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TREATMENT OPTIONS FOR

HYPERPHOSPHATEMIA IN FELINE CKD

What’s out there?

Aimee Kidder and Dennis Chew

Mechanisms determining serum phosphorus

Phosphorus is one of the most abundant constituents of all tissues and
is a major component of bone. Approximately 85% of total body phos-
phate is present in the skeleton and 14% is intracellular; it is the body’s
major intracellular anion. Less than 1% of total body phosphate is in
the extracellular fluids.'® About one-third of extracellular phosphate is
inorganic, most of which is unbound. Clinical
laboratories typically measure inorganic
phosphate in serum.>®
Serum phosphorus concentration
depends on the dietary phospho-
rus intake, the degree of gastro-
intestinal absorption across the
duodenum and jejunum,
translocation into intracellu-
lar sites, and excretion of
phosphorus into the urine.
Absorption occurs in the duo-
denum and jejunum under
the control of activated vita-
min D,. In an adult animal, the
phosphorus that is absorbed
from the gastrointestinal tract is
eliminated by the kidneys, which
play a crucial role in regulating serum
phosphorus concentrations. Renal excretion
of phosphorus depends on the amount that undergoes glomerular fil-
tration and the amount that is subsequently reabsorbed by the tubules.
Most of the reabsorption of phosphorus occurs in the proximal tubules,
an effect that is largely controlled by the expression of type II sodium-
dependent phosphate co-transporters on the brush border. Parathyroid
hormone (PTH), increasing concentrations of circulating phosphate,
chronic metabolic acidosis, and some phosphatonins (fibroblast growth
factor 23, secreted frizzled-related protein 4) are known to reduce the
expression of this transport system, resulting in increased phosphorus
excretion.>*? ! Sodium-dependent phosphate co-transporters are located
on the small intestinal brush border membrane as well, and are regulat-
ed by activated vitamin D,. Activated vitamin D, increases influx of
phosphate from the intestinal lumen into the mucosa.!

~~ Serum phosphate leve

< Serum phosphate levels are main-
tained within a narrow range in health
Young growing animals often have high
els of serum phosphorus than adults.?” This
nay reflect higher levels of growth hormone, whi
increase renal tubular absorption of phosphorus® and,
| possibly, higher levels of activated vitamin D..
,_orma! serum phosphorus range of many laboratol
encompasses adults and growing animals, which m:
“make it difficult to detect early rises in serum phosph
rus above normal.

The typical reference range for phosphorus in
the cat is 2.5-6 mg/dl (0.81-1.94 mmol/I).2
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Practical relevance Phosphorus

is retained in chronic kidney disease
(CKD), promoting renal secondary
hyperparathyroidism and eventually
resulting in hyperphosphatemia. Most
agree that phosphate retention is a major
contributor to the progression of CKD in
many species and it is well known that
hyperphosphatemia is associated with a significant
mortality risk in humans with end-stage renal
disease.

Patient group Chronic kidney disease is

a common ailment of geriatric cats.

Evidence base There is evidence in cats
suggesting that the use of a phosphate-restricted
diet in IRIS stage 2-3 disease has a beneficial effect
on clinical outcome. However, despite the fact that
intestinal phosphate binders are commonly used in
veterinary practice for patients with CKD, there
have been few published reports focusing on the
safety and efficacy of these products in veterinary
medicine. No phosphorus binders are licensed as
medications for dogs or cats. This article draws on
data from clinical trials in humans and studies in
cats to discuss treatment goals and options for
phosphate retention and hyperphosphatemia in
feline CKD.

Clinical significance With careful monitoring

of serum phosphate and parathyroid hormone,

and implementation of phosphate-restricted dietary
management and intestinal phosphate binders,
progression of CKD and the degree of
hyperparathyroidism in cats may be reduced.
Audience Companion animal and feline
practitioners are at the forefront in the management
of CKD in cats.
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REVIEW / Treatment options for hyperphosphatemia

In the early stages of CKD increased levels of parathyroid hormone

can keep serum phosphorus within the reference range.

Phosphate retention and hyperphosphatemia
are primarily due to impaired renal phosphate
excretion. If renal function is normal, clinically
significant hyperphosphatemia seldom devel-
ops.>31* Chronic kidney disease (CKD) is the
most common cause of hyperphosphatemia in
adult cats and dogs (Figs 1 and 2). In the early
stages of CKD increased levels of PTH can keep
serum phosphorus within the reference range
by decreasing expression of the sodium-—
phosphate transport system in the proximal
tubule resulting in increased urine phosphate
excretion. This allows for normalization of
serum phosphorus at the expense of hyper-
parathyroidism. However, when the glomerular
filtration rate (GFR) decreases to 20% of normal
or less, this adaptive mechanism can no longer
maintain serum phosphate within the reference
range and hyperphosphatemia develops.3614

Pathophysiological consequences
of hyperphosphatemia

Circulating phosphorus has a complex relation-
ship that affects, and is affected by, PTH, ion-
ized calcium and calcitriol (see box).
Hyperphosphatemia can reduce levels of ion-
ized calcium, which in turn stimulates PTH
secretion. Phosphate retention inhibits the
activity of renal 1a-hydroxylase, the enzyme
responsible for the conversion of 25-hydroxy-
vitamin D3 (25[OH], vit D,) to its active
metabolite 1,25-dihydroxyvitamin D,
(1,25[CH], vit D,), better known as calcitriol.
Calcitriol is important for calcium and phos-
phorus absorption in the intestine and is
an important inhibitor of PTH synthesis.
Hyperphosphatemia may also interfere with
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parathyroid gland responsiveness to calcitriol
through decreased vitamin D receptor expres-
sion or via a direct action at the vitamin D
receptor site. Phosphorus has furthermore been
shown to stimulate PTH mRNA synthesis,
independent of changes in serum calcium and
calcitriol. !> As a result of this complex relation-
ship, it is not possible to evaluate phosphorus
as a separate entity; hyperparathyroidism is a
consistent finding in progressive renal disease.

