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Abstract
Objective: To report perioperative characteristics, complications, histopathologic
diagnosis and outcome in cats undergoing surgical treatment for primary hyper-
parathyroidism (PHPT).
Study design: Multi-institutional, retrospective case series.
Animals: Thirty-two client-owned cats.
Methods: Medical records of cats treated with surgical removal of 1 or more
parathyroid gland(s) with confirmed histopathologic evaluation were reviewed. Cats
were divided into preoperative ionized calcium (iCa) groups corresponding to the 33rd,
67th, and 100th percentiles of the preoperative iCa results of the study population.
Follow-up consisted of phone conversation with owners or primary veterinarian.
Results: Ionized calcium was above reference range in all cats (median
1.8 mmol/L [interquartile range, 1.5–1.9]). Abnormal tissue was excised after cer-
vical exploration in all cats. The most common histopathologic diagnoses were
parathyroid adenoma in 20 of 32 (62.5%) cats and parathyroid carcinoma in 7 of
32 (21.9%) cats. At discharge, 6 of 32 (18.8%) cats had hypercalcemia, 5 of
32 (15.6%) had hypocalcemia, and 21 of 32 (65.6%) were normocalcemic. Preoper-
ative iCa did not correlate with postoperative iCa. The median follow-up time was
332 days (range, 7–3156). Overall median survival time was 1109 days (95% CI,
856–1332). Survival time was not associated with preoperative iCa group, hypocal-
cemia at discharge, hypercalcemia at discharge, or diagnosis of carcinoma.
Conclusion: In this cohort of cats, parathyroid adenoma was the most common
cause of PHPT, and surgical treatment resulted in very good median survival time.
Preoperative iCa was not predictive of postoperative hypocalcemia.
Clinical significance: Surgical parathyroidectomy for treatment of PHPT in cats
provides a favorable prognosis.

Received: 14 May 2018 Revised: 8 November 2018 Accepted: 24 December 2018

DOI: 10.1111/vsu.13165

Veterinary Surgery. 2019;48:367–374. wileyonlinelibrary.com/journal/vsu © 2019 The American College of Veterinary Surgeons 367

https://orcid.org/0000-0002-6862-2653
mailto:amsingh@uoguelph.ca
mailto:magiuffrida@ucdavis.edu
http://wileyonlinelibrary.com/journal/vsu


1 | INTRODUCTION

Primary hyperparathyroidism (PHPT) is characterized by the
development of hypercalcemia from inappropriate secretion of
parathyroid hormone (PTH), most commonly from a single,
functional parathyroid chief cell adenoma.1–13 Abnormalities
in calcium homeostasis have been associated with polyuria,
polydipsia, hyporexia, and muscle weakness.5–8,11–13 Surgical
treatment of PHPT in dogs consists of parathyroidectomy and
generally results in an excellent long-term prognosis.8–10

Although hypocalcemia can occur after parathyroidectomy in
dogs, preoperative ionized calcium (iCa) levels have not been
found predictive of this complication.8,9

Feline PHPT has been reported infrequently in the veteri-
nary literature.11–13 Parathyroid adenoma was most com-
monly diagnosed after surgical removal in these small
numbers of cats, and hypocalcemia was a rare postoperative
complication.11–13 Studies with larger cohorts of surgically
treated cats are required to expand our understanding of
feline PHPT and to generate evidence to guide clinical rec-
ommendations. The objective of this study was to describe
perioperative characteristics, complications, histological
diagnosis, and outcome in cats undergoing surgical treat-
ment of PHPT. A secondary objective was to evaluate the
potential correlation between iCa concentrations prepar-
athyroidectomy and postparathyroidectomy.

2 | METHODS

2.1 | Case selection

Medical records of cats treated with parathyroidectomy
between January 2006 and January 2018 at 8 academic and
2 private referral centers were reviewed. Cases were
included when a clinical diagnosis of PHTP and a histologic
diagnosis of parathyroid disease were established. Diagnosis
of PHTP was based on hypercalcemia (iCa level above insti-
tutional reference range) with a PTH concentration within or
above institutional reference range. Cats with incomplete
medical records and/or with histologic diagnosis of thyroid
neoplasia were excluded from the study. Ionized calcium
measurements were obtained by using a variety of sources
including point of care analyzers and institutional and
national reference laboratories. Parathyroid hormone mea-
surements were obtained by using a variety of assays,
depending on institutional preference.

