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Abstract

A 58-year-old man with Stage 3b chronic kidney disease and primary hyperparathyroidism treated
with cinacalcet was admitted for acute cholecystitis. A cholecystostomy tube was placed, esti-
mated glomerular filtration rate decreased, metabolic acidosis developed and ionized calcium in-
creased from 1.33 to 1.76 mM despite cinacalcet administration. A sodium bicarbonate infusion
corrected the metabolic acidosis restoring ionized calcium to normal despite no improvement in
renal function. The correlation between the increase in serum bicarbonate and decrease in ionized
calcium was r=-0.93, P<0.001. In summary, severe hypercalcemia was attributable to metabolic
acidosis increasing calcium efflux from bone while renal failure decreased the capacity to excrete

calcium.
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Introduction

Metabolic acidosis is responsible for many actions that
affect calcium homeostasis. These include increased
calcium efflux from bone [1, 2], enhanced release of
albumin-bound calcium in the circulation [3], stimulation
of parathyroid hormone (PTH) secretion [4-6] and in-
creased renal excretion of calcium [1, 2, 7]. The bone
effects of metabolic acidosis may in part be due to stimu-
lation of osteoclastic activity and suppression of osteo-
blasts [8-10], but the rapid response to metabolic acidosis
would suggest that calcium efflux from bone is also a
physicochemical process [11, 12]. Stimulation of PTH
secretion by metabolic acidosis is likely due to its effect
on the calcium-sensing receptor in which sensitivity to
calcium is decreased [13]. The increase in serum calcium
induced by metabolic acidosis inhibits further PTH secre-
tion [14]. Finally, metabolic acidosis enhances renal
calcium excretion through its effect on TRPV5 in the distal
tubule [7]. Besides increased efflux of calcium, the simul-
taneous release of bicarbonate from bone buffers the
metabolic acidosis. Thus, the effect of metabolic acidosis
on calcium is complex and involves bone, and the parathy-
roid gland and kidney. As such, it is difficult in an in vivo
setting to separate the direct effect of metabolic acidosis
on calcium efflux from bone from that of increased
PTH secretion and enhanced renal excretion of calcium.
Because of several unique features of the patient de-
scribed below, the case provides insights into the magni-
tude of the independent effect of metabolic acidosis on
calcium efflux from bone and the resulting hypercalcemia.

Case report

The patient is a 58-year-old male with primary hyperpara-
thyroidism and Stage 3b chronic kidney disease (CKD) with
a baseline serum creatinine of 2 mg/dL [estimated glom-
erular filtration rate (eGFR) 34 mL/min/1.73 m?]. Primary
hyperparathyroidism and low proteinuric CKD were as-
cribed to previous long-term lithium use. The patient was
taking cinacalcet 30 mg three times daily to control the
hyperparathyroidism. Recent ionized calcium values
ranged from 1.28 to 1.43 mM (normal 1.15-1.29 mM). The
last intact PTH value obtained 4 months before admission
was 45 pg/mL (Bayer Advia Centaur, normal 14-72 pg/mL).
Other pertinent medical conditions included a previous
emergency colectomy with ileostomy for severe clostridia
difficile colitis, paranoid schizophrenia, recurrent pancrea-
titis, paroxysmal atrial fibrillation and hypertension.
Twelve days before admission, his weight, height and
body mass index were 139.8 lbs (63.5 kg), 70 in. (177.8
c¢m) and 20.1, respectively.

The patient, a nursing home resident and bedridden for
2 years, was sent to the emergency department because
of abdominal pain. The white blood cell count was 25 200.
Other pertinent admission chemistries included serum
creatinine 2.51 mg/dL (222 pmol/L), bicarbonate 18
mmol/L and ionized calcium 1.33 mM. Serum amylase
was normal, and lipase was minimally increased at 79 U/L
(normal 5-58 U/L). Serum alkaline phosphatase was 416
U/L, bilirubin 2.2 mg/dL (37 pmol/L) and albumin 1.8 g/dL
(18 g/L). Acute cholecystitis was diagnosed based on
imaging studies showing a distended gallbladder with
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Table 1. Biochemical results before and after bicarbonate treatment during hospital admission

Hospital Sodium Chloride Potassium BUN Creatinine eGFR (mL/ Calcium Phosphorus Albumin
day (mmol/L) (mmol/L) (mmol/L) (mg/dL) (mg/dL) min/1.73 m?) (mg/dL) (mg/dL) (g/dL)
1 134 109 4.5 25 2.51 27 8.2 4.1 1.8