Increased levels of serum phosphorus have
been associated with increased all-cause mor-
tality, cardiovascular mortality, vascular calci-
fication and valvular calcification in humans
with CKD. One human study showed that
end-stage renal failure patients with a serum
::Irﬁ; sgbl g)atNV;itt:tﬁgD phosphorus level >6.5 mg/dl (>2.10 mmol/I)
cachexiagand'unkempt coat, had a 27% higher mortality risk than patients
due to the effects of with a phosphorus level of 2.4-6.5 mg/dl
moderate uremia (0.78-2.10 mmol/1); and that patients with a
calcium x phosphate (Ca x P) product
>72 mg?/dl*> had a 34% higher risk of death
compared with those with a Ca x P
product between 42 and 52 mg?/dl%1®

A complex relationship [/}

The inextricable link between
hyperphosphatemia and hyperparathyroidism
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Hyperphosphatemia and renal secondary hyperparathyroidism

are common in cats with IRIS stage 3 and 4 CKD, and can be documented

in some with IRIS stage 2 disease.

In one retrospective study in cats, the only
clinicopathologic variable that was associated
with survival in animals with naturally occur-
ring CKD was serum phosphorus. For each 1
unit increase in phosphorus there was an
11.8% increase in the risk of death.l” In anoth-
er study, increased plasma phosphate concen-
tration was found to be highly significantly
associated with shorter renal survival times.!

Deleterious effects of phosphate accumula-
tion in cats are most often recognized to be a
direct consequence of calcium phosphate pre-
cipitation into the tissues (increased Ca x P
product). Indirect effects that increase PTH and
decrease ionized calcium may also be impor-
tant. It has been known since the early 1980s
that dietary phosphorus restriction provides
dramatic benefits to the histologic renal archi-
tecture of cats with the remnant kidney model
of chronic renal failure. Although renal function
was not different over time in cats of this study,
those fed a normal maintenance diet had obvi-
ous mineralization, fibrosis and mononuclear
cell infiltration, whereas the kidneys of cats fed
a phosphate-restricted diet had minimal or no
changes. Serum phosphorus and PTH concen-
trations were considerably increased in cats fed
the normal phosphate diet compared with
those fed the restricted phosphate diet.!

Hyperphosphatemia and renal secondary
hyperparathyroidism are common in cats with
IRIS (International Renal Interest Society) stage
3 and 4 CKD and can be documented in some
with IRIS stage 2. Barber and Elliott (1998)%
demonstrated that PTH was increased in 47%,
87% and 100% of 80 cats with CKD cat-
egorized, respectively, as compensated (mean
serum creatitine 2.6 mg/dl, 229
umol/1), uremic (mean serum cre-
atinine 3.6 mg/dl, 316 umol/l) or
end-stage (mean serum creatinine
10.3 mg/dl, 909 pmol/1). Overall,
84% of cats with CKD had elevat-
ed PTH. Serum phosphorus was
increased in approximately 60%
of cats with CKD in this same
clinical study; 20%, 49% and 100%
of cats with compensated, uremic
or end-stage CKD, respectively,
had elevated serum phosphate.
Interestingly, 13% of cats in the
study had increased PTH despite
normal concentrations of both
ionized calcium and serum
phosphorus.?

In a separate investigation by

FIG 2 Advanced
histopathologic lesion of
CKD. Note the large amount
of fibrous tissue, loss of
nephron mass (tubules and
glomeruli), and interstitial
inflammation with
lymphoplasmacytes.

Some tubules are dilated,
presumably due to
obstruction further down
the nephron. Hematoxylin and
eosin. Magnification x 8

Elliott and colleagues (2000)*, a group of 50
cats with CKD (mean serum creatinine near 3
mg/dl, 265 umol/1) was studied for an extend-
ed period. Twenty-four of the 50 cats were
hyperphosphatemic at the start of the study.
Plasma phosphate concentrations at the mid-
survival time point increased over baseline in
62% of those eating a normal diet (n = 21) and
decreased in 76% of cats eating a phosphate-
restricted renal veterinary diet (n = 29). Forty-
six of the 50 cats had increased PTH at the start
of the study. Parathyroid hormone declined in
69% of cats that were eating the veterinary
renal diet at the mid-survival time point,
whereas PTH increased in 62% of those eating
a maintenance diet. Intestinal phosphate
binders were added as a treatment when
serum phosphorus remained increased within
4 months of feeding the renal diet in four cats;
an additional six cats required the addition of
an intestinal phosphate binder throughout the
study, making a total of 34% (10/29). Survival
time for CKD cats eating the renal diet was con-
siderably longer (633 median and 616 mean
days) compared with those eating a mainte-
nance diet (264 median and 383 mean days).
Interestingly, death related to cardiovascular
system abnormalities was reported to rank sec-
ond to renal-related causes in the study by
Elliott et al, although detailed micropathology of
vascular structures was not provided.?! It has
been shown that humans with end-stage renal
disease and a serum phosphate level >6.5 mg/dl
(>2.10 mmol/1) have a 41% greater risk of death
resulting from coronary artery disease.”?
Metastatic paw calcifications have been
reported infrequently in cats with CKD. In a
series of five cats with this condi-