2.2 | Diagnostic evaluation

Data were collected during medical record review. Preopera-
tive diagnostic test results included presence of azotemia
(defined as circulating blood urea nitrogen [BUN] or creati-
nine concentration higher than the institutional reference
range); urine specific gravity (USG); acquisition of thoracic

radiographs, abdominal radiographs, abdominal ultrasound,
cervical ultrasound, or other diagnostic imaging; PTH con-
centration; total calcium (tCa); iCa; and calcium/vitamin D
supplementation. Additional recorded preoperative variables
included sex, breed, age, weight, rectal temperature, pulse
rate, respiratory rate, packed cell volume (PCV), total solids,
white blood cell count, red blood cell count, platelet count,
blood glucose concentration, BUN, creatinine, phosphorus,
total protein, lactate, USG, serum calcium phosphorus
product (calculated as serum calcium concentration × serum
phosphorus concentration), PTH-related peptide (PTHrP),
and cervical ultrasound findings.

Recorded intraoperative variables included iCa, time of
acquisition of iCa, type of surgery, surgery time, anesthesia
time, intraoperative complications, and hours of hospitaliza-
tion. Recorded postoperative variables recorded included
immediate postoperative complications, iCa, tCa, transient
hypocalcemia (defined as serum tCa or iCa concentration
lower than the institutional reference range at the time of dis-
charge), calcium/vitamin D supplementation, histopathologic
diagnosis, and survival time. Persistence of hypercalcemia
from PHPT was defined as hypercalcemia that occurred
within 6 months postoperatively, whereas recurrence of
PHPT was defined as an elevated serum calcium level after
6 months of normocalcemia according to human medical
literature.14

Normocalcemia was defined as iCa within institutional
reference range. Time to normocalcemia was defined as the
interval from anesthetic recovery until the first iCa measure-
ment within institutional reference range. Survival time was
defined as the interval from surgery until all causes of death.
Follow-up was performed by telephone interview with the
family veterinarian and/or owner.

2.3 | Statistical analysis

Descriptive statistics were calculated for measured variables.
Distribution of continuous variables was examined with the
skewness and kurtosis test for normality. Continuous vari-
ables were reported as mean ± standard deviation or median
(interquartile range [IQR]). Spearman rank correlation coef-
ficients and linear prediction plots were used to examine cor-
relations between preoperative and lowest postoperative iCa.
Cats were divided into centile groups corresponding to the
33rd, 67th, and 100th percentiles of preoperative iCa results
of the study population. Postoperative variables (lowest iCa,
hypocalcemia during hospitalization, hypocalcemia at dis-
charge, hypercalcemia at discharge) were compared across
preoperative iCa groups by using the Kruskal-Wallis test or
Fisher's exact test. Wilcoxon rank-sum tests were used to test
whether preoperative PTH concentration was associated
with development of postoperative hypocalcemia or with
persistent postoperative hypercalcemia. The Kaplan–Meier
product limit method was used to estimate time to normocal-
cemia and survival time. Log-rank tests were used to
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determine whether preoperative iCa group was associated
with time to normocalcemia and whether the preoperative
iCa group, preoperative PTH value, hypocalcemia during
hospitalization, hypocalcemia at discharge, hypercalcemia at
discharge, or diagnosis of carcinoma were associated with
survival time. All tests were 2-sided, and P < .05 was con-
sidered statistically significant. Analyses were performed in
Stata IC/14.2 (StataCorp. 2015. Stata Statistical Software:
Release 14; StataCorp, College Station, Texas).

3 | RESULTS

Thirty-two cats were included, 14 spayed females and 18 cas-
trated males. Mean age was 13.3 ± 2.4 years, and mean
body weight was 4.9 ± 1.3 kg. Represented breeds were
domestic shorthair (20/32, 62.5%), domestic longhair (5/32,
15.6%), domestic medium hair (3/32, 9.4%), Burmese (2/32,
6.3%), Tonkinese (1/32, 3.1%), and Persian (1/32, 3.1%).

