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causes of parathyroid-independent total
serum hypercalcemia.4,14 Measurement of
parathyroid hormone-related peptide
(PTHrP) may be useful for diagnosis of hyper-
calcemia of malignancy.21

Anecdotally, idiopathic hypercalcemia
appears to be the most commonly diagnosed
cause of serum total hypercalcemia in cats in
North America, although no epidemiological
survey on the causes of hypercalcemia in the
cat have been reported since 2000. PHPT was
infrequently diagnosed as the cause of serum
total hypercalcemia at one teaching hospital
(4/71 cats),4 but this diagnosis is far more fre-
quently made by veterinary endocrine referral
laboratories.6,21

Diagnosis
Review of the chemistry profile and urinalysis
may yield indirect support for a diagnosis of
PHPT. Due to PTH’s effect of increasing renal
phosphorus excretion, low or low-normal
serum phosphorus is anticipated. However, in
one study of 210 dogs, only 65% of cases had
hypophosphatemia.17 If hyperphosphatemia
is noted, a diagnosis of PHPT is unlikely and
other differential diagnoses should be consid-
ered (eg, CKD, vitamin D toxicosis; see Table
1). Hypercalcemia in dogs commonly induces
polyuria due to the effect of calcium on the
responsiveness of the renal tubule to anti -
diuretic hormone, with many dogs elaborat-
ing urine that is hyposthenuric. In cats 
without CKD, a surprising preservation of
ability to concentrate urine in the face of
hypercalcemia has been noted in two
reports.4,14 In one study, which included cats
with CKD, the mean urine specific gravity
was 1.032 (range 1.012–1.060).14

PHPT is characterized by excessive secretion
of PTH by one or more PTGs, resulting in
hyper calcemia by the time of diagnosis.
definitive diagnosis of PHPT requires measure-
ment and interpretation of paired PTH and iCa
test results in order to analyze whether the PTH
concentration is appropriate to the degree of
ionized calcemia. Most cats with PHPT are
affected by single PTG adenomas. Fewer cats
are diagnosed with parathyroid hyperplasia,
carcinomas or cystadenomas.18,20 High-frequen-
cy ultrasonography of the thyroid and PTG
region is highly supportive of a diagnosis of
PHPT when a single enlarged PTG is found.17

A diagnosis of PHPT can sometimes be 
challenging (see box).

Disease Total calcium Ionized calcium Phosphorus PTH PTHrP PTG imaging

Primary hyperparathyroidism
↑ N or ↑ N or ↓ ↑ or upper half of

reference range
N or not

detectable
↑ One gland 

typical

Hypercalcemia of malignancy
↑ ↑ N or ↓ ↓ or lower half of

reference range

N or ↑,
depends on
tumor type

N or ↓

Chronic kidney disease ↓, N, ↑ ↓, N, ↑ ↑ or N ↑ N or not
detectable ↑ Multiple glands 

Idiopathic hypercalcemia ↑ ↑ N N or ↓ N or not
detectable N or ↓

Acute vitamin D toxicity ↑↑ ↑↑ ↑↑ ↓ N or not
detectable N

Nutritional secondary
hyperparathyroidism N or ↓ N or ↓ N or ↓ ↑ N or not

detectable N or ↑

Hypoadrenocorticism ↑ N or ↑ ↑ N or ↓ N or not
detectable N

Arrows indicate degree of increase or decrease in parameter. One arrow represents mild change, two arrows represent moderate deviation from 
normal (N)
PTH = parathyroid hormone; PTHrP = parathyroid hormone-related peptide; PTG = parathyroid gland

Table 1 Expected biochemical changes with various causes of hypercalcemia

Normal cats
often have PTH
concentrations
below the level
of detection of
currently used

assays.