3 136 112 L4 34 2.89 23

5 132 112 3.6 34 2.84 23

8 136 115 33 23 3.02 21 10.5 3.6 1.7
10 139 120 33 18 291 22

12 136 117 4.0 19 3.22 20

13¢ 137 117 3.8 23 3.37 19

14 135 114 4.0 31 3.76 17

16 135 111 3.8 31 3.62 17

18 135 108 3.9 33 3.49 18 8.0 4.2 1.6
20 138 107 4.6 33 3.43 19

To convert blood urea nitrogen (BUN) mg/dL to mmol/L multiply by 0.357. To convert creatinine mg/dL to pmol/L multiply by 88.4. To convert calcium to

mmol/L multiply by 4. To convert phosphorus to mmol/L multiply by 0.3229.

“Bicarbonate replacement was started on hospital day 13.

To convert albumin to g/L multiply by 10.
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FIGURE 1: Serum bicarbonate and ionized calcium (iCa) values are shown during the development and treatment of metabolic acidosis.

wall thickening and stone. Because the patient was a poor
surgical candidate, a percutaneous cholecystostomy tube
was placed and intravenous levofloxacin, flagyl and
normal saline were started. The patient also had acute
kidney injury superimposed on CKD (Table 1), low serum
bicarbonate and hypercalcemia (Figure 1). During the
next 2 weeks, serum bicarbonate values decreased to
13-15 mmol/L presumably because of renal failure, daily
replacement with 3-3.5 L of normal saline and bicarbon-
ate losses via copious ileostomy output and drainage from
the cholecystostomy tube. Serum creatinine increased
from 2.51 (222 pmol/L) to 3.76 mg/dL (332 pmol/L) (eGFR
27 to 17 mL/min/1.73 m?) despite continuous volume
expansion with normal saline (Table 1). Ionized calcium
increased from an admission value of 1.33 mM to a peak
value of 1.76 mM (Figure 1) even though cinacalcet was
continued at 30 mq three times daily. A PTH value was 45
pg/mL when the ionized calcium was 1.71 mM. A 1,25
vitamin D level drawn on hospital day 10 was <8 pg/mL
(<19 pmol/L) (normal 18-72 pg/mL). An arterial blood gas
on hospital day 12 showed a metabolic acidosis with a
pH 7.25, bicarbonate 14 mmol/L and pCO, 29 mmHg.

On the following day, the patient was started on D5 %
normal saline with 50 meq of sodium bicarbonate added
to each liter, at 150 mL/h. During the next 5 days, ionized
calcium decreased from 1.61 to 1.18 mM as serum bicar-
bonate increased from 14 to 23 mmol/L (Figure 1). The cor-
relation between serum bicarbonate and ionized calcium
was r=-0.93, P<0.001. During the same time, eGFR only
improved marginally from 17 to 19 mL/min/1.73 m?.

Discussion

The patient was admitted for acute cholecystitis. During
the hospitalization, his Stage 3b CKD deteriorated to ad-
vanced Stage 4 kidney disease presumably from sepsis.
Urine output remained adequate despite renal failure. The
progressive decrease in serum bicarbonate was shown by
arterial blood gas to be from metabolic acidosis. Besides
renal failure, also contributing to the decrease in serum bi-
carbonate was gastrointestinal losses from the gallblad-
der drainage and the ileostomy [15] and the continuous
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infusion of normal saline. As serum bicarbonate decreased,
the ionized calcium concentration increased dramatically.
During metabolic acidosis, more calcium is released from
circulating albumin but the amount is limited especially
in this patient with a serum albumin of 1.5-1.9 g/dL (1.5-
1.9 g/L) [3]. Although not measured, the patient’s capacity
to excrete a calcium load would be greatly reduced
because of renal failure [16, 17]. Thus, the main source of
the hypercalcemia in this patient with metabolic acidosis
must have been from bone. Furthermore, treatment of
the metabolic acidosis with an infusion of sodium bicar-
bonate resulted in a progressive correction of the hyper-
calcemia despite no improvement in renal function.
Immobilization would seem to be an unlikely cause of
hypercalcemia because the patient was already immobi-
lized for 2 years, immobilization was unchanged before
and after the development and resolution of the hyper-
calcemia, and changes in ionized calcium correlated with
the degree of acidosis.