Six (18.8%) cats were given a diagnosis of PHPT on the
basis of persistent hypercalcemia at performed health screen-
ings and did not have reported clinical signs attributable to
PHPT. Clinical signs were reported in the remaining 26 cats:
lethargy (18/32, 56.3%), anorexia (17/32, 53.1%), vomiting
(13/32, 40.6%), weight loss (10/32, 31.3%), polyuria (6/32,
18.8%), polydipsia (5/32, 15.6%), diarrhea (3/32, 9.4%), visi-
ble mass on neck (2/32, 6.3%), constipation (1/32, 3.1%),
abnormal vocalization (1/32, 3.1%), hyporexia (1/32, 3.1%),
plantigrade stance (1/32, 3.1%), weight gain (1/32, 3.1%), and
focal paw alopecia (1/32, 3.1%). A mass or thyroid slip was
palpated on the ventral neck of 12 of 32 (37.5%) cats.

Thoracic radiographs were obtained preoperatively in
26 cats and postoperatively in 3 cats. Evidence of pulmonary
metastatic disease was not reported in any cat. Abdominal
radiographs were performed in 7 cats preoperatively and
1 cat postoperatively and were unremarkable except for a
small left kidney in 2 cats. Abdominal ultrasound was

performed preoperatively in 18 cats, with abnormalities
identified in 15 cats including renal pelvis mineralization or
nephrolithiasis (5), degenerative renal changes (3), biliary
mineralization and cholelithiasis (3), bladder urolithiasis (2),
adrenal gland mineralization (2), diffuse hepatopathy (2),
pancreatic nodule (2), urinary bladder cystitis (2), hypere-
choic kidneys with peridiverticular mineral deposits (1),
renal infarct with mineralization (1), diffuse enteropathy (1),
parapancreatic cysts (1), and enlarged adrenal gland (1). Cer-
vical ultrasound was performed in 25 cats. At least 1 mass,
nodule, or enlargement associated with thyroid or parathy-
roid glands was identified in 23 cats; abnormal nodules in
the cervical region were identified but were not clearly asso-
ciated with thyroid or parathyroid glands in 1 cat, and no
nodule or mass was evident in 1 cat. Abnormal findings
were left sided in 11 cats, right sided in 9 cats, and bilateral
in 4 cats. Extrathyroidal vasculature to parathyroid nodules
were not reported to be found during cervical ultrasonogra-
phy in any cat. Three cats had cervical computed tomogra-
phy (CT) that revealed masses in the area of the
thyroid/parathyroid glands. In 1 of these 3 cats, local lym-
phadenomegaly was reported, but the specific lymph node
was not described.

Selected laboratory values for 31 cats that underwent
surgical treatment of PHPT are summarized in Table 1.
Intact PTH concentration was tested in 26 cats and reported
to be above the normal reference range in 20 (76.9%) and
within the normal reference range in 6 (23.1%) cats. Numeri-
cal results were available for 17 cats, with a median of
9.7 pmol/L (IQR, 3.8–17.0). Plasma PTHrP was tested in
12 cats and was 0.0 pmol/L for all cats. Serum CPP was cal-
culated for 26 cats, with a median value of 46 (IQR, 37–57).

All cats underwent cervical exploratory surgery, and
abnormal parathyroid tissue was identified and removed in
all cats. One cat was administered preoperative prophylactic
calcitriol (10 ng orally every 12 hours). Surgical procedures

TABLE 1 Selected laboratory values in 31 cats surgically treated for PHPT

Laboratory value
Cats with data
available, n Median (IQR)

Above reference
range, n (%)

Below reference
range, n (%)

Packed cell volume 23 36% (30%–40%) 2 (8.7) 1 (4.3)

Total protein 27 7.4 g/dL (6.5–7.7) 3 (11.1) …

Red blood cell 22 8.3 M/μL (7.4–8.9) … 2 (9.1)

White blood cell 21 7.2 × 103/μL (5.8–11.0) 3 (14.2) 1 (4.8)

Platelet 16 263 × 103/μL (182–366) … 3 (18.8)

Glucose 30 113 mg/dL (96–121) 2 (6.7) …

BUN 28 34 mg/dL (27–48) 14 (50.0) …

Creatinine 29 1.8 mg/dL (1.5–2.6) 10 (34.5) …

Lactate 12 1.7 mmol/L (0.9–2.6) 3 (25.0) …

Total calcium 28 13.6 mg/dL (11.4–15.4) 24 (85.7) …

Phosphorus 26 3.4 mg/dL (2.9–4.1) … 9 (34.6)

Ionized calcium 30 1.8 mmol/L (1.5–1.9) 30 (100.0) …

Urine specific gravity 21 1.018 (1.015–1.029) 2 (9.5) 13 (61.9)

