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Abstract
Background  Pamidronate is used for the treatment of hypercalcemia. However, a rare but potential adverse event 
of pamidronate treatment is hypocalcemia. This report describes an unusual case of severe, irreversible hypocalcemia 
after a single injection of pamidronate for the treatment of hypercalcemia due to glucocorticoid withdrawal in a dog.

Case presentation  An 11-year-old castrated male Maltese dog presented with anorexia, vomiting, and diarrhea (day 
0). The patient had calcinosis cutis throughout the body, calcification of intraabdominal organs, mild azotemia, and 
severe hypercalcemia. The severe calcification was attributed to long-term glucocorticoid administration, which was 
discontinued 1 month before presentation. Fluid therapy, diuretics, calcitonin, and a single intravenous injection of 
pamidronate were used for the treatment of hypercalcemia. On day 14, normocalcemia was achieved, but renal failure 
occurred. On day 20, severe and irreversible hypocalcemia occurred, and on day 42, the patient was euthanized at the 
owner’s request because of worsened hypocalcemia and renal failure.

Conclusions  Although hypocalcemia is an extremely rare adverse event of bisphosphonate treatment, 
bisphosphonates like pamidronate can result in potentially life-threatening conditions according to the patient’s 
underlying conditions. Therefore, the patient’s condition should be closely monitored and any underlying conditions 
should be carefully evaluated before initiating the treatment for hypercalcemia using pamidronate.
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Background
Serum calcium concentration is controlled by regula-
tory hormones including parathyroid hormone (PTH), 
calcitriol (1,25-dihydroxyvitamin D), 24,25-dihydroxyvi-
tamin D, and calcitonin [1, 2]. In dogs, the most com-
mon causes of hypercalcemia are neoplasia, primary 
hyperparathyroidism, chronic kidney disease (CKD), 
and hypoadrenocorticism [2]. Hypercalcemia can be 
classified as parathyroid-dependent (primary hyper-
parathyroidism) and parathyroid-independent (normal 
parathyroid glands) [3]. In parathyroid-independent 
hypercalcemia, normal parathyroid glands suppress the 
production of PTH in a normal response to hypercal-
cemia, and PTH is typically undetectable or within the 
lower quartile of the reference range [3–5]. The causes 
of parathyroid-independent hypercalcemia include idio-
pathic hypercalcemia, malignancy, hypervitaminosis D, 
chronic inflammation, acute renal failure, and skeletal 
lesions [1, 2]. In general, when the serum ionized calcium 
(iCa) level exceeds 2.2 mmol/L, the patient becomes crit-
ically ill [2]. Treatments for hypercalcemia include fluid 
therapy and the administration of furosemide, predniso-
lone, calcitonin, and bisphosphonates [2].

Bisphosphonates bind to the mineral on the bone sur-
face and inhibit the function of osteoclasts, thereby 
reducing bone resorption and consequently the serum 
calcium concentration [1, 6]. In dogs, nitrogen-contain-
ing bisphosphonates, such as alendronate, pamidronate, 
and zoledronate, are mainly used for treating hypercal-
cemia [7]. Nitrogen-containing bisphosphonates inhibit 
the mevalonic acid metabolic pathway at nanomolar 
concentrations, thereby interfering with protein prenyl-
ation required for normal intracellular signal transduc-
tion in the cytosol [7, 8]. This process is essential for 
bone resorption. In dogs, pamidronate is mainly used 
to control cancer-related bone pain; it is also used to 
treat hypercalcemia, but the incidence of adverse events 
remains unclear [9–16]. As in humans, the incidence 
of adverse events in dogs has been estimated to be low 
[6]. These adverse events include hypocalcemia, electro-
lyte imbalance, and renal failure, which are rare in both 
humans [17] and dogs [9, 10]. The acute-phase adverse 
events of pamidronate peak at 28–36 h after administra-
tion and generally self-limit within 2–3 days [18]. Intra-
venous bisphosphonates, such as pamidronate, are more 
likely to induce hypocalcemia than are oral bisphospho-
nates, and hypocalcemia usually occurs within a few days 
after administration. In humans, pamidronate-induced 
hypocalcemia mainly occurs in patients with preexisting 
hypovitaminosis D, hypoparathyroidism, and hypomag-
nesemia [19]. To prevent pamidronate-induced hypocal-
cemia, vitamin D and calcium should be supplemented 
starting 2 weeks before pamidronate administration 
[18]. Severe nephrotoxicity is another associated adverse 

event of intravenous pamidronate administration [17]. 
In humans, risk factors that can decrease renal function 
have been identified, including CKD, hypercalcemia, 
hypertension, older age, chemotherapeutic drugs, previ-
ous bisphosphonate treatment, and multiple myeloma 
[17]. However, few studies have evaluated this topic in 
veterinary medicine.

Herein, we report the unusual case of a dog that expe-
rienced severe and irreversible hypocalcemia after 
receiving pamidronate for the treatment of hypercal-
cemia due to glucocorticoid withdrawal and was subse-
quently diagnosed as having CKD. This case report aims 
to raise awareness about pamidronate-induced severe 
hypocalcemia as a rare but potentially life-threatening 
complication.