Diagnosis of PHPT is straightforward when both PTH and iCa are increased
above the reference interval; however, a diagnosis is often made when the
PTH concentration is within the upper half of the reference interval, as this is
considered insufficiently suppressed in the face of ionized hypercalcemia.
However, in one large study of dogs with tissue-confirmed PHPT, 45% of dogs
had PTH concentrations in the bottom third of the reference interval.17 Similar
information has not been reported for the cat. Thus, while an increased PTH
concentration confirms the diagnosis of PHPT, even a low-normal PTH con-
centration cannot definitively exclude PHPT. This is especially relevant when
using PTH assays that are relatively insensitive, as currently available assays
are. It is possible that a low PTH result is not low at all for the particular cat,
as normal cats often have PTH concentrations below the level of detection of
currently used assays. 

In a cat with persistent hypercalcemia related to PHPT, PTH concentration
was increased on two occasions but within the reference interval on five other
occasions.6 A circadian rhythm for the secretion of PTH has been reported in
dogs;22,23 no studies have been reported in cats. Hypercalcemia has often
been assumed to exist at a constant concentration, but wide fluctuations in
circulating total calcium have been reported at times in humans with PHPT.24

D i a g n o s t i c  c h a l l e n g e s
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Treatment
Parathyroidectomy of one or more PTGs is
most commonly recommended for definitive
treatment. Ultrasonography of the neck iden-
tifies the location of the PTG tumor as internal
or external and allows presurgical planning
(Figure 3). Surgical exploration of the cervical
region in patients with PTG adenoma or carci-
noma usually reveals enlargement of one
PTG; the remaining three tend to be small or
impossible to identify because hypercalcemia
results in atrophy of normal parathyroid tis-
sue (Figure 4). Primary PTG hyperplasia may
affect more than one gland, and clinical signs
can recur if only the largest gland is removed
surgically. PTG tumors may be difficult to
identify if the tumor is embedded in fat or if it
arises from an internal PTG. 

Para thyroidectomy of an adenoma or cyst -
adenoma was associated with a good progno-
sis for long-term survival in a subset of cats in
one study.20 Percutaneous ultrasound-guided
ethanol ablation and percutaneous ultra-
sound-guided heat ablation, as performed to
treat PHPT in dogs,25 have not been reported
in cats.

Secondary hyperparathyroidism

Nutritional secondary hyperparathyroidism
Nutritional secondary hyperparathyroidism
(NSHP) may arise as a consequence of 
disturbances in the dietary factors calcium,
phosphorus and vitamin d. in veterinary
medicine, NSHP is reported to occur when a
cat consumes a diet that is either relatively or
absolutely deficient in calcium (Figure 5). The
relative calcium concentration is affected by
the dietary phosphorus concentration, as diets
high in phosphorus will have an altered calci-
um:phosphorus (Ca:P) ratio. it is recommend-
ed that growing kittens eat a diet with a Ca:P
ratio of approximately 1:1.26

The development of NSHP has most com-
monly been associated with consumption of

all-meat diets. The low calci-
um concentration in meat in
combination with the high
phosphorus concentration
results in a very low Ca:P
ratio. Young animals are at
higher risk of developing
NSHP, given the increased
demand for calcium neces-
sary for bone growth coupled
with their minimal calcium
stores.13,27

Clinical signs
In reports of kittens with
NSHP, clinical signs are most
commonly related to conse-
quences of hypocalcemia and
osteopenia. The clinical signs
associated with hypocalcemia

Figure 4 Surgical exploration of the cervical region in a cat
with hypercalcemia. Note the enlarged parathyroid gland
(black arrow) next to the thyroid gland (between white
arrows). Courtesy of Dr Daniel Smeak, Colorado State University
College of Veterinary Medicine, USA