…, data available, but no cat was above or below the reference range depending on the variable; BUN, blood urea nitrogen; PHPT, primary hyperparathyroidism.
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included unilateral parathyroidectomy (6), bilateral parathy-
roidectomy (5), unilateral partial thyroidectomy including
parathyroid gland (13), unilateral complete thyroidectomy
including parathyroid glands (6), and bilateral partial thy-
roidectomies including parathyroid glands (2). Tissue was
removed from the left side in 15 (46.9%) cats, unilaterally
from the right side in 12 (37.5%) cats, and bilaterally in
5 (15.6%) cats. In 24 cats for which data were available,
median surgical time was 37 minutes (IQR, 24–52), and
median anesthetic time was 100 minutes (IQR, 80–120). No
intraoperative complications were reported. Intraoperative
iCa was tested in 7 cats prior to anesthetic recovery and was
above reference range in all cases.

Histopathologic diagnosis was parathyroid adenoma in
20 of 32 (62.5%) cats, parathyroid carcinoma in 7 of
32 (21.9%) cats, parathyroid hyperplasia in 3 of 32 (9.4%)
cats, and parathyroid cystadenoma in 2 of 32 (6.3%) cats.
Size of parathyroid masses ranged from 2–20 mm in largest
dimension when it was reported. Two cats with carcinomas
had metastasis to regional lymph nodes (particular node not
reported) that were extirpated at the time of parathyroidec-
tomy. In 1 of these cats, lymphadenomegaly was reported
according to preoperative cervical CT. Details from the sur-
gical report pertaining to gross appearance of lymph nodes
that may have resulted in their extirpation were not available
in the second cat.

Immediate postoperative complications occurred in 3 of
32 (9.4%) cats and consisted of respiratory distress in all
cases. Two cats with respiratory distress were given diagno-
ses of laryngeal paralysis secondary to presumed iatrogenic
recurrent laryngeal nerve damage via transoral laryngoscopy
performed during anesthetic recovery. One cat was treated
conservatively, and the other was immediately taken back to
surgery for a unilateral arytenoid lateralization procedure.
This cat did have a palpable mass in the thoracic inlet at time
of physical examination and was later was given a diagnosis
of parathyroid carcinoma with nodal metastasis. The remain-
ing cat had mild dyspnea that resolved with supportive care.

All cats were hospitalized postoperatively for a median
duration of 96 hours (IQR, 81–120). During the hospitaliza-
tion period, overt clinical signs attributed to hypocalcemia
were not reported in any cat. Oral calcium or vitamin D ana-
log supplementation (doses not reported) were administered
to 10 cats postoperatively in an attempt to prevent hypocal-
cemia. Four cats received calcitriol, 3 cats received calcium
carbonate, and 3 cats received both calcitriol and calcium
carbonate. Supplementation was initiated preoperatively in
1 cat, and, in response to postoperative iCa ≤1.3 mmol/L,
was initiated in 3 cats. The timing and rationale for initiating
supplementation were not reported for the other 6 cats.

All cats were monitored postoperatively with serial mea-
surement of iCa. The median number of hospitalized iCa
measurements was 6 (IQR, 4–8). Hypercalcemia persisted
for the duration of hospitalization in 6 of 32 (18.8%) cats.

Hypocalcemia developed at some point during hospitaliza-
tion in 11 (34.4%) cats. In 6 cats, the hypocalcemia resolved
prior to discharge, including 1 cat treated with calcium car-
bonate. The remaining 5 cats had hypocalcemia at the time
of hospital discharge, including 1 cat that was given calci-
triol and 1 cat that was given calcium carbonate. Overall, at
the time of discharge, 6 of 32 (18.8%) cats were hypercalce-
mic, 5 of 32 (15.6%) were hypocalcemic, and 21 of
32 (65.6%) were normocalcemic.