Case presentation
The patient information
An 11-year-old castrated male Maltese dog weigh-
ing 4.2  kg presented with a 1-week history of partial 
anorexia, depression, tremor, vomiting, and diarrhea (day 
0). The patient had severe calcinosis due to the long-term 
administration of oral glucocorticoids (prednisolone) for 
the treatment of recurrent immune-mediated hemolytic 
anemia (IMHA), but glucocorticoid administration was 
discontinued 1 month before presentation. This dog has 
had 3 episodes of IMHA in the last 18 months, each of 
which was started on prednisolone at 1–2 mg/kg bid with 
tapering at 1–4 week intervals, for a total of 10 months 
on prednisolone. A physical examination revealed leth-
argy, normal body condition score of 5/9, dehydration 
(7%), no enlarged lymph nodes and mass from head 
to perianal region, and calcinosis cutis throughout the 
skin. The rectal temperature was 39.1 °C. Blood analysis, 
including complete blood cell count, biochemistry, blood 
gas, and PTH levels, revealed neutrophilic leukocytosis 
(20,320/µL, reference range > 5200/µL) with a left shift, 
mild increased liver enzyme levels (ALT 126 U/L, refer-
ence range 5.8–83.3 U/L; ALP 206 U/L, reference range 
0-97.9 U/L), mild azotemia (BUN 43.9 mg/dL, reference 
range 9.6–31.4  mg/dL; Cr 1.78  mg/dL, reference range 
0.4–1.3  mg/dL), hypercalcemia (total Ca 15.7  mg/dL, 
reference range 9-11.9  mg/dL; ionized Ca 2.5 mmol/L, 
reference range 1.12–1.4 mmol/L, normal basal cortisol 
level (6.55  µg/dL, reference range 1–6  µg/dL, and low 
PTH level (2 pg/mL, reference range 20–130 pg/mL) 
(Table 1). Thoracic and abdominal radiography revealed 
generalized calcification on the subcutis and spleen 
(Fig.  1). Abdominal ultrasonography revealed multiple 
dystrophic mineralizations, including on the gall blad-
der wall, liver, stomach, spleen, and kidney (Fig. 2). The 
underlying diseases were gastroenteritis, chronic pancre-
atitis, and CKD, with International Renal Interest Society 
(IRIS) stage 2; however, anemia was absent. The patient 
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was on mycophenolate mofetil 3  mg/kg bid (CellCept, 
Roche Korea, Seoul, Republic of Korea), cyclosporin 
5 mg/kg bid (Sandimmun, Novartis, Basel, Switzerland), 
famotidine 0.5  mg/kg bid (Daehwa Pharmaceutical, 
Seoul, Republic of Korea), silymarin 20 mg/kg bid (Sinil 
Pharmaceutical, Seoul, Republic of Korea), ursodeoxy-
cholic acid 20 mg/kg bid (Urusa, Daewoong Pharmaceu-
tical, Seoul, Republic of Korea), and Zentonil® 100  mg/
dog sid (Vetoquinol, Canada).

Diagnostic assessment
Severe hypercalcemia was diagnosed as the cause of the 
clinical signs and iCa levels were measured serially with 
a blood gas analyzer (GEM PREMIER 5000, Instrumen-
tation laboratory, Italy) for monitoring during hyper-
calcemia treatment. The patient was treated using fluid 
therapy (0.9% normal saline), furosemide (Dailix, Sinil 
Pharmaceutical, Republic of Korea), pamidronate (2 mg/
kg in 100  ml 0.9% normal saline) for 2  h constant rate 
infusion (CRI) (Panorin, Hanlim Pharmaceutical, Seoul, 

Table 1  Laboratory test results during the treatment course
Item (reference range) During hypercalcemia (hospitalization) During hypocalcemia (outpatient)
Day 0 1 3 8 10 14 20 27 35 42
WBC (> 5200/µL) 20,320 26,790 16,840 21,490 20,290 - 42,000 13,970 26,100 32,550
RBC (570–880 × 104/µL) 623 559 592 605 566 - 534 516 485 431
HCT (37.1–57%) 39.3 33 37.9 35.8 34.3 - 33.3 32.3 29.3 26.4
Total Ca (9-11.9 mg/dL) 15.7 > 16 14.5 > 16 13 13.9 5.9 7.1 5.4 3.5
Ionized Ca (1.12–1.4 mmo/L) 2.5 2.23 1.98 2.14 2.01 1.1 0.83 0.85 0.72 0.62
BUN (9.6–31.4 mg/dL) 43.9 50 75.3 38 44.8 104.3 148.6 104.9 130.3 128.6
Cr (0.4–1.3 mg/dL) 1.78 1.9 3.12 2.6 2.54 5.18 6.81 5.26 5.76 5.18
P (2.3–6.3 mg/dL) 5.4 8.2 7.9 11.7 10.2 10 10.5 11.5 10.3 9.5
PTH (20–130 pg/mL) 2 - - - - - - - - -
Cortisol (1–6 µg/dL) 6.55 - - - - - - - - -
WBC, white blood cell; RBC, red blood cell; HCT, hematocrit; BUN, blood urea nitrogen; Cr, creatinine; P, phosphorus; PTH, parathyroid hormone

