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Case description
A 5-year-old male neutered domestic longhair cat 
weighing 3.56 kg was presented to its primary veteri-
narian for the development of mass effects in the left 
dorsal cervical and cranial thoracic areas, which had 
appeared 4 months and 1 week prior to presentation, 
respectively. Serum biochemical analysis revealed lipae-
mia with hypercholesterolaemia (440 mg/dl; reference 
interval [RI] 90.0–205.0) (see Table S1 in the supplemen-
tary material). Weight loss of 600 g was the only clinical 
sign at that time. The cat re-presented 7 months later 
for mass enlargement and further weight loss of 150 g. 

Fine-needle aspirates were obtained from the masses, 
and a cytological diagnosis of chronic granulomatous 
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Abstract
Case summary A 5-year-old male neutered cat weighing 3.56 kg presented owing to the development of two 
masses over the dorsal cervical and cranial thoracic areas, as well as weight loss, inappetence and vomiting. 
Diagnostic tests revealed a grossly lipaemic sample with hypercholesterolaemia (440 mg/dl; reference interval [RI] 
90.0–205.0), hypercalcaemia (>16.0 mg/dl [RI 8.0–11.8]) and urine specific gravity 1.022 (RI ⩾1.035). When 
re-presented 9 months later, fasted blood analyses revealed elevated ionised calcium (1.87 mmol/l [RI 1.11–1.38]), 
persistently elevated total calcium, normal phosphate and persistent minimally concentrated urine with calcium 
oxalate dihydrate crystals. Ultrasound-guided fine-needle aspiration of the masses produced blood-tinged purulent 
fluid with negative culture results. Excisional biopsies of both masses were undertaken, and histopathology 
was consistent with cutaneous xanthoma. No organisms were identified with special staining, and deep-tissue 
culture did not grow bacteria or fungi. Postoperatively, repeat fasted biochemical analysis revealed persistent 
hypercholesterolaemia with normal triglycerides, and normalisation of ionised and total calcium levels. Based on 
these findings, a diagnosis of cutaneous xanthoma causing hypercalcaemia due to primary dyslipidaemia was 
made. The cat was reported to be significantly improved in comfort and energy levels postoperatively and a 
transition to a fat-restricted diet was instituted. Eight months after xanthoma removal no recurrence was reported.
Relevance and novel information To our knowledge, this is the first report of cutaneous xanthoma and associated 
granulomatous inflammation causing hypercalcaemia due to dyslipidaemia in a cat. Familial hypercholesterolaemia 
is an example of a primary condition that could cause dyslipidaemia in cats, and further studies are warranted to 
better describe the genetic characteristics. Xanthoma formation and the resultant granulomatous inflammation 
should be considered in cases of hypercalcaemia.
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inflammation was made. No treatments were instigated. 
Over the next 2 months, the cat developed inappetence 
and vomiting, with further mass enlargement and weight 
loss of 150 g. Haematological testing at the second pres-
entation to the primary veterinarian revealed immature 
neutrophilia (0.9 × 109/l [RI 0–0.3]) and lymphopenia 
(1.4 × 109/l [RI 1.5–7.0]). Urinalysis revealed a urine 
specific gravity (USG) of 1.022 (RI ⩾1.035). Serum 
biochemical testing revealed total hypercalcaemia 
(>16.0 mg/dl [RI 8.0–11.8]) (see Table S1 in the supple-
mentary material). Cholesterol and triglyceride (TG) 
levels were not assessed at that appointment. The cat was 
administered saline (0.9% NaCl) subcutaneously (SC), 
vitamin B12 (250 µg SC) and maropitant (1 mg/kg SC).

