS (Figure 2).
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Interpretation

Based on the average RSS value of the animals in a test
panel, it can be concluded whether a specific diet has
the potential to induce undersaturated or supersatu-
rated urine. If the urine is undersaturated for a given salt
(e.g., struvite), crystals will dissolve. On the other hand,
supersaturated urine does not always lead to stone for-
mation. Indeed, the supersaturation state is not uni-
form: it can be metastable or labile (unstable). In the
metastable zone, spontaneous crystallization does not
occur as it requires a nucleus to grow, while in the labile
(unstable) zone, crystallization does occur. The RSS
limit value between those two states is defined as the
formation product of the given salt.

B RSS and diet testing

After 15 years of experience with RSS and diet testing,
the definitive conclusion is that RSS is more accurate
than urinary pH when assessing the risk factors for
urolithiasis.

Struvite

Struvite stones have long been known to be affected by
urinary pH. Indeed, in an acid urine environment, phos-
phate ions (PO,*) within the struvite stones are proto-
nated (HPO,*, H,PO,", H,PO,), making them unavailable
to form complexes with ammonium and magnesium.
Various studies and epidemiological observations have
led to the classical recommendation that diets which
induce a urine pH of < 6.5 should be fed. RSS studies at
the Royal Canin Research Center have allowed refine-
ment of this relationship between pH and the risk of stru-
vite formation. Derived from multiple feeding trials in
adult cats over several years, the relationship between
struvite RSS and urinary pH is shown in Figure 3.

As can be seen, very acid urine (pH < 6.2) always pro-
motes RSS values in the undersaturated zone, which is
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according to the salt.

favorable for struvite prevention and dissolution. For the
classically recommended pH range (6.2-6.5), RSS values
are either in the undersaturated or metastable super-
saturated zone for dry diets, allowing prevention of
spontaneous struvite crystallization under controlled
conditions (i.e., absence of urinary tract infection or pre-
formed crystal nuclei). Results for pH > 6.5 are much
more variable. Some cats with very alkaline urine still
maintain undersaturated urine, which can be explained
by the other determinants of RSS calculation, the ion
concentrations. Indeed, with conditions that promote
urine dilution, as in moist diets (wet food), urine pH
becomes less critical.

The fact that RSS is a better predictor of struvite dissolu-
tion has been demonstrated in ex vivo dissolution studies.
Such studies showed that with identical urine pH and
struvite stone shapes and weights, a lower RSS pro-
moted a more rapid dissolution, whereas dissolution
times were identical in urines with similar RSS but different
pH (13).

It should be emphasized that unlike cats, dogs almost
always develop struvite stones secondary to urinary tract
infections with urea-splitting bacteria (Klebsiella, Proteus,
Pseudomonas, Staphylococcus and Mycoplasma) (14).
In this situation the diet alone, even if shown to promote
a low RSS in healthy dogs, will not be sufficient to dis-
solve and prevent recurrence of struvite stones if the
infection is not appropriately and concurrently controlled
(Figure 4). The rare occurrence of canine sterile struvite
stones (only described so far in one family of cocker
spaniels (15)) might be explained by a lesser ability of
dogs compared to cats to concentrate urine.

Calcium oxalate
The role of pH in calcium oxalate urolithiasis is more con-
troversial. It has been suggested that acidifying diets



increase the risk of CaOx stone formation, based on epi-
demiological data (16) and the reciprocal shifts between
struvite and CaOx stone prevalence over the years. One
of the predominant hypotheses is that promotion of acid
urine also promotes calciuria and reduces citraturia,
both factors potentially favoring CaOx crystallization.

However, CaOx RSS measurements obtained over the
years do not support a strong association with urinary
pH (Figure 5). A recent prospective study showed that
in cats, gradual acidification of a basal diet which altered
the pH from 6.4 to 5.9 increased calcium excretion in the
urine, but the RSS remained unchanged (17). It is pos-
sible that a much higher pH may be effective, as sug-
gested by one study (18) where the effect on CaOx
supersaturation was seen over a broader range of pH
values (up to 7.9), but not for moderately acid urine as
commonly induced by most maintenance and urinary
feline diets. Based on those data, it appears that diets
can successfully be formulated to induce a urine pH allow-
ing undersaturation for struvite, with no detrimental
effect on CaOx RSS.