Fig. 1  Radiographic image showing calcifications on the subcutis and spleen. (A) Lateral view of the thorax; (B) ventrodorsal view of the thorax; (C) lateral 
view of the abdomen, and (D) ventrodorsal view of the abdomen
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Republic of Korea), and sodium bicarbonate 4 mEq/kg 
slow intravenous (IV) administration (Daewon Phar-
maceutical, Seoul, Republic of Korea). Five hours later, 
systemic hypertension occurred (systemic blood pres-
sure > 200 mmHg), and monitoring was continued using 
the Doppler method after administering hydralazine 
0.5  mg/kg IV (Samjin Pharmaceutical, Seoul, Republic 
of Korea) and nitroprusside 0.5  µg/kg/min CRI (Nitro-
press, Pfizer, USA). Intermittent tremors occurred during 
treatment. On day 1, iCa level decreased to 1.75 mmol/L 
(reference range, 1.12–1.4 mmol/L) in the morning, and 
then increased to 2.24 mmol/L in the night; however, as 
systemic hypertension continued, amlodipine 0.2  mg/
kg bid (Myungmoon Pharmaceutical, Seoul, Republic 
of Korea) was added. As azotemia worsened and hyper-
phosphatemia developed, aluminum hydroxide 30 mg/kg 
bid (Gelusam, Samnam Pharmaceutical, Seoul, Repub-
lic of Korea), lanthanum carbonate 30  mg/kg bid (Fos-
renol, Shire, USA), and sevelamer 30 mg/kg bid (Invela, 
SK Chemicals, Seoul, Republic of Korea) were started. 
On day 3, calcitonin 4 IU/kg sc bid was added to reduce 
the iCa level (1.98 mmol/L, reference range, 1.12–1.4 
mmol/L). Nitroprusside treatment was discontinued to 
prevent cyanide toxicity. On day 7, furosemide was dis-
continued because azotemia and hyperphosphatemia 
did not improve. On day 8, after discontinuing furo-
semide, hypercalcemia slightly worsened, and hence, 
the calcitonin dose was increased to 6 IU/kg tid (Miac-
alcic, Novartis). On day 10, hypercalcemia still did not 
improve, but the patient was discharged at the owner’s 
request. At discharge, the patient was prescribed oral 
administration of cyclosporin 5  mg/kg bid, amlodipine 

0.4 mg/kg bid, famotidine 1 mg/kg bid, maropitant 1 mg/
kg sid (Cerenia, Zoetis, USA), tramadol 4  mg/kg bid 
(Shinpoong Pharmaceutical, Seoul, Republic of Korea), 
silymarin 20  mg/kg bid, ursodeoxycholic acid 20  mg/
kg bid, Zentonil® 100  mg/dog sid, aluminum hydroxide 
30  mg/kg bid, lanthanum carbonate 30  mg/kg bid, and 
sevelamer 30 mg/kg bid. On day 14, the patient still had 
partial anorexia and depression, but had normocalcemia 
and slightly improved calcinosis cutis. However, azote-
mia worsened and CKD reached IRIS stage 4. The owner 
still refused critical care and wanted home care using 
subcutaneous fluid therapy. IMHA did not recur, and 
hence, the cyclosporin dose was reduced to 2 mg/kg bid. 
Moreover, as normal blood pressure was maintained, the 
amlodipine dose was reduced to 0.2 mg/kg bid. The other 
treatments remained unchanged. On day 20, the patient 
showed persistent anorexia and lethargy, without other 
symptoms. Calcinosis cutis had improved more than 5 
days before, but hypocalcemia occurred (0.83 mmol/L, 
reference range, 1.12–1.4 mmol/L). The owner refused 
any additional treatment but wanted to maintain moni-
toring. Therefore, calcium supplementation was not ini-
tiated. Blood pressure remained normal, and hence, the 
amlodipine dose was reduced to 0.1  mg/kg bid. On day 
27, the clinical signs were similar, and the iCa level (0.85 
mmol/L, reference range, 1.12–1.4 mmol/L)was still 
low. However, azotemia improved slightly and the blood 
pressure remained normal; hence, amlodipine was dis-
continued. On day 42, the patient presented with lateral 
recumbency and labored breathing. Non-regenerative 
anemia (PCV 26.4%, reference rage 37.1–57%; reticu-
locyte count 10/µL, reference range 0–60/µL; MCV 

Fig. 2  Abdominal ultrasonography showing multiple dystrophic calcifications on several organs. (A) Liver, (B) stomach, (C) spleen, and (D) left kidney
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60.3 fl., reference range 58.8–71.2 fl.; MCH 20.4 pg, ref-
erence range 20.5–24.2 pg; MCHC 33.8  g/dl, reference 
range 31–36.2  g/dl) due to CKD had aggravated, and 
azotemia had worsened. The iCa level (0.62 mmol/L, 
reference range, 1.12–1.4 mmol/L) decreased further, 
and hence, the jaw tone increased and forelimb stiffness 
was observed. Although 10% Ca gluconate 1.2–1.5  ml/
kg/h CRI (Daihan Pharmaceutical, Seoul, Republic of 
Korea) was performed, cardiopulmonary arrest occurred. 
We performed cardiopulmonary resuscitation, and the 
patient was resuscitated, but vital signs remained unsta-
ble, and the mental status remained unclear with no obvi-
ous improvement. Finally, euthanasia was performed at 
the owner’s request. Propofol 0.6  mg/kg iv (Provive 1%, 
Pharmbio Korea Inc., Republic of Korea) and T 61 ad us. 
vet. 0.3 ml/kg iv (Korea MSD animal health, Republic of 
Korea) were used for euthanasia.