Preoperative iCa was unavailable in 2 cats that were
consequently excluded from corresponding analyses. Preopera-
tive iCa was not associated with lowest postoperative iCa
measurement, hypocalcemia during hospitalization or at dis-
charge, or hypercalcemia at discharge (Table 2). Lowest post-
operative iCa did not have a correlation with preoperative iCa
(Spearman's ρ = 0.158, P = .405; Figure 1). Among 17 cats
with recorded preoperative PTH concentrations, 6 developed
hypocalcemia, and 3 had persistent hypercalcemia. Parathyroid

TABLE 2 Associations between preoperative iCa group and postoperative
iCa variables in 30 cats surgically treated for PHPT

Group

Median pretreatment iCa P
value≤1.60 1.61–1.90 >1.90

Cats, n 10 10 10

iCa before surgery, mmol/L 1.50 1.74 2.17 <.001

Lowest iCa after surgery,
mmol/L

1.28 1.34 1.34 .873

Cats with hypocalcemia after
surgery, na

3 3 4 >.99

Cats with hypercalcemia at
discharge, n

1 1 3 .574

Cats with hypocalcemia at
discharge, n

2 2 2 >.99

iCa, ionized calcium; PHPT, primary hyperparathyroidism.
a Includes cats that had at least 1 postoperative iCa measurement below reference
range during postoperative hospitalization.

FIGURE 1 Correlation between preoperative iCa and lowest recorded
postoperative iCa in 30 cats with primary hyperparathyroidism. Each dot
represents a cat. Line represents predicted values from a linear regression of
lowest postoperative iCa on preoperative iCa with the equation
y = 0.202x + 0.953 (P = .113). iCa, ionized calcium
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hormone concentration was not associated with hypocalcemia
(P = .513) or persistent hypercalcemia (P = .284) in this sub-
group of cats.

Calcemia returned to normal approximately 24 hours
after anesthetic recovery (median, 95% CI, 12–24; Figure 2).
Preoperative iCa group was not associated with time to nor-
mocalcemia (P = .153). Among the 11 cats that did have
hypocalcemia during hospitalization, the first measurement
below reference range was recorded a median of 36 hours
(IQR, 12–72) postoperatively.

The median follow-up time was 332 days (range,
7–3156). All 5 cats discharged with hypocalcemia became
normocalcemic. Among 6 cats discharged with persistent
hypercalcemia, 1 cat was lost to follow-up 17 days postoper-
atively; 1 cat underwent bilateral complete thyroidectomy
7 days after the initial parathyroidectomy, remained persis-
tently hypercalcemic, and was euthanatized (histopathology
not performed on tissue removed at time of second surgery);
1 cat underwent an additional contralateral parathyroidec-
tomy (histologic diagnosis: parathyroid gland hyperplasia)
30 days after the initial surgery, after which hypercalcemia
resolved; 1 cat underwent bilateral partial thyroidectomy
14 days later (histologic diagnosis: normal thyroid tissue),
developed respiratory arrest at extubation, was successfully
resuscitated, had a normal recovery, and remained hypercal-
cemic 360 days after the second surgery; 1 cat with a diag-
nosis of carcinoma had a repeat cervical ultrasound that
identified a persistent nodule, did not have further treatment,
and died 242 days postoperatively; 1 cat did not have addi-
tional treatment and was euthanatized 856 days postopera-
tively because of declining condition attributed to persistent
hypercalcemia. Among 21 cats discharged with normocalce-
mia, 3 were lost to follow-up within 7 days of surgery, and
1 cat was given a diagnosis of persistent hypercalcemia at
13 days postoperatively. This cat underwent a second surgi-
cal procedure 103 days after the initial surgical procedure,

and contralateral parathyroidectomy and ipsilateral partial
thyroidectomy were performed (histologic diagnosis: para-
thyroid hyperplasia and normal thyroid tissue) that subse-
quently resolved the hypercalcemia. One cat was given a
diagnosis of recurrent hypercalcemia 837 days postopera-
tively and underwent a second surgical procedure to remove
abnormal tissue located in the region of the previous surgical
site (histologic diagnosis: parathyroid carcinoma). One cat
was diagnosed with a brain tumor and was euthanatized;
1 cat had developed end-stage kidney failure and was
euthanatized. One cat with preoperative anemia (PCV 23%)
but otherwise unremarkable diagnostics presented 3 days
postdischarge for acute collapse and respiratory distress, had
normal iCa and low PCV (17%), and was euthanatized. The
cause of anemia or acute deterioration could not be identified
during postmortem examination.

Median survival time (MST) was 1109 days (95% CI,
856–1332). Median survival time was not associated with
preoperative iCa (P = .139), hypocalcemia at discharge
(P = .326), hypercalcemia at discharge (P = .955), or diag-
nosis of carcinoma (P = .930; Figure 3).

