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INTRODUCTION 

Atrial Fibrillation (AF) is the most common sustained arrhythmia, and its incidence and prevalence are 

increasing both in the United States and globally [1,2]. The prevalence of AF in the United States was estimated 

to be 5.2 million in 2010, with an expected rise to 12.1 million by 2030 [1]. Corresponding estimates for the 

incidence of AF in the U.S. were 1.2 million cases in 2010, projected to increase to 2.6 million cases by 2030 

[1]. The rate of AF diagnosis varies according to factors such as education, income [3], clinical presentation 

[4,5], and genetic predisposition [4]. AF is associated with a 1.5- to 2-fold increased risk of mortality [6,7]; 

studies suggest that this risk may be higher in women than in men [6]. Meta-analyses have also shown that AF is 

linked to an increased risk of several adverse outcomes, including a 2.4-fold risk of stroke [7], a 1.5-fold risk of 

cognitive impairment or dementia [8], a 1.5-fold risk of Myocardial Infarction (MI) [9], a 2-fold risk of sudden 

cardiac death [10], a 5-fold risk of Heart Failure (HF) [7], a 1.6-fold risk of Chronic Kidney Disease (CKD) [7], 

and a 1.3-fold risk of Peripheral Artery Disease (PAD) [7]. 

Risk factors for AF include advancing age, smoking [9] and initiation of smoking [10], a sedentary lifestyle [11], 

participation in elite/extreme activities [12], alcohol consumption and its dose-response relationship, as well as 

genetically predicted heavy alcohol consumption (>35 U/week for women and >50 U/week for men) [10], 

obesity [9], increasing height [13], hypertension [9], use of blood pressure medications [14], and high systolic 

blood pressure [14]. Other risk factors include diabetes and pre-diabetes [15], heart failure [1], MI [1], history of 

MI [14], or genetically predicted Coronary Artery Disease (CAD) [16], significant heart murmur (any diastolic 

murmur and grade >/-3/6 systolic murmur), Coronary Artery Bypass Grafting (CABG) [17], chronic kidney 

disease [18], obstructive sleep apnea [19], hyperthyroidism [20], severe sepsis [21], increased PR interval [22] 

or Electrocardiographic Left Ventricular Hypertrophy (ECG LVH) [1], biomarkers such as BNP [23], CRP/IL-6, 

and TNF-alpha [24], as well as left atrial size or function parameters such as increased anterior-posterior 

dimension [25] and end-diastolic volume [26], increased left ventricular posterior wall thickness [25], and 

family history [26]. Certain medications can cause or contribute to the development of AF, including adenosine 

[27,28], and other medications capable of increasing vagal tone [29], drugs that enhance vagal tone such as 

digitalis. While bisphosphonates in general have not been associated with atrial arrhythmias, in the HORIZON 
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Pivotal Fracture Trial (which studied the effect of zoledronic acid given once per year for the treatment of 

osteoporosis in postmenopausal women), the number of patients who experienced arrhythmias, including 

serious AF, was greater in the zoledronic acid group compared to the placebo group (1.3% versus 0.5%) [30]. 

Zoledronic acid is a widely used bisphosphonate for the treatment of osteoporosis, hypercalcemia of malignancy 

and/or Paget disease. In a study by D’Silva et al, zoledronic acid has been found to be associated with a 25% 

high relative risk or an absolute risk difference of 3.69 events per 1000 person years of incident atrial fibrillation 

within the first year of treatment and patient is treated for osteoporosis [31]. An open-label pharmacokinetic and 

pharmacodynamic study of zoledronic acid was performed in 19 cancer patients with bone metastases and 

known, varying levels of renal function. Mean area under the plasma concentration versus time curve and mean 

concentration immediately after cessation of drug infusion were lower, and mean amounts excreted in urine over 

24 hours from start of infusion were higher in normal subjects than in those with impaired renal function (36% 

vs. 28% of excreted dose [32]. Zoledronic acid has a terminal elimination half-life of 146 hours [33]. 

Here, we report a case of a 76-year-old male who developed Atrial Fibrillation with Rapid Ventricular Response 

within 24 hours of receiving a zoledronic acid infusion during hospitalization for the treatment of humoral 

hypercalcemia of malignancy secondary to Multiple Myeloma. There was no evidence of cardiac ischemia or 

structural heart disease on Transthoracic Echocardiogram, and there were no above-mentioned risk factors, 

except for age and Acute kidney injury on chronic kidney disease secondary to Multiple Myeloma. Possible 

confounding factors include acute illness caused by hypercalcemia of multiple myeloma, manifested by 

symptoms such as confusion. 

 

CASE PRESENTATION 

This is a 76-year-old male with a medical history of asthma and hypothyroidism that presented to the emergency 

room with complaints of severe back pain, rib pain, and shoulder pains for approximately 1 week associated 

with worsening confusion and severe fatigue. Initial investigations revealed a calcium level of 14.9 mg/dL, 

phosphorus of 4.0 mg/dL, magnesium level 1.6 mg/dL. A recent whole-body Positron Emission Tomography 