Figure 5 Distal femoral fracture in a 2-month-old kitten eating
an all-meat diet. Note that the bone has already healed as a
functional malunion. The cortical thickness and bone mineral
density are reduced, as is expected in cats with nutritional
secondary hyperparathyroidism. Folding fractures of long
bones are typical with this condition; pathological fractures
can also occur in the pelvis and spine. This kitten additionally
presented with humeral and pelvic fractures. After
transitioning on to a complete and balanced diet, all fractures
healed without surgical intervention and no new fractures
were acquired. Courtesy of Dr Jonathan Dyce, The Ohio State
University College of Veterinary Medicine, USA

Figure 3 Parathyroid mass on ultrasound examination in a 9-year-old domestic medium haired
spayed female cat with hypercalcemia and mild depression. Note the hypoechogenic mass 
(solid arrows) below the thyroid (open arrow), which is the abnormal parathyroid gland (PTG;
height 1.4 mm, length 2.8 mm). Even with the high frequency ultrasonographic technique
available today, the normal feline PTG is too small to be seen. This mass was confirmed to be 
a PTG adenoma following surgical removal and histopathology. Courtesy of Dr John Mattoon,
Washington State University College of Veterinary Medicine, USA

A single
enlarged

parathyroid on
ultrasonography

of the thyroid
and PTG region

is highly
supportive 
of PHPT.
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included tremors and seizure activity. Long
bones and vertebrae are often affected, result-
ing in painful ambulation, limb deformity or
paresis. Vertebral body fractures can lead to
profound neurological deficits. Radiographs
may reveal diffuse osteopenia, bony deformi-
ties and fractures.13,28

Biochemistry findings
There are no findings on a minimum database
pathognomonic for NSHP. Both total calcium
and iCa concentrations may be normal or
decreased. They will be normal if PTH secre-
tion is great enough to correct the hypocal-
cemia; with partial correction, hypocalcemia
may occur. Serum phosphorus concentrations
are typically normal or decreased. Since
young, growing animals often have higher
total calcium and phosphorus concentrations
than adult animals, these ‘normal’ values may
be relatively abnormal. Hypophosphatemia
may be noted due to decreased renal reab-
sorption and thus increased excretion.
Elevated alkaline phosphatase concentrations
are often observed due to the elevated bone
isoenzyme associated with growth.13,28

By definition, circulating PTH concentration
is elevated in response to hypocalcemia. This
causes chronic calcium resorption from bones
and can lead to fibrous osteodystrophy. in a
case series of cats with NSHP, a few animals
had decreased 25oHd and increased calcitriol
concentrations. This may be due to the effect
of PTH on activation of 25oHd to calcitriol or
to changes in 1α-hydroxylase activity in the
kidney if serum calcium is trending low.13

Differential diagnoses
Differential diagnoses for NSHP include renal
secondary hyperparathyroidism (RSHP) (see
later), osteogenesis imperfecta and rickets. 

Osteogenesis imperfecta is a genetic disor-
der characterized by brittle bones that is
caused by a defect in collagen production.
Although rarely described in animals, it has
been reported in Dachshunds and a kitten.29–31

These animals should have normal blood 
calcium, phosphorus, vitamin D and PTH
concentrations. The disease should be consid-
ered in young animals with spontaneous frac-
tures despite eating complete and balanced
diets. Abnormal dentine development, char-
acterized by severe thinning of the dentine

layer, translucency and pink discoloration,
may also be observed.31

Rickets describes defective bone mineraliza-
tion in young animals due to hypovitaminosis
d. in people, nutritional rickets is defined as
either a vitamin d deficiency or dietary calci-
um deficiency. The primary feature of vitamin
d deficiency rickets is a reduction in intestinal
calcium absorption due to inadequate calcitri-
ol concentrations in the face of an otherwise 
normal dietary calcium intake. Comparing
biochemical abnormalities in people, those
with calcium deficiency rickets typically have
greater 25oHd concentrations than those
with vitamin d deficiency, as well as consis-
tently elevated calcitriol concentrations.32

Rickets has also been described in animals
that have normal dietary vitamin d intake but
excessive calcium intake early in life, causing
hypercalcemia, secondary hypoparathy-
roidism and decreased calcitriol production.27

