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Abstract

Background Evaluation of hypercalcaemia in a patient with chronic kidney disease (CKD) is challenging, especially
in low-resource settings. Hormone assays should be interpreted with caution as CKD affects both parathyroid hor-
mone (PTH) and vitamin D. Therapies such as bisphosphonates are contraindicated in CKD, while fluid resuscita-
tion can lead to volume overload. We report the diagnostic workup of a patient with stage V CKD who presented
with symptomatic hypercalcaemia and discuss the diagnostic pitfalls and therapeutic challenges.

Case presentation A 72-year-old Sri Lankan woman with stage V, non-oliguric CKD presented with a 2-week his-
tory of worsening lassitude, increased thirst and constipation. She was clinically euvolemic and did not have signs

of uraemia. Bilateral lung fields had occasional coarse crepitations. The rest of the physical examination was normal.
Her serum creatinine level was similar to her baseline (4.7 mg/dl, eGFR 9 ml/min). She was found to have a high serum
calcium (14.3 mg/dl) and phosphate (5.0 mg/dl) levels. Her PTH level was 24.1 pg/ml (15-68), and she was deficient
in 25-hydroxycholecalciferol (9 mg/ml (30-100)). She was not on calcium or vitamin D supplementation. Dissemi-
nated tuberculosis was diagnosed after detecting granulomata in the lungs and abdomen in the contrast-enhanced
computed tomography (CECT) and mycobacterial DNA in sputum. She was hydrated with 0.9% NaCl with meticulous
use of frusemide. The effect of frusemide waned off by the 10th day, requiring haemodialysis to control the hyper-
calcaemia. Vitamin D was replaced intramuscularly with 200,000 IU, after which the calcium levels increased. She

was treated with IV pamidronate 30 mg, and the calcium levels started reducing drastically. Antituberculous therapy
(ATT) was initiated 7 days after pamidronate treatment. The calcium levels normalised 2 days after ATT and sustained
beyond 2 months.

Conclusion Interpretation of PTH and phosphate levels should be done with caution when evaluating hypercal-
caemia in patients with advanced chronic kidney disease. First- and second-generation assays detect PTH fragments
which accumulate in CKD, leading to false positives. Hypophosphataemic effects of PTH/PTHrP can be masked

by accumulation of phosphate in CKD. Bisphosphonates might have a role in treating calcitriol-induced hypercalcae-
mia, although this needs further evaluation.
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Background

Common causes for hypercalcaemia among adults are
primary hyperparathyroidism and hypercalcaemia of
malignancy. Chronic kidney disease (CKD) makes the
diagnostic work-up and treatment of hypercalcaemia
challenging. Parathyroid hormone (PTH) assays and
vitamin D levels should be interpreted with caution.
Therapeutics of hypercalcaemia which includes vigorous
intravenous fluid therapy and bisphosphonates can have
effects on the chronic kidney disease.

We report a patient with stage 5 CKD who presented
with symptomatic hypercalcaemia. We discuss the diag-
nostic challenges and pitfalls of interpreting the labora-
tory investigations. Furthermore, we discuss how we
managed the patient during the process of evaluation
with emphasis on disease-disease and drug-disease
interactions. We believe that this case report will pro-
vide guidance for clinicians managing hypercalcaemia in
patients with advanced CKD.

Case presentation

A 72-year-old female with non-oliguric stage V chronic
kidney disease (CKD) secondary to diabetic nephropa-
thy with a baseline serum creatinine of 4.7 mg/dl (eGFR
9 ml/min) presented with a 2-week history of worsening
lassitude, malaise, increased thirst and constipation. She
did not have fever, chronic cough or a backache; the rest
of the systemic inquiry was unremarkable. Her comor-
bidities included hypertension. Her routine medications
were cilnidipine 10 mg daily per oral (PO), tolbutamide
250 mg thrice daily PO, famotidine 20 mg twice daily PO,
hydrochlorothiazide 25 mg in the morning PO, prazosin
5 mg thrice daily PO and subcutaneous erythropoietin
4000 IU thrice a week. She was not on calcium supple-
ments, vitamin D or vitamin D analogues.