Discussion and conclusions
In this case, the patient developed iatrogenic Cushing’s 
syndrome during exogenous glucocorticoid therapy for 
IMHA, and it was controlled by tapering the glucocorti-
coid dose. After 3 weeks, the patient developed anorexia, 
which was later diagnosed as being due to symptomatic 
hypercalcemia. Pamidronate was administered once and 
other supportive care was provided to treat hypercalce-
mia. Nevertheless, the patient subsequently developed 
severe and irreversible symptomatic hypocalcemia and 
CKD, which led to death.

The hypercalcemia developed within 30 days of glu-
cocorticoid withdrawal. This patient showed increased 
total calcium, iCa, and phosphorus levels and decreased 
PTH levels, and was diagnosed as having parathyroid-
independent hypercalcemia because of the lower-than-
normal PTH level. The typical causes of hypercalcemia 
are adrenal insufficiency, hypervitaminosis A, alumi-
num exposure, and toxicity (cholecalciferol, calcitriol, 
or calcipotriene) [2]. However, based on the history tak-
ing and test results, we could exclude all causes other 
than adrenal insufficiency. The cause of hypercalcemia 
can be diagnosed using blood tests including those for 
serum 25-hydroxyvitamin D, 24,25(OH)2-vitamin D, 
calcitriol, and PTH-related protein concentrations [3]. 
Unfortunately, in this case, the owner refused all tests 
other than the PTH test; hence, a definitive diagnosis 
was impossible. Nevertheless, the cause of hypercal-
cemia was presumed to be hormone imbalance due to 
glucocorticoid withdrawal. The patient had shown clini-
cal characteristics such as polyuria/polydipsia, polypha-
gia, panting, distended abdomen, calcinosis cutis, and 
increased liver enzyme levels (alanine aminotransfer-
ase, aspartate aminotransferase, alkaline phosphatase, 
and γ-glutamyltransferase) during glucocorticoid with-
drawal. Therefore, the tentative diagnosis was iatrogenic 

Cushing’s syndrome. The hypercortisolemia may have 
occurred because of long-term glucocorticoid use. The 
causes of hypercalcemia related to glucocorticoid with-
drawal in this patient could be the following similar but 
non-identical conditions: (1) glucocorticoid-induced 
adrenal insufficiency; (2) glucocorticoid withdrawal syn-
drome; and (3) possible movement of calcium accumu-
lated in the skin and organs into the bloodstream and 
subsequent increase in concentration.

Although the mechanism underlying hypercalcemia 
due to glucocorticoid withdrawal remains unclear, hyper-
calcemia may occur because of increased bone resorp-
tion and decreased renal excretion of calcium due to 
adrenal insufficiency [20–22]. The diagnosis and treat-
ment of glucocorticoid-induced adrenal insufficiency and 
glucocorticoid withdrawal syndrome have been estab-
lished in humans [23]. Both these conditions could be 
attributed to glucocorticoid withdrawal after long-term 
use. However, adrenal insufficiency poses a risk of adre-
nal crisis, whereas glucocorticoid withdrawal syndrome 
does not. Since patients with glucocorticoid withdrawal 
syndrome have normal hypothalamic-pituitary adre-
nal function, their basal cortisol levels are normal. Since 
this patient developed hypercalcemia and had no stress 
leukogram after long-term glucocorticoid use, the patient 
could have a condition similar to glucocorticoid-induced 
adrenal insufficiency. In this patient, when hypercalce-
mia occurred, no typical low Na: K ratio was observed. 
This suggested a possibility of glucocorticoid-deficient 
secondary adrenal insufficiency due to glucocorticoid 
administration. Although the adrenocorticotrophic hor-
mone stimulation test was not performed, the basal cor-
tisol level was within the reference range. Moreover, the 
diagnosis of typical adrenal insufficiency is difficult. In a 
human patient with Cushing’s syndrome, adrenal insuf-
ficiency developed after adrenalectomy, followed by 
secondary hypercalcemia [21]. That patient initially pre-
sented with anorexia, low adrenocorticotrophic hormone 
levels, and normal serum cortisol levels, but subsequently 
developed hypercalcemia. Since our patient visited the 
hospital only 1 week after symptom onset and was diag-
nosed as having hypercalcemia, the serum cortisol level 
may have been normal at this time, as in the human case 
above.

