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Calcium Disorders

Usually measuring total calcium

Methods for determining ionized Ca are available

Degree of protein binding affected by pH

Ionized Ca decreases by 0.15 mg/dl for every 0.1 unit
increase in pH



DISTRIBUTION OF CALCIUM

Total calcium 1s divided into:

Protein bound (50%)
90% bound to albumin

Ultrafiltrable (50%)

15%: bound to anions Osteoclasts resorb bone and return the

Complexed Ca (1 5%) 46%_: bound t°_all;L;min | ) c.a’c'ilfm’to thf é,)(tracé",lllar:fh,jiq' c
Ionized Ca (45 %) 45/ 'Omzedfreefractlon




CALCIUM REGULATION

Vitamin D

Liver converts D5 to 25-D,

Kidney converts 25-D;to 1,25-D,

Enhances GI absorption of Ca and PO,

Mobilizes Ca and PO, release from bone

Enhances renal re-absorption of Ca and PO,
Suppresses PTH release



CALCIUM REGULATION

Parathyroid hormone (PTH)

84 amino acid polypeptide

Biologic effects mediated through amino
terminus

PTH acts through adenyl cyclase increasing cAMP

Results in phosphaturia and hypocalciuria



CALCIUM REGULATION

PTH Related Peptide (PTH-rp)

Responsible for humoral hypercalcemia of malignancy
(HHM)

Lymphoma, anal sac carcinoma, others
Binds to the PTH receptor
Actions similar to PTH

Results in hypercalcemia; PTH levels low to
undetectable



Classification of Types of Cancer-Associated Hypercalcemia.”

Table 1. Classification of Types of Cancer-Associated Hypercalcemia.*

Feature

Mediator

Tumor type Lung, breast, renal,

and many others

Bone metastases, None or few

tumor in bone

Parathyroid hor- Low

mone
PTHrP

1,25-dihydroxyvita-
min D

High or normal

Variable

Low

High

Phosphorus

Osteoclast activity

Humoral Hypercalcemia

1,25 dihydroxyvitamin D

Hematologic cancer,
T-cell ymphoma

None or few
Low

Low

High

High
High

Parathyroid hormone

Parathyroid cancer,
neuroendocrine,
ovarian, and others

None or few

High

High
High

Low

High

Local Osteolytic Hypocalemia

PTHrP, TNF, interleu-
kin-6, interleukin-1,
and others

TNF, interleukin-6,
interleukin-1, mac-
rophage inhibi-
tory protein, and
others

Myeloma or lympho-
ma in bone

Breast, lung, kidney

Extensive Extensive

Low Low

Low Variable

Variable Low

Variable
High

Variable
High

* PTHrP denotes parathyroid hormone-related protein, and TNF tumor necrosis factor.

TA Guise, JJ Wysolmerski. N Engl J Med 2022;386:1443-1451.
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Pathophysiology of Humoral Hypercalcemia of Malignancy.

A Humoral Hypercalcemia of Malignancy

Solid tumors
(e.g., lung, head and neck, urothelium,
breast, parathyroid, and some lymphomas)

Systemic secretion

Bone

PTHrP, D

1,25-dyhdroxyvitamin D,
PTH
1,25-dyhdroxyvitamin D
PTHrP, PTH

=

PTHIR

Osteocytes \
K {OPG

=
t Intestinal calcium

absorption > 4RANKL
— activation

teoblast.
Osteoblas QL
Kidney
" Mature
osteoclast

t Renal tubular
calcium reabsorption

t Bone
resorption

4 Fractional urinary

calcium excretion t Skeletal release

TA Guise, JJ Wysolmerski. N Engl J Med 2022;386:1443-1451.