On examination, the patient was euvolemic. Blood
pressure was 160/100 mmHg. Occasional coarse crepi-
tations were heard in both lung fields. There were no
flapping tremors, pericardial rubs or conjunctival pallor,
palpable lymph nodes or hepatosplenomegaly. The rest of
the physical examination was normal.

A blood urea and serum creatinine levels were similar
to her baseline values. The evaluation of serum electro-
lytes revealed a high serum calcium level (Table 1).

Hydrochlorothiazide was withheld, as it can cause
hypercalcaemia. Despite stopping the thiazides, the
hypercalcaemia persisted. Therefore, she was hydrated
with IV 0.9% NacCl (3 1/day). As she had advanced chronic
kidney disease, IV frusemide (40 mg twice daily) was
used judiciously to prevent volume overload and to
increase the urinary calcium excretion. Although the
serum calcium levels reduced initially, it increased again
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Table 1 Serum biochemistry on admission

Value Normal range

Serum total Ca?* (mg/dl) 136 8.6-10.2
Serum albumin (g/dl) 3.1 35-55
Albumin corrected Ca?* (mg/dl) 143 84-10.2
Serum PO,>~ (mg/dl) 50 23-47

Serum Na* (mmol/I) 130 136-145
Serum K* (mmol/I) 34 3.5-5.1

Serum creatinine (mg/dl) 471 0.57-1.11
Estimated GFR (ml/min/1.73 m?) 9

requiring treatment with haemodialysis (with a dialysate
Ca”* concentration of 7.21 mg/dl) and IV pamidronate
30 mg single dose (Fig. 1). The calcium levels dropped
drastically after the treatment with bisphosphonates.

The investigation results of hypercalcaemia evaluation
is given in Table 2.

Vitamin D deficiency was treated with a loading dose
of IM vitamin D 200,000 IU and daily vitamin D 5000 IU
supplementation.

Activated vitamin D (1,25-dihydroxycholecalciferol)
level, serum ACEI levels and PTHrP (parathyroid hor-
mone-related peptide) levels and an uptake scan of the
parathyroids were not done due to resource limitation.

A contrast-enhanced computer tomography (CECT) of
the neck, chest, abdomen and pelvis was done to iden-
tify an occult tumour which revealed widespread granu-
lomata suggestive of tuberculosis. However, granulomata
in the bone were not seen. Mycobacterial DNA was
detected in the sputum using a cartridge-based nucleic
acid amplification test.

A diagnosis of “disseminated miliary tuberculosis lead-
ing to hypercalcaemia” was made. She was initiated on
anti-tuberculosis therapy (ATT) 7 days after treatment
with IV pamidronate. The calcium levels normalised
2 days after starting ATT and persisted beyond 2 months.

The fluctuation of calcium levels along with the time-
line of treatment is given in Fig. 1.

Discussion and conclusion

Evaluation of hypercalcaemia in a patient with chronic
kidney disease CKD is challenging, especially in the low-
resource setting. We discuss the diagnostic and thera-
peutic challenges faced in managing a patient with stage
V chronic kidney disease, presenting with symptomatic
hypercalcaemia.

Chronic kidney disease itself affects the calcium and
phosphate metabolism of the body. Hence, the presence
of CKD was a major confounding factor in evaluation of
the index patient.
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Table 2 Investigation results of hypercalcaemia evaluation
Value Normal range
Serum 25-hydroxycholecalciferol (ng/ml) 9 <20 — deficient

20-30 — insufficiency
30-100 — sufficiency

Serum PTH (pg/ml) 24.1 15-68
Serum calcium (on the day of PTH assay) (mg/dl) 1.9 84-10.2
Serum POf‘ (on the day of PTH assay) (mg/dl) 43 23-4.7
ALP (U/1) 49 40-150
ESR (mm/1st hour) 141
Serum protein electrophoresis No abnormal monoclonal band
Skeletal survey No lytic lesions
Ultrasound of parathyroid glands No features suggestive of parathyroid gland enlarge-

ment
TSH (mU/1) 279 0.35-4.94
T4 (ng/dl) 0.82 0.7-2.0
9 am cortisol (nmol/I) 356 nmol/I 138-635

What happens to the calcium and phosphate metabolism
in chronic kidney disease?