Another cause of hypercalcemia is multiple calcifi-
cations resulting from long-term glucocorticoid use. 
Although it occurs very rarely and the cause is unknown, 
cases of hypercalcemia due to glucocorticoid withdrawal 
have been reported in a dog [24] and a human [25]. 
Chronic prednisolone use for 6 months resulted in iat-
rogenic Cushing’s syndrome and severe calcinosis cutis 
throughout the body of that dog [24]. Although glucocor-
ticoid discontinuation resulted in the resolution of cal-
cinosis cutis, the dog developed marked hypercalcemia, 
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presumably because calcium eluted from the calcified 
skin into the bloodstream. Since our patient also had a 
similar pathologic process, the cause of hypercalcemia 
could be similar.

In humans receiving systemic administration of gluco-
corticoids, factors that increase the risk of glucocorticoid 
withdrawal-induced adrenal insufficiency include daily 
administration for > 2–4 weeks, multiple daily split doses, 
and bedtime administration, and the factors that reduce 
the risk include alternate-day administration and pulse 
systemic therapy [22]. Nevertheless, clinical data on the 
protocols to reduce the glucocorticoid dose and thereby 
reduce these adverse events remain inadequate in both 
humans and animals. In humans, depending on the dose 
of glucocorticoid administered, a protocol of reducing 
the dose by 10–20% every 1–2 weeks and a protocol of 
reducing the dose by 20, 10, 5, 2.5 mg every 1–2 weeks 
have been suggested [26]. Nevertheless, studies on how 
to safely and effectively reduce the use of glucocorticoids 
over a long time in animals are currently lacking.

Our patient received fluid therapy, furosemide, cal-
citonin, and pamidronate to treat hypercalcemia, but 
developed very severe hypocalcemia. Considering the 
patient’s course and treatment characteristics, the main 
cause of hypocalcemia was pamidronate administration. 
Fluid therapy and furosemide do not cause persistent 
and severe hypocalcemia, and the calcium concentration 
continued to decrease even after the discontinuation of 
these treatments. Although calcitonin is fast-acting, it 
can induce only a moderate decrease in calcium concen-
tration, and resistance to calcitonin can occur if used for 
several days [27–29].

Since an IV injection of pamidronate has a subacute 
effect onset, iCa levels begin to decrease within 72  h 
after administration [2]. One dog with cancer-related 
hypercalcemia developed hypocalcemia on receiving 
nine consecutive treatments of single-agent pamidro-
nate, but although the clinical symptoms improved, the 
calcium levels did not normalize [9]. In three dogs with 
hypercalcemia secondary to an apocrine gland anal sac 
adenocarcinoma, symptomatic hypocalcemia developed 
after the injection of pamidronate prior to mass removal 
[30, 31]. The main cause of hypocalcemia in these dogs 
was that PTH-related protein was secreted by the tumor; 
in the presence of hypercalcemia, calcium concentration 
was lowered by removing the cancer, and pamidronate 
aggravated it. All these dogs achieved normocalcemia 
while receiving symptomatic treatment for hypocal-
cemia. In our patient, however, severe hypocalcemia 
occurred after the administration of only one dose of 
pamidronate. Another study on 95 dogs with cancer that 
were administered zoledronate, which is 100 times more 
potent than pamidronate, reported that only 9 dogs had 
hypercalcemia, and no hypocalcemia was observed after 

zoledronate administration [32]. In a human patient with 
hypercalcemia due to malignancy [33], the administra-
tion of one dose of pamidronate resulted in severe, irre-
versible hypocalcemia and death similar to our patient. 
That patient’s serum PTH and vitamin D concentrations 
were lower than the reference range. The risk factors for 
severe bisphosphonate-induced hypocalcemia are well 
known in humans, and include subclinical parathyroid 
gland function, vitamin D deficiency, impaired renal 
function, malabsorption syndrome, malnutrition, and 
severe hypomagnesemia. In our patient, PTH was not 
available at the time of the hypocalcemia, which is unfor-
tunate. In this case, a PTH test to check parathyroids 
gland function would have been more helpful in differen-
tiating the cause.

Vitamin D deficiency and CKD could be the factors 
contributing to the development of severe, irrevers-
ible hypocalcemia in the present case. Unfortunately, 
although we could not measure the serum vitamin D 
concentration in the current patient, we think that the 
vitamin D concentration decreased because of long-term 
glucocorticoid use and CKD, which were the underly-
ing conditions in this patient. In canine CKD, as the IRIS 
stage increases, the vitamin D concentration tends to 
decrease, and in particular, in stages 3 and 4, the concen-
tration is significantly lower than the reference range [34, 
35]. In the present study, the patient had CKD with IRIS 
stage 2 at the time of the first diagnosis of hypercalcemia, 
but CKD worsened to IRIS stage 3 after 3 days.