The cat was referred to the internal medicine service 
at a referral veterinary hospital 1 week later. There 
was reduced body condition. The dorsal cervical mass 
(6 × 8 cm) was haired, fluctuant and soft. The cranial 
thoracic mass (5 × 11 cm) was haired, fluctuant and firm 
(see Figure 1). Blood gas and electrolyte analysis revealed 
ionised hypercalcaemia (1.87 mmol/l [RI 1.11–1.38]) 
(see Table S1 in the supplementary material), metabolic 
alkalosis (pH 7.44 [RI 7.210–7.410]) and elevated 
bicarbonate (26.3 mmol/l [RI 16–23]) with a low-normal 
chloride (119 mmol/l [RI 117–127]) and high-normal 
sodium (154 mmol/l [RI 149–157]). Fasting serum 
biochemical analysis revealed total hypercalcaemia 
(3.71 mmol/l [RI 2.22–2.67]; see Table S1 in the supple-
mentary material), hypoalbuminaemia (28 g/l [RI 33–43]) 
and normal phosphate (1.73 mmol/l [RI 1.07–2.22]). 
Urine was collected via cystocentesis; urinalysis revealed 
a USG of 1.017 (RI ⩾1.035) and presumed iatrogenic 
blood contamination. The sediment revealed calcium 
oxalate dihydrate crystals.

A board-certified internist experienced in ultra-
sonography performed ultrasounds of the abdomen and 
masses. The liver and spleen were normal in size, shape 
and echogenicity. The gallbladder was moderately 
distended, without distension of the common bile duct, 
and contained small amounts of gravity-dependent 
sediment. The kidneys were normal in size (left 4.6 cm 
and right 3.9 cm in length) and shape. The adrenal glands 
were normal in size (left 0.45 cm and right 0.42 cm at 
their respective caudal poles) and shape. The pancreas 
was mildly thickened (body 12.1 mm and pancreatic duct 
2.0 mm in width), consistent with historical or chronic 
pancreatitis. The gastrointestinal tract was normal in 
thickness and layering. The jejunal and ileocolic lymph 
nodes were of normal size but were mildly hypoechoic 
and prominent. There was no abdominal free fluid. 
The cranial thoracic mass contained hypoechoic and 
thickened tissue consistent with cellulitis and oedema. 
Fine-needle aspiration (FNA) with a 22 G needle was 
non-productive. The dorsal cervical mass contained 
echogenic material. FNA yielded 60 ml of blood-tinged 

purulent fluid, which was submitted for fungal and 
bacterial culture and sensitivity. There was no growth 
after 4 weeks of incubation.

One week later, the masses were excised by a board-
certified surgeon. The dorsal cervical mass was friable 
with a ‘cottage cheese’ consistency. It did not shell out 
easily but ruptured and exuded creamy purulent 
material upon incision. The cranial thoracic mass shelled 
out easily and appeared uniformly white in cross section 
with cobbled, cream-coloured fibrous tissue peripher-
ally. A Jackson Pratt drain and 100 ml grenade (MILA 
International) were placed. A constant rate infusion 
(CRI) of fentanyl was administered for perioperative 
pain relief and was continued postoperatively. After 
surgery, the cat was inappetant for 24 h during which 
maropitant (1 mg/kg IV) was administered. A 12.5 μg/h 
transdermal fentanyl patch was placed and was active 
for 72 h. The fentanyl CRI was titrated down with appro-
priate pain scoring every 4 h, and only discontinued 
when the fentanyl patch became active and the cat was 
comfortable. Amoxicillin–clavulanic acid at 12.64 mg/kg 
was administered orally q12 h for 7 days and 0.02 mg/kg 

Figure 1 Gross appearance of the cutaneous xanthomas  
(a) preoperatively and (b) 2 weeks postoperatively
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buprenorphine was administered transmucosally q8h 
for 4 days. Intraoperative local analgesia and post-
operative non-steroidal anti-inflammatory drugs could 
have been added to the pain management plan. Drain 
production was measured. The average volume reduced 
from 0.91 ml/kg/h to 0.26 ml/kg/h over 3 days. The 
fluid remained serosanguineous. On day 3, the drain 
was removed, and the cat was discharged with improved 
appetite. At home, the cat was confined to a crate with 
only short periods of supervised mild activity. Exercise 
restriction was continued for 3 weeks postoperatively, 
to ensure complete healing of the surgical site.

Histopathological diagnosis of cutaneous xanthoma 
was made from both masses (see Figure 2). The predom-
inant inflammatory cells were highly vacuolated, occa-
sionally multinucleated macrophages arranged in sheets 
or nests, sometimes enveloping cholesterol crystals. 
There were fewer neutrophils, eosinophils, lymphocytes 

and plasma cells, which occasionally clustered around 
vessels. There were foci of necrosis that were sometimes 
lightly mineralised. Few arterioles exhibited multifocal 
mural mineralisation. Gram, Fite’s acid fast and periodic 
acid–Schiff staining did not reveal pathogens. There 
were no fungi, or aerobic or anaerobic bacteria cultured 
or isolated after 4 weeks of incubation.