B Local Osteolytic Hypercalcemia

! Solid-tumor bone metastases Multiple myeloma

(e-g’\from breast or lung)

Metastasis Release of DKK1

t Osteoblast
suppression

+ Bone
formation

PTHrP

— PTHIR
Other osteolytic factors

(Interleukins 6, 11, 8, TNF-a,
interkeukin 18, and MIP-1a)

Osteocytes
K +OPG

tRANKL t Tumor
activation proliferation

last L34 .
Osteoblast-3 S — RANK Tumor growth-
@ & promoting factors
ol\:}eac;:ltst (TGF-B and IGFs)
AN

t Bone
resorption

Ca” level exceeds
renal clearance
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DIAGNOSTIC APPROACH
TO HYPOCALCEMIA

Clinical Signs

Weakness; lethargy Ataxia; stiff gait
Focal trembling; twitching Seizures
Generalized muscle Polyuria, polydipsia
fasiculations

Cataracts



DIFFERENTIAL DIAGNOSIS
OF HYPOCALCEMIA

Laboratory error Puerperal tetany
Hypoalbuminemia Hypomagnesemia
Chronic or acute renal failure Malabsorption; enemas

Primary hypoparathyroidsim Pseudo-hypoparathyroidism



TREATMENT OF
HYPOCALCEMIA
INITIAL MANAGEMENT

Ca gluconate 10% solution
0.5 - 1.5 ml/kg IV slowly
Monitor EKG
Do not use CaCl

After 1nitial control
Ca gluconate SQ every 6-8 hours
Dilute 50% with saline



TREATMENT OF
HYPOCALCEMIA

Daily monitoring of Ca

Calcitriol
25 - 40 ng/kg PO q 24 hours



DIFFERENTIAL DIAGNOSIS
OF
HYPERCALCEMIA

Laboratory error

Malignancy
Lymphoma
Anal sac carcinoma
Multiple myeloma
Bone tumors
Others (mammary, prostate, SCC)



DIFFERENTIAL DIAGNOSIS

Primary hyperparathyroidism
Chronic renal failure
Hypoadrenocorticism

Young animals
Hypervitaminosis D

Granulomatous disease
Blastomycosis
Granulomatous skin disease

OF
HYPERCALCEMIA



FELINE HYPERCALCEMIA

Neoplasia
SCC, LSA

Renal Failure
Primary Hyperparathyroidism
Diet
Acidifying diets
Role of fiber
Role of prednisone

Granulomatous disease
Cryptococcus



DIAGNOSTIC APPROACH TO
HYPERCALCEMIA

Repeat Ca
Correction for albumin
Rule-out exposure to Vit D

Good physical examination
Lymph node
Anal sac



DIAGNOSTIC APPROACH TO
HYPERCALCEMIA

CBC/SMA

Rule-outs

Ca x PO, product

With PTH or PTH-rp

Hypercalcemia with low or low normal PO,

Urinalysis

Increased incidence of UTI

Specific gravity < 1.020



DIAGNOSTIC APPROACH TO
HYPERCALCEMIA

Thoracic radiographs

If animal 1s symptomatic
Abdominal radiographs
Bone marrow
Abdominal US

If animal 1s asymptomatic
PTH, 1onized Ca, PTH-rp



DIAGNOSTIC APPROACH TO
HYPERCALCEMIA

PTH and Ionized Ca

PTH and 1Ca are elevated

Primary hyperparathyroidism
PTH elevated, 1Ca low

Renal secondary hyperparathyroidism
PTH low, 1Ca high

HHM



DIAGNOSTIC APPROACH TO
HYPERCALCEMIA

Kidney

Failure Primary Hyperparathyroidism

S
un
=
r]
2 80%
el
it
v
[
=3

i
Vitamin D =
Deficiency

Normal
Range
For
Calcium
& PTH
High Calcium of Malignancy

W
>
ot
—
I
|_
o
T
c
o
=
| .
=)
I
=
=)
| -
=
=
)
©
| -
®
o
g=
o
o
=5

9 10 11 12 1. 14
Blood Calcium Level (mg/di) Copyrizht € 2008

Norman Parathyroid Clinic




Treatment Options for Cancer-Associated Hypercalcemia.

