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Abstract. Hypercalcemia is a common
electrolyte disorder and is typically caused by
parathyroid-dependent and parathyroid-inde-
pendent causes. The most common parathy-
roid-independent causes include malignancy,
granulomatous diseases, over-supplemen-
tation with calcium, and hypervitaminosis
D. We present an unusual case of a woman
who had Stimulan implanted after an arti-
ficial knee joint infection. When a washout
was done, the patient’s serum calcium started
rising, peaking at an astounding 21.2 mg/dL
(normal range 8.4 — 10.2 mg/dL) with acute
kidney injury. After aggressive hydration and
treatment with furosemide, bisphosphonates,
and calcitonin, the serum calcium dropped
to 10.1 mg/dL. A full hypercalcemia workup
did not reveal an alternate cause. On further
investigation, it was found that Stimulan is
calcium based, and the agitation of these
beads during washout was hypothesized to
result in the observed profound hypercalce-
mia.

Introduction

Hypercalcemia is a common medical
finding with a broad differential diagnosis.
The parathyroid-related causes are typically
due to primary hyperparathyroidism or ter-
tiary hyperparathyroidism [1]. Non-parathy-
roid-related processes include calcium over-
dose, hypervitaminosis D, inborn errors of
calcium metabolism, granulomatous disease
(fungal disease, sarcoidosis), malignancy
(via parathyroid hormone-related peptide),
and other causes [2].

The general treatment involves hydra-
tion and bisphosphonates [3]. Newer options

include receptor activator of nuclear factor
k-B ligand (RANKL) monoclonal antibod-
ies like denosumab given at higher doses [4].
We present an unusual case of hypercalcemia
in the setting of antibiotic-coated Stimulan
beads, agitated during a washout of an in-
fected knee transplant, that resulted in pro-
found hypercalcemia.

Case description

The patient was a 58-year-old woman
with past medical history of hypothyroidism
that was stably controlled on a stable dose
of levothyroxine, hypertension, osteoarthri-
tis, chronic pain on methadone, and bipolar
disorder who presented with fatigue, nausea,
vomiting, confusion, and generalized weak-
ness for 7 days. She was hospitalized a week
prior to developing symptoms for an infected
right knee arthroplasty with subsequent re-
moval of hardware and placement of antibi-
otic spacer and beads ~ 1 week prior and was
discharged on intravenous (IV) vancomycin
via peripherally inserted central catheter
(PICC line). She had been doing well until
2 days after discharge and had then progres-
sively become more lethargic.

In the Emergency Department, the patient
was confused with tenderness to light palpa-
tion of epigastrium. She was hypertensive to
177/65 with heart rate of 57 and normoglyce-
mic with point-of-care glucose of 105 mg/dL.
She was found to have severe hypercalcemia
of up to 21.2 mg/dL with ionized calcium level
of <2.5 mmol/L and albumin 3.0 gm/dL, acute
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Trend of Serum Creatinine (mg/dL) and Serum Calcium (mg/dL)
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Figure 1. Trend of serum calcium and creatinine after washout of infected joint with Stimulan beads.

Creatinine (Cr) mg/dL, Calcium (Ca?*) mg/dL.

renal failure with creatinine of 1.6 mg/dL, and
pancreatitis with lipase of 3,430 U/L. Other
lab results were notable for low parathyroid
hormone (PTH) of 14.9 pg/mL, 1,25-vita-
min D of <5 pg/mL, and 25-OH vitamin D
of 9 ng/mL. The suppressed parathyroid hor-
mone level made secondary hyperparathyroid-
ism less likely, despite the presence of vitamin
D deficiency in this case.

Parathyroid hormone-related peptide
(PTHrP) level was within normal limits at
< 2.5 pmol/L. Chest X-ray performed on this
admission also was normal without any mass.
Serum protein electrophoresis showed hypo-
proteinemia with hypoalbuminemia with-
out a monoclonal protein (M-protein) spike.
Urine protein electrophoresis showed protein
of 8 mg/dL with albumin as predominant pro-
tein. Both anti-nuclear antibody (ANA) and
complement levels (C3, C4) were unremark-
able. According to these lab values, primary
hyperparathyroidism, hypervitaminosis D,
paraneoplastic syndrome, granulomatous
disease, and multiple myeloma were ruled
out. She was given methylprednisolone
4 mg IV once, furosemide 40 mg IV every
6 hours (given development of hypervol-
emia as per guidelines) [5], normal saline at
250 cc/hour, pamidronate 90 mg in normal sa-
line 500 mL Intravenous Piggy Back (IVPB)
once, and calcitonin injection 285 units (for
48 hours). Due to her acute renal failure, her

antibiotic regimen was also changed from
vancomycin to daptomycin 6 mg/kg every
2 days.