The cat was re-presented 14 days postoperatively for 
suture removal and repeat biochemical analysis. There 
were no clinical abnormalities at home and the owner 
reported significant improvement in demeanour and 
appetite. Fasting biochemical analysis revealed ele-
vated cholesterol (25.3 mmol/l [RI 2.4–7.1]), normal 
TGs (0.37 mmol/l [RI 0.11–1.42]) and normal ionised cal-
cium (1.36 mmol/l [RI 1.11–1.38]) (see Table S1 in the 
supplementary material). The cat was suspected to 
have cutaneous xanthomas causing hypercalcaemia as a 
result of primary dyslipidaemia. Dietary therapy with a 
low-fat diet was recommended at the recheck 14 days 
postoperatively. However, the cat demonstrated highly 
selective food preferences and was only completely tran-
sitioned onto a strict lower-fat diet (Hill’s Prescription 
Diet w/d; Royal Canin Ultra-Light) 4 months later. After 
4 months of strict dietary therapy, there was no recur-
rence of xanthomas or other clinical signs reported. 
Biochemical testing revealed persistent hypercholes-
terolaemia, although the levels were significantly 
lower (12.08 mmol/l [RI 1.68–5.81]; see Table S1 in the 
supplementary material). Ionised calcium was normal 
(1.24 mmol/l [RI 1.11–1.38]; see Table S1 in the supple-
mentary material), as were creatinine (189 μmol/l [RI 
71–212]) and blood urea nitrogen (11.8 mmol/l [RI 5.7–
12.9]). Urine analysis obtained via cystocentesis revealed 
a USG of 1.028 (RI ⩾1.035), pH 7.0 and a quiet sediment. 
Recommendations were made to continue on this diet 
while monitoring for xanthoma reformation, recur-
rence of clinical signs and serum cholesterol concentra-
tions every 6 months. Lipid-lowering drugs may be 
considered if hypercholesterolaemia persists.

Discussion
To our knowledge, this is the first report of cutaneous 
xanthomas causing hypercalcaemia due to primary dys-
lipidaemia, and, more specifically, hypercholesterolaemia, 
in a cat. Cutaneous xanthomas are benign granuloma-
tous skin or subcutis lesions. They are usually associated 
with fasting hyperlipidaemia, and the elevation in 
TGs and/or cholesterol. Hyperlipidaemia results from 
abnormal lipid synthesis, metabolism or transportation.1 
Xanthomas are formed when motion, friction, heat and 
inflammation cause extravasation of lipids from capillar-
ies into tissue. Macrophages phagocytose lipids, result-
ing in aggregations of characteristic foam cells and 
extracellular cholesterol deposition.2,3 Foam cells may 
also arise from in situ lipid production by macrophages. 

Figure 2 (a) Photomicrograph of a section of the cutaneous 
xanthomas containing a clump of mineralised necrotic debris 
(black arrow) with cholesterol crystals (red arrow) surrounded 
by variably multinucleated macrophages (blue arrow), 
neutrophils, lymphocytes and plasma cells.  
(b) Photomicrograph of a section of the cutaneous xanthomas 
containing an arteriole with multifocal mural mineralisation 
(arrow), surrounded by neutrophils, lymphocytes, plasma 
cells and macrophages
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Lipids can signal additional macrophages into existing 
xanthomas.3 In cats, cutaneous xanthomas may present 
as papules, plaques or nodules that are pale yellow to 
pink in colour and can be intact or ulcerated.4 They 
often appear in the periauricular and periorbital regions4 
but have appeared inguinally2 and at sites of previous 
trauma.5 A commonly reported site is where spinal 
nerves emerged through vertebral foramina, as vessels 
here are easily stretched or compressed by adjacent ver-
tebrae during movement. Other common sites are over 
bony prominences, including the sciatic nerve over the 
greater ischiatic notch. Xanthoma development here 
places pressure on the nerves, resulting in peripheral 
neuropathies. Thus, frequently observed clinical signs 
include Horner’s syndrome, and sciatic, tibial and radial 
nerve paralysis.6 Xanthomas may also be systemic, 
involving the adrenal glands, colon,7 liver, spleen, 
mesentery, kidney, heart, tendons and skeletal muscle.6 
Ocular pathologies are common manifestations of hyper-
lipidaemia, including lipaemia retinalis and lipid-filled 
aqueous humour.1 In contrast, this cat had no ocular 
abnormalities, and only exhibited the cutaneous form, 
with no peripheral neuropathy. There were no gastroin-
testinal signs that necessitated exploratory laparotomy, 
precluding the diagnosis of systemic xanthomas.