In the 1960s, Lemann et al. [1] showed that (i) in
normal volunteers, ammonium chloride-induced meta-
bolic acidosis increased renal calcium excretion producing
a negative calcium balance but did not increase serum
calcium values; (i) in azotemic patients, renal calcium ex-
cretion was markedly decreased and correction of meta-
bolic acidosis modestly decreased calcium excretion [16]
and (iii) in hypoparathyroid patients, metabolic acidosis
greatly increased renal calcium excretion without increas-
ing serum calcium concentration [2]. In young female vo-
lunteers, organic acidosis from starvation ketosis was
shown to induce mild hypercalcemia with near doubling
of urinary calcium excretion as serum creatinine increased
from 0.8 (71 pmol/L) to 1.1 mg/dL (97 pmol/L) [18]. Bicar-
bonate administration during the starvation period pre-
vented changes in serum and urine calcium, but not in
serum creatinine. Moreover, when renal failure is present
in rats, acute and chronic metabolic acidosis has resulted
in hypercalcemia [8, 10].

The patient had primary hyperparathyroidism for which
he continued to receive high doses of cinacalcet during
the hospital admission. The effect of bile drainage on ci-
nacalcet metabolism is unknown, but abnormalities in
liver function increase the half-life of cinacalcet according
to the package insert. The PTH value remained similar to
that in his baseline state despite the marked hypercalce-
mia. The failure of hypercalcemia to suppress PTH could
have been from stimulation of PTH secretion by metabolic
acidosis. Acute metabolic acidosis has been shown to in-
crease PTH secretion in animals [4, 5] and correction of
metabolic acidosis to decrease PTH secretion in azotemic
humans [6, 19]. Also, how much of the measured PTH is
actually intact PTH is difficult to know because as renal
failure progresses the PTH assay also measures large,
truncated amino-terminal PTH fragments [20, 21].

Patients with advanced CKD have metabolic acidosis,
but do not develop hypercalcemia. Rather secondary
hyperparathyroidism develops to maintain normal serum
calcium. In vitro studies have shown that metabolic acid-
osis and PTH have an additive effect on calcium efflux
from bone [22]. In our patient, besides primary hyperpara-
thyroidism and metabolic acidosis, the high doses of the
calcimimetic could have enhanced calcium efflux from
bone. The calcimimetic could be acting on the putative
calcium-sensing receptor in bone with acidosis affecting
its sensitivity [23]. Finally, chronic calcimimetic exposure
and persistent mild hypercalcemia could have affected
the calcitonin response, which has been reported to have
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an important physiologic role protecting against the de-
velopment of hypercalcemia [24-26].

Metabolic acidosis could also affect the influx and efflux
of bone calcium by inhibiting osteoblast formation [9, 22].
Such an effect has been shown to increase calcium efflux
from bone in an intestinal-specific vitamin D receptor-null
mouse model in which high endogenous 1,25 vitamin D
levels directly increased calcium efflux from bone partly
by decreasing calcium influx to bone through inhibition of
bone mineralization [27].

In summary, in the present case report, the development
of metabolic acidosis and progressive renal failure resulted
in severe hypercalcemia from increased bone efflux of
calcium and a decreased renal capacity to excrete calcium.
Despite no improvement in renal function, treatment of the
metabolic acidosis with sodium bicarbonate completely
corrected the hypercalcemia highlighting the important
role of calcium efflux from bone. Preexisting primary hyper-
parathyroidism and high doses of the calcimimetic could
have contributed to the development of hypercalcemia.

Conflict of interest statement. None declared.

References

1. Lemann J Jr, Litzow JR, Lennon EJ. The effects of chronic acid
loads in normal man: further evidence for the participation of
bone mineral in the defense against chronic metabolic acid-
osis. J Clin Invest 1966; 45: 1608-1614

2. Lemann J Jr, Litzow JR, Lennon EJ. Studies on the mechanism
by which chronic metabolic acidosis augments urinary
calcium excretion in man. J Clin Invest 1967; 46: 1318-1328

3. Bushinsky DA, Monk RD. Calcium. Lancet 1998; 352: 306-311

4, Bichara M, Mercier O, Borensztein P et al. Acute metabolic
acidosis enhances circulating parathyroid hormone, which
contributes to the renal response against acidosis in the rat.
J Clin Invest 1990; 86: 430-443

5. Lopez I, Aguilera-Tejero E, Felsenfeld AJ et al. Direct effect of
acute metabolic and respiratory acidosis on parathyroid
hormone secretion in the dog. J Bone Miner Res 2002; 17:
1691-1700

6. Graham KA, Hoenich NA, Tarbit M et al. Correction of acidosis
in hemodialysis patients increases the sensitivity of the para-
thyroid glands to calcium. J Am Soc Nephrol 1997; 8: 627-631