Prior to this episode, the patient had no
prior history of renal dysfunction (baseline
creatinine 0.8 — 0.9 mg/dL and estimated glo-
merular filtration rate > 60 mL/min/1.73m?2),
malignancy, or recent change in medication
that could be the culprit of her calcium level.
Her pre-operative medication included bio-
tin 10,000 pg) daily, duloxetine 60 mg daily,
quetiapine 25 mg every night, amlodipine
10 mg daily, carisoprodol 350 mg 3 times a
day, diclofenac sodium 50 mg 3 times a day,
fenofibrate 134 mg daily, gabapentin 800 mg
3 times a day, lamotrigine 200 mg every morn-
ing and 250 mg every night, levothyroxine
88 ng) every day, methadone 10 mg every
4 hours if needed, methocarbamol 750 mg
3 times a day, multivitamin 1 tablet daily, or-
phenadrine 100 mg twice a day, oxycodone
15 mg every 4 hours if needed, tizanidine
4 mg every 6 hours, and triamterene-hydro-
chlorothiazide 37.5 — 25 mg capsule daily.
Post-operatively, she was started on aspirin
325 mg daily, intravenous cefazolin 2 g ev-
ery 8 hours, dilaudid injection 0.5 mg every
3 hours as needed, and morphine injection
2 — 4 mg every 2 hours as needed. She had
a history of hypothyroidism but was well-
controlled on the same dose of levothyrox-
ine. Also, her bipolar disorder was controlled
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with duloxetine, quetiapine, and lamotrigine
without the need for lithium. Within the next
3 days, she markedly improved as her cal-
cium level came down with the above treat-
ments. On discharge, her calcium was at
10.1 mg/dL with creatinine back to baseline
(Figure 1). Her most recent calcium level af-
ter discharge was 8.8 mg/dL, and subsequent
urinalysis was unremarkable. She had no
further event of hypercalcemia or acute renal
failure after this hospitalization.

The acute time course and rapid recov-
ery indicated an iatrogenic cause of her
symptomatic hypercalcemia. In examining
her hospitalization to treat her infected right
knee arthroplasty, it was found that Stimulan
was used, which is composed of calcium
sulfate. When her infected joint was washed
out, antibiotic-loaded acrylic cement, 9 L of
triple antibiotic sterile saline solution and
chlorhexidine lavage, and 50 mL of Stimulan
containing 1 g of vancomycin and 240 mg of
tobramycin per 10 mL were used to attempt
to clean the knee replacement to salvage ar-
tificial joint. Cortisol levels were not mea-
sured, but opioid-induced hypocortisolemia
may have played some role with regard to
lethargy. It is unlikely, however, that they
directly contributed to hypercalcemia since
patient was not hypotensive or hypoglyce-
mic and without any other signs of hypocor-
tisolemia.

Discussion

Total knee replacement is one of the most
common orthopedic procedures that has been
used to significantly improve patients’ lives.
The most common complication involving
any hardware is infection. Surgery is the gold
standard treatment for these infections, includ-
ing multiple debridement of affected tissue,
irrigation with antibiotic-containing solution,
and insertion of antibiotic eluting dissolvable
beads and antibiotic loaded cement.

Stimulan beads are dissolvable calcium
sulfate that substitutes as a bone graft and
helps with sustained release of antibiotics
over time [4, 5,6, 7, 8,9, 10, 11]. These are
often used due to their 100% antibiotic re-
lease and higher sustained concentrations
over several weeks [11]. However, there
have been a few case reports that describes

patients with symptomatic hypercalcemia,
requiring treatment after receiving Stimulan
implantations [6].

