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CASE REPORT
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Abstract 

Background Severe hypocalcemia may lead to life‑threatening arrhythmias. Denosumab is an effective treat‑
ment for osteoporosis that allows long intervals between doses. However, there is a risk of hypocalcemia in some 
patients. Due to the long half‑life of denosumab, emergency physicians caring for patients presenting with symptoms 
of hypocalcemia may not be aware of the medication, and adverse effects may last longer.

Case presentation A 55‑year‑old woman with a history of systemic lupus erythematosus (SLE) and anxiety disorder 
called for an ambulance for symptoms of hyperventilation and muscle cramps. After evaluation at the local hospi‑
tal, she developed pulseless ventricular tachycardia and was resuscitated by defibrillation by the hospital staff. After 
conversion to sinus rhythm, she was transported to a tertiary center. Upon arrival, pulseless ventricular tachycardia 
occurred again, and veno‑arterial extracorporeal membrane oxygenation (ECMO) and intra‑aortic balloon pumping 
(IABP) were implemented. Laboratory results showed severe hypocalcemia (corrected calcium level of 5.3 mg/dL) 
whereupon intravenous calcium supplementation was started. She had received the first dose of denosumab (60 mg) 
by subcutaneous injection 24 days prior to hospitalization. She was eventually weaned from ECMO and IABP support.

Conclusion Cardiac arrest due to hypocalcemia is relatively rare but can be fatal. In the present case, hyperventila‑
tion may have acutely exacerbated pre‑existing hypocalcemia, leading to ventricular tachycardia. The patient had 
a slightly decreased serum calcium level prior to denosumab. Close monitoring may be preferable after the primary 
dose of denosumab in selected patients. Emergency physicians caring for patients who may be suffering from symp‑
toms/signs of hypocalcemia must be mindful of medications that have long half‑lives and affect electrolyte balance 
when treating fatal arrhythmia due to hypocalcemia.
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Background
Severe hypocalcemia may cause fatal arrhythmias, such 
as Torsade de Pointes, ventricular tachycardia, and ven-
tricular fibrillation. In general, severe hypocalcemia 
(total serum concentration < 8.5 mg/dL) is considered an 
emergency due to the potential risk of life-threatening 
arrhythmia. However, as these life-threatening arrhyth-
mias are relatively rare, the occurrence rate of such com-
plications is not well known. Some studies imply that 
arrhythmia due to hypocalcemia may be a result of multi-
ple secondary factors [1].

Denosumab is a fully human monoclonal antibody 
that inhibits receptor activator of nuclear factor-kappa 
B ligand (RANKL), an essential mediator of osteoclast 
formation [2]. It is used as a treatment for osteoporo-
sis, rheumatoid arthritis, multiple myeloma, and bone 
metastasis. The standard dosing for osteoporosis is a 
subcutaneous injection of 60  mg twice yearly. To some, 
this is considered preferable over bisphosphonates, 
where compliance is a major concern [3]. A meta-analysis 
showed that denosumab increased bone mineral density 
compared to bisphosphonates [4]. The bone mineral den-
sity change from baseline at month 12 was significantly 
greater with denosumab compared with zoledronic acid 
at the lumbar spine (primary endpoint; 3.2% vs 1.1%; 
P < 0.0001), total hip (1.9% vs 0.6%; P < 0.0001), femoral 
neck (1.2% vs − 0.1%; P < 0.0001), and one-third radius 
(0.6% vs 0.0%; P < 0.05) [5]. Hypocalcemia is a known 
adverse effect of denosumab. In prospective clinical tri-
als, hypocalcemia occurred in 2–13% of patients on den-
osumab, depending on the patient’s characteristics [6, 7]. 
However, a retrospective study showed a higher rate of 
hypocalcemia, affecting 35% of patients within 30  days 
of denosumab administration, with acute kidney insuffi-
ciency as a risk factor [8].

Severe hypocalcemia leading to life-threatening 
arrhythmias is rare but can be fatal. We herein report a 
case of refractory ventricular fibrillation associated with 
hypocalcemia after a single injection of denosumab that 

was successfully treated with aggressive intravenous cal-
cium supplementation under veno-arterial extracorpor-
eal membrane oxygenation (VA-ECMO) and intra-aortic 
balloon pumping (IABP) support.