Xanthomas have also been described in dogs, 
horses, amphibians, reptiles and commonly in birds and 
humans.8–13 Conditions causing secondary hyperlipidae-
mia predispose to xanthoma formation and include dia-
betes mellitus, as well as the administration of exogenous 
progestins14 and glucocorticoids.15 However, there has 
been one report of a normolipaemic cat with idiopathic 
cutaneous xanthoma.3 More specifically, hypercholester-
olaemia can be caused by pancreatitis, hypoadrenocorti-
cism, cholestasis and nephrotic syndrome.13 The cat of 
this report was most likely affected by primary dyslipi-
daemia because abdominal ultrasonography, blood and 
urine analyses excluded the abovementioned conditions. 
Familial hypercholesterolaemia (FH) is an example of a 
primary condition that can cause primary dyslipid-
aemia, and was suspected in this cat given the elevated 
serum cholesterol with normal serum TG concentrations. 
The mild ultrasonographic changes of the pancreas, gall-
bladder and abdominal lymph nodes, with mild hypoal-
buminaemia, could be explained by a separate chronic 
low-grade pancreatitis, inflammatory bowel disease or 
triaditis, but are considered less likely as the gastrointes-
tinal signs all resolved with removal of the masses and 
normalisation of calcium. Hypoalbuminaemia could be 
caused by reduced intake and granulomatous inflam-
mation causing an acute phase reaction response, and 
also resolved with xanthoma removal. The elevated 
bicarbonate, metabolic alkalosis with low-normal chlo-
ride and high-normal sodium could be explained by 
vomiting and loss of acid-rich gastric secretions.

Hypercalcaemia was observed in this cat, which has 
not been reported in any species with xanthomas. 
Hypercalcaemia can be explained by the presence of 
granulomatous disease. Calcium homeostasis is tightly 
controlled and increases with parathyroid hormone 
(PTH) and active vitamin D. In granulomatous disease, 
macrophages contain 1-alpha-hydroxylase, which acti-
vates vitamin D without homeostatic control, thereby 
causing hypercalcaemia.16 Chronic kidney disease 
(CKD), primary and secondary hyperparathyroidism, 
hypoadrenocorticism, hypercalcaemia of malignancy, 
hypervitaminosis D and idiopathic hypercalcaemia are 
other differential diagnoses of hypercalcaemia. 

CKD, and therefore renal secondary hyperparathy-
roidism, were excluded in the cat of this report on the 
basis of abdominal ultrasonography, and biochemical 
and urine analyses. Initial USG revealed minimally 
concentrated urine and presence of calcium oxalate 
dihydrate crystals on sediment, both of which were 
most likely secondary to hypercalcemia. Abdominal 
ultrasonography revealed kidneys that were normal 
in size and shape bilaterally. Eight months postop-
eratively, there was no azotaemia on biochemical 
analysis. Urinalysis revealed a persistently low USG, 
although it had increased from initial testing. Despite 
this, the resolution of hypercalcaemia made CKD 
unlikely. Hypervitaminosis D was unlikely given there 
was no history of vitamin D intoxication from the diet or 
other sources. Hypoadrenocorticism was considered 
unlikely as adrenal gland size was normal on ultrasound 
and there were no electrolyte derangements or haema-
tological changes consistent with hypocortisolaemia. 
However, ‘atypical’ hypoadrenocorticism could still be 
possible, and an adrenocorticotropic hormone stimula-
tion test would have been useful as a screening test had 
the calcium remained elevated. The remaining differ-
ential diagnoses mentioned above were considered less 
likely based on calcium normalisation following xan-
thoma removal in combination with abdominal ultra-
sonography, and blood and urine analyses.