A case series involving 755 patients found
an associated risk of transient hypercalcemia
and use of Stimulan beads [7]. 41 patients
(5.4%) had transient hypercalcemia with a
mean calcium level of 11.7 mg/dL (10.8 —
14.9 mg/dL), and 2 were symptomatic, need-
ing treatment with fluids and an intravenous
dose of bisphosphonate [7]. Calcium levels
in these patients increased and resolved back
to normal within 5 days post-operatively
[7]. Furthermore, there was a higher num-
ber of patients with hypercalcemia in those
implanted with larger volume of beads. The
highest bead volume in the studied patients
with hypercalcemia was 50 mL, concurrent
with the volume used in our patient [7]. A
case report describes a woman with severe
hypercalcemia of up to 12.2 mg/dL 2 days
after placement of calcium sulfate beads for
a left hip infection [8]. She was treated with
aggressive IV fluids, multiple doses of cal-
citonin, and eventually 2 sessions of hemo-
dialysis due to worsening renal failure and
volume overload [8]. Another case report
describes a woman who developed severe
hypercalcemia of up to 16.1 mg/dL 6 days
after right knee joint arthroscopy with calci-
um sulfate bead placement [9]. She was also
treated with aggressive IV fluids and 1 dose
of calcitonin [8]. Similar to our patient, nei-
ther women described in the above case re-
ports had any further event of hypercalcemia
or renal failure.

Currently, post-operative monitoring for
any orthopedic replacement is focused on
pain, infection, and function of joints. Labs
ordered at follow-up orthopedic appoint-
ments may include a complete blood count
with differential, erythrocyte sedimentation
rate, and C-reactive protein to rule out peri-
prosthetic infections [12]. At this time, there
is no clear guideline for post-operative moni-
toring following Stimulan insertion.

According to the pharmaceutical pro-
ducer, many studies have been done to show
the performance for bone healing and against
infections, biofilms, and drainage [11]. The
United States Food and Drug Administration
has approved its use for mixing with van-
comycin, gentamicin, and tobramycin [11].
However, there was an adverse reaction re-
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port in 2005 regarding hypercalcemia after
placement of vancomycin-infused Stimulan
in a patient undergoing left hip arthroplasty
[12, 13]. Further studies need to be done to
observe whether these different antibiotics
may influence the release of calcium from
Stimulan.

Despite Stimulan’s valuable use in treat-
ment of orthopedic infections [11], caution
must be taken for possible complication of
hypercalcemia. Especially in patients with el-
evated risk factors, such as renal failure, calci-
um levels must be monitored before and after
surgery. Depending on the severity of hyper-
calcemia, different treatment methods can be
used. Patients with < 12 mg/dL (3.0 mmol/L)
are often asymptomatic and therefore do not
require urgent correction [4, 14]. Patients
with 12 — 14 mg/dL (> 3.5 mmol/L) may not
require treatment if the level has increased
slowly over time, however, if it is an acute
increase and/or the patient is symptomatic,
they need to be treated [4, 14]. Per current
guideline, initial treatment is rehydration
with up to 4 — 6 L of intravenous 0.9% saline
boluses within 24 hours [14]. If further treat-
ment is required, intravenous bisphospho-
nates can be used afterwards [3, 14]. Other
second-line treatments include glucocorti-
coids, calcitonin, denosumab, and parathy-
roidectomy [4, 14]. This rare case of iatro-
genic hypercalcemia in a patient with recent
hardware infection shows the possible nega-
tive effect of Stimulan beads. An interesting
research question is whether Stimulan beads
interact with different antibiotics, possibly
affecting calcium release. There is no clear
data on this, but it is known that different
antibiotics can alter bone cement hardening
after Stimulan bead insertion into the joint.
This is a valuable topic for future research
regarding which antibiotic/bead combina-
tions maybe carry the highest risk for tran-
sient hypercalcemia [15].

Ethics approval and consent to
participate

Not applicable.

This research work does not contain hu-
man subject research material.

Ethical permission/consent
for publication

Not applicable.

Availability of data and
materials

Not applicable, no data.

Funding

Kamyar Kalantar-Zadeh is supported by
the National Institutes of Health-National In-
stitute of Diabetes, Digestive and Kidney Dis-
ease (NIH-NIDDK) grant K24-DK (091419 as
well as philanthropist grants from Mr. Harold
Simmons, Mr. Louis Chang, Dr. Joseph Lee,
and AVEO.

Conflict of interest

None.