Case presentation
A 55-year-old woman with a medical history of systemic 
lupus erythematosus (SLE), interstitial pneumonia, oste-
oporosis, myocardial ischemia, chronic heart failure, 
and anxiety disorder was transported to the emergency 
department (ED) of a rural local hospital by ambulance 
with a complaint of hyperventilation and leg cramps. She 
had begun experiencing weakness in her upper extremi-
ties the day before. The patient was taking prednisone 
for SLE, and she had recently received her first subcuta-
neous injection of denosumab (60  mg) 24  days prior to 
hospitalization for her osteoporosis. Past medical records 
showed that she had a percutaneous intervention with 
stent placement in the right coronary artery 5 years prior 
to hospitalization, and her ejection fraction was 35–40% 
2 years prior to hospitalization.

Soon after primary evaluation at the ED, the patient’s 
respiratory condition worsened, and she went into car-
diac arrest. The electrocardiographic monitor showed 
ventricular tachycardia, and the patient was found to 
be pulseless. After cardiopulmonary resuscitation with 
defibrillation, the patient returned to sinus rhythm. The 
patient was then rapidly transferred to a tertiary-care 
emergency hospital without intubation for further evalu-
ation and treatment.

On arrival, the patient was agitated with a blood pres-
sure of 66/53 mmHg and she was found to have ventricu-
lar tachycardia of 151 beats/min (Fig.  1). Synchronized 
cardioversion was performed at 150 and 200  J with no 
conversion to sinus rhythm. Intravenous magnesium and 
lidocaine were also administered. Blood tests showed sig-
nificant hypocalcemia with a corrected calcium level of 
5.3 mg/dL. As the patient was transported to the cathe-
terization laboratory for coronary angiography, she went 

Fig. 1 The electrocardiogram upon arrival showed ventricular tachycardia
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into pulseless ventricular tachycardia. VA-ECMO was 
implemented with a blood flow of 4.4 L/min, sweep gas 
oxygen saturation of 100%, and gas flow of 3.0 L/min.

There were no features of coronary stenosis on angi-
ography, leading to a high suspicion of hypocalcemia-
induced refractory ventricular tachycardia. Other 
laboratory results were as follows: magnesium 1.5  mg/
dL, phosphate 3.8  mg/dL, alkaline phosphatase 84 U/L, 
creatinine 0.8 mg/dL, vitamin D 10.9 pg/dl, parathyroid 
hormone 67  pg/dL, and 25(OH) vitamin D 68  pg/mL. 
Computed tomography was performed after the imple-
mentation of VA-ECMO, revealing new bilateral pulmo-
nary infiltration.

Intravenous supplementation of calcium chloride, 
magnesium, and phosphate was initiated. For the treat-
ment of hypocalcemia, calcium chloride was started 
since this treatment was readily available in the ED. 
After a careful evaluation of the patient’s medical history, 
it became clear that the patient had received her first 
injection of 60  mg of denosumab 24  days prior to hos-
pitalization for osteoporosis treatment. In addition, the 
serum calcium level prior to denosumab treatment had 
been slightly low at 7.9  mg/dL. We therefore suspected 

that denosumab might have caused hypocalcemia, which 
was acutely exacerbated due to hyperventilation. The 
patient also had chronic diarrhea, which may have caused 
hypomagnesemia and hypocalcemia. Other diseases that 
cause hypocalcemia, such as vitamin D deficiency and 
hypoparathyroidism, were excluded based on laboratory 
tests.

The following day, IABP was initiated due to a low ejec-
tion fraction and poor systemic perfusion. Her serum 
calcium level reached a normal level by the second day, 
but high-dose intravenous supplementation was contin-
ued for 10  days, followed by maintenance intravenous 
supplementation for 3  weeks. The patient was weaned 
from ECMO on the 7th day (Fig. 2) and remained in the 
intensive care unit for 23  days before being transferred 
for rehabilitation after 78 days.

Discussion and conclusions
We encountered a case of severe hypocalcemia leading 
to ventricular tachycardia after the initial injection of 
denosumab. Clinically, hypocalcemia may present with 
Chvostek’s sign, Trousseau’s sign, tetany, peripheral and 
extremity paresthesia, muscle cramps, laryngospasm, 

Fig. 2 The clinical course of the patient after arrival
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bronchospasm, confusion, and seizures. Hypocalcemia-
induced cardiac arrest is a rare yet fatal condition. Sev-
eral factors in the present case, such as the prior injection 
of denosumab, chronic diarrhea, and hyperventilation 
might have increased the risk of severe hypocalcemia.

