
FURTHER TREATMENT OF CKD: CONTROL OF 
SECONDARY HYPERPARATHYROIDISM AND 
PROGRESSIVE RENAL INFLAMMATION	

UROLOGY/NEPHROLOGY 

Dennis J. Chew, DVM, DACVIM   
 

CKD, Phosphorus, Vitamin D Metabolites, and Renal Secondary Hyperparathyroidism (HPTH)  
The kidney plays a crucial role in regulating circulating phosphorous concentration within a narrow range in health. 
Young growing animals often have higher phosphorus levels (up to 9.0 mg/dL) than adults. The reference range for 
serum phosphorous provided by many laboratories includes that of adults and growing animals, which may make it 
difficult to detect early increases in serum phosphorous. The typical reference range for phosphorous for adult dogs 
and cats is 2.5–6.0 mg/dL (0.81–1.94 mmol/L). Phosphate retention and hyperphosphatemia are primarily due to 
impaired renal phosphate excretion.  
 
Renal 2-HPTH is commonly documented in dogs and cats with CKD. The concept that renal 2-HPTH can precede 
development of hyperphosphatemia in CKD has not been well appreciated in veterinary medicine. Serum 
phosphorus in the upper normal reference range has recently been associated with increased PTH in CKD dogs1 
confirming an earlier report of this association.2,3 Excess PTH is toxic to a variety of tissues including the kidneys 
during CKD. The complex interactions that occur between circulating ionized calcium, inorganic phosphorus, PTH, 
25(OH)-vitamin D, calcitriol (1,25(OH)2-vitamin D), FGF-23, and Klotho (circulating and tissue expression) during 
CKD were recently reviewed in detail.4 Relative and absolute deficits of the most biologically active vitamin D 
metabolite, calcitriol, are central in the genesis of renal 2-HPTH through a variety of underlying mechanisms. Total 
body phosphorus burden and increasing concentration of circulating phosphorus play a pivotal role in the 
development of renal 2-HPTH and are intimately related to dynamics of calcitriol and FGF-23/Klotho. In CKD, the 
increased secretion of PTH and FGF-23 may be a protective mechanism to stabilize serum phosphorus concentration 
with a decreasing number of nephrons. These compensatory changes allow serum phosphorus to be maintained 
within a “normal” reference range until CKD becomes more advanced.  
 
Higher concentrations of serum phosphorus predicted an increase in serum creatinine > 25 percent above baseline 
over 12 months in 47 percent of CKD cats in one study.5 Serum phosphorus was the only clinicopathologic variable 
predictive of survival in another study of CKD cats. There was an increase in risk of death of nearly 12 percent for 
each mg/dL increase in phosphorus in the same study.6 Higher phosphorus concentration was associated with a 
higher risk of death within 1 month in another study.7 Even when serum phosphorus was within the reference range, 
cats with CKD of one study that had phosphorus concentration > 4.7 to ≤ 6.8 mg/dL serum phosphorus had a higher 
risk of death compared to CKD cats in which circulating phosphorus concentration was ≤ 4.7 mg/dL.8  
 
Reducing Total Body Phosphate Burden 
An overarching principle of initial treatment of CKD is to reduce the degree of phosphorus retention within the 
body. Less phosphorus retention relieves the inhibitory effect of phosphorus on renal 1-α-hydroxylase activity, 
resulting in the increased production of endogenous calcitriol and subsequent inhibition of PTH synthesis. Less 
phosphorus burden also decreases circulating FGF-23 and increases ionized calcium. 
 
Measures to decrease GI absorption of dietary phosphorus are central in decreasing total body phosphate burden. 
Consumption of diets with lower total phosphorus content, those with decreased phosphate bioavailability, and the 
addition of intestinal phosphate binders to the diet are useful methods to decrease phosphate entry into the body.9 
Diet alone will become ineffective to control PTH or FGF-23 as CKD advances, especially as serum phosphorus 
concentration increases. Serum phosphorus in the upper reference range was associated with increased PTH in CKD 
dogs of 2 studies.1,3 Concentrations of FGF-23 were higher in cats with IRIS stage 2 when serum phosphorus was > 
4.5 mg/dL compared to < 4.5 mg/dL. The feeding of a renal diet to cats with IRIS Stage 2, 3, or 4 CKD that were 
hyperphosphatemic resulted in lower serum phosphorus, PTH, and FGF-23. 
 