Table 2. Treatment Options for Cancer.
Treatment Mechanism Expected Effect Adverse Events Comments

Intravenous fluids lume d Sodium chl ution (0.9%) Lowers calcium by 1-1.5 mg/d| lum,
in initial J over first 24 hr
follc
venous inft
mi/h

Furosemide u 20-40 mg ers calcium by 0.5 | Potential volume depletion a
after resolutio : ng of hyperc
ne depletion if volume not replete v
initiated

Salmon calcitonin Inhibits osteoclast activity Subcutaneous or intramuscular  Rapidly lowers calcium by 1-2
infusion of 4-8 1U per kg of mg, >15 | or altered con.
body weight, subcutane ciousness. Tachyphylaxis may
or intramu: 2 ur after 48-72 hr

tients with cal

hr for 48-72 hr

Pamidrona Inhibits ost t venous infusion of 60 Normalizes calcium in 60-709 n 1y 2-3 wk. May
ity, causes oste g over 2 hr in 50-20 of patients over 48-72 hr; v + sse kidney damage, espec
tosis x median treatm 2 I 2 if GFR <30-35 ml/min
11-14d

apoy

insufficiency p

ministered in

onecrosis of
and atypical femoral fi

es possible but rare

c

dronate Inhibits osteodlast acti infusion of 4 mg malizes calcium in 80-90 pamidronate; do: ehydrate before administration.
osteoclast min in 50 ml of of patients over 48-72 hr required if GFR <60 D administer loop diuret
; dextrose in water with median treatment du seq e insert) ics until patient is adequately
ration of 30-40 days rehydrated and u aution
in combination

Denosum Inhibi o b zes calcium in at least  Acute-phase re e e t as well studied a
tion, differe 0 vatients; median mon than w nates in cancer-associated hyper
and activit s ates; osteonecrosis of jaw cemia. Patients with GFR <30
atypical fractures rare. have a higher risk of hypocalce
bound osteoclastogenesis mi e should be
n denosumab
thout initia
Py (e
bisphosphonate)
Inhibits 1-alpha h Oral adminis f60 mg of Has variable effects. Hyperglycemia, altered mental
droxylase and lowers prednisone per day for 10 Normalization of calcium
1,25-dihydroxyvitamin days levels possible if 1,25 2 ing to bisphosphonate or deno.
D les hydrox Dle sumab in patients with humoral
hypercalcemia and

treated

Cinaca ds calcium-sensing a tration of 30mg  Reduced ¢
and inhibi per day initially. Can in
etion of parathy mg four time 60% of patients with cancer. Case repo
roid hormone in pa eded to control hyp: inoperable parathyr reduction of calcium le
ith parath nia rcinoma. Case rep patients with ctory hy
inoma and may tion of calcium in ia related to no
ase renal calcium some nonparathy! r lung, neuroend
n through cers in combination with enal cancer
other treatments.
receptor in nonpara
thyroid hypercalcemia
calcium  Transient reduction of calcium
during dialysis severe chronic kidney d
through p e ease or acute, life-threateni
or hemodialysis hypercal

Other glucocorticoids may be used alternatively.

The NEW ENGLAND
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TREATMENT OF
HYPERCALCEMIA

Identify and treat the underlying disorder

Correct dehydration
Saline diuresis

Fluctuations 1n 1onized Ca
Lasix 2 - 4 mg/kg BID to TID



TREATMENT OF
HYPERCALCEMIA

Glucocorticoids
Cytotoxic
Decrease GI Ca absorption
Pros and cons
1 - 2 mg/kg/day

Salmon calcitonin
4 U/kg IV then 4 - 8 U/kg SC BID



TREATMENT OF
HYPERCALCEMIA

When dietary modification and prednisolone are not
successful, use of bisphosphonates should be considered. A
number of cats have been successfully treated with 10 mg of
alendronate (Fosamax) orally once weekly for up to one year.
It's extremely important to give the drug on an empty stomach
to increase GI absorption of the drug. Erosive esophagitis 1s a
known side effect of oral bisphosphonates in humans, but has
not been reported in cats. However, we recommend that the
owner give 5—6 ml of water to their cat with a dosing syringe
immediately after administration of alendronate; they then can
apply a small amount of butter on the cat's lips to increase
licking and salivation, which might further promote the transit
of the pill to the stomach.



TREATMENT OF
HYPERCALCEMIA

Pamidronate is the most commonly used parenteral drug.

The recommended dosage 1n dogs 1s 1.0-2.0 mg/kg administered
intravenously mixed in 0.9 % saline over 2 hours. Adequate
hydration 1s essential when treating with bisphosphonates since
these drugs may cause nephrotoxicity, especially at higher doses.