In the present case, the combination of VA-ECMO and 
IABP was used for hemodynamic support. The combi-
nation of VA-ECMO and IABP demonstrates superior 
efficacy in the treatment of refractory cardiogenic shock 
compared to VA-ECMO only [9]. This is attributed to 
the anticipated reduction in left ventricular afterload and 
augmented coronary perfusion facilitated by the integra-
tion of IABP, thereby utilizing the oxygenated blood from 
the ECMO circuit.

Denosumab is an effective treatment that improves 
bone marrow density. Changes in bone marrow density 
are significantly greater than with bisphosphates [10], 
but rates of hypocalcemia are also higher. Retrospective 
multivariate analyses have shown that lower baseline 
serum calcium levels, higher serum alkaline phosphatase 
elevation, chronic kidney disease, male sex, and admin-
istration of certain drugs (cytotoxic agents, vonoprazon, 
dexamethasone) are risk factors for denosumab-induced 
hypocalcemia [11–14]. In the present case, laboratory 
tests prior to denosumab showed serum calcium of 
8.0 mg/dL, alkaline phosphatase of 200 U/L, and creati-
nine of 0.3  mg/dL. In addition, the patient’s low weight 
may have increased the risk of toxicity with denosumab. 
However, several pharmacokinetic studies have demon-
strated that dose adjustment based on weight is not war-
ranted [15, 16].

Denosumab has a long half-life. In healthy volunteers, 
the mean terminal half-life of denosumab 60  mg was 
reportedly 15  days, with serum concentrations peaking 
at around day 10 [17]. Due to this long half-life, severe 
hypocalcemia associated with denosumab has been 
reported as refractory hypocalcemia despite supple-
mentation of calcium gluconate, requiring long periods 
of treatment for several weeks [18–20]. However, in the 
present case, the serum level of calcium increased within 
48  h after intense supplementation of intravenous cal-
cium gluconate. This suggests that hyperventilation may 
have been accountable for inducing acute hypocalcemia, 
with denosumab as an underlying factor.

Cardiac events as a result of denosumab-associated 
hypocalcemia are rarely reported in the literature. There 
have been reports of severe hypocalcemia associated with 
a prolonged QT interval as well as acute left heart failure 
after denosumab treatment [21, 22]. However, most case 
reports on denosumab-associated hypocalcemia present 
with numbness, fatigue, and weakness. Again, this may 
be because hyperventilation triggered an acute decrease 
in ionized calcium, leading to ventricular arrhythmia. 

We assume that she may have been hyperventilating as 
a symptom of anxiety disorder, although the reason is 
unclear. It is known that hyperventilation induces a state 
of respiratory alkalosis, in which the binding of ionized 
calcium to albumin results in a reduction of ionized cal-
cium concentration. Unfortunately, we do not have the 
blood gas analysis upon arrival at the primary hospital to 
support this hypothesis. Acute loss of calcium may be a 
cause of ventricular fibrillation in hemofiltration patients 
[23]. Some physicians have even proposed a different 
treatment algorithm for acute and chronic hypocalcemia 
[24]. The acute-on-chronic nature of the present case 
may have caused life-threatening arrhythmia. That being 
said, it should be noted that some studies argue that car-
diac arrest due to hypocalcemia may be attributed to 
other causes, such as co-morbidities and other electro-
lyte disorders [1]. In the present case, the patient had a 
history of myocardial ischemia and chronic heart failure 
with low ejection fraction, which may have contributed 
to refractory ventricular tachycardia. The association of 
severe hypocalcemia and immediately life-threatening 
cardiac arrhythmias in clinical practice warrants further 
investigation.

In conclusion, this report highlights the importance of 
monitoring calcium levels closely in selected patients on 
denosumab. Emergency care providers must be aware of 
symptoms and signs, life-threatening complications, and 
risk factors of hypocalcemia.

Abbreviations
SLE  Systemic lupus erythematosus
ED  Emergency department
VA‑ECMO  Veno‑arterial extracorporeal membrane oxygenation
IABP  Intra‑aortic balloon pumping

Acknowledgements
We thank Brian Quinn for English editing.