With the progressive loss of nephrons in CKD, the kid-
ney loses its ability to excrete the phosphate ions, which
leads to phosphate retention and hyperphosphatemia [1].
Hyperphosphatemia causes increased secretion of fibro-
blast growth factor 23 (FGF-23) from osteocytes and
osteoblasts [2].

FGF-23 have a myriad of effects on the calcium and
phosphate metabolism. It reduces phosphate reabsorp-
tion in the kidney and increases urinary excretion of
phosphate by downregulation of luminal type 2 sodium-
dependent phosphate cotransporters in the proximal
tubule [3]. In addition, it increases calcium and sodium
reabsorption at the distal tubule by increasing expression
of apical epithelial calcium channel TRPV5 (transient
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receptor potential vanilloid-5) and the sodium-chlo-
ride cotransporter [4]. Furthermore, FGF-23 reduces
synthesis and increases degradation of 1,25-dihy-
droxycholecalciferol (1,25(0OH),D3) by inhibition of
the 1-a-hydroxylase (CYP27B1) and by stimulation of
24-hydroxylase (CYP24A1) respectively [5]. FGF-23
directly reduces production and secretion of PTH act-
ing on PTH transcription [6] and indirectly via increasing
calcium-sensing receptor (CaSR) and vitamin D receptor
(VDR) expression in the parathyroid glands [6]. It acts on
the gut and reduces intestinal absorption of phosphorus
through inhibition of NaPi2b cotransporter activity [7].

Hence. the cumulative effect of FGF-23 is to reduce the
serum phosphate levels. In early CKD, FGF-23 maintains
normophosphataemia by the above mechanisms. How-
ever, with the progression of CKD (when GFR declines
below 30-40 ml/min/1.73 m?), FGF-23 fails to maintain
normophosphataemia, and the serum phosphate levels
rise leading to a secondary hyperparathyroidism.

Therefore, advanced chronic kidney disease is a state
with normal or low calcium levels, elevated phosphate
levels, elevated PTH levels, reduced activated vitamin D3
(1,25(0OH),D3) levels and elevated FGF-23 levels.

As the index patient was not on calcium-based phos-
phate binders or vitamin D supplementation, we
expected the above biochemical/endocrine profile to be
unaltered and reflect her baseline state. It posed a dif-
ficulty in interpreting the serum phosphate levels when
she presented with hypercalcaemia as her baseline serum
phosphate level was not known. In an otherwise healthy
patient presenting with hypercalcaemia, a low serum
phosphate level indicates that the hypercalcaemia is
PTH/PTHrP mediated. Such inferences cannot be readily
made in the presence of chronic kidney disease. There-
fore, we could not narrow down the differential diagnosis
with the electrolytes alone.

What causes hypercalcaemia in CKD?
Hypercalcaemia in chronic kidney disease is most com-
monly due to use of calcium and activated vitamin D sup-
plementation. Prolonged secondary hyperparathyroidism
can lead to autonomous secretion of PTH from the para-
thyroid cells resulting in tertiary hyperparathyroidism.
The index patient was not treated with vitamin D ana-
logues. Her serum PTH levels were not elevated. The
imaging of the parathyroids was normal. Hence, both of
above possibilities were refuted.

How to interpret the PTH levels of the index patient?

The PTH and vitamin D levels of the patient were tested
on the 12th day after admission, due to limitation of
resources. Her PTH level was within the normal range,
and she was deficient in 25-hydroxycholecalciferol.
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We expected the PTH levels to be high if it was a PTH-
mediated hypercalcaemia and the PTH to be suppressed
if it was non-PTH mediated. Interpreting the non-sup-
pressed PTH posed a diagnostic challenge.

The albumin-corrected calcium level and serum phos-
phate level were 11.9 mg/dl (8.5-10) and 4.3 mg/dl
(2.5-4.6), respectively, on the day of the PTH assay (the
reduction of phosphate levels from the admission value
of 5.0 mg/dl is probably due to the phosphaturic effect
of furosemide [8]. The patient was not haemodialysed by
this time).

Factors that increase or decrease the secretion of PTH
are given in Table 3 [9].