Restriction of Dietary Phosphorus Content  
Some over-the-counter (OTC) pet foods contain up to 500 mg phosphorus per 100 kcal. This makes it difficult to 
achieve adequate dietary phosphorus restriction during CKD when feeding OTC diets. Veterinary renal diets are 
designed to be lower than AAFCO minimal requirements for adult maintenance (140 mg/100 kcal for dogs and 125 
mg/100 kcal cats). Renal diets for dogs provide 48 to 120 mg phosphorus/100 kcal; renal diets for cats provide 80 to 



117 mg/100 kcal. It is important to compare the content of phosphorus provided in various diets based on an energy 
basis (mg/100 kcal) rather than on a percentage of dry matter basis to allow for comparison between dry and canned 
diets, as well as diets of different caloric concentrations. It is a fallacy to assume that all so-called “senior” or 
“mature” diets are restricted in phosphorus or protein content as there is wide variability in these dietary constituents 
based on mg/100 kcal provided.10 
 
Treats given to animals with CKD, including foods that may be used as palatability enhancers, should provide < 10 
percent of the animal’s total daily intake to avoid unbalancing the diet. Fresh or frozen fruits and vegetables 
generally make good low phosphorus treats; the specific amounts given will depend on the individual animal’s size 
and caloric intake. A good resource for determining nutrient concentrations of specific people foods is the USDA 
Nutrient Database (http://ndb.nal.usda.gov/). Commercial treats can vary tremendously in phosphorus concentration. 
 
Use of Intestinal Phosphate Binding Agents 
Intestinal phosphate binders appear to be underutilized during treatment of CKD in cats and dogs. In a study of 
treatment for cats with CKD, intestinal phosphate binders were prescribed for only 22 percent of the cats.11  
 
Phosphorus binding agents are given in the food to trap phosphorus in the gut and increase insoluble phosphate salt 
excretion into feces. Phosphate binders work because the cation in the binder combines with dietary phosphate, 
producing insoluble, non-absorbable, phosphate compounds. Intestinal phosphate binders work best when given 
with meals or within 2 hours of feeding to maximize their binding of dietary phosphorus. Due to varying effects of 
intestinal phosphate binders to limit absorption of drugs, it is advisable to give other drugs 1 hour before or 3 hours 
after any intestinal phosphate binder is given. The dose of any phosphate binder should be based on the meal size 
(phosphorus intake) and the prevailing serum phosphorus level for each CKD patient; the dose is titrated to effect. 
No phosphate binders have yet been licensed as a drug in veterinary medicine as they have in human nephrology.12 
Various classes of Pi binders (see Table 1) can be similarly effective in control of serum phosphorus, but may be 
quite different in the degree of FGF-23 control achieved.9 Special consideration should be given in selection of class 
of intestinal phosphate binder when calcitriol will also be prescribed. Sevelamer interfered with absorption of orally 
administered calcitriol when lanthanum did not.13 Calcium-based intestinal phosphate binders are now rarely used in 
human nephrology, in part because of the increased use of calcitriol or other activated vitamin D metabolite to 
provide vitamin D receptor activation (VDRA) and concerns for development of vascular calcifications.14 All 
calcium salts have the potential to create ionized hypercalcemia as an adverse effect.  
 
TABLE 1 Treatment with Intestinal Phosphate Binders: Dose Rates  

Intestinal Phosphate Binder Dose (All binders should be given with a meal or 
preferably in the meal.) 

Aluminum Salts No safe dose is known in human CKD 
Measure serum aluminum?  

Aluminum hydroxide : 
Alternagel® 600 mg/5ml  
 
Phos-Bind® 
200 Gm container 
500 mg/scoop  
Rx Vitamins for Pets  
 
ConSeal-AlH®  
chewable—200 mg/chew 
Bock Vet Pharma 
Sucralfate—inefficient provider of aluminum binding 

30 mg/kg PO q 8 hr; 45 mg/kg PO q 12 hr  
 
 
 
 
 
 
 

Calcium Salts Measure serum calcium  
iCa++ preferred over total calcium in CKD  

Calcium carbonate  
Tums® regular strength 500 mg/tablet 
Avoid Mg containing formulations  

30 mg/kg PO q 8 hr; 45 mg/kg PO q 12 hr  
 



 
The dose of phosphate binder added to food is titrated (often escalated) to achieve a specific targeted serum 
phosphorus, PTH, or FGF-23 concentration. Optimal PTH control occurs in dogs with CKD when a targeted serum 
phosphorus of < 4.5 mg/dL1,3 or the middle of the reference range is achieved. Return of serum phosphorus to within 
the normal reference range is an initial goal but does not guarantee adequate control of PTH or FGF-23 production. 
It is important to serially measure serum phosphate concentrations in patients with CKD treated with a renal diet and 
when intestinal phosphate binders are prescribed, usually monthly until the target concentration has been achieved 
and then every 2 to 4 months thereafter if stable. Serum phosphorus concentration may increase in CKD patients 
that increase their food intake following other supportive CKD treatments. It is more difficult to achieve mid-
reference range target phosphate concentrations in those with more advanced levels of azotemia in CKD. It is ideal 
to also measure ionized calcium in conjunction with PTH as additional targets.  
 