Authors’ contributions
FO and AI prepared the manuscript. FO, AI, AH, KM, and MY contributed to 
the treatment of the patient. KI, KS, KD, and HI supervised and reviewed the 
manuscript. All authors have read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
The patient gave written consent for publication.

Competing interests
The authors declare no competing interests.



Page 5 of 5Okuno et al. International Journal of Emergency Medicine           (2023) 16:52  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Author details
1 Emergency and Critical Care Center, Mie University Hospital, 2‑174 Edobashi, 
Tsu‑City, Mie 514‑8507, Japan. 2 Department of Hematology and Oncology, 
Mie University Graduate School of Medicine, 2‑174 Edobashi, Tsu‑City, Mie 
514‑8507, Japan. 3 Department of Cardiology and Nephrology, Mie University 
Graduate School of Medicine, 2‑174 Edobashi, Tsu‑City, Mie 514‑8507, Japan. 

Received: 30 March 2023   Accepted: 20 August 2023

References
 1. Duval M, Bach K, Masson D, Guimard C, Le Conte P, Trewick D. Is 

severe hypocalcemia immediately life‑threatening? Endocr Connect. 
2018;7:1067–74.

 2. Miller PD, Bolognese MA, Lewiecki EM, McClung MR, Ding B, Austin M, 
Liu Y, San MJ. Effect of denosumab on bone density and turnover in 
postmenopausal women with low bone mass after long‑term continued, 
discontinued, and restarting of therapy: a randomized blinded phase 2 
clinical trial. Bone. 2008;43:222–9.

 3. Saito T, Sterbenz JM, Malay S, Zhong L, MacEachern MP, Chung KC. 
Effectiveness of anti‑osteoporotic drugs to prevent secondary fragil‑
ity fractures: systematic review and meta‑analysis. Osteoporos Int. 
2017;28:3289–300.

 4. Wu J, Zhang Q, Yan G, Jin X. Denosumab compared to bisphosphonates 
to treat postmenopausal osteoporosis: a meta‑analysis. J Orthop Surg 
Res. 2018;13:194.

 5. Miller PD, Pannacciulli N, Brown JP, Czerwinski E, Nedergaard BS, 
Bolognese MA, Malouf J, Bone HG, Reginster JY, Singer A, Wang C, Wag‑
man RB, et al. Denosumab or zoledronic acid in postmenopausal women 
with osteoporosis previously treated with oral bisphosphonates. J Clin 
Endocrinol Metab. 2016;101:3163–70.

 6. Smith MR, Saad F, Coleman R, Shore N, Fizazi K, Tombal B, Miller K, Sieber 
P, Karsh L, Damião R, Tammela TL, Egerdie B, et al. Denosumab and 
bone‑metastasis‑free survival in men with castration‑resistant prostate 
cancer: results of a phase 3, randomised, placebo‑controlled trial. Lancet. 
2012;379:39–46.

 7. Fizazi K, Carducci M, Smith M, Damião R, Brown J, Karsh L, Milecki P, 
Shore N, Rader M, Wang H, Jiang Q, Tadros S, et al. Denosumab versus 
zoledronic acid for treatment of bone metastases in men with castration‑
resistant prostate cancer: a randomised, double‑blind study. Lancet. 
2011;377:813–22.

 8. Yerram P, Kansagra S, Abdelghany O. Incidence of hypocalcemia in 
patients receiving denosumab for prevention of skeletal‑related events in 
bone metastasis. J Oncol Pharm Pract. 2017;23:179–84.

 9. van den Brink FS, Zivelonghi C, Vossenberg TN, Bleeker GB, Winia VL, 
Sjauw KD, Ten Berg JM. VA‑ECMO with IABP is associated with better 
outcome than VA‑ECMO alone in the treatment of cardiogenic shock in 
ST‑elevation myocardial infarction. J Invasive Cardiol. 2021;33:E387–92.

 10. Miller PD, Pannacciulli N, Malouf‑Sierra J, Singer A, Czerwiński E, Bone 
HG, Wang C, Huang S, Chines A, Lems W, Brown JP. Efficacy and safety of 
denosumab vs. bisphosphonates in postmenopausal women previously 
treated with oral bisphosphonates. Osteoporos Int. 2020;31:181–91.