Hereditary rickets, also known as pseudo-
vitamin d deficiency rickets, is slightly differ-
ent. This genetic form of rickets is classified
into two types: vitamin d-dependent rickets
types i and ii (VddR-i and VddR-ii). VddR-
i results from a deficiency in 1α-hydroxylase,
the enzyme responsible for conversion of
25oHd to calcitriol. VddR-ii results from
end-organ resistance to calcitriol, typically
due to a defect in the vitamin d receptor.
VddR-i has been described in a kitten.33

VddR-ii has been described in a
Pomeranian.34 PTH concentrations were 
elevated in both cases. 

Treatment
Treatment of NSHP entails feeding a complete
and balanced diet. For animals with acute
signs of hypocalcemia, parenteral calcium or
oral calcium supplements may be adminis-
tered short-term. Cage rest may be imple-
mented to reduce the risk of development or
disruption of fractures. Analgesia may be
required for animals with fractures or other
painful bony deformities. 

The prognosis for recovery from uncom -
plicated cases (ie, without severe bony 
abnormalities) is good. Although the exact
timeframe for normalization of calcium, phos-
phorus and PTH concentrations is unknown,
in one cat, iCa had returned to reference inter-
val levels at the 10-day recheck.28 Generally,
the authors anticipate that that these values
should return to normal within 2 weeks. As
long as the cat is doing well clinically, it is not
mandatory to recheck PTH concentrations.
Appropriate bony mineralization may occur
within 4–8 weeks of dietary modification. 

For animals with spinal fractures or more
severe bony changes, the prognosis may be
guarded to poor.

Young animals are at higher risk of developing
NSHP given the increased demand for calcium
necessary for bone growth coupled with their

minimal calcium stores.
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Renal secondary hyperparathyroidism 
RSHP is a complex disease that occurs second-
arily to CKd (Figure 6). diagnosis is based on
an elevated PTH concentration in a cat with
CKd.

Evolving understanding of pathophysiology 
The original ‘trade-off hypothesis’ for the
development of RSHP was thought to be a
fairly simple process, beginning with the
onset of CKD. The progressive loss of func-
tional nephrons leads to increased phospho-
rus (via a decreased glomerular filtration rate)
and decreased activation of 25OHD to calci -
triol (via decreased 1α-hydroxylase activity),
both of which will cause a reduction in iCa.
Hyperphosphatemia, ionized hypocalcemia
and decreased calcitriol all result in secretion
of PTH. PTH has been recognized as a uremic
toxin that may contribute to the development
of renal osteodystrophy, bone marrow sup-
pression, anemia and the progression of CKD
in people and dogs;35,36 this has not been
specifically studied in cats. It is likely that
increased PTH secretion in patients with
RSHP is primarily caused by PTG hyperpla-
sia, as each cell contributes a portion to PTH
secretion that cannot be suppressed. 

diagnosis of RSHP is made by documenting
an increased PTH concentration in an animal
with CKd. Calcium and phosphorus concen-
trations are variable. The prevalence of RSHP
in cats has been reported to be as high as
84%.37 Similar to what has been described in
dogs,38 PTH concentrations may increase
early in feline CKd.39,40 in one study, PTH con-
centrations were higher in non-azotemic cats
(creatinine <2.0 mg/dl; 176.8 mmol/l) that
subsequently developed azotemia within 12
months compared with cats that remained
non-azotemic. This increase in PTH was noted
to occur before changes in plasma calcium or
phosphorus concentrations were detected.39

However, in another study, PTH concentra-
tions were only significantly different
between control cats and those with
international Renal interest Society (iRiS)
stage 4 CKd.41 Similar to what is observed in
human medicine, PTH concentrations have
been shown to be positively correlated with
age in cats without known CKd.39