A limitation of this report is the lack of further diag-
nostic tests, which would be necessary to definitively 
exclude other causes of hypercalcaemia. For example, 
thoracic radiography could have been performed prior 
to xanthoma removal to exclude the presence of tumours 
inducing hypercalcaemia of malignancy. Additionally, 
measuring serum PTH (which would be suppressed) 
and active vitamin D (which would be inappropriately 
increased) could have confirmed that the xanthomas 
were the source of hypercalcaemia.16 PTH measurement 
is currently not available in New Zealand.

Only hypercholesterolaemia was evident without 
hypertriglyceridaemia in this cat. Of the four lipo-
proteins described, cholesterol makes up most of the lipids 
in low-density lipoproteins (LDL) and high-density 
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lipoproteins (HDL); TG make up most of the lipids in 
chylomicrons (CM) and very-low-density lipoproteins. 
Therefore, increased LDL and HDL leads to hyper-
cholesterolaemia, while increased CM and TG leads to 
hypertriglyceridaemia. Lipoproteins travel through the 
bloodstream to the target organ and, with activation by 
apolipoproteins, are degraded by lipoprotein lipase 
found on vascular endothelium.

FH has not been reported to cause xanthoma forma-
tion in cats. However, xanthoma formation induced by 
FH has been described in humans and is distinguished 
by increased serum LDL leading to cholesterol deposi-
tion in tissues, atherosclerosis and coronary disease.17 
This condition is caused by mutations in the gene encod-
ing either the LDL receptor, apolipoprotein B; protein 
LDLRAP1 needed for LDL hepatic internalisation; 
or proprotein convertase PCSK9, which reduces LDL 
uptake.17 It would be beneficial to define the lipoprotein(s) 
elevated in this cat to further characterise its disease. 
Lipoproteins can be differentiated using ultracentrifuga-
tion or agarose gel electrophoresis as they differ in densi-
ties and electrophoretic mobility.2,18 This cat initially had 
lipaemia indicating concurrent hypertriglyceridaemia, 
but TG levels were normal on subsequent fasted bio-
chemical analyses. This could be explained by an exag-
gerated postprandial TG elevation in patients with FH 
vs normal individuals. This has not been studied in cats 
but is well described in humans. For example, CM and 
TG require the same receptors as LDL for catabolism.19

Studies on the medical treatment of feline cutaneous 
xanthoma are limited. Lipid-lowering drugs used in 
humans are not licensed in cats and there is only anec-
dotal evidence of their efficacy.20 The drug classes used 
for humans are HMG-CoA reductase inhibitors (statins), 
bile acid sequestrants, nicotinic acid or niacin, fibric 
acid derivatives and cholesterol absorption inhibitors.21 
In animals, fish oils have also been administered with 
success.20 However, because of this limited evidence, 
instigating dietary therapy is most important. A 
fatty meal will cause hypertriglyceridaemia,6 and it is 
suspected that familial hyperlipidaemia is amplified 
by fatty dietary supplements.1 Therefore, feeding a low-
fat, high-fibre diet will help in reducing concentrations 
of plasma lipids.6 After several months of strict dietary 
therapy in this cat, fasted cholesterol levels were 
markedly reduced. However, hypercholesterolaemia 
persisted, raising concerns for recurrence of xanthoma 
formation and hypercalcaemia. Further studies on 
lipid-lowering treatment in cats are warranted given 
the increasing reports of familial hyperlipidaemia in 
the cat population.

Conclusions
This case report describes a cat that presented for the 
development of two masses, weight loss, inappetence and 

vomiting. Diagnostic tests revealed hyperlipidaemia 
and hypercalcaemia. Calcium normalised following 
surgical resection of the masses. The cat was diagnosed 
with primary dyslipidaemia due to a condition such as 
FH and the masses were diagnosed as cutaneous 
xanthoma due to primary dyslipidaemia, which caused 
hypercalcaemia secondary to granulomatous inflamma-
tion. The cat’s cholesterol levels remained elevated after 
transition to a lower-fat diet, but xanthoma reformation 
was not observed 8 months postoperatively at last 
contact. Ongoing monitoring of cholesterol was 
recommended. Cutaneous xanthoma causing hyper-
calcaemia, and FH itself, have not been reported in cats. 
Further studies of FH in cats are warranted to better 
describe the genetic characteristics of the disease. 
Cutaneous or systemic xanthomas should be considered 
in cases of hypercalcaemia.
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