A correlation between glucocorticoid use and serum 
25-hydroxyvitamin D levels has been established in 
humans [36]. When glucocorticoids were used, the pos-
sibility of lower serum levels of 25-hydroxyvitamin D 
was half as likely compared to when glucocorticoids 
were not used. Glucocorticoids decrease intestinal cal-
cium absorption, increase urinary excretion of calcium, 
and enhance bone resorption [37, 38]. Similarly, in dogs 
with hypercortisolism, the serum 25-(OH)D concentra-
tion was significantly lower than that in normal dogs [39]. 
Further studies are warranted to establish a clear stan-
dard, and in patients at risk, glucocorticoid use should 
be reduced and serum calcium concentration should be 
closely monitored. In humans, vitamin D concentrations 
are measured before the administration of bisphospho-
nates and supplemented to reduce the risk of hypocalce-
mia [19]. Therefore, the vitamin D concentration should 
be measured even in animals before initiating treatment 
with bisphosphonates. In this patient, hypocalcemia was 
fatal, and both hypocalcemia and CKD were presumed to 
be the major causes of death.

The risk of nephrotoxicity increases with higher doses, 
shorter administration times, and frequent administra-
tion of IV bisphosphonates, such as pamidronate and 
zoledronate [40]. This is rare with oral bisphosphonates. 
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Cases of azotemia following the administration of pami-
dronate are rare in dogs [9, 41]. In previous studies [9, 
41], a total of 34 dogs were injected with pamidronate 
and two of them developed azotemia after injection of 
pamidronate (diluted in a total volume of 250 mL 0.9% 
sodium chloride and administered as a 2-hour CRI). They 
had adenocarcinoma of anal sac and hypercalcemia in 
common. It is possible that azotemia occurred as a side 
effect of pamidronate due to hypercalcemia resulting in 
renal injury. Moreover, zoledronate is more likely than 
pamidronate to cause renal tubule injury [42]. When 
zoledronate was used in 95 dogs with cancers, mild 
azotemia developed in 20 dogs and moderate azotemia 
developed in only 1 dog [32]. In these dogs, zoledronate 
did not cause azotemia. Nonsteroidal anti-inflammatory 
drugs, renal neoplasia, postrenal obstruction, and prer-
enal azotemia were the causes of azotemia. In the pres-
ent study, furosemide and calcitonin were also used in 
addition to pamidronate, and as the underlying CKD 
progressed rapidly with the use of several drugs that were 
nephrotoxic, CKD with IRIS stage 4 appeared to have a 
direct impact on the patient’s death together with hypo-
calcemia. Therefore, close monitoring of renal function 
should be performed in patients receiving pamidronate. 
In humans, if creatinine clearance is less than 30 mL/
min, pamidronate administration is a contraindication 
[43, 44]. Although creatinine clearance is an important 
factor in determining the administration of pamidronate 
in humans, there is no such guideline for pamidronate 
administration in animals because measuring creatinine 
clearance in animals is difficult.

In summary, the dog had iatrogenic Cushing’s syn-
drome and developed severe hypercalcemia after glu-
cocorticoid withdrawal. The use of pamidronate for the 
treatment of hypercalcemia resulted in hypocalcemia 
and rapid worsening of CKD. Although hypocalcemia 
is a rare side effect of bisphosphonate treatment, pami-
dronate can cause potentially life-threatening conditions. 
Therefore, a complete diagnostic approach to the cause 
of hypercalcemia is necessary before using pamidronate 
for the treatment of hypercalcemia, and the use of pami-
dronate should be carefully considered, especially in dogs 
that have undergone glucocorticoid withdrawal, and the 
appropriate treatment of hypercalcemia should be deter-
mined based on the underlying condition.

Abbreviations
PTH	� Parathyroid hormone
CKD	� Chronic kidney disease
iCa	� Ionized calcium
IMHA	� Immune-mediated hemolytic anemia
IRIS	� International Renal Interest Society
CRI	� Constant rate infusion

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12917-024-04030-x.

Supplementary Material 1

Acknowledgements
None.

Author contributions
OYI was a major contributor to manuscript writing, analysis, and interpretation 
of patient data. LGH, AJH, KTH, and SKW contributed to data interpretation 
and literature review. YHY was a major contributor to manuscript writing and 
literature review. All authors have read and approved the final manuscript.

Funding
None.

Data availability
The original contributions presented in the study are included in the article, 
and further inquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable. As this manuscript was a case report, no approval by an ethics 
committee was required.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 February 2023 / Accepted: 23 April 2024

References
1.	 Hardy BT, de Brito Galvao JF, Green TA, Braudaway SR, DiBartola SP, Lord L, 

Chew DJ. Treatment of ionized hypercalcemia in 12 cats (2006–2008) using 
PO-administered alendronate. J Vet Intern Med. 2015;29:200–6.

2.	 de Brito Galvão JF, Schenck PA, Chew DJ. A quick reference on hypercalcemia. 
Vet Clin North Am Small Anim Pract. 2017;47:241–8.

3.	 de Brito Galvão JF, Parker V, Schenck PA, Chew DJ. Update on feline ionized 
hypercalcemia. Vet Clin North Am Small Anim Pract. 2017;47:273–92.

4.	 Midkiff AM, Chew DJ, Randolph JF, Center SA, DiBartola SP. Idiopathic hyper-
calcemia in cats. J Vet Intern Med. 2000;14:619–26.

5.	 Schenck P, Chew D, Refsal K, Nachreiner R, Rick M. Calcium metabolic hor-
mones in feline idiopathic hypercalcemia. J Vet Intern Med. 2004;18:442.