More recent evidence has shown that there
are other hormonal factors that influence the
relationships between calcium, phosphorus
and vitamin d metabolites. Fibroblast growth
factor-23 (FGF-23) plays an important role in
phosphorus regulation. it has been independ-
ently associated with progression of CKd,
development of RSHP and higher mortality
rates in people.42–44 Stimulated by hyperphos-
phatemia and increased calcitriol concentra-
tions, FGF-23 is a phosphatonin, synthesized

and secreted by osteoblasts and osteocytes,
which promotes renal phosphorus excretion.
The effects of FGF-23 on the development of
RSHP are complicated. While in the early
stages of CKd, FGF-23 directly decreases
PTH, it also downregulates 1α-hydroxylase,
leading to reduced calcitriol concentrations,
which further contribute to lack of inhibition
of PTH transcription and secretion. it is
unclear whether increased FGF-23 concentra-
tions contribute to the development of RSHP
or if increased FGF-23 concentrations fail to
inhibit PTH secretion due to the lack of PTG
Klotho expression.

Klotho, a protein that exists in both 
membrane-bound and soluble forms, has also
been shown to affect the progression of CKd
and the development of RSHP in people.45

Expressed in the kidneys and PTG, mem-
brane-bound Klotho is a co-receptor required
for FGF-23 activity. Soluble Klotho affects cal-
cium homeostasis by suppressing 1α-hydroxy-
lase in the kidney. it also plays a role in PTH
synthesis in the PTGs. Klotho expression is
decreased in the kidneys of CKd patients.
Thus, although FGF-23 secretion is increased
in CKd, there is end-organ resistance to FGF-
23 due to a deficiency of the Klotho cofactor.
As a result of the subsequent downregulation
of the Klotho/FGF-23 receptor complex in the
PTGs, PTH concentrations increase. in people,
Klotho has been studied as an early biomarker
in CKd and RSHP as it has been identified as
an independent risk factor for the progression
of CKd.45 There are currently no veterinary
studies that have evaluated Klotho.

Diagnosis of renal secondary hyperparathyroidism
(RSHP) is made based on an elevated PTH

concentration in a cat with CKD.

Figure 6 Thyroid glands,
parathyroid glands (PTGs)
and kidneys at necropsy
from a 7-year-old domestic
shorthair cat with a 3 year
history of chronic kidney
disease (CKD). The cat’s
CKD was acquired
secondarily to potassium
deficit nephropathy
(kaliopenic nephropathy).
Note that the renal cortices
are irregular and pale. Also
there is a large retention 
cyst near the renal pelvis.
This cat’s PTH level was
increased to 6 x the upper
limit of the reference
interval. Solid arrows denote
the greatly enlarged PTGs 
that occur as part of 
renal secondary
hyperparathyroidism. 
Open arrows denote the
thyroid glands. The PTG
enlargement is largely due 
to chief cell hyperplasia,
although hypertrophy of
chief cells also contributes.
Courtesy of Dr Larry Nagode,
The Ohio State University
College of Veterinary Medicine,
USA
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Concentrations of FGF-23 have been meas-
ured in healthy non-azotemic cats and cats
with CKd. in one study that monitored geri-
atric, non-azotemic cats for 12 months, FGF-23
concentrations at baseline were significantly
increased in cats that developed azotemia
(creatinine >2.0 mg/dl; 176.8 mmol/l) as 
compared with cats that did not develop
azotemia. There was a weak positive linear
relationship between FGF-23 and PTH con-
centrations in those cats and a moderate 
negative exponential relationship between
FGF-23 and the glomerular filtration rate.46

in cats with CKd, FGF-23 concentrations were
significantly different between the group of
healthy control cats and cats with iRiS stage
2–4 CKd. As iRiS stage increased, FGF-23 
concentrations increased. Additionally, within
iRiS stages 2 and 3, cats with hyperphos-
phatemia (phosphate >5.0 mg/dl; 1.6 mmol/l)
had greater FGF-23 concentrations than their
normophosphatemic (phosphate <4.5 mg/dl;
1.5 mmol/l) counterparts. Serum phosphorus
concentrations were independent predictors of
FGF-23 concentrations.41 Targeted circulating
serum phosphorus concentrations below 4.5
mg/dl (1.5 mmol/l) have been reported in
dogs with CKd to be a surrogate for PTH that
is not increased.38