The drug can be repeated in 3—4 weeks if needed.



Prior dental extraction
sites in patients
concurrently treated
with bisphosphonate
medications were
often associated

with MRONJ lesions.

Therefore, any needed
dental surgery should
be performed

prior to the use of
bisphosphonates
where possible.

& frontiers | Frontiers in

(M) Check for updates

OPEN ACCESS

Boaz Arzi,

University of California, Davis, United States
RE BY

Santiago Peralta,

Cornell University, United States
Kevin S. Stepaniuk,

Pet Dental Specialists, United States

*CORRESP NCE
Suzanna L. Hatunen
shatunen@veterinarydental.com

vep 23 May 2024

05 August 2024
)23 August 2024

CITATION

Hatunen SL, Anderson JG, Bell CM,
Campos HC, Finkelman MD and

Shope BH (2024) A retrospective case series
on bisphosphonate related osteonecrosis of
the jaw in 20 cats.

Front. Vet. Sci. 11:1436988

doi: 10.3389/fvets.2024.1436988

COPYRIGHT

© 2024 Hatunen, Anderson, Bell, Campos,
Finkelman and Shope. This is an open-access
article distributed under the terms of the

The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms

Frontiers in

Type Original Research
P ED 23 August 2024
Dol 10.3389/fvets.2024.1436988

A retrospective case series on
bisphosphonate related
osteonecrosis of the jaw in 20
cats

Suzanna L. Hatunen'*, Jamie G. Anderson?, Cynthia M. Bell?,
Hugo C. Campos®, Matthew D. Finkelman* and
Bonnie H. Shope!

Introduction: This retrospective study highlights the salient aspects of a series
of feline patients affected with bisphosphonate related osteonecrosis of the jaw.
Though more commonly published in human literature, this presentation is rare
in cats. The authors hope that this study will assist in making this a more globally
known entity with subsequent improved proghosis.

Methods: Data was retrospectively obtained from the medical records between
2015 and 2021 of 20 cats with Medication Related Osteonecrosis of the Jaw
Data included patient information, clinical history, presenting complaint,
systemic diseases, details referable to hypercalcemia and treatment thereof,
bisphosphonate specifics (dose and duration), clinical presentation of the lesion,
diagnostic testing including radiographic and histopathologic descriptions,
treatment, and outcome.

Results: Pertinent results include that all 20 cats who developed Medication
Related Osteonecrosis of the Jaw had been treated for idiopathic hypercalcemia
with the bisphosphonate medication alendronate. Eighty-five percent of the
cases had prior dental extractions at the site of MRONJ lesion. Ninety-five
percent of the affected cats required a surgical procedure to control the disease.
Thirty-five percent of cases required at least one revision surgery after the initial
procedure was performed. Diagnosis of MRONJ was made by a correlation of
diagnostic findings and patient history. No single diagnostic, or combination
was pathognomonic for lesion diagnosis. As well, there were no statistically
significant associations between patient variables assessed and the overall
patient outcome.

Discussion: The case series reveals that cats with feline idiopathic hypercalcemia
treated with alendronate may be at a risk for development of MRONJ, a serious
oral condition with significant morbidity. Prior dental extraction sites in patients
concurrently treated with bisphosphonate medications were often associated
with MRONJ lesions. Therefore, any needed dental surgery should be performed
prior to the use of bisphosphonates where possible. The authors have also
included a relevant comparative literature review.

K

bisphosphonate, alendronate, MRONJ, BRONJ, osteonecrosis, jaw, feline,
hypercalcemia
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PRIMARY
HYPERPARATHYROIDISM

Adenomas >>> carcinomas
Hyperplasia (< 8%)

Pathogenesis:

Etiology:

Inappropriate secretion of parathyroid hormone (PTH) by

autonomously functioning neoplastic or hyperplastic parathyro1d
"chief" cells. R

Signalment:

>/="Tyo (1), 11.2yrs (2)
Keeshonds over represented

Few reported cases in the cat.
Siamese overrepresented




CLINICAL SIGNS OF
HYPERPARATHYROIDISM

PU/PD

Listlessness, Muscle weakness
Development of renal insufficiency is rare
Gastrointestinal Signs

LUTS attributed to urolithiasis or UTI (stranguria, pollakiuria,
hematuria)

PE generally unremarkable
Seizures: one case report

In general, signs are mild to moderate.