The index patient was hypercalcaemic and normophos-
phataemic at the time of testing serum PTH levels.
Although we do not know the 1,25-dihydroxycholecal-
ciferol levels, it was likely to be elevated as she had a
widespread granulomata which secrete activated vitamin
D. Therefore, it is expected for her PTH levels to be sup-
pressed (the half-life of PTH is 3 min [10]).

Parathyroid hormone is secreted to the blood as an 84
amino acid peptide, which is biologically active (1-84
PTH). The first 34 amino acids which forms into an alpha
helix is crucial for its biological activity [11]. PTH is
metabolised in the liver and kidneys into inactive metab-
olites by the removal of the biologically active N-terminal
amino acids [12]. These metabolites are called middle and
carboxyl terminal (C terminal) fragments. The abundant
fragment is the “7—-84 PTH fragment” [13]. These inactive
metabolites are excreted via the kidneys, and they tend
to accumulate in the body in renal failure. Additionally,
parathyroid glands secrete a certain amount of inactive
C-terminal PTH to the blood [14].

Parathyroid hormone assays have evolved in three gen-
erations. First-generation PTH assays use a single poly-
clonal antibody directed against the C-terminal part or
midterminal part of PTH; hence, it cannot be used to
differentiate active PTH from inactive PTH metabolites
[15]. Second-generation assays (a sandwich immunoas-
say) use two antibodies to measure PTH. One antibody
is directed against the C-terminal part, and the other
antibody is directed against the N-terminal part of
PTH. Although the 2nd generation assays are supposed
to measure the full length (1-84) PTH, the N-terminal

Table 3 Factors affecting the secretion of PTH from the parathyroids

Factors increasing PTH secretion Factors decreasing PTH secretion

Hypocalcaemia Hypercalcaemia (via CaSR)

Hyperphosphataemia 1,25-Dihydroxycholecalciferol
FGF-23

Hypomagnesaemia
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antibody is not directed against the 1st four amino acids.
Hence, it can still measure certain PTH fragments,
including the 7-84 PTH fragment [13]. Third-genera-
tion assays circumvent this problem by using antibodies,
directed against the first four amino acids of full-length
PTH. Although third-generation assays seem more spe-
cific than second-generation assays, these assays can
detect PTH forms that are posttranslationally modified,
like the form found overproduced in parathyroid carci-
noma [15].

We used a second-generation PTH assay. Hence, it
might be that the PTH was actually suppressed, but the
assay measured PTH fragments, which were accumulated
due to the chronic kidney disease. Unavailability of a
third-generation assay was a major limitation of the eval-
uation. A parathyroid uptake scan can be used to detect
the activity of the glands. Absent or reduced uptake by
the parathyroids would confirm the conclusion that the
unexpectedly normal level of PTH of the index patient
was due to assay interference by metabolites of PTH.

Therefore, when interpreting the PTH levels in patients
with advanced CKD, it is prudent to be mindful about the
generation of the assay. Furthermore, higher generation
assays should be used upfront, and there should be a low
threshold for parathyroid uptake scans.

The patient was then evaluated for a non-PTH-medi-
ated cause for hypercalcaemia, which led to a diagnosis
of disseminated tuberculosis.

How does tuberculosis cause hypercalcaemia?
Hypercalcaemia is known to occur in granulomatous
diseases (tuberculosis, sarcoidosis, leprosy, lymphomas,
berylliosis and disseminated candidiasis), and it is medi-
ated by increased production of activated vitamin D3
(1,25-dihydroxycholecalciferol) [16]. As hypercalcaemia
occurs in anephric patients with granulomatous diseases,
production of 1,25-dihydroxycholecalciferol should be
extra-renal [17, 18]. Pulmonary alveolar macrophages
in sarcoidosis [19] and tuberculosis [20] express 25(OH)
D;-1a-hydroxylase. Therefore, hypercalcaemia in granu-
lomatous diseases is mediated by enhanced production of
1,25-dihydroxycholecalciferol by activated macrophages
and T lymphocytes within the granulomata. It is believed
that vitamin D promotes intracellular killing of mycobac-
teria by macrophages [20, 21].