Implications for treatment
Treatment of RSHP includes controlling serum
phosphorus concentrations by feeding a
reduced phosphorus diet ± administration of 
a dietary phosphorus binder. In one study,
increased survival of cats with CKD was
attributed in part to control of hyperphos-
phatemia and reduced PTH concentrations.47

Plasma FGF-23 concentrations declined in cats
with CKD fed a reduced phosphorus diet.48

Calcitriol has also been used in an attempt to
reduce PTH concentrations by preventing or
reversing PTG hyperplasia and inhibiting
transcription of PTH messenger RNA.49 The
effects of calcitriol therapy have been variable.
Two studies have reported improved clinical
signs and survival in dogs and cats treated
with calcitriol.36,50 Another study showed no
reduction in PTH concentrations in cats receiv-
ing calcitriol; however, these cats did not 
have obvious increases in PTH at the outset.
Variability in the PTH assay used at the time
may also have contributed to these findings.35

One potential disadvantage of the use of 
calcitriol is the risk of inducing hypercal-

cemia, but this risk is minimal when calcitriol
is used in the low dose range (ie, 2.5–3.5
ng/kg/day or 9 ng/kg/week, twice weekly). If
there is concurrent hyperphosphatemia, the
risk of soft tissue mineralization increases.49

The use of 22-oxacalcitriol, an analogue of cal-
citriol with less calcemic activity, has been
investigated in dogs with induced RSHP. It
was concluded that this may be a useful alter-
native treatment for RSHP.51,52 This vitamin D
analogue has not been investigated in cats. 

Historically, calcitriol measurements have
been considered pivotal in the diagnosis and
treatment of RSHP, with lesser emphasis on
measurements of 25oHd. Given its half-life,
25oHd is a better marker of systemic vitamin
d status than calcitriol, which has a half-life 
of 4–6 h. Circulating concentrations of 25oHd
may be of greater importance than previously
thought. decreased 25oHd concentrations
are frequently found in people with CKd, and
25oHd has been shown to be independently
associated with CKd disease progression and
mortality.53 dogs with CKd have low circulat-
ing 25oHd concentrations as well.54 This
might have previously been attributed to low
dietary vitamin d intake or decreased vitamin
d absorption. it is now known that low 
circulating 25oHd can result from CKd
because filtered 25oHd and vitamin d-bind-
ing protein are inadequately reabsorbed by
the proximal tubules, such that less 25oHd 
is returned to the circulation. A low 25oHd 
concentration in a cat with CKd could be the
result of some combination of nutritional or
renal factors, based on observations in
humans and dogs with CKd.49

Since 25oHd concentrations are frequently
decreased in people with CKd, it is often rec-
ommended that parent vitamin d supplemen-
tation (eg, ergocalciferol, cholecalciferol) is
administered prior to activated vitamin d
therapy (eg, calcitriol).55 There are species dif-
ferences in the ability to metabolize various
vitamin d sources; cats utilize ergocalciferol
(vitamin d2) with 70% efficiency as compared
with cholecalciferol (vitamin d3).

56 Additional
medical therapy may be attempted using 
calcimimetics, which work to inhibit PTH
secretion by modulating the calcium-sensing
receptor in the PTGs. There is some evidence
to suggest that this may be effective in reduc-
ing calcium in people with tertiary hyper-
parathyroidism (THPT).57 There is no published
experience of the use of calcimimetics in cats. 