(PET) scan done for the mentioned pains revealed increased radio-tracer uptake in the left posterior 11th rib 

suspicious for malignancy. The patient was admitted with a diagnosis of severe symptomatic hypercalcemia of 

malignancy. Initial management included aggressive IV fluid resuscitation with crystalloids along with the 

utilization of the loop diuretic furosemide to aid in calcium diuresis, and continuous cardiac telemetry 

monitoring. Due to a poor response to improvement in his calcium levels, the patient received a single dose of 

zoledronic acid 3.28 mg (adjustments made on basis of creatinine clearance). Within 24 hours of administration 

of zoledronic acid, the patient's cardiac rhythm was noted to convert from normal sinus rhythm to atrial 

fibrillation at a rate of 108 bpm (Figure 1) with no evidence of ischemia based on troponin or symptoms, he 

remained hemodynamically stable during this period of atrial fibrillation with rapid ventricular response. During 

this episode, his potassium level was 3.9 mg/dL and magnesium level was 2.0 mg/dL, Thyroid Stimulating 

Hormone (TSH) level 2.26 uIU/mL (within normal limits). The patient received 2 g of magnesium sulfate 

intravenously and an additional 50 milliequivalent of oral potassium bicarbonate. He subsequently underwent 

spontaneous conversion into normal sinus rhythm (Figure 2) without any further pharmacologic interventions. 

There was no recurrence of atrial fibrillation during hospitalization. The patient’s calcium level during this 

episode was 13.1, with a urea level of 13 mg/dL and a creatinine of 1.6 mg/dL (baseline creatinine was 
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estimated to be around 1.2 mg/dL). There was a very low suspicion for pulmonary embolism due to lack of 

symptoms, and a high sensitivity troponin was obtained within normal limits. A transthoracic echocardiogram 

revealed no hemodynamically significant valvular disease, left ventricular ejection fraction estimated 60% to 

65%, left atrium normal in size, right atrium normal in size, and normal estimated pulmonary arterial systolic 

pressure. Given his elevated risk of stroke based on age, systemic anticoagulation was started with apixaban for 

cardioembolic stroke prevention. The patient’s serum calcium concentration normalized with iv fluid 

resuscitation with crystalloids and Zaledronic acid infusion along with resolution symptoms. He was 

subsequently discharged with instructions to follow up with the oncology and cardiology service for further 

monitoring. 

 

Figure 1: Initial EKG demonstrating atrial fibrillation at a rate of 108 beats per minute within 24 hours of 

zoledronic acid administration. 

 

Figure 2: Follow up EKG demonstrating spontaneous conversion to normal sinus rhythm. 
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DISCUSSION 

Our patient did not have risk factors associated with A-fib, including smoking, sedentary lifestyle, participation 

in elite/extreme activities, alcohol use, obesity, hypertension, diabetes or pre-diabetes, heart failure, coronary 

artery disease, hypothyroidism, severe sepsis, EKG changes such as increased PR interval or ECG LVH, 

increased left atrial size or increased AP dimension and end-diastolic volume, increased left ventricular posterior 

wall thickness, family history, or outpatient medications predisposing to A-fib. Although our patient was given 

doses of Lasix to cause urine calcium excretion, which could lead to hypomagnesemia or other electrolyte 

abnormalities that could cause A-fib, continuous monitoring of electrolytes eliminated this risk factor. He was 

given continuous IV crystalloid infusion, which could have led to fluid overload predisposing to arrhythmias; 

however, the patient never got fluid overloaded. Zoledronic acid has a high terminal elimination half-life of 146 

hours and our patient had acute kidney injury with creatinine of 1.6, theoretically the mean area under the 

plasma concentration versus time And mean concentration immediately after cessation of drug infusion would 

be high and mean amount excreted in the urine over 24 hours from the start of infusion would be lower in our 

patient because of impaired renal function, but our patient was given the drug’s dose corresponding to creatinine 

clearance as per FDA recommendations. 

It is well known in the literature that an acute phase response is commonly seen shortly after intravenous 

administration of bisphosphonates. This is characterized by fevers, rigors, fatigue and arthralgia within 3 days of 

infusion. This is known to be mediated by inflammatory cytokines that include interleukin 6, Tumor Necrosis 

Factor (TNF)-alpha, and other inflammatory cytokines released after bisphosphonate administration [34]. There 

is a strong link between atrial fibrillation and acute phase reactants, and the abundance of data surrounds those 

acute phase reactants Interleukin (IL)-6 and TNF-alpha. The mechanisms by which acute phase reactants cause 

atrial fibrillation are believed to be prolongation of the ventricular action potential duration caused by membrane 

ion channels modulation, impairment of intracellular Calcium handling, gap junction dysfunction, via changes 

in connexins, and, promotion of cardiac fibrosis [35]. This association was further strengthened by the findings 

of Wu, et al. [24]. It is also the possibility that the underlying malignancy of this patient predisposed to higher 

levels of inflammatory markers at baseline hence increasing the likelihood of new atrial fibrillation after 

bisphosphonate infusion via this mechanism. Unfortunately, we did not measure levels of inflammatory markers 

due to hospitalization cost concerns. 

 

CONCLUSION 

In the presence of risk and confounding factors such as age, dehydration and other symptoms of hypercalcemia 

of malignancy, the plausibility of zoledronic acid's association with atrial fibrillation emerges, although 

establishing a causal relationship remains challenging. To better understand this potential link, we advocate for 

comprehensive meta-analyses or systematic reviews to synthesize and evaluate the weight of evidence regarding 

zoledronic acid or other bisphosphonates' impact on atrial fibrillation. In the interim, it is prudent to exercise 

caution and closely monitor patients with multiple risk factors for atrial fibrillation or a history of paroxysmal, 

persistent, or longstanding persistent A-fib when administering bisphosphonates. This proactive approach can 

help mitigate potential adverse events and optimize