7. Nijenhuis T, Renkema KY, Hoenderop JGJ et al. Acid-base
status determines the renal expression of Ca?* and Mg**
transport protein. J Am Soc Nephrol 2006; 17: 617-626

8. Kraut JA, Mishler DR, Kurokawa K. Effect of colchicine and cal-
citonin on calcemic response to metabolic acidosis. Kidney
Int 1984; 25: 608-612

9. Kraut JA, Mishler DR, Singer FR et al. The effects of metabolic
acidosis on bone formation and bone resorption in the rat.
Kidney Int 1986; 30: 694-700

10. Chan YL, Savdie E, Mason RS et al. The effect of metabolic
acidosis on vitamin D metabolites and bone histology in
uremic rats. Calcif Tissue Int 1985; 37: 158-164

11. Bushinsky DA, Goldring JM, Coe FL. Cellular contribution to pH
mediated calcium flux in neonatal mouse calvariae. Am J
Physiol Renal Physiol 1985; 48: F785-F789

12. Bushinsky DA, Sessler NE, Glena RE et al. Proton-induced
physicochemical calcium release from ceramic apatite disks.
JBone Miner Res 1994, 9: 213-220

13. Quinn SJ, Bai M, Brown EM. pH sensing by the calcium-
sensing receptor. J Biol Chem 2004; 279: 37241-37249

14. Lopez I, Aguilera-Tejero E, Estepa JC et al. Role of acidosis-
induced increases in calcium on PTH secretion in acute
metabolic and respiratory acidosis in the dog. Am J Physiol
Endocrinol Metab 2004; 286: E780-E785



302
15.

16.

17.

18.

19.

20.

21.

Gennari FJ, Weise WJ. Acid-base disturbances in gastrointes-
tinal disease. Clin J Am Soc Nephrol 2008; 3: 1861-1868
Litzow JR, Lemann J Jr, Lennon EJ. The effect of treatment of
acidosis on calcium balance in patients with chronic azotemic
renal disease. J Clin Invest 1967; 46: 280-286

Craver L, Marco MP, Martinez I et al. Mineral metabolism para-
meters throughout chronic kidney disease stages 1-5—
achievement of K/DOQI target ranges. Nephrol Dial Transplant
2007;22:1171-1176

Grinspoon SK, Baum HBA, Kim V et al. Decreased bone for-
mation and increased mineral dissolution during acute
fasting in young women. J Clin Endocrinol Metab 1995; 80:
3628-3633

Lu KC, Shieh SD, Li BL et al. Rapid correction of metabolic acid-
osis in chronic renal failure: effect on parathyroid hormone
activity. Nephron 1994; 67: 419-424

Brossard JH, Cloutier M, Roy L et al. Accumulation of a non-
(1-84) molecular form of parathyroid hormone (PTH)
detected by intact PTH assay in renal failure: importance in
the interpretation of PTH values. J Clin Endocrinol Metab
1996; 81:3923-3929

D’Amour P. Effects of acute and chronic hypercalcemia on
parathyroid function and circulating parathyroid hormone
molecular forms. Eur J Endocrinol 2002; 146: 407-410

22.

23.

24,

25.

26.

27.

M. Rastegar et al.

Bushinsky DA, Nilsson EL. Additive effects of acidosis and
parathyroid hormone on mouse osteoblastic and osteoclastic
function. Am J Physiol Cell Physiol 1995; 269: C1364-C1370

Pi M, Faber P, Ekema G et al. Identification of a novel extracel-
lular cation sensing G-protein coupled receptor. J Biol Chem
2005; 280: 40201-40209

Rodriguez M, Felsenfeld AJ, Torres A et al. Calcitonin, an im-
portant factor in the calcemic response to parathyroid
hormone in the rat with renal failure. Kidney Int 1991; 40:
219-225

Torres A, Rodriguez M, Felsenfeld AJ et al. The sigmoidal rela-
tionship between calcitonin and calcium: studies in normal,
parathyroidectomized, and azotemic rats. Kidney Int 1991,
40: 700-704

Kantham L, Quinn SJ, Egbuna OI et al. The calcium-sensing
receptor (CaSR) defends against hypercalcemia independent-
ly of its regulation of parathyroid hormone secretion. Am J
Physiol Endocrinol Metab 2009; 297: E915-E923

Lieben L, Masuyama R, Torrekens S et al. Normocalcemia is
maintained in mice under conditions of calcium by vitamin D-
induced inhibition of bone mineralization. J Clin Invest 2012;
122:1803-1815

Received for publication: 5.3.14; Accepted in revised form: 18.4.14




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