RSS and dilution

Increased levels of dietary salt have been used to stimu-
late water intake and promote urine dilution. The lower
urinary ion concentration resulting from this strategy
decreases RSS, as evidenced by several studies in dogs
and cats (19-21). In dogs, raising the sodium level of a
dry expanded diet from 0.5 to 3.0 g/1000 kcal signifi-
cantly increased water intake and decreased CaOx RSS
(19). The same effect was observed in dogs when the
sodium was increased from 0.6 to 3.0 g/1000 kcal in a
canned diet (20). It is important to distinguish dry from
wet diets, as dietary moisture also affects urine concen-
tration and therefore CaOx RSS. In a study with minia-
ture schnauzers and Labrador retrievers comparing two
diets that differed only in their moisture content, the 73%
moisture diet resulted in lower USG, oxalate concentra-
tion and RSS than the 7% moisture diet in the schnau-
zers (19). Those changes were not significant in Labra-
dors, which had higher urinary volumes and lower urine
concentration than the schnauzers regardless of diet.

Similarly in cats fed four diets that differed only in mois-
ture content (6%, 25%, 53% and 73%), the 73% mois-
ture diet resulted in a higher water intake, lower USG
and lower CaOx RSS than the other diets (22). This latter
study also underlines that the effect of moisture on urine
dilution is only obtained with a high level of moisture.
Dietary strategies to promote urine dilution in order to

waide
ROYAL CANIN

Struvite RSS

« Qf

a 1% decile
& - Median
o 9" decile
« Q3

62<pH=<65 pH>65 pH<6.2 6.2<pH=<6.5 pH>6.5

Dry diets Wet diets

Figure 3. The relationship between struvite RSS and urinary
pH in 142 cats fed dry (n = 481) and wet (n = 27) diets.

The green dashed line represents the solubility product

for struvite (the limit between the undersaturated and the
supersaturated zones).
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Figure 4. Struvite uroliths are radiopaque and thus can be
seen on technically correct survey radiographs. Note that
even if a diet promoting a low RSS is fed, this will not be
sufficient to dissolve and prevent recurrence of the stones
if the concurrent bacterial infection is not appropriately

controlled.
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Figure 5. The relationship between CaOx RSS and urinary pH is less
well-defined (Data obtained from the same cat population as Figure 3).
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Figure 6. Radiographs of a cat with suspected struvite
uroliths in the bladder before (a) and after (b) 15 days
on a diet (wet or dry) formulated to induce a RSS < 1.
At day 15, the uroliths are no longer visible (25).

decrease CaOx RSS have been supported by studies in
both dog (23) and cat (24) stone formers, although
more data is required in those populations.

B How can the practitioner use

these results?

From the data, it can be concluded that urine pH and

USG provide only limited information to the practitioner

in estimating the risk of stone formation or recurrence in

a patient. Those parameters can however provide some

insight in specific situations:

e A fasted urine pH < 6.2 in a cat indicates a low risk of
struvite stone formation, since most RSS values will
be under the formation product below this pH.

e Afasted urine pH > 6.5 is not always indicative of a high
risk of struvite crystalluria, especially in animals fed
canned diets that promote urine dilution.

e A urine pH obtained in the hours following a meal can be
elevated and unrepresentative of the average urine pH,
due to the postprandial alkaline tide. A pH measurement
obtained after a night of fasting is more relevant, but ide-
ally urine should be collected for at least 48 to 72 hours.

e Urinary pH is not a good predictor of CaOx RSS.

e USG, a marker of urine dilution, remains a good,
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although imperfect, tool to assess the relative risk of
stone formation, especially during follow-up of stone
formers to prevent recurrence. The thresholds classi-
cally recommended (< 1.020 in dogs and < 1.025 in
cats) can be difficult to achieve in some instances
(e.g., in cats fed a dry diet).

e |t is possible to formulate diets that will both promote
the dissolution of struvite stones and low urinary satu-
ration of struvite and CaOx.