4 | DISCUSSION

Our comprehensive review of medical records at 10 veteri-
nary referral centers covering 12 years yielded only 32 cats
that had been surgically treated for PHPT, highlighting the
rare occurrence of this condition. The most common histo-
logic diagnosis consisted of parathyroid adenoma. Carci-
noma was diagnosed in 7 of 32 (21.9%) of cats but did not
affect survival time. Preoperative iCa level was not predic-
tive of postoperative hypocalcemia or survival time. The
favorable MST of these 32 cats prompts us to recommend
surgical treatment of feline PHPT.

FIGURE 2 Kaplan–Meier estimate of time interval from anesthetic
recovery until first recorded iCa within institutional reference range in
32 cats undergoing surgery for PHPT. Horizontal reference line represents
the median. iCa, ionized calcium; PHPT, primary hyperparathyroidism

FIGURE 3 Kaplan–Meier estimate of overall survival time in 32 cats
undergoing surgery for PHPT, according to histopathological diagnosis.
Vertical hash marks indicate censored observations. Horizontal reference
line represents the median. PHPT, primary hyperparathyroidism
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Most (78.1%) cats in this study underwent cervical ultra-
sonography prior to surgery to determine the presence and
location of abnormal parathyroid tissue, whereas the remain-
ing 7 cats underwent cervical exploratory surgery on the
basis of presumptive diagnosis of PHPT from blood work.
In 23 of 25 cats undergoing cervical ultrasonography, at
least 1 mass or abnormal enlargement associated with the
region of the parathyroid gland was identified. In the remain-
ing 2 cats, 1 had no apparent nodule or mass, and the other
had a nodule in the cervical region unassociated with either
thyroid or parathyroid gland. In dogs with PHPT, parathy-
roid nodules are frequently between 4 and 10 mm1; how-
ever, similar data are not available in cats because of
infrequent diagnosis. Because of the retrospective nature of
this study, information on sizes of parathyroid masses was
not always available; however, some large masses (up to
20 mm) were found in the cats of this study. Previous
reports in cats with PHPT have described ultrasonographic
visualization of an extrathyroidal artery leading to a parathy-
roid mass, which helps to differentiate thyroid nodules, nor-
mal tissue, or locoregional lymph nodes.15,16 An
extrathyroidal vessel was not found during cervical ultraso-
nography in any of the cats described in this report. Cystic
areas within a parathyroid mass have also been
described,16,17 with fine-needle aspirate possible in some
cases. The authors believe that cervical ultrasonographic
examination remains an important diagnostic tool in cats
with hypercalcemia, not only to help support a diagnosis of
PHPT but also to evaluate for ectopic parathyroid tissue and
lymphadenopathy and to provide guidance for surgical
exploration. In addition, although clinical staging in the cats
of our study consisting of thoracic radiographs and abdomi-
nal ultrasound yielded nonspecific abnormalities, the authors
believe that they remain important diagnostic steps in the
preoperative evaluation of cats with PHPT. Hypercalcemia
may predispose cats to calcium oxalate urolithiasis, and
abdominal ultrasonography can evaluate for upper and lower
urinary tract calculi, as was diagnosed in 7 of 32 (21.8%)
cats in this study, which may result in additional surgical
treatment. Furthermore, 21.9% of cats were given a diagno-
sis of parathyroid carcinoma, in which complete staging
(thoracic radiographs and cervical + abdominal ultrasound)
of disease may be useful.

Ionized calcium was above institutional reference range
in 100% of cats at presentation in this study. In a study of
71 cats with elevated total serum calcium, the most common
diagnoses were neoplasia, renal disease, and urolithiasis,
whereas PHPT was diagnosed in 4 cats.12 The most common
neoplastic causes of hypercalcemia in cats were lymphoma
and squamous cell carcinoma; hypercalcemia associated
with these conditions has been attributed to PTHrP produc-
tion, although additional studies are required.12 Parathyroid
hormone-related peptide was measured in only 37.5% of cats
in this study and was not detected in any cat. Ionized

hypercalcemia occurs in 30% of cats with chronic kidney
disease, but iCa remains normal to low in primary renal fail-
ure.12,18 Ionized calcium measurement is an important part
of the diagnostic workup of cats with suspected PHPT.12,18

Serum PTH was elevated in 76.9% of cats and was
within reference range in 23.1% of cats. These findings con-
trast with those of a previous study in which none of the
4 cats with a diagnosis of PHPT had elevated serum PTH.12