Adverse effects of phosphate restriction potentially can occur. Although hypophosphatemia is one such possible 
consequence, it is difficult for this to develop in those with initially high concentrations of serum phosphorus and 
reduced GFR. Hypercalcemia can be encountered when calcium salts are used for intestinal phosphate binding, 
especially when active vitamin D metabolites such as calcitriol are also prescribed. Constipation and GI effects can 
occur following use of some of the intestinal phosphate binders. Absorption of chemicals from the intestinal 
phosphate binder may occur with resulting accumulation in the tissues in some instances that can have adverse 
effects. Some binders can decrease GI absorption of vitamins.  
 

Calcium acetate  
More Pi binding and less hypercalcemia than carbonate 
salt 

30 mg/kg PO q 8 hr; 45 mg/kg PO q 12 hr  
 

Epakitin® Vetoquinol 
Chitosan, 10% calcium carbonate  

1 gm/10 lbs. twice daily with food 

Sevelamer Salts Organic polymer 
Can bind vitamins at high doses  
Coagulopathy at very high doses  

Lanthanum carbonate 
Fosrenol® Shire Co 
500 mg chewable tablets 

35–100 mg/kg/day PO divided in food  

Emerging Binders  Not fully evaluated in clinical CKD dogs or cats 

Pronefra®  
Calcium carbonate, magnesium carbonate 
Virbac  

Evaluated in normal cats only  
Measure serum Mg in CKD? 
0.5 ml/kg/day in food  

Lenziaren® 
Iron oxide with sucrose and starch  
Novartis 

Evaluated only in cats 
0.50 to 1.0 Gm/cat/day for maintenance food  
0.25 to1.0 Gm/cat/day for renal food  

Niacin  
Cheap and effective  

Humans only—1,000 to 1,500 mg/day 

Control of Proteinuria  
Dogs with azotemic CKD and a UPC > 1.0 at initial diagnosis died more quickly than dogs with CKD and UPC < 
1.0. No specific attempt was made to reduce the magnitude of the proteinuria though dogs with systemic 
hypertension were treated with enalapril.15 Though it is possible to convert CKD dogs with UPC > 1.0 to those with 
< 1.0 UPC during treatment with ACE-I, survival studies following this type of targeted endpoint have not yet been 
reported.  
 
Cats with azotemic CKD increased their risk for death or euthanasia when the UPC was 0.2 to 0.4 compared to < 0.2 
and was further increased in cats with UPC of > 0.4.16 The prognosis for survival is influenced by the UPC despite 
what has traditionally been thought to be low-level proteinuria. The effect of treatment that lowers proteinuria on 
survival has not been specifically studied in cats. Since even low-level proteinuria is a risk factor for cats to not 
survive, it is prudent to consider treatments that lower the amount of proteinuria in those with CKD. See discussions 



about the potential benefits of dietary protein restriction (1st session) and RAAS inactivation (below) to reduce the 
magnitude of proteinuria.  
 
RAAS Inactivation/Inhibition 
RAAS inactivation results in decreased generation of angiotensin-2 and aldosterone that can exert benefits to reduce 
progression of CKD. These beneficial effects can occur through variable combinations of reduction in systolic blood 
pressure, decreased intra-glomerular hypertension, decreased glomerular proteinuria, and less generation of pro-
inflammatory and pro-fibrotic cytokines in patients with CKD.  
 
Benazepril is labeled for treatment of azotemic CKD in cats in the UK, Europe, and Canada (Fortekor®, Novartis), 
but not in the USA. The ACE-inhibitor benazepril consistently reduces proteinuria in various stages of CKD in cats 
even when the base line level of proteinuria is seemingly trivial. Benazepril has been shown in two clinical studies 
to reduce the UPC in cats with azotemic CKD.17,18 Despite reduction in proteinuria in CKD cats with initial UPC > 
1.0 that were treated with benazepril in one study, increased survival time was not found over placebo.17 The 
average survival time of all benazepril treated cats in this study was 501 days vs. 391 days for placebo treated cats, 
but this effect did not achieve statistical significance.17 In another study of 61 cats with CKD, benazepril treatment 
for 189 days appeared to stabilize those in IRIS stage 2 or 3 with less transition to stage 4 compared to treatment 
with placebo, though this effect did not achieve statistical significance (low number of cats and short duration of 
study.18 