Unlike the renal la-hydroxylase, the counterpart
enzyme expressed in granulomata is not inhibited by
calcium or 1,25-dihydroxycholecalciferol [19] and is
stimulated by interferon T, but not PTH [22]. Hence,
production of 1,25-dihydroxycholecalciferol is propor-
tional to the availability of 25-hydroxycholecalciferol in
granulomatous diseases.
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It can be seen that the serum calcium levels increased
after replacement of vitamin D in the index patient,
despite treatment with furosemide.

Why was the patient treated with vitamin D? Was it right?
Replacement of vitamin D should be considered in cases of
primary hyperparathyroidism-mediated hypercalcaemia
for a multitude of reasons. Primary hyperparathyroidism
is associated with vitamin D (25-hydroxycholecalciferol)
deficiency [23, 24], and the combination indicates a poor
outcome. Patients with vitamin D deficiency and primary
hyperparathyroidism have higher PTH levels, higher bone
turnover, reduced bone mineral density (BMD) and higher
incidence of postoperative hypocalcaemia, compared
to patients with primary hyperparathyroidism without
vitamin D deficiency [25-27]. A randomised controlled
clinical trial with 46 patients revealed that periopera-
tive vitamin D supplementation in patients with primary
hyperparathyroidism and vitamin D deficiency lead to
reduced PTH levels and reduced bone resorption with
improved bone mineral density before surgery [28]. Inter-
estingly, the vitamin D deficiency, associated with hyper-
parathyroidism, resolves after parathyroid surgery even
without vitamin supplementation [29].

In the index patient, vitamin D deficiency was noted
before the detection of disseminated tuberculosis, while
a PTH-mediated hypercalcaemia was still being consid-
ered. In retrospect, replacement of vitamin D turned out
to be detrimental. Therefore, prompt vitamin D replace-
ment should be discouraged in hypercalcaemic patients,
who do not have clear evidence of hyperparathyroidism.

Treatment with fluids and frusemide — was it right?

And why did it fail?

Loop diuretics increase urinary calcium excretion and
can be used in the treatment for acute hypercalcaemia
[30]. The 2022 Endocrine Society clinical practice guide-
lines for treatment of hypercalcaemia of malignancy
state that frusemide can be added to fluid hydration in
hypercalcaemia, although “there is very little evidence
to support the efficacy and safety of the use in the man-
agement of hypercalcaemia of malignancy” [31]. Loop
diuretics should be used with caution as hypercalcaemia
itself cause a nephrogenic diabetes insipidus. Use of fru-
semide without appropriate fluid replacement can lead
to dehydration and worsen hypercalcaemia. The patient
in this case had advanced chronic kidney disease; hence,
she was at risk of getting overloaded with fluid resuscita-
tion. Therefore, we used frusemide to prevent hypervol-
aemia and used its hypercalciuric effects to mitigate the
hypercalcaemia.
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In the index case as there was a diagnostic delay, the
patient was treated with a prolonged course of loop
diuretics where it was noted that the effect of frusem-
ide diminished beyond the 10th day. The patient was
not clinically volume deplete at any point, and the total
fluid intake was matched to the previous day’s urine out-
put plus the insensible losses. Hence, the persistence of
hypercalcaemia despite frusemide is unlikely to be due
to urinary free water loss resulting in increased concen-
tration of the serum calcium. The serum creatinine did
not change drastically throughout this period. We do not
know the underlying mechanism for the reducing effi-
cacy of frusemide with time. It is possible that the kid-
neys increased their capacity to reabsorb Ca®* from the
distal tubules over time, as demonstrated in rat models.
In a study where mice were treated with frusemide, it
was noted that chronic furosemide administration was
associated with elevated mRNA levels for calcium trans-
port molecules (TRPV5, TRPV6) and storage molecules
(calbindin-D28k and calbindin-D9Kk) in the renal tubular
cells [32].

Bisphosphonates

for 1,25-dihydroxycholecalciferol-mediated
hypercalcaemia

As the patient’s response to frusemide was declining over
time and the calcium levels were increasing progres-
sively requiring haemodialysis, she was treated with IV
pamidronate while evaluating for a possible aetiology, in
consideration of possible PTH-mediated disease. We had
to resort to bisphosphonates accepting the renal toxicity
despite the patient having CKD, because denosumab was
not available. It was noted that the calcium levels started
dropping after the treatment with bisphosphonates.