Development of RSHP was thought to be a fairly simple process, beginning with 
the onset of CKD. It is now recognized that there are other hormonal factors influencing

the relationships between calcium, phosphorus and vitamin D metabolites.

Additional studies
are warranted to
further elucidate 
the relationships
between iCa,
phosphorus, 
vitamin D
metabolite, 
FGF-23 and Klotho
concentrations in
order to determine 
if there is a best way
to diagnose and
treat RSHP at the
earliest stages of
CKD in cats.
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Hyperthyroidism and hyperparathyroidism
There has been an association made between
hyperthyroidism and hyperparathyroidism,
with 57–77% of cats with hyperthyroidism 
having concurrent hyperparathyroidism
(Figure 7).16,58 Total and iCa concentrations
have been variably affected in these cats, but
tend to be either normal or slightly decreased.
Hyper phosphatemia has been more frequently
observed. These findings are most likely due 
to the effects of thyroid hormone on bone
turnover and renal excretion. Hypocalcemia
and/or hyperphosphatemia would then cause
a compensatory increase in PTH secretion. 

In one study of hyperthyroid cats, PTH con-

C a s e  n o t e s

Three cases, with selected laboratory findings, 
are outlined below. Please review before turning 
to page 438 for the authors’ interpretation.

< Case 1
A 12-year-old female
spayed domestic
shorthair (pictured left)
is presented for
evaluation of lethargy
and mild weight loss. 

< Case 2 
An 8-year-old castrated male 
Siamese is presented for evaluation 
of progressive loss of appetite and
weight loss with occasional vomiting
over the previous 3 months.

Test Result Reference interval

Calcium – total 13.1 (3.3) 8.5–10.5 mg/dl (2.1–2.6 mmol/l)

Phosphorus 3.2 (1.0) 2.5–6.0 mg/dl (0.8–1.9 mmol/l)

Blood urea nitrogen 20 (7.1) 14–36 mg/dl (5.0–12.9 mmol/l)

Creatinine 1.3 (114.9) 0.8–1.8 mg/dl (70.7–159.1 µmol/l)

Calcium – ionized 6.8 (1.7) 4.8–5.6 mg/dl (1.2–1.4 mmol/l)

Parathyroid hormone 8 0–4 pmol/l

25OHD 40 26–68 ng/ml

Laboratory findings: case 1

Test Result*

Calcium – total 9.4 (2.4)

Phosphorus 6.3 (2.0)

Blood urea nitrogen 45 (16.1)

Creatinine 2.7 (238.7)

Calcium – ionized 4.0 (1.0)

Parathyroid hormone 24

25OHD 20

Urine specific gravity 1.018, inactive sediment

*See case 1 for reference intervals and units

Laboratory findings: case 2

Test Result

Calcium – total 7.8 (2.0)

Phosphorus 2.2 (0.7)

Blood urea nitrogen 18 (6.4)

Creatinine 1.1 (97.2)

Calcium – ionized 4.4 (1.1)

Parathyroid hormone 30

25OHD 20

*See case 1 for reference intervals and
units

Figure 7 Surgical
exploration of the cervical
region in a cat undergoing
thyroidectomy for treatment
of hyperthyroidism. Note the
enlarged parathyroid gland
(black arrow) to the left of
the thyroid gland (white
arrow). Courtesy of Dr Steven
Birchard and Dr Mark
Peterson, The Animal Medical
Center, New York, USA

Studies have reported 57–77% 
of cats with hyperthyroidism

having concurrent
hyperparathyroidism.