In a 6-month study of dogs with modest azotemia and moderate to severe proteinuria, enalapril treatment (0.5 mg/kg 
PO q12–24h) reduced proteinuria (as assessed by urine protein/creatinine ratio), decreased blood pressure, and 
slowed progression of renal disease in dogs with biopsy-proven glomerulonephritis compared to treatment with 
placebo.19 Results from this study provided enough clinical evidence to make the use of ACE-inhibition standard of 
care for protein-losing nephropathy in dogs caused by glomerulonephritis. In a placebo controlled study of dogs with 
CKD not selected for proteinuria, benazepril treatments for 6 months resulted in higher GFR and lower magnitude 
of proteinuria.20 

The angiotensin receptor blocker (ARB) telmisartin (Semintra® Boehringer Ingelheim) was approved by the 
European Commission in 2013 for use in the European Union as a drug for use in cats with CKD and is available for 
use in Canada but not yet in the USA. Semintra was found to be at least as effective as benazepril in reducing 
proteinuria in cats with CKD and was well tolerated.21,22 A US Patent application was filed in July 2013 by 
Boehringer Ingelheim. It is not clear when or if an ARB should be chosen to reduce RAAS activity instead of an 
ACE-Inhibitor for treatment of CKD in veterinary patients to reduce proteinuria, systemic blood pressure, or intra-
renal inflammation. A veterinary review of the RAAS system, ACE-Inhibitors, and ARBs provides more detail for 
the interested reader.23 
 
Activated Vitamin-D Metabolites: Calcitriol 
Calcitriol treatments help to decrease PTH or prevent its increase in those with renal secondary 
hyperparathyroidism. This occurs largely through genomic effects to block PTH synthesis in addition to a mild 
calcemic effect, and anti-proliferative effect that prevents parathyroid gland hyperplasia. It has become increasingly 
apparent that calcitriol has major beneficial anti-inflammatory and anti-fibrotic intrarenal effects that are 
independent of effects on PTH.4 During treatment of CRF patients with calcitriol, simultaneous monitoring of serum 
ionized calcium, serum phosphorus, and PTH concentrations is the ideal way to document successful and safe 
control of renal secondary hyperparathyroidism. Calcitriol should not be administered until hyperphosphatemia has 
been controlled (renal diet and intestinal phosphate binders). If the Ca X P solubility product exceeds 60–70, 
calcitriol should be avoided because of the risk of soft-tissue mineralization.  

In a study of dogs with azotemic CKD that were treated with calcitriol, a median of 365 days of survival was 
observed compared to 250 days in dogs treated with placebo (renal diet in both groups).24 Similar studies were 
performed in cats by the same investigators who concluded that there is no advantage to calcitriol treatments in cats 
with CRF but the study followed cats for just one year. In order to show a difference in treatment effect, if one 
exists, studies in cats with CKD must be conducted for at least 2 and possibly 3 years due to the inherently slow 



nature of the progression of chronic renal disease in this species. The author believes that beneficial effects of 
calcitriol treatment are likely to occur in cats with CKD.  

A compounding pharmacy will be needed to reformulate calcitriol from the human parent drug to a concentration 
suitable for the dosing of cats and small dogs. We recommend intermittent rather than daily dosing treatment 
protocols as the standard of care since less hypercalcemia occurs using this protocol. The equivalent dose given at 
2.5 ng/kg daily is given instead every 3.5 days. This works out to a dose of 9 ng/kg (8.75 ng/kg rounded to 9 ng/kg). 
It is important to give the dose every 3.5 days, rather than on days 1 and 4. For example, if a dose is given Tuesday 
PM the next dose should be given Saturday AM. This is the longest time in between dosing that will still suppress 
the parathyroid gland. This method of dosing is especially attractive for cat owners since medication will only be 
given twice weekly.  
 
It is important to serially measure and assess serum phosphorus and calcium concentrations to ensure that they do 
not increase above the reference range during calcitriol treatments—usually at 1 and 3 months initially in relatively 
stable patients. When serum total calcium concentration increases above the reference range, it is imperative to 
determine if this is accompanied by an increase in ionized calcium concentration at the same time. CKD can be 
associated with the development of non-ionized or ionized forms of hypercalcemia from a variety of mechanisms. 
Only ionized hypercalcemia is dangerous for the patient and toward the kidneys. A decreased dose of calcitriol 
should be prescribed for those in which ionized hypercalcemia has been documented. Other causes for development 
of ionized hypercalcemia should also be considered including a review of the history to ensure that calcium salts are 
not being used as the class of intestinal phosphate binders.  
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