Vitamin D causes hypercalcaemia by predominantly
increasing the gut absorption and renal reabsorption
(via TRPV-5 in the proximal tubule) of calcium [33].
The effect of vitamin D3 on bone is mainly to activate
osteoblasts directly and osteoclasts indirectly, leading to
increased bone matrix deposition.

Bisphosphonates cause osteoclast apoptosis and reduce
bone resorption [34]. Therefore, bisphosphonates are
advocated in hypercalcaemia secondary to increased
bone resorption, typically in hypercalcaemia secondary
to malignancy. Are bisphosphonates effective in treating
activated vitamin D3-mediated hypercalcaemia?

There are no randomised clinical trials that have evalu-
ated the therapeutic efficacy of bisphosphonates in vita-
min D3-mediated hypercalcaemia. However, there are
case reports which have demonstrated a reduction in
calcium levels after treatment with bisphosphonates in
granulomatous diseases.
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Issacs et al. treated a patient with miliary tuberculosis
with  3-amino-l-hydroxypropylidene-1,I-biphosphonate
0.3 mg/kg on two consecutive days, prior to starting anti-
tuberculosis treatment which resulted in a “prompt fall in
serum calcium levels” [35]. Roselyn et al. treated a patient
with vitamin D3-induced hypercalcaemia secondary to a
follicular lymphoma with IV zolendronic acid and suc-
cessfully maintained normo-calcaemia until initiation of
chemotherapy [36]. The 2022 “endocrine society clini-
cal practice guidelines for treatment of hypercalcemia of
malignancy in adults” recommend bisphosphonates for
calcitriol-mediated hypercalcaemia (as in lymphomas),
if the patients continue to have severe or symptomatic
hypercalcemia despite treatment with glucocorticoids
[31].

In the index patient, it was noted that the serum cal-
cium levels started to normalise with the treatment with
bisphosphonates. She was not treated with steroids at any
point. The CECT did not reveal any tuberculous granulo-
mata in the bone, which would have otherwise explained
the response to bisphosphonates. A bone scan was not
done due to the limited resources. Therefore, bisphos-
phonates might be effective in treating hypercalcaemia
in granulomatous diseases. Its efficacy and the probable
underlying mechanism should be studied further.

The use of bisphosphonates in advanced CKD is gen-
erally contraindicated due to inadequate data and con-
cerns of risk. The risks of bisphosphonates in advanced
chronic kidney disease are twofold: renal toxicity and the
adverse effects on bone. Bisphosphonates can cause focal
segmental glomerulosclerosis [37] and acute tubular
necrosis [38]. In the bone, it can cause low bone turnover,
osteomalacia mixed uraemic osteodystrophy and wors-
ening of hyperparathyroidism when used in patients with
CKD [39].

However, the patient’s kidney function remained sta-
ble 1 week after treatment with bisphosphonates. The
long-term effects of using bisphosphonates in this patient
are yet to be unfolded.

In conclusion, evaluating hypercalcaemia in patients
with CKD is challenging. The serum phosphate levels
should be interpreted with caution, as they are elevated
due to CKD per se. Reduced renal functions can lead
to accumulation of PTH fragments, which can give a
falsely elevated PTH levels, especially if older generation
assays are used. Third-generation assays and parathyroid
uptake scans are preferred. The hypocalcaemic effect of
furosemide may be less in advanced kidney disease and
could fade with continuous treatment. Although granu-
lomatous diseases cause a vitamin D-mediated hypercal-
caemia, bisphosphonates seem to be effective in reducing
calcium levels; further studies are needed to elucidate the
efficacy and probable mechanism.
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The serum calcium levels dropped with the initial
treatment with fluid resuscitation and use of IV fru-
semide, although this effect waned off by the 10th
day. Haemodialysis was used to control the worsening
hypercalcemia. Note how the calcium levels increased
after replacing vitamin D, despite haemodialysis. Cal-
cium levels started reducing after treatment with bis-
phosphonates and plummeted to the normal range
after initiating antituberculous therapy.
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