B RSS: how it translates to in vivo
observations

While RSS is obtained from analyses run on urine samples
obtained in vivo, and describes physicochemical reac-
tions occurring in the urine, it can be argued that this risk
index does not take into account other factors known to
influence the different crystallization steps, such as
organic promoters or inhibitors. Therefore the question
of its relevance and accuracy to predict stone formation
in vivo can be raised. This is partially answered by studies
in humans and animals; both stone-forming humans
and dogs (especially those with recurrent CaOx or
calcium phosphate uroliths) have higher corresponding
RSS values than healthy individuals, despite overlap
between the two groups (9,23). A recent study has de-
monstrated the validity of using a diet known to induce a
struvite RSS < 1 to predict and achieve struvite stone
dissolution in cats (25) (Figure 6).

Another potential limit of RSS measured in research
centers is the health status of the animals studied. Meta-
bolic differences between animal populations may
explain the appearance of the disease and could affect
the RSS value. However, it is difficult to obtain and pro-
cess 48-hour urine samples in privately-owned animals
for RSS. Studies in both dogs (23) and cats (24) not
only showed that stone formers have higher CaOx RSS
on their usual diet compared to healthy animals, but that
when fed diets promoting urine dilution the CaOx RSS
decreased, and also that (in dogs) feeding such diets for
a year was not associated with clinical recurrence of
uroliths.

B Conclusion and perspectives

Today, RSS remains the best tool to predict the potential
for a diet to induce urinary stone formation or dissolu-
tion. Several years of research in this field in cats and
dogs have allowed a better comprehension of the limi-
tations in using urinary pH as the sole risk factor for
urolithiasis (especially CaOx), and assessment of the
effect of urinary dilution (via dietary sodium or moisture)



on the risk of stone formation, amongst other findings.
However, more research is still needed, especially when
it comes to understanding the effect of specific nutrient

modifications on urine composition and RSS, and to
investigate the metabolic differences between normal
animals and stone formers.

References

1.

Houston DM, Moore AE, Elliott DA, et al. Stone diseases in animals. In: Rao

dissolution than urine pH. Vet Focus 2009;19(2):47-48.

NP, Preminger GM, Kavanagh JP, eds. Urinary Tract Stone Disease. 14. Osborne CA, Lulich JP, Polzin DJ, et al. Medical dissolution and prevention of
Warrington, PA: Springer; 2011:131-150. canine struvite urolithiasis. Twenty years of experience. Vet Clin North Am

2. Oshorne CA, Lulich JP, Kruger JM, et al. Analysis of 451,891 canine uroliths, Small Anim Pract 1999:29:73-111.
feline uroliths, and feline urethral plugs from 1981 to 2007: perspectives 15. Bartges JW, Osborne CA, Polzin DJ. Recurrent sterile struvite urocystolithiasis
from the Minnesota Urolith Center. Vet Clin North Am Small Anim Pract in three related cocker spaniels. J Am Anim Hosp Assoc 1992;28:459-469.
2009;39:183-197. 16. Lekcharoensuk C, Osborne CA, Lulich JP, et al. Association between dietary

3. Houston DM, Moore AE. Canine and feline urolithiasis: examination of over factors and calcium oxalate and magnesium ammonium phosphate
50 000 urolith submissions to the Canadian veterinary urolith centre from urolithiasis in cats. J Am Vet Med Assoc 2001;219:1228-1237.

1998 to 2008. Can Vet J 2009;50:1263-1268. 17. Quéau Y, Hoek |, Feugier A, et al. Urinary pH affects urinary calcium excretion

4. Rogers KD, Jones B, Roberts L, et al. Composition of uroliths in small but not calcium oxalate relative supersaturation in healthy cats. J Vet Intern
domestic animals in the United Kingdom. Vet J2011;188:228-230. Med 2013;27:738-739.