These findings also contrast with those in dogs with histo-
logically confirmed PHPT in which PTH was elevated in
only 27% of dogs in which it was measured.6 Developing an
assay to measure PTH accurately in cats has been notori-
ously challenging,19 and caution must be exercised when
interpreting these results. Depending on the assay used, mea-
surements of concentrations of PTH in hypercalcemic cats
may be only slightly higher than the lower limit of detection
and within normal references range.7 A third-generation
whole PTH assay has recently been found accurate in cats,
but the authors recommend caution when interpreting results
at the low end of the reference range because these levels
may not be detectable.19 Because of the retrospective nature
of this study, we were not able to determine which PTH
assay was used in each cat. Regardless, a serum PTH con-
centration within normal reference range is considered inap-
propriate in a hypercalcemic cat and is suggestive for PHPT.

Various surgical procedures (parathyroidectomy vs par-
tial thyroidectomy) were performed in the cats of this study
to ensure complete removal of abnormal parathyroid tissue.
Intraoperative complications were not noted in any cat.
Median surgical time was relatively short (37 minutes). Sim-
ilarly to dogs with PHPT, most (62.5%) cats were diagnosed
with a parathyroid adenoma.8,9,20 However, parathyroid car-
cinoma was diagnosed in 21.9% of cats, which is higher
than that reported in dogs (0%–15%).8,9,20 A recent article
describing a study in dogs undergoing surgical treatment of
PHPT that reported a 15% incidence of parathyroid carci-
noma in surgically resected glands did not find an associa-
tion between histologic diagnosis and alterations in
postoperative iCa concentration. Histologic assessment of
parathyroid gland disease is challenging, and distinguishing
adenoma, hyperplasia, and carcinoma can be difficult.21

Interestingly, 2 cats with parathyroid carcinoma had metasta-
sis to regional lymph nodes which supports the diagnosis
of carcinoma and another cat diagnosed with parathyroid
carcinoma was the only cat with recurrent disease 837 days
postoperatively. These findings may provide evidence that
parathyroid carcinoma is a more biologically aggressive dis-
ease than what has been reported in dogs.22 The relatively
high proportion of carcinomas in the study described here
prompts us to recommend evaluation of the regional lymph
nodes with cervical ultrasonography. If mandibular or
medial retropharyngeal lymphadenopathy is suspected, pre-
operative fine-needle aspirate cytology and/or extirpation
and postoperative histopathology should be considered. In
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the present study, survival time did not differ between cats
with a diagnosis of carcinoma and those with a diagnosis of
benign disease.

Immediate postoperative complications were uncommon
in this cohort of cats; however, respiratory distress occurred
in 3 cats. Two cats were diagnosed with laryngeal paralysis
secondary to presumed iatrogenic intraoperative trauma of
the recurrent laryngeal nerve. One of these cats was treated
for a large, palpable mass at the thoracic inlet and required
postoperative arytenoid lateralization. These 2 cases high-
light the importance of delicate tissue dissection during sur-
gery because cats may be more vulnerable than dogs to
unilateral damage to the recurrent laryngeal nerve. Indeed, ret-
rospective reviews of treatment methods in dogs with PHPT
reported few complications and no laryngeal paralysis,
although several dogs experienced a postoperative change in
bark.23,24 Hypocalcemia was diagnosed in 34.4% of cats in
the postoperative period, and none displayed behaviors asso-
ciated with hypocalcemia in dogs such, as pruritis, ataxia,
tremors, or seizures. Hypocalcemia was less common than
what has been reported in dogs (38.7%8–70.5%9). Regardless,
although hypocalcemia after parathyroidectomy in cats for the
treatment of PHPT appears to be uncommon, vigilant postop-
erative monitoring of iCa is required to ensure appropriate cal-
cium homeostasis. The retrospective nature of this study
prevents any conclusion regarding the etiology of differences
among species.

Most dogs undergoing surgical treatment for PHPT
recover uneventfully.8,9 However, studies seeking to identify
candidates for pretreatment to prevent severe hypocalcemia
on the basis of preoperative iCa have yielded conflicting
results. Two studies found that dogs with higher preopera-
tive serum tCa concentrations were not predisposed to hypo-
calcemia, which is consistent with our results.8,9 Authors of
a recent article describing a study of dogs that were
surgically treated for PHPT reported that prophylactic
preoperative calcitriol administration was not associated with
postoperative iCa or its rate of decrease after parathyroidec-
tomy.20 The effect of prophylactic preoperative calcitriol
administration on postoperative iCa in cats remains
unknown. However, clinical signs related to hypocalcemia
appear rare in cats, suggesting that pretreatment with calci-
triol may be unnecessary with postoperative treatment per-
formed according to careful calcium monitoring.