DIAGNOASIS

Clinical Signs

CBC
Chemistry Panel
Calcium [hypercalcemia, elevated 1Ca]
Phosphorus [hypophosphatemia]
Chloride [mild hyperchloremia]
ALP [possibly mild elevation]
Urinalysis

Low USG
UTI



DIAGNOSIS- LOCALIZATION
PROCEDURES

Approximately 10 % of parathyroid tissue 1s ectopic in
location, and furthermore, approximately two thirds of
"missed" adenomas are within the thyroid bed.

Historically CT, MRI, and US- these modalities are very
insensitive for ectopic and mediastinal glands

Angiography and venography with venous sampling for
parathormone are cumbersome and invasive

Scintigraphy - Technetium-99m Sestamibi



CERVICAL ULTRASOUN
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Medical Options: T R EATM E N T

To treat or not treat: Discuss the reasons why we treat and
reasons why we might tell an owner we don’t have to treat.
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Research Abstract - Oral Small Animal Internal Medicine

EN17 - Efficacy and Tolerability of Generic Cinacalcet in Dogs with
Primary Hyperparathyroidism
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Heidi Ward, DVM, DACVIM(Oncology)
Clinician

Gulfcoast Veterinary Oncology and Internal
Medicine

Sarasota, Florida, United States

Abstract: Background: Cinacalcet is approved to treat severe hypercalcemia in humans with primary hyperparathyroidism
(PHPT) who are unable to undergo parathyroidectomy. In 2018, generic cinacalcet became available and potentially affordable
for veterinary patients. Hypothesis: Cinacalcet will be well-tolerated and effective in the management of hypercalcemia
associated with PHPT in dogs. Animals: 14 dogs diagnosed with symptomatic PHPT and ionized calcium values greater than
1.5 mmol/L as measured by the Zoetis iSTAT Alinity. Methods: Cinacalcet was initially dosed at 0.5 mg/kg once daily. Dosages
were increased weekly until the iCa fell below 1.45 mmol/L, side-effects developed, or a dose of 10 mg/kg bid was reached.
PTH was measured at baseline, and again when the target iCa was achieved. SPSS v24 was used to analyze the data with
significance at p < 0.05. Results: Mean iCa concentration was 1.74 + 0.19 mmol/L at baseline and 1.39 + 0.28 mmol/L post-
cinacalcet (p= 0.033). PTH levels were 13.68 +£7.35 pmol/L pretreatment and 9.96 + 7.31 pmol/L post-cinacalcet (p = 0.194).
With doses ranging from 1 mg/kg every 4 days to 9.4 mg/kg bid, 11 (78%) dogs achieved the target iCa < 1.45 mmol/L. The
average number of days dogs remained within target iCa was 33.6 days (7-84). Side-effects were observed in 64% of dogs:
lethargy and anorexia (9), vomiting (2), and nonhypocalcemic associated episodes of shaking (3). Conclusion: Cinacalcet was
effective in significantly decreasing iCa in dogs with PHPT. However, there was considerable inter-individual variation in dose
response, side-effects, and the duration of within-target iCa.




Starting dose 1s 0.5
mg/kg/day and can
titrate upwards every
7-10 days.
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1 | INTRODUCTION

Abstract

Cinacalcet is an oral calcimimetic that has potential to non-invasively treat primary
hyperparathyroidism in dogs (Canis lupis familiaris). There is minimal data assessing its
efficacy in dogs. This study aimed to determine whether a single dose of cinacalcet
decreases serum ionized calcium (iCa), total calcium (tCa), and parathyroid hormone
(PTH) concentrations. Twelve dogs received a median dose of 0.49 mg/kg (range
0.30-0.69 mg/kg) cinacalcet per os. Venous blood samples were collected at time
0 (before cinacalcet administration), 3, 8, and 24 h following cinacalcet administra-
tion. PTH, iCa, and tCa concentrations were measured at each time point and com-
pared to Ohour concentrations. A significant (50%) decrease in serum PTH occurred
at 3h with a median PTH of 4.6 pmol/L (range 2.7-10.8) at baseline and 1.65 pmol/L
(range 0.5-14.7) at 3h; p=.005. A significant, but not clinically relevant, decrease in
serum iCa from a median baseline of 1.340 mmol/L (range 1.32-1.41) to a 3h median
of 1.325mmol/L (range 1.26-1.39), p=.043, was also observed. tCa concentrations
were not different. This study showed that a single dose of cinacalcet leads to tran-

sient decreases in iCa and PTH concentrations in healthy dogs.