% Qf:"g ! tion,® all had elevated serum phos-

phorus (2.3-9.4 mmol/]; reference
range 0.5-1.6 mmol/I). Only one cat
had elevated total calcium (3.4
mmol/l; reference range 2.0-2.75
mmol/I). All cats had a solubility
product (calcium x phosphorus) >70
mg?/dl% Serum PTH was measured
in three of the five cats and was
increased in two, one of which had
elevated total calcium. Necropsy
was performed on one cat and
revealed confluent plaques of calcifi-
cation on the tunica media of the
aorta and other main arteries, end-
stage kidneys with multifocal
tubular calcification, and alveolar
emphysema with diffuse calcifica-
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FIG 3 Dietary phosphorus intake of dogs and cats eating commercial or renal therapeutic
foods compared with the average Western diet of humans. Note that dogs and cats
consume five and six times, respectively, as much phosphorus as the average human,
which makes it difficult to achieve adequate dietary phosphorus restriction.

Developed by the Nutrition Support Service, The Ohio State University College of Veterinary

Medicine (http://vet.osu.edu/nssvet)

tion of pulmonary arteries and capillaries. In
an earlier case report describing a cat with
metastatic paw calcifications, which were pre-
sumed to be a result of renal secondary hyper-
parathyroidism, feeding of a protein- and
phosphorus-restricted diet resulted in resolu-
tion of the paw lesions and hyperparathy-
roidism approximately 179 days after
diagnosis.?

Treatment approaches

Conventional wisdom and evidence dictates
the importance of correcting hyperphos-
phatemia associated with CKD. Restoration of
normophosphatemia is an initial and main
goal but phosphorus restriction may be benefi-
cial in reversing existing renal secondary
hyperparathyroidism in cats that are not
hyperphosphatemic at the time of initial eval-
uation. Secondary hyperparathyroidism can
exist despite normal ionized calcium and
serum phosphorus status, as was demonstrat-
ed in a study discussed earlier?’ In another
study of cats with IRIS stage 2 or 3 CKD (mean
serum creatinine 2.1-4.5 mg/dl, 185.6-397.8
pmol/1), mean serum phosphorus was within
the reference range at a time when mean PTH
was 25-50% above the upper limit of the refer-
ence range.”® The assumption is made that
phosphate retention is occurring in those cats
even though serum phosphorus remains nor-
mal (because of the hyperparathyroidism) and
phosphate restriction may still be beneficial in

Human

this normophosphatemic population.

Phosphorus restriction in CKD patients with
phosphate retention is initiated by feeding a low
phosphorus, low protein diet. Compared with
an average Western diet, cats consume six times,
and dogs five times, as much phosphate on a
mg/100 kcal basis when eating grocery store pet
foods (Fig 3). Consequently, with such a high
starting point, it is difficult to achieve the degree
of dietary phosphate restriction advocated for
humans with end-stage renal failure. Veterinary
renal diets achieve phosphate restriction largely
by restriction of dietary proteins that contain
phosphorus, especially animal origin proteins.
The form of phosphate in the diet influences
how much is available for absorption.

Despite similar dietary phosphorus content
and phosphorus intake, the amount of phospho-
rus absorbed across the gut varied considerably
in one study of cats due to differences in phos-
phorus bioavailability.? This effect may depend
on the source of the phosphorus (ie, organic ver-
sus monobasic or dibasic salts of phosphorus) in
the diet. Additionally, the degree of intestinal
absorption of phosphorus can vary between
60% and 80%!* of the ingested load in individu-
als with the same phosphorus intake and level
of renal dysfunction. Thus, when there are diffi-
culties in achieving target serum phosphorus or
PTH levels during phosphate restriction, this
may be due to too high a dietary phosphorus
intake, an individual patient’s high level of
gastrointesintal absorption, or the formulation
of the phosphate in the diet.

Dietary modification and intestinal phos-
phate binders are pivotal interventions to
provide optimal phosphorus and PTH control.
Dietary phosphorus restriction in CKD was
shown to blunt or reverse renal secondary
hyperparathyroidism in cats in one study,* but
not in another.? A reduction of dietary phos-
phorus intake that is proportionate to decreas-
es in GFR will keep serum phosphorus within
the reference range without increases in PTH.?
This can be hard to achieve in the clinical
setting. Extremely phosphorus-depleted diets
may be unpalatable to cats due to the low lev-
els of protein needed to provide this phospho-
rus restriction. Diets moderately restricted in
phosphorus may provide adequate phosphate
control during early stages of CKD; but as kid-
ney disease progresses diet alone is usually not
successful in achieving adequate phosphorus
control, and phosphorus concentration
increases above the reference range or stays in
the upper half of the reference range.

Phosphorus restriction may be beneficial in reversing existing

renal secondary hyperparathyroidism in cats

that are not hyperphosphatemic at the time of initial evaluation.