6.	 Fan TM. Intravenous aminobisphosphonates for managing complications 
of malignant osteolysis in companion animals. Top Companion Anim Med. 
2009;24:151–6.

7.	 Suva LJ, Cooper A, Watts AE, Ebetino FH, Price J, Gaddy D. Bisphosphonates in 
veterinary medicine: the new horizon for use. Bone. 2021;142:115711.

8.	 Rogers MJ, Mönkkönen J, Munoz MA. Molecular mechanisms of action of 
bisphosphonates and new insights into their effects outside the skeleton. 
Bone. 2020;139:115493.

9.	 Fan TM, de Lorimier LP, Charney SC, Hintermeister JG. Evaluation of intrave-
nous pamidronate administration in 33 cancer-bearing dogs with primary or 
secondary bone involvement. J Vet Intern Med. 2005;19:74–80.

10.	 Fan TM, de Lorimier LP, O’Dell-Anderson K, Lacoste HI, Charney SC. Single‐
agent pamidronate for palliative therapy of canine appendicular osteosar-
coma bone pain. J Vet Intern Med. 2007;21:431–9.

11.	 Treggiari E, Elliott JW. Malignant pilomatricoma in a dog with local and 
distant metastases treated with chemotherapy and bisphosphonates. Open 
Vet J. 2017;7:208–13.

https://doi.org/10.1186/s12917-024-04030-x
https://doi.org/10.1186/s12917-024-04030-x


Page 8 of 8Oh et al. BMC Veterinary Research          (2024) 20:227 

12.	 Pagano C, Boudreaux B, Shiomitsu K. Safety and toxicity of an accelerated 
coarsely fractionated radiation protocol for treatment of appendicular osteo-
sarcoma in 14 dogs: 10 gy× 2 fractions. Vet Radiol Ultrasound. 2016;57:551–6.

13.	 Oblak ML, Boston SE, Higginson G, Patten SG, Monteith GJ, Woods JP. The 
impact of pamidronate and chemotherapy on survival times in dogs with 
appendicular primary bone tumors treated with palliative radiation therapy. 
Vet Surg. 2012;41:430–5.

14.	 Kozicki AR, Robat C, Chun R, Kurzman ID. Adjuvant therapy with carboplatin 
and pamidronate for canine appendicular osteosarcoma. Vet Comp Oncol. 
2015;13:229–36.

15.	 Hostutler RA, Chew DJ, Jaeger JQ, Klein S, Henderson D, DiBartola SP. Uses 
and effectiveness of pamidronate disodium for treatment of dogs and cats 
with hypercalcemia. J Vet Intern Med. 2005;19:29–33.

16.	 Fan TM, Charney SC, De Lorimier LP, Garrett LD, Griffon DJ, Gordon-Evans WJ, 
Wypij JM. Double‐blind placebo‐controlled trial of adjuvant pamidronate 
with palliative radiotherapy and intravenous doxorubicin for canine appen-
dicular osteosarcoma bone pain. J Vet Intern Med. 2009;23:152–60.

17.	 Ballard T, Chargui S. Pamidronate. https://pubmed.ncbi.nlm.nih.
gov/31869137/.

18.	 Papapetrou PD. Bisphosphonate-associated adverse events. Horm (Athens). 
2009;8:96–110.

19.	 Tanvetyanon T, Stiff PJ. Management of the adverse effects associated with 
intravenous bisphosphonates. Ann Oncol. 2006;17:897–907.

20.	 Oyama Y, Iwafuchi Y, Narita I. A case of hypercalcemia because of adrenal 
insufficiency induced by glucocorticoid withdrawal in a patient undergoing 
hemodialysis. CEN Case Rep. 2022;11:73–8.

21.	 Katahira M, Yamada T, Kawai M. A case of Cushing syndrome with both 
secondary hypothyroidism and hypercalcemia due to postoperative adrenal 
insufficiency. Endocr J. 2004;51:105–13.

22.	 Prete A, Bancos I. Glucocorticoid induced adrenal insufficiency. BMJ (2021) 
374n1380.

23.	 Baker EH. Is there a safe and effective way to wean patients off long-term 
glucocorticoids? Br J Clin Pharmacol. 2020;87:12–22.

24.	 Nakamura M, Kawamura Y, Minegishi M, Momoi Y, Iwasaki T. Hypercalcemia 
in a dog with resolution of iatrogenic Cushing’s syndrome. J Vet Med Sci. 
2004;66:329–31.

25.	 Suzuki K, Nonaka K, Ichihara K, Fukumoto Y, Miyazaki A, Yamada Y, Itoh Y, 
Seino Y, Moriwaki K, Tarui S. Hypercalcemia in glucocorticoid withdrawal. 
Endocrinol Jpn. 1986;33:203–9.

26.	 Nicholas MN, Li SK, Dytoc M. An approach to minimising risk of adrenal 
insufficiency when discontinuing oral glucocorticoids. J Cutan Med Surg. 
2018;22:175–81.