KEYWORDS
calcium, cinacalcet, hyperparathyroidism, parathyroid, parathyroidectomy

(Bonczynski, 2007; Feldman, 2015; Greco, 2012). Hypercalcemia re-
curs in 8 to 10% of dogs following surgery (up to 50% in Keeshonds)

Primary hyperparathyroidism (PHP) is an uncommon endocrine dis-
ease that typically affects older dogs (Canis lupus familiaris) and leads to
hypercalcemia, polyuria, polydipsia, gastrointestinal signs, weakness,
urolithiasis, and potentially progressive renal damage (Greco, 2012).
Standard treatments for PHP in dogs include surgical parathyroidec-
tomy, percutaneous ultrasound-guided ethanol ablation, or radiof-
requency heat ablation. All three options require general anesthesia
and post-procedural hospitalization increasing the up-front costs as-
sociated with these procedures. Complications can occur including

recurrent laryngeal nerve damage and post-procedural hypocalcemia

and in 2%-28% of dogs following ethanol or radiofrequency heat
ablation (Bucy et al., 2017; Feldman, 2015; Guttin et al., 2015; Ham
et al., 2009; Thompson & Skelly, 2020). Given that 20%-50% of ca-
nine PHP patients have subclinical disease (Feldman, 2015; Feldman
et al., 2005), the cost associated with the procedures, and the dogs
are typically older with co-morbidities, some owners are averse to
performing these invasive treatment options. A pharmacologic PHP
treatment option could help to manage patients that are not good
anesthetic candidates, or whose owners elect to not seek a definitive

treatment option.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2024 The Authors. Journal of Veterinary Pharmacology and Therapeutics published by John Wiley & Sons Ltd.
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TREATMENT

Surgery -In experienced hands, surgical removal of an adenoma
within the thyroid bed cures the hyperparathyroidism 90%
to 95% of the time

Chemical or ethanol ablation

Heat Ablation




COMPLICATIONS OF
TREATMENT

Hypocalcemia - Muscle fasiculations, tetany, and seizures,
behavior and gait abnormalities

Trauma to recurrent laryngeal nerve
Hemorrhage

Recurrence



RETROSPECTIVE EVALUATION OF THREE
TREATMENT METHODS FOR PRIMARY
HYPERPARATHYROIDISM IN DOGS

The medical records of 110 dogs treated for primary
hyperparathyroidism were reviewed. Dogs were treated via
parathyroidectomy (n=47), percutaneous ultrasound-guided
ethanol ablation (n=15), or percutaneous ultrasound-guided heat
ablation (n=48). Forty-five of 48 (94%) parathyroidectomies
resulted in control of hypercalcemia for a median of 561 days.
Thirteen of 18 (72%) ethanol ablation procedures resulted in
control of hypercalcemia for a median of 540 days. Forty-four of
49 (90%) heat-ablation treatments resulted in control of
hypercalcemia for a median of 581 days.



SUMMARY

Think about primary hyperparathyroidism as a differential
for hypercalcemia particularly in patients with...

Mild to mod clinical signs
High Ca, low Phos
Older dogs, Keeshonds

Diagnosis 1s based on clinical signs, laboratory data, and
imaging of the parathyroid nodule

Treatment options include surgical parathyroidectomy and
heat ablation

The most common complication post-procedure 1s
hypocalcemia
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Calcitriol, calcidiol, parathyroid hormone, and
fibroblast growth factor-23 interactions in
chronic kidney disease

Joao E. de Brito Galvao, MV, MS, DACVIM; Larry A. Nagode, DVM, MS, PhD; Patricia A. Schenck,
DVM, PhD and Dennis J. Chew, DVM, DACVIM

Journal of Veterinary Emergency and Critical Care 23(2) 2013, pp 134-162
doi: 10.1111/vec.12036

Loss of Nephron Mass

During CRF

+ Proximal | GFR

Abstract

Objective —To review the inter-relationships between calcium, phosphorus, parathyroid hormone (PTH), parent
and activated vitamin D metabolites (vitamin D, 25(OH)-vitamin D, 1,25(0OH),-vitamin D, 24,25(OH)-vitamin

TU b UleS D), and fibroblast growth factor-23 (FGF-23) during chronic kidney disease (CKD) in dogs and cats.