JFMS CLINICAL PRACTICE



Goals of dietary phosphorus
control

An initial goal is to attempt to return high
serum phosphorus concentrations to within
the reference range by feeding a phosphate-
restricted renal diet. Intestinal phosphate
binders (see later) should be added if serum
phosphate remains increased after 1 month of

REVIEW / Treatment options for hyperphosphatemia

consuming the renal diet or if the switch to the
renal diet is not accepted by the cat. A serum
phosphate concentration in the mid-reference
range (<4.5 mg/dl, <1.45 mmol/l) is the rec-
ommended target. It is important to measure
serum phosphate concentrations in cats with
CKD serially, usually monthly, until the target
concentration has been achieved and every 2—4
months thereafter if the cat is stable. Serum

Treatment recommendations

for the stable CKD patient [}

Primary goal — maintain serum phosphorus in the lower portion of the reference range
Target serum phosphate concentrations are:
IRIS Stage 2 2.5-4.5 mg/dl (0.81-1.45 mmol/I)

IRIS Stage 3 2.5-5 mg/dl (0.81-1.61 mmol/I)
IRIS Stage 4 2.5-6 mg/dl (0.81-1.94 mmol/l)

Implement phosphate-restricted renal diet '

Re-evaluate after 4 weeks of dietary therapy
1 If serum phosphate is >6 mg/dl (>1.94 mmol/l) introduce intestinal phosphate-binding agent: ’
(i) Re-evaluate after another 4 weeks
(i) Increase phosphate binder (50-100% increase) if needed to achieve target level for
the stage of CKD. Increase as needed to maximum tolerable dose
(ili) Re-evaluate after another 4 weeks

2 If serum phosphate is <6 mg/dl (<1.94 mmol/l) continue diet for an additional 4 weeks and
then re-evaluate:
(i) If target serum phosphate concentration has not been achieved at this time
introduce phosphate binder therapy (go to 1(i))
(i) If target serum phosphate concentration has been achieved, continue dietary
therapy and re-evaluate regularly

Monitor every 2-4 months
Once target serum phosphate concentration has been achieved, monitor
every 2-4 months to maintain phosphate level within the desired range.
Monitor for potential complications of phosphate binder therapy.

Adjust dose of phosphate binder therapy, as necessary
As CKD progresses the degree of phosphate retention will
increase and the dose of intestinal phosphate-binding agent
will need to increase.?®

Secondary goal — minimize elevation in PTH
Parathyroid hormone increases with phosphate retention allowing an increase in phosphate
excretion to maintain normal serum phosphorus. Elevated PTH can be a marker for phosphate

retention in early CKD. There may be some benefit to phosphate restriction in cats with
IRIS stage 2 or 3 CKD that have serum phosphate within the target range.

Modified from Elliott et al (2006)?¢
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Intestinal phosphate binders should be added if serum phosphate remains increased
after 1 month of consuming a renal diet or if the switch to the renal diet

is not accepted by the cat.

Possible adverse effects of phosphate restriction
Adverse effects of phosphate restriction potentially can
occur. Although hypophosphatemia is one possible conse-
quence, it is difficult for this to develop in cats with initially high
concentrations of serum phosphorus and a reduced GFR.
Hypercalcemia can be encountered when calcium salts are used for
intestinal phosphate binding. Hypercalcemia has also been attributed
to feeding of phosphate-restricted diets to cats, but this is rare; nor=
mocalcemia returned with the feeding of a higher phosphate diet.?
Adynamic bone disease is a concern during treatment of humans
with CKD, as occurs when PTH has been suppressed too much
so that healthy bones cannot be maintained® — whether this
occurs in cats with CKD is not known. Constipation and
gastrointestinal effects can occur following use of some
intestinal phosphate binders. Absorption of chemi-
cals from the intestinal phosphate binder may
occur, with resulting accumulation in the
tissues in some instances.®*°

phosphorus concentration may increase in cats
with CKD that increase their food intake fol-
lowing other supportive treatments.

A second goal is to restore PTH to normal
levels or to prevent it from increasing, even if
serum phosphorus is in the reference range.
Further phosphorus restriction with diet and
phosphorus binders can be titrated to the
effect of lowering PTH if possible. In some
instances, PTH cannot be controlled despite
dietary intervention and use of intestinal
phosphate binders. Other treatments (calcitri-
ol and calcimimetics) may be indicated in
these cases. In addition to serial serum phos-
phate measurements, concurrent serial meas-
urements of PTH and ionized calcium may be
considered a gold standard for assessment of
sufficient relief of body phosphorus burden
and PTH control.

Intestinal phosphate binders

Phosphorus-binding agents (Table 1) are
given orally to trap phosphorus in the gut and
increase insoluble phosphate salt excretion in
the feces. Phosphate binders work because the
cation in the binder combines with dietary
phosphate, producing insoluble, non-
absorbable, phosphate compounds.?

Despite the fact that intestinal phosphate
binders are commonly used in veterinary
practice for patients with CKD, there have
been few published reports focusing on the
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safety and efficacy of these products in veteri-
nary medicine. No phosphorus binders are
licensed as medications for dogs or cats.
Recently, two intestinal phosphorus-binding
products have been approved as feed supple-
ments: Epakitin (Vétoquinol USA) and
Renalzin (Bayer HealthCare). The phosphorus
binder contained in the latter, Lantharenol, is
approved in various parts of the world for use
as a food additive to restrict intestinal absorp-
tion of phosphorus in adult cats with CKD,
but not yet in the United States.