 11. Saito Y, Takekuma Y, Komatsu Y, Sugawara M. Risk analysis of denosumab‑
induced hypocalcemia in bone metastasis treatment: renal dysfunction 
is not a risk factor for its incidence in a strict denosumab administration 
management system with calcium/vitamin D supplementation. Biol 
Pharm Bull. 2021;44:1819–23.

 12. Kinoshita Y, Arai M, Ito N, Takashi Y, Makita N, Nangaku M, Shinoda Y, 
Fukumoto S. High serum ALP level is associated with increased risk of 
denosumab‑related hypocalcemia in patients with bone metastases from 
solid tumors. Endocr J. 2016;63:479–84.

 13. Kanbayashi Y, Sakaguchi K, Hongo F, Ishikawa T, Tabuchi Y, Ukimura O, 
Takayama K, Taguchi T. Predictors for development of denosumab‑
induced hypocalcaemia in cancer patients with bone metastases deter‑
mined by ordered logistic regression analysis. Sci Rep. 2021;11:978.

 14. Huynh AL, Baker ST, Stewardson AJ, Johnson DF. Denosumab‑associated 
hypocalcaemia: incidence, severity and patient characteristics in a tertiary 
hospital setting. Pharmacoepidemiol Drug Saf. 2016;25:1274–8.

 15. Sutjandra L, Rodriguez RD, Doshi S, Ma M, Peterson MC, Jang GR, Chow 
AT, Pérez‑Ruixo JJ. Population pharmacokinetic meta‑analysis of deno‑
sumab in healthy subjects and postmenopausal women with osteopenia 
or osteoporosis. Clin Pharmacokinet. 2011;50:793–807.

 16. Gibiansky L, Sutjandra L, Doshi S, Zheng J, Sohn W, Peterson MC, Jang 
GR, Chow AT, Pérez‑Ruixo JJ. Population pharmacokinetic analysis of 
denosumab in patients with bone metastases from solid tumours. Clin 
Pharmacokinet. 2012;51:247–60.

 17. Chen Q, Hu C, Liu Y, Song R, Zhu W, Zhao H, Nino A, Zhang F. Pharma‑
cokinetics, pharmacodynamics, safety, and tolerability of single‑dose 
denosumab in healthy Chinese volunteers: a randomized, single‑blind, 
placebo‑controlled study. PLoS ONE. 2018;13: e0197984.

 18. Patell K, Ajay K, Al Armashi AR, Bawwab A, Ravakhah K. Life‑threatening 
sustained hypocalcemia following Denosumab use in metastatic prostate 
cancer. J Oncol Pharm Pract. 2022;28:698–702.

 19. McCaleb RV, Johnson JT. Severe, Prolonged, denosumab‑induced hypoc‑
alcemia with recovery after 111 days of high‑dose calcium supplementa‑
tion. AACE Clin Case Rep. 2019;5:e82–5.

 20. Kc O, Dahal PH, Koirala M, Kothagundla CS, Al Zaghal E, Fahed R. A case of 
recurrent severe hypocalcemia with prolonged hospitalization and read‑
missions after single dose of denosumab in metastatic prostate cancer 
patient. J Community Hosp Intern Med Perspect. 2022;12:60–4.

 21. Ungprasert P, Cheungpasitporn W, Srivali N, Kittanamongkolchai W, 
Bischof EF. Life‑threatening hypocalcemia associated with denosumab 
in a patient with moderate renal insufficiency. Am J Emerg Med. 
2013;31(756):e1‑2.

 22. Xing Y, Ju S, Sun M, Xiang S. Case report: denosumab‑associated acute 
heart failure in patients with cardiorenal insufficiency. Front Endocrinol 
(Lausanne). 2022;13: 970571.

 23. Wu B, Wang J, Yang G, Xing C, Mao H. Rapid calcium loss may cause 
arrhythmia in hemofiltration with regional citrate anticoagulation: a case 
report. BMC Nephrol. 2018;19:136.

 24. Cecchi E, Grossi F, Rossi M, Giglioli C, De Feo ML. Severe hypocalcemia 
and life‑threatening ventricular arrhytmias: case report and proposal of 
a diagnostic and therapeutic algorithm. Clin Cases Miner Bone Metab. 
2015;12:265–8.

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


	Severe hypocalcemia after denosumab treatment leading to refractory ventricular tachycardia and veno-arterial extracorporeal membrane oxygenation support: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