5. Picavet P, Detilleux J, Verschuren S, et al. Analysis of 4,495 canine and feline 18. Jeremias JT, Loureiro BA, Maria APJ, et al. Effect of food base excess on
uroliths in the Benelux. A retrospective study: 1994-2004. J Anim Physiol body mineral balance and urinary relative supersaturation for calcium oxalate
Anim Nutr (Berl) 2007;91:247-251. in adult cats. In Proceedings 16™ ESVCN Congress 2012:65.

6. Cannon AB, Westropp JL, Ruby AL, et al. Evaluation of trends in urolith 19. Stevenson AE, Hynds WK, Markwell PJ. Effect of dietary moisture and sodium
composition in cats: 5,230 cases (1985-2004). J Am Vet Med Assoc content on urine composition and calcium oxalate relative supersaturation in
2007:;231:570-576. healthy miniature schnauzers and Labrador retrievers. Res Vet Sci

7. Low WW, Uhl JM, Kass PH, et al. Evaluation of trends in urolith composition 2003;74:145-151.
and characteristics of dogs with urolithiasis: 25,499 cases (1985-2006). 20. Lulich JP, Osborne CA, Sanderson SL. Effects of dietary supplementation with
JAm Vet Med Assoc 2010;236:193-200. sodium chloride on urinary relative supersaturation with calcium oxalate in

8. Stevenson AE, Wrigglesworth DJ, Smith BH, et al. Effects of dietary potassium healthy dogs. Am J Vet Res 2005;66:319-324.
citrate supplementation on urine pH and urinary relative supersaturation of 21. Hawthorne AJ, Markwell PJ. Dietary sodium promotes increased water intake
calcium oxalate and struvite in healthy dogs. Am J Vet Res 2000;61:430- and urine volume in cats. J Nutr 2004:134:2128S-2129S.

435, 22. Buckley CM, Hawthorne A, Colyer A, et al. Effect of dietary water intake on

9. Robertson WG, Jones JS, Heaton MA, et al. Predicting the crystallization urinary output, specific gravity and relative supersaturation for calcium
potential of urine from cats and dogs with respect to calcium oxalate and oxalate and struvite in the cat. Br J Nutr 2011;106 Suppl 1:5128-130.
magnesium ammonium phosphate (struvite). J Nutr2002;132:1637S5-1641S. 23. Stevenson AE, Blackburn JM, Markwell PJ, et al. Nutrient intake and urine

10. Semins MJ, Matlaga BR. Blood and urinary tests in stone formers. In: Rao NP, composition in calcium oxalate stone-forming dogs: comparison with healthy
Preminger GM, Kavanagh JP, eds. Urinary Tract Stone Disease. Warrington, dogs and impact of dietary modification. Vet Ther 2004;5:218-231.

PA: Springer; 2011:369-374. 24. Lulich JP, Oshorne CA, Lekcharoensuk C, et al. Effects of diet on urine

11. Stevenson AE, Smith BH, Markwell PJ. A system to monitor urinary tract composition of cats with calcium oxalate urolithiasis. J Am Anim Hosp Assoc
health in dogs. J Nutr 1998;128:2761S-2762S. 2004;40:185-191.

12. Markwell PJ, Smith BHE, McCarthy K. A non-invasive method for assessing 25. Houston DM, Weese HE, Evason MD, et al. A diet with a struvite relative
the effect of diet on urinary calcium oxalate and struvite supersaturation in supersaturation less than 1 is effective in dissolving struvite stones in vivo.
the cat. Animal Tech 1999;50:61-67. Br J Nutr 2011;106 Suppl 1:590-92.

13. van Hoek I, Malandain E, Tournier C. RSS is a better predictor for struvite

waide
ROYAL CANIN 29/ Veterinary Focus / Vol 24 n°1 /2014