Aluminum salts
Aluminum (aluminium) salts are the most
widely used phosphate binders in cats.
Aluminum-based phosphate binding agents
(aluminum hydroxide, aluminum carbonate)
are highly effective in lowering serum phos-
phate levels, forming insoluble and non-
absorbable aluminum phosphate precipitates
in the intestinal lumen.®

Aluminum salts were the preferred intestin-
al phosphate binder for use in humans with
end-stage renal failure from the 1970s, when
the importance of phosphorus control in
patients with renal failure was first empha-
sized, until approximately the mid-1980s.514%

TABLE 1 Dose rates for intestinal phosphate binder

therapy in cats

Intestinal phosphate binder

Dose

Aluminum hydroxide

30 mg/kg PO g8h; 45 mg/kg PO g12h

(Alternagel; Johnson & Johnson-Merck)  (give with meal)

600 mg/5 ml

Calcium carbonate
(Tums; GlaxoSmithKline)

30 mg/kg PO q8h; 45 mg/kg PO q12h
(give with meal)

regular strength 500 mg/tablet

Sevelamer hydrochloride
(Renagel; Genzyme)
400 mg tablets

33-54 mg/kg PO g8h; 50-80 mg/kg PO g12h
(give with meal)

Chitosan and calcium carbonate 1 g/10 Ib twice daily with food

(Epakitin/Ipakitine; Vétoquino

Lanthanum carbonate

I

12.5-25 mg/kg/day PO

(Fosrenol; Shire Pharmaceuticals) 6.25-12.5 mg/kg PO g12h starting dose

500 mg chewable tablets

(give with meal, do not swallow tablet whole)

Lanthanum carbonate octahydrate 2 ml applied to cat’s food once or twice daily

(Renalzin; Bayer HealthCare)
Not available in USA

PO = orally



The gastrointestinal tract is relatively
impermeable to aluminum, although,
under certain circumstances, alu-

an increase in concentration in

2 h of feeding to maximize their binding of

Phosphorus binder therapy

minum can be absorbed causing Intestinal phosphate binders work
best when given with meals or within

REVIEW / Treatment options for hyperphosphatemia

scribed intestinal phosphate binders in veteri-
nary medicine as they are very effective and
are inexpensive. Aluminum hydroxide or
aluminum carbonate is used at an initial
dosage of 30 mg/kg q8h or 45 mg/kg

the blood apd tis?.ue. Normally Gietary phosphorus.®! Due to varying efiectsiofh  d12h, given with foo.d. Constipation is
excess aluminum is excreted by intestinal phosphate binders on the absorption of .  the most common side effect encoun-
the kidneys, and aluminum [other drugs, it is advisable to give any other medica-|  tered during treatment with alu-

intoxication is not seen in peo-
ple with normal renal func-

tions 1 h before or 3 h after an intestinal phosphate
binder is administered. The dose of any phosphate
binder should be based on the meal size (phosphorus

minum phosphate binders. Lactulose
treatment may help to alleviate con-

tion.30 In humans with CKD, intake) and the prevailing serum phosphorus level for Stipation but may also contribute to
significant aluminum may be | each CKD patient; the dose is titrated to effect.”! dehydration due to extra fluid loss in

retained in the body, especially

the bones, leading to osteomalacia,
adynamic bone disease, microcytic
anemia and encephalopathy.61432-34 Ag

a result, the use of aluminum salts has
been limited in human medicine.

The National Kidney Foundation Dialysis
Outcomes Quality Initiative (NKF-DOQI)
Guidelines in the USA recommend that alu-
minum salts are only used in human renal fail-
ure patients that have a serum phosphorus
concentration >7.0 mg/dl (>2.26 mmol/1), and
then only in the short term (<4 weeks), and
only for one course of treatment, thereafter to
be replaced by other phosphate binders. There
is no known safe dose of aluminum salts
for humans with CKD. The NKF-DOQI
Guidelines recommend 3-monthly monitoring
of serum aluminum concentration in those
human patients receiving aluminum-contain-
ing medications (with baseline <20 pg/1).%

Detrimental effects of aluminum-based phos-
phate binders, as described above in humans,
have not been systematically evaluated in small
animal patients and are rarely clinically appre-
ciated. As cats with CKD can live for years on
treatment, concerns regarding aluminum accu-
mulation and long-term safety deserve more
study. A recent case series described probable
aluminum intoxication in two dogs with renal
failure, one acute and the other chronic. The
dogs exhibited severe neuromuscular abnor-
malities 62 and 65 days after initiation of thera-
py with aluminum hydroxide. The dosage at
the time abnormalities were seen was 126
mg/kg/day and 200 mg/kg/day and both
dogs had elevated serum aluminum levels (0.52
and 0.318 ppm, respectively; reference range
0.008-0.012). Both dogs were treated with, and
responded favorably within 48 h to, deferoxam-
ine, an aluminum chelating agent.3

Despite concerns regarding toxicity, and
stringent use guidelines in humans, alu-
minum salts remain the most commonly pre-

the stool.
Sucralfate (a complex of aluminum
hydroxide and sulfated sucrose) has been
used empirically by some clinicians as a
phosphate binder, although there are no
reports of its use for such in cats or dogs.

Calcium salts
Calcium-based phosphate binders took the
place of aluminum salts in humans with end-
stage renal disease following reports of alu-
minum accumulation and toxicity. They lower
serum phosphorus via binding in the gastro-
intestinal tract, but are not as effective as
aluminum salts, having a lower affinity for
phosphorus. Thus, effective binding of dietary
phosphorus requires large doses of calcium,
often enough to induce hypercalcemia in
humans.'** The use of calcium-based phos-
phate binders can be associated with adverse
effects during treatment in humans with end-
stage renal disease: hypercalcemia from
absorption of calcium from the gastrointesti-
nal tract, increased incidence of adynamic
bone disease due to oversuppression of PTH
production as a result of chronic hypercal-
cemia, and increased incidence of soft tissue
and vascular calcification from chronic hyper-
calcemia and increased Ca x P product.? Soft
tissue and vascular calcifications have been
associated with significant morbidity and
mortality in children and adults with end-
stage renal disease.’0%839

The most commonly used calcium-based
phosphate binders are calcium carbonate and
calcium acetate. Calcium carbonate can be used
in cats at a starting dosage of 30 mg/kg q8h or
45 mg/kg q12h, given with food. Calcium car-
bonate binds phosphorus best in an acidic
environment (approximately pH 5) and bind-
ing capacity is reduced in the neutral pH
range.*’ This is relevant as many patients with
CKD receive inhibitors of gastric acid secretion,
potentially reducing the ability of calcium

In addition to serial serum phosphate measurements, concurrent serial measurements
of PTH and ionized calcium may be considered a gold standard for assessment
of sufficient relief of body phosphorus burden and PTH control.