27.	 Martin LG. Hypercalcemia and hypermagnesemia. Vet Clin North Am Small 
Anim Pract. 1998;28:565–85.

28.	 Nussbaum SR, Younger J, Vandepol CJ, Gagel RF, Zubler MA, Chapman R, 
Henderson IC, Mallette LE. Single-dose intravenous therapy with pamidro-
nate for the treatment of hypercalcemia of malignancy: comparison of 30-, 
60-, and 90-mg dosages. Am J Med. 1993;95:297–304.

29.	 Ralston S, Dryburgh F, Cowan R, Gardner M, Jenkins A, Boyle I. Comparison 
of aminohydroxypropylidene diphosphonate, mithramycin, and corticoste-
roids/calcitonin in treatment of cancer-associated hypercalcaemia. Lancet. 
1985;326:907–10.

30.	 Olsen JA, Sumner JP. Clinical hypocalcemia following surgical resec-
tion of apocrine gland anal- sac adenocarcinomas in 3 dogs. Can Vet J. 
2019;60:591–5.

31.	 Kadar E, Rush JE, Wetmore L, Chan DL. Electrolyte disturbances and cardiac 
arrhythmias in a dog following pamidronate, calcitonin, and furosemide 
administration for hypercalcemia of malignancy. J Am Anim Hosp Assoc. 
2004;40:75–81.

32.	 Brewer DJ, Macfarlane M, O’Connell E, Bacon NJ. Toxicity of zoledronic acid 
after intravenous administration: a retrospective study of 95 dogs. J Vet Intern 
Med. 2022;36:253–8.

33.	 Kim S. A case of severe, irreversible hypocalcemia after one dose of pami-
dronate administered for hypercalcemia of malignancy. J Oncol Pharm Pract. 
2019;25:1787–93.

34.	 Cortadellas O, Fernández del Palacio MJ, Talavera J, Bayón A. Calcium and 
phosphorus homeostasis in dogs with spontaneous chronic kidney disease 
at different stages of severity. J Vet Intern Med. 2010;24:73–9.

35.	 Parker VJ, Harjes LM, Dembek K, Young GS, Chew DJ, Toribio RE. Associa-
tion of vitamin D metabolites with parathyroid hormone, fibroblast growth 
factor-23, calcium, and phosphorus in dogs with various stages of chronic 
kidney disease. J Vet Intern Med. 2017;31:791–8.

36.	 Skversky AL, Kumar J, Abramowitz MK, Kaskel FJ, Melamed ML. Association 
of glucocorticoid use and low 25-hydroxyvitamin D levels: results from the 
National Health and Nutrition Examination Survey (NHANES): 2001–2006. J 
Clin Endocrinol Metab. 2011;96:3838–45.

37.	 Canalis E. Clinical review 83: mechanisms of glucocorticoid action in bone: 
implications to glucocorticoid-induced osteoporosis. J Clin Endocrinol 
Metab. 1996;81:3441–7.

38.	 Lukert BP, Raisz LG. Glucocorticoid-induced osteoporosis: pathogenesis and 
management. Ann Intern Med. 1990;112:352–64.

39.	 Corsini A, Dondi F, Serio DG, Zamagni S, Golinelli S, Fernandez M, Fracassi F. 
Calcium and phosphate homeostasis in dogs with newly diagnosed naturally 
occurring hypercortisolism. J Vet Intern Med. 2021;35:1265–73.

40.	 Perazella MA, Markowitz GS. Bisphosphonate nephrotoxicity. Kidney Int. 
2008;74:1385–93.

41.	 Kadar E, Rush JE, Wetmore L, Chan DL. Electrolyte disturbances and cardiac 
arrhythmias in a dog following pamidronate, calcitonin, and furosemide 
administration for hypercalcemia of malignancy. J Am Anim Hosp Assoc. 
2004;40(1):75–81.

42.	 Body JJ, Pfister T, Bauss F. Preclinical perspectives on bisphosphonate renal 
safety. Oncologist. 2005;10(Suppl 1):3–7.

43.	 Ganesan K, Bansal P, Goyal A, Roane D, Bisphosphonate. https://pubmed.ncbi.
nlm.nih.gov/29262103/.

44.	 Lee OL, Horvath N, Lee C, Joshua D, Ho J, Szer J, Quach H, Spencer A, Harrison 
S, Mollee P, Roberts AW, Talaulikar D, Brown R, Augustson B, Ling S, Jaksic 
W, Gibson J, Kalff A, Johnston A, Kalro A, Ward C, Prince HM, Zannettino A. 
Bisphosphonate guidelines for treatment and prevention of myeloma bone 
disease. Intern Med J. 2017;47:938–51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://pubmed.ncbi.nlm.nih.gov/31869137/
https://pubmed.ncbi.nlm.nih.gov/31869137/
https://pubmed.ncbi.nlm.nih.gov/29262103/
https://pubmed.ncbi.nlm.nih.gov/29262103/

	﻿Pamidronate-induced irreversible symptomatic hypocalcemia in a dog with hypercalcemia after glucocorticoid withdrawal: a case report
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿The patient information
	﻿Diagnostic assessment

	﻿Discussion and conclusions
	﻿References