Data Sources - Human and veterinary literature.

Human Data Synthesis — Beneficial effects of calcitriol treatment during CKD have traditionally been attributed

to regulation of PTH but new perspectives emphasize direct renoprotective actions independent of PTH and

~ S calcium. It is now apparent that calcitriol exerts an important effect on renal tubular reclamation of filtered
erum + g 25(0OH)-vitamin D, which may be important in maintaining adequate circulating 25(OH)-vitamin D. This in turn

Ph OSph orus | C a | CltflOl may‘be vital for import{:nt pleiotropi.c actions in peripheral tissues through autocrine /paracrine mechanisms

that impact the health of those local tissues.

Veterinary Data Synthesis — Limited information is available reporting the benefit of calcitriol treatment in

dogs and cats with CKD.

o Conclusions - A survival benefit has been shown for dogs with CKD treated with calcitriol compared to placebo.

l ACt|V|ty . ACtl Vlty The concentrations of circulating ?5(0H)-\Yitamin D have recent]y. beén shown to be low in peF)ple and d(‘wgs

with CKD and are related to survival in people with CKD. Combination therapy for people with CKD using

both parental and activated vitamin D compounds is common in human nephrology and there is a developing

emphasis using combination treatment with activated vitamin D and renin-angiotensin-aldosterone-system

(RAAS) inhibitors.

1,Alpha 1,Alpha

Hydroxylase Hydroxylase

(] Vet Emerg Crit Care 2013; 23(2): 134-162) doi: 10.1111/vec.12036

Keywords: angiotensin-II, calcium, canine, feline, hyperparathyroidism, KLOTHO, phosphorus, RAAS, TACE,

| C T PTH vitamin D
4 Calcitriol Synthesis CTGF-p

connective tissue growth factor-

Abbreviations beta
Release i i DHT dihydrotachysterol
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chronic kidney disease

Joao E. de Brito Galvao, MV, MS, DACVIM; Larry A. Nagode, DVM, MS, PhD; Patricia A. Schenck,

DVM, PhD and Dennis J. Chew, DVM, DACVIM

Abstract

Objective —To review the inter-relationships between calcium, phosphorus, parathyroid hormone (PTH), parent
and activated vitamin D metabolites (vitamin D, 25(OH)-vitamin D, 1,25(0OH),-vitamin D, 24,25(OH)-vitamin
D), and fibroblast growth factor-23 (FGF-23) during chronic kidney disease (CKD) in dogs and cats.

Data Sources - Human and veterinary literature.

Human Data Synthesis — Beneficial effects of calcitriol treatment during CKD have traditionally been attributed
to regulation of PTH but new perspectives emphasize direct renoprotective actions independent of PTH and
calcium. It is now apparent that calcitriol exerts an important effect on renal tubular reclamation of filtered
25(0OH)-vitamin D, which may be important in maintaining adequate circulating 25(OH)-vitamin D. This in turn
may be vital for important pleiotropic actions in peripheral tissues through autocrine /paracrine mechanisms
that impact the health of those local tissues.

Veterinary Data Synthesis — Limited information is available reporting the benefit of calcitriol treatment in
dogs and cats with CKD.

Conclusions - A survival benefit has been shown for dogs with CKD treated with calcitriol compared to placebo.
The concentrations of circulating 25(OH)-vitamin D have recently been shown to be low in people and dogs
with CKD and are related to survival in people with CKD. Combination therapy for people with CKD using
both parental and activated vitamin D compounds is common in human nephrology and there is a developing
emphasis using combination treatment with activated vitamin D and renin-angiotensin-aldosterone-system
(RAAS) inhibitors.
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