JFMS CLINICAL PRACTICE



REVIEW / Treatment options for hyperphosphatemia

carbonate to bind phosphorus. Calcium acetate
can bind phosphate over a wide range of pH,*
has about twice the phosphate-binding capaci-
ty of calcium carbonate and, as such, can be
used at a lower dosage, and has been shown to
cause less hypercalcemia than calcium carbon-
ate when activated vitamin D metabolites are
not also being used.*'#? Doses of 20, 30 or 40
mg/kg given with each meal approximate
doses of calcium acetate recommended for
humans with dialysis-dependent CKD.

Cats should be monitored for the develop-
ment of hypercalcemia whenever calcium-
containing phosphorus binders are used. Non-
calcium containing salts are preferred in ani-
mals receiving calcitriol or activated vitamin D
metabolites as a treatment for CKD, to lessen
the risk of the development of hypercalcemia.
Another class of phosphate binder should be
selected for cats with calcium-containing
nephrolithis or ureteroliths, and cats that have
CKD and idiopathic hypercalcemia.

Sevelamer

Sevelamer hydrochloride (Renagel; Genzyme
Corporation) and the very recently US Food
and Drug Administration approved sevelamer
carbonate (Renvela; Genzyme Corporation)
are intestinal phosphorus binders marketed
for use in human CKD patients on dialysis.*3*
Sevelamer is an organic polymer that does not
contain aluminum or calcium and is not
absorbed from the gastrointestinal tract (being
excreted entirely in the feces). These com-
pounds are exchange resins that bind dietary
phosphorus and release the counter-ion chlo-
ride (sevelamer hydrochloride)**# or carbon-
ate (sevelamer carbonate).** Many human
clinical studies have demonstrated the ability
of sevelamer hydrochloride to lower serum
phosphorus and PTH levels, and control Ca x
P product in dialysis patients compared with
calcium-containing phosphate binders.-
Their effects on cats and dogs with clinical
renal failure, however, have not been reported.
However, we have occasionally used seve-
lamer with success as a phosphate binder in
both dogs and cats with CKD.

Sevelamer hydrochloride is hydrophilic and
sevelamer carbonate is hygroscopic, but both
are insoluble in water. We have not noted
major effects on hydration from the hygro-
scopic effects of this drug but our experience
is limited. Pills should be given intact and will
expand in water. Sevelamer may be associated
with gastrointestinal side effects including
constipation and, at extremely high dosages in
dogs (six to 100 times the recommended
dosage in humans), it may be associated with
impaired absorption of folic acid and vitamins
K, D and E.*** Since it is administered as an
acid salt there is concern regarding worsening
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Cats should be monitored for the
development of hypercalcemia whenever
calcium-containing phosphorus binders are used.

of metabolic acidosis. Sevelamer hydrochlo-
ride has been reported to decrease bicarbonate
levels and exacerbate metabolic acidosis in
hemodialysis patients.** As a result, seve-
lamer carbonate was manufactured with the
added benefit of providing a carbonate bulffer.

An additional benefit of sevelamer is its abil-
ity to bind and sequester bile acids, resulting
in a favorable lipid profile. Reductions in low-
density lipoprotein and total cholesterol have
been shown in human studies with the use of
sevelamer.*~8 Lipid abnormalities in cats with
CKD have not been well studied. However, in
one study describing clinicopathologic abnor-
malities in cats with CKD, hypercholes-
terolemia was a common finding.5!

Renagel is available in 400 and 800 mg
tablets and Renvela is available in 800 mg
tablets.*** Sevelamer hydrochloride can also
be compounded into a suspension.’? The
recommended starting dose in adult humans
ranges from 800-1600 mg according to serum
phosphorus level. The dose is then titrated in
order to achieve the desired serum phospho-
rus level (<5.5 mg/dl, <1.78 mmol/1).#34
Sevelamer hydrochloride has been used effec-
tively in children with end-stage renal failure;
reported dosages are extrapolated from adult
doses, ranging from an initial dose of 100-121
mg/kg/day divided every 8 h and titrated to
a final dose of 130-163 mg/kg/day divided
every 8 h.55* These doses may be applied to
small animal patients with careful monitoring
for side effects and serial serum phosphate
measurements with titration of the dose as
needed.