< Case 3 
A 4-month-old female domestic shorthair
(pictured left) is presented for evaluation 
of crying out and reluctance to move.
Physical examination reveals generalized
long bone pain and suspected fracture of

at least one tibia. Radiographs confirm a
severe decrease in cortical bone density
and folding fractures of the tibia of the left
leg. Dietary history reveals that the cat is
eating mostly meats fed from the table by
the owners.

centrations were quite variable, ranging from
normal to 19 times the upper limit of the 
reference interval.58 Although these cats had
creatinine concentrations within the reference
interval, it is possible that RSHP could be 
contributing to the hyperparathyroidism
associated with hyperthyroidism since PTH
concentrations may increase before azotemia
is observed.16,39 In one study, treatment of

Laboratory findings: case 3
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< Serum or plasma samples for PTH measurement should be frozen shortly after collection and shipped frozen 
to prevent degradation of PTH. Samples that arrive too warm at the laboratory are not suitable for analysis.
Temperature of the sample upon arrival at the laboratory should be noted on the report form.

< Third-generation assays for measurement of PTH that detect ‘whole’ PTH are recommended for use in cats, 
as they appear to have greater affinity for feline PTH. 

< PTH must always be interpreted along with ionized calcium in the same sample in order to determine
appropriateness of the PTH concentration. 

< High concentrations of PTH frequently occur in cats with CKD (even at IRIS stage 1) and may be associated 
with a poor outcome. PTH itself must be measured, since surrogates for PTH, such as serum phosphorus, 
fail to accurately predict whether PTH is increased in cats with CKD. 

< High concentrations of PTH are typically encountered in cats with nutritional secondary hyperparathyroidism 
and primary hyperparathyroidism (PHPT). Some cats with PHPT will be documented to have PTH concentrations
within the reference interval. 

< The development of a PTH assay using antibodies directed against the amino acid sequence specific 
to feline PTH would likely result in an increased ability to detect changes in circulating PTH with 
greater sensitivity early in disease processes affecting calcium and phosphorus metabolism.  

KEY POINTS

While serum calcium is typically normal to low 
with RSHP, hypercalcemia will be observed with

tertiary hyperparathyroidism.

hyperthyroidism led to increased calcium
concentrations, decreased phosphorus con-
centrations and return of PTH concentrations
to normal in non-azotemic cats.16

Tertiary hyperparathyroidism
THPT develops as a consequence of pro-
longed RSHP and is characterized by
increased PTH levels and hypercalcemia. With
this syndrome, the PTGs act in an almost
autonomous fashion, similar to what is seen
with PHPT. one might wonder how to distin-
guish between RSHP and THPT. one distinc-
tion between the two syndromes is that while
serum calcium is typically normal to low with
RSHP, hypercalcemia will be observed with
THPT. it is theorized that THPT occurs due to
a monoclonal expansion of parathyroid cells
that have an altered set-point of their calcium-
sensing receptor, likely as a consequence of
downregulation of vitamin d receptor and
calcium-sensing receptor expression within
the PTGs as CKd advances (secondary to
decreasing calcitriol dynamics). 

A long-standing history of CKD in which
the serum calcium was normal for some time
before it became elevated helps in the diagno-
sis of THPT. It is essential that the increase in
calcium is associated with ionized hypercal-
cemia; total calcium may increase in cats with
CKD at times when iCa is not increased, likely
caused by increased circulating complexes
that are binding calcium.59

THPT has been described in people, mostly
with severe CKd or after renal transplantation.
This is not a well-described phenomenon and
has never been reported in cats. Treatment in

people is variable. Cinacalcet, a calcimimetic
that upregulates the calcium-sensing receptor,
has been effective in some cases in reducing
serum PTH, calcium and phosphorus concen-
trations;60 although people with severely
enlarged PTGs may not be as responsive.61

With prolonged, persistent hypercalcemia,
surgical management may be recommended
to reduce the number of functional parathy-
roid cells, although high dose pulse therapy
with activated vitamin d metabolites (eg, cal-
citriol)  to upregulate vitamin d receptor and
calcium-sensing receptor expression can also
be effective. High dose pulse calcitriol proto-
cols were reportedly effective in lowering iCa
when PTH was suppressed, presumably due
to upregulation of the vitamin d receptor in
the PTGs.57
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