References

[11  Khan AA, Hanley DA, Rizzoli R, Bollerslev J,
Young JE, Rejnmark L, Thakker R, D’Amour P,
Paul T, Van Uum S, Shrayvef MZ, Goltzman D,
Kaiser S, Cusano NE, Bouillon R, Mosekilde L,
Kung AW, Rao SD, Bhadada SK, Clarke BL, et al.
Primary hyperparathyroidism: review and recom-
mendations on evaluation, diagnosis, and man-
agement. A Canadian and international consensus.
Osteoporos Int. 2017; 28: 1-19. CrossRef PubMed

[2] de Francisco AL. Secondary hyperparathyroidism:
review of the disease and its treatment. Clin Ther.
2004; 26: 1976-1993. CrossRef PubMed

[31 Carroll MF, Schade DS. A practical approach to
hypercalcemia. Am Fam Physician. 2003; 67:
1959-1966. PubMed

[4]  Sternlicht H, Glezerman IG. Hypercalcemia of
malignancy and new treatment options. Ther Clin
Risk Manag. 2015; 11: 1779-1788. PubMed

[5]1 LeGrande S, Lesukusky D, Zama I. Narrative re-
view: Furosemide for Hypercalcemia: An Un-
proven Yet Common Practice. Ann Intern Med.
2008; 149: 259-263 CrossRef PubMed

[6] Carison CR Jr., Markulis E, Thompson E, Havill
J. A novel case of hypercalcemia following the
use of calcium sulfate beads. Nephrol Open J.
2015; 1: 17-19. CrossRef

[71 Kallala R, Harris WE, Ibrahim M, Dipane M,
McPherson E. Use of Stimulan absorbable calci-
um sulphate beads in revision lower limb arthro-
plasty: Safety profile and complication rates.


https://doi.org/10.1007/s00198-016-3716-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27613721&dopt=Abstract
https://doi.org/10.1016/j.clinthera.2004.12.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15823762&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12751658&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26675713&dopt=Abstract
https://doi.org/10.7326/0003-4819-149-4-200808190-00007
https://pubmed.ncbi.nlm.nih.gov/18711156/
https://openventio.org/wp-content/uploads/2017/09/A-Novel-Case-of-Hypercalcemia-Following-the-Use-of-Calcium-Sulfate-Beads-NPOJ-1-103.pdf

Hypercalcemia and knee prosthesis

[10]

[11]

[12]

[13]

[14]

[15]

Bone Joint Res. 2018; 7: 570-579. CrossRef
PubMed

Vora A, Ali S. Prolonged hypercalcemia from an-
tibiotic-eluting calcium sulfate beads. AACE Clin
Case Rep. 2019; 5: €349-e351. CrossRef PubMed
Magdaleno A, McCauley RA. Severe hypercalce-
mia after joint arthroscopy: calcium sulfate beads
to blame. AACE Clin Case Rep. 2019; 5: e372-
€374. CrossRef PubMed

Kaufman MG, Meaike JD, Izaddoost SA. Ortho-
pedic prosthetic infections: diagnosis and ortho-
pedic salvage. Semin Plast Surg. 2016; 30: 66-72.
PubMed

Biocomposites Ltd. 2020. Stimulan Instructions
for Use. http://biocomposites.com/our-products/
stimulan/.

Hendricks TJ, Chong ACM, Cusick RP. The cost
of routine follow-up in total joint arthroplasty and
the influence of these visits on treatment plans.
Kans J Med. 2018; 11: 59-66. CrossRef PubMed
United States Food and Drug Administration. Cal-
cium osteoset beads. Medical Device Adverse Event
Cases. April 2005. http:/fdable.com/basic_query/
maude/fc8db54924f17b3cd7d8051d392d3892.
Walsh J, Gittoes N, Selby P, Society for Endocri-
nology Clinical Committee. Society for Endocri-
nology Endocrine Emergency Guidance: Emer-
gency management of acute hypercalcaemia in
adult patients. Endocr Connect. 2016; 5: G9-G11.
CrossRef PubMed

Laycock PA, Brayford M, Cooper JJ. Effects of
antibiotic addition on the setting time of calcium
sulphate bone cement. eCM XII: Implant Infec-
tion. Proceedings of the 12" eCells & Materials
Conference, 2011, Congress Center, Switzerland.


https://doi.org/10.1302/2046-3758.710.BJR-2017-0319.R1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30464837&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30464837&dopt=Abstract
https://doi.org/10.4158/ACCR-2019-0194
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31967068&dopt=Abstract
https://doi.org/10.4158/ACCR-2019-0216
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31967074&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856527/
https://doi.org/10.17161/kjm.v11i3.8692
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30206464&dopt=Abstract
https://doi.org/10.1530/EC-16-0055
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27935816&dopt=Abstract