Chitosan
Epakitin (Vétoquinol USA) is marketed as a
veterinary feed supplement in the USA, and
Ipakitine is the equivalent product in Europe.
These contain the adsorbent chitosan (8% crab
and shrimp shell extract), 10% calcium carbon-
ate and 82% lactose, and are designed to reduce
gastrointestinal phosphorus absorption and to
lower urea nitrogen due to effects of reduced
protein digestibility. One short-term study of a
small number of normal and CKD cats showed
a reduction in protein and phosphorus
digestibility, along with decreases in blood urea
nitrogen (BUN) and serum phosphorus, in cats
eating a normal maintenance diet supplement-
ed with the chitosan and calcium carbonate
product.®®

In that study, the diet of 10 normal cats was
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Results of two studies suggest that Epakitin/Ipakitine could be an alternative to

prescription renal veterinary diets, allowing some cats to continue on their regular diet

while still reducing the risk of progression of CKD associated with

total body phosphorus burden.

supplemented for 21 days with Ipakitine at a
dose of 1 g/5 kg body weight. Compared with
control cats fed the same diet, the apparent
digestibility was reduced for crude protein,
crude fiber and gross energy. The apparent
digestibility of phosphorus was reduced by
over 50% and that of calcium by over 100%
during the treatment period. Urinary excretion
of phosphorus and calcium did not change
during treatment. In six cats diagnosed with
CKD, based on increased BUN and clinical
signs, fed the same diet and supplement as the
normal cats for 35 days, a significant reduction
in BUN and serum phosphorus was detected
at day 35 (mean initial BUN 85.6 mg/dl [14.3
mmol/l], mean 35-day BUN 61.2 mg/dl [10.2
mmol/l; mean initial phosphorus 5.2 mg/dl
[1.7 mmol/l], mean 35-day phosphorus 3.4
mg/dl [1.1 mmol/l]). Both BUN and serum
phosphorus were reduced in each cat; serum
creatinine did not change.®

Another longer term study showed the abili-
ty of a chitosan and calcium carbonate intestin-
al phosphate binder to significantly decrease
serum phosphorus and plasma PTH levels
when added to a maintenance diet for cats with
CKD.5¢ Ten experimental cats with greater than
90% reduction in renal mass were fed a mainte-
nance diet or a maintenance diet plus intestin-
al phosphate binder (Epakitin) for 56 days. The
phosphate binder was given at a dosage of 1 g
for each meal to cats weighing <5 kg and 2 g for
each meal to cats weighing >5 kg. The cats fed
the maintenance diet and intestinal phospho-
rus binder showed significantly lower serum
phosphorus (5.14 = 0.11 mg/dl, 1.66 + 0.036
mmol/l) and plasma PTH concentrations at the
end of the trial period compared with cats fed
the maintenance diet alone (serum phosphorus
5.55 = 0.11 mg/dl, 1.79 + 0.036 mmol/1).

In a second phase of the same study, six of
the cats with IRIS stage 1 or 2 CKD were fed a
maintenance diet only for 3 months, the diet
and phosphate binder (Epakitin) (0.21 + 0.02
g/kg ql12h) for the following 9 months, then
the maintenance diet only for another 3
months. Mean serum phosphorus and PTH
concentrations of these cats were significantly
lower at months 6 and 9 while being fed the
maintenance diet and phosphate binder.
These values were compared with measure-
ments taken at the end of 3 months and in the
last 3 months of the study period when the
maintenance diet alone was fed.*

The results of these two studies suggest that
this supplement could be an alternative to pre-
scription renal veterinary diets, thereby allow-
ing some cats to continue on their regular diet
while still reducing the risk of progression of
CKD associated with total body phosphorus
burden. We have, however, observed the
development of hypercalcemia in a few CKD
cats treated with Epakitin, probably as a conse-
quence of the calcium carbonate.

Lanthanum salts

Lanthanum carbonate (Fosrenol; Shire
Pharmaceuticals) is another newly developed
non-aluminum and non-calcium containing
intestinal phosphate binder and is indicated for
use in human patients with end-stage renal fail-
ure to reduce serum phosphorus. Lanthanum is
a rare earth metal that can be found in trace
amounts in the body. Free lanthanum cations
become available following exposure of lan-
thanum carbonate to the acidic environment of
the stomach and highly insoluble lanthanum
phosphate complexes develop.

Very little lanthanum is absorbed across the
gastrointestinal tract.>” Only 0.00005% of an oral
dose of lanthanum carbonate given to a healthy
canine population was absorbed, versus
0.05-0.1% for aluminum.® Lanthanum also
accumulates to a far lesser extent following
absorption compared with aluminum (lan-
thanum undergoes extensive hepatic excretion
whereas aluminum is excreted mostly by the
kidneys). Lanthanum appears to have minimal
toxicity in humans, but it has only been in use
for a short time.” Toxicity studies performed in
dogs show that lanthanum increases in many
tissues (especially the gastrointestinal tract,
bone and liver) during treatment. Tissue levels
remained detectable for longer than 6 months in
dogs following discontinuation of treatment.”

Lanthanum carbonate has been shown to be
as efficacious as calcium carbonate in lower-
ing serum phosphorus levels in human
patients with end-stage renal failure.®* The
recommended initial total daily dose for peo-
ple is between 750 and 1500 mg. The dose may
be titrated every 2-3 weeks until an acceptable
phosphate level is reached, with most human
patients requiring a total daily dose of
between 1500 and 3000 mg. Intact tablets
should not be swallowed, but tablets may be
crushed to aid in chewing.%” Extrapolating
from humans (and based on an average
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human weight of 60 kg) initial daily doses of
Fosrenol for use in cats range from 12.5-25
mg/kg. However, doses of 35-50 mg/kg/day
are often needed since commercial cat foods
contain more phosphate proportionally than
an average human consumes daily.

Reports of the use of lanthanum carbonate in
cats are emerging. In an early study, four
groups of eight normal European shorthair cats
were fed a canned maintenance food supple-
mented with a lanthanum-based phosphate
binder at 0, 0.3, 1.0 or 3.0 g/kg of food as fed
(1.6-16 g/kg of standard dry food) for 2 weeks.
Phosphorus excretion into feces increased while
phosphorus excretion into urine decreased in a
dose-related manner; serum phosphorus did
not differ between dose groups. Food intake
did not change during treatment.®!