Recovery of normocalcemia in this cohort of cats was
rapid (24 hours; 95% CI, 12–24), and preoperative iCa was
not associated with time to normocalcemia. The median time
to development of hypocalcemia was 36 hours (IQR, 12–72).
It is important to note that postoperative iCa measurement
schedules varied widely among cats. The time intervals asso-
ciated with development of hypocalcemia and return to nor-
mocalcemia could be imprecise, and instances of transient
hypocalcemia might not be documented, particularly in
cats sampled less frequently. Even though recovery of

normocalcemia appears rapid and the development of hypo-
calcemia and its clinical manifestations is uncommon, the
authors still recommend hospitalization of cats for
48–72 hours postoperatively after surgical treatment for PHPT
to ensure appropriate calcium homeostasis and monitoring.

In the present study, 18.8% (6/32) of cats remained hyper-
calcemic during the postoperative period, which is higher than
what has been previously reported in dogs (0%).8,9 Consider-
ations for cats remaining hypercalcemic after surgery include
incomplete excision of abnormal parathyroid tissue, ectopic
parathyroid tissue not identified on preoperative imaging or
intraoperatively, or an incorrect diagnosis because the most
common type of hypercalcemia in cats is idiopathic.12 In the
6 cats that were discharged with hypercalcemia, 3 cats under-
went a second cervical exploratory surgery, and 2 cats were
suspected to have remaining abnormal and/or ectopic parathy-
roid tissue but did not have additional surgery. In the 3 cats
that underwent a second surgery, 2 cats did not have their
hypercalcemia resolved; resected tissue was normal thyroid
tissue in 1 cat and was not submitted in the other cat because
of the fact that hypercalcemia did not resolve and euthanasia
was performed. On the basis of these findings, in cats in
which abnormal parathyroid tissue is not visualized at the
time of initial surgical exploration of the cervical region,
intraoperative ultrasound may be considered to evaluate the
internal parathyroid glands and/or ectopic parathyroid tissue.
In cats with persistent hypercalcemia, cross-sectional diagnos-
tic imaging should be considered prior to re-exploration of the
cervical region after surgical parathyroidectomy for PHPT,
especially with the potential for ectopic parathyroid tissue.
Additional diagnostics with evaluation of calcitriol and calci-
diol may also be pursued, especially when there is a concern
for idiopathic hypercalcemia.25 Intraoperative functional test-
ing using PTH measurements can be considered to localize
the hyperfunctional gland; this has been previously described
in dogs.26–28

Median survival time (1109 days) in this cohort of cats
was favorable and was not associated with preoperative iCa,
hypocalcemia or hypercalcemia at discharge, or diagnosis of
carcinoma. Limitations of this retrospective study are recog-
nized; the medical records were lacking details for some
data, and several cases were lost to follow-up. In addition,
lack of associations, in particular relating to preoperative iCa
levels and lack of association in long-term outcome with a
diagnosis of carcinoma, may be a result of type II error
because this cohort had only 32 cats. A major recognized
limitation is the fact that iCa measurements were obtained
from a variety of different sources (point of care analyzers,
reference laboratories) from each institution. A similar limi-
tation is present with PTH measurements because a variety
of different assays were used, depending on institutional
preferences. The authors acknowledge that the measure-
ments of these 2 variables (iCa + PTH) may have been dif-
ferent had the test/assay conditions been identical among all
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10 contributing institutions. Because of this limitation, cau-
tion must be taken when interpreting the results of this study;
however, the authors believe that, despite a lack of standard-
ization of test/assay conditions for iCa + PTH, valuable
information has been garnered from this cohort of cats
undergoing surgical treatment of PHPT. The results of this
study provide evidence that cats undergoing surgical treat-
ment for PHPT have a favorable long-term prognosis, with
parathyroid adenoma the most common cause. Persistent
hypercalcemia was more prevalent compared with dogs
undergoing surgery for PHPT, and careful exploration of
both thyroid and parathyroid gland complexes should be per-
formed at the time of surgery.
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