In another study, four groups of nine normal
European shorthair cats were fed a wet veteri-
nary renal diet with lanthanum carbonate
octahydrate added at 0, 1.5, 4.5 or 7.5 g/kg of
complete food. Similar to the normal cats
receiving maintenance food and lanthanum
treatment described in the previous study,
veterinary food intake was not changed among
treatment groups, apparent phosphorus
digestibility decreased, intestinal phosphorus
absorption was decreased due to increased fecal
phosphorus excretion and urinary phosphorus
excretion was decreased. Serum phosphorus
did not change between treatment groups.®*

In 2007, based on previous reports of effica-
cy and safety in cats, the European Food
Safety Authority (EFSA) approved lanthanum
carbonate octahydrate (Lantharenol; Bayer
HealthCare) as a feed additive for adult cats in
order to decrease intestinal phosphate absorp-
tion. The approved dose was 1500-7500
mg/kg of complete feed.®® Renalzin (Bayer
HealthCare AG) is the proprietary name for
the delivery system of Lantharenol. In addi-
tion to Lantharenol, Renalzin also contains
kaolin, for uremic toxin-binding effects, and
vitamin E, for its antioxidant effects, but the
benefits of these other compounds have not
yet been demonstrated. The product comes in
liquid form, with a pump to deliver the appro-
priate dose to food.®*

In a recent study, 10 experimental cats that
had undergone subtotal nephrectomy were
fed wet cat food supplemented with
Lantharenol for 2 weeks at 0.3-3 g/kg of wet
food (1.77-17.7 g/kg of complete food).5 All
were asymptomatic, mildly azotemic and nor-
mophosphatemic following renal mass reduc-
tion. Food intake was not altered in the cats

and a dose-dependent decrease in phospho-
rus availability was demonstrated. Urinary
phosphorus excretion was increased, contrary
to the decreased urinary phosphorus excre-
tion seen in normal cats.®® This may be due to
excretion of phosphate from cellular stores
that accumulated during renal failure.

More recently still, nine cats with subtotal
nephrectomy were fed a standard feline main-
tenance diet supplemented with Renalzin (5
mg/kg original moist feed) for 6 months.
Serum urea, creatinine and phosphorus val-
ues were significantly improved and pH was
increased, from starting values, after 2 months
of Renalzin administration. These parameters,
however, tended to deteriorate towards the
end of the 6-month trial period, possibly due
to a progressive decline in kidney function.
Renalzin was tolerated by all cats and did not
affect body weight.®

In a dose tolerance study 10 normal
European shorthair cats were fed an escalat-
ing dose of Lantharenol. An initial 125 mg/kg
body weight was given and every 14 days the
dose was doubled. A dose of 1 g/kg body
weight was well tolerated by all cats.
However, at 2 g/kg, repeated vomiting of
food occurred in all cats; this resolved 2 days
after discontinuation of dosing, and recurred
on re-challenge with 2 g/kg Lantharenol. A
dose of 1 g/kg body weight corresponds to a
concentration of 84 g Lantharenol per kg com-
plete feed. Given the approved feed concen-
tration range of 1.5-7.5 g/kg complete feed,
Lantharenol has a safety margin of 10.

Finally, 23 cats with CKD (decreased urinary
specific gravity, increased BUN and serum cre-
atinine) were enrolled on an 8week study
comparing the effects of a veterinary renal diet
(nine cats) or a maintenance diet supplemented
with 400-600 mg Lantharenol per day (14 cats).
The Renalzin-treated group showed an
improvement in serum phosphorus control,
overall clinical status, and behavioral scores for
quality of life compared with cats fed the vet-
erinary renal diets. Due to an unintended but
relevant group difference at randomization
and enrolment into the study — the Renalzin
group comprised a higher proportion of ani-
mals with hyperphosphatemia as well as
impaired quality of life and overall clinical sta-
tus — a comparison of the effects of Renalzin
and the renal diet in this study became impos-
sible, and further testing is required.®’
Nevertheless, the evidence suggests that
Renalzin, similar to Epakitin/Ipakitine, may be
beneficial in cats on regular maintenance diets.

Evidence suggests that Renalzin, similar to Epakitin/Ipakitine,

may be beneficial in cats on regular maintenance diets.
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Chronic kidney disease is the most common cause of phosphate retention and

hyperphosphatemia in adult cats.

Hyperphosphatemia is a major contributor to the progression of CKD and studies in cats
suggest that dietary phosphorus restriction plays a beneficial role in the management of CKD.

Intestinal phosphate binders, which decrease the amount of phosphorus available for intestinal absorption, provide
another means to combat phosphate retention/hyperphosphatemia and renal secondary hyperparathyroidism.

Although intestinal phosphate binders are regularly used in the management of CKD in cats, and a new generation
of such agents has become available, additional studies need to be performed to ascertain their benefits and

long term complications.

Aluminum toxicity is a concern with the use of aluminum-based phosphate binders in cats with CKD. This may be
more important in cats than in dogs due to the long average survival times in cats with CKD, which place them at

greater risk of aluminum exposure and accumulation.

Contrary to conventional wisdom, some phosphate binders may exert benefits in cats with CKD eating normal
maintenance diets rather than a special renal diet.

Which intestinal phosphate binder is best for use in cats has yet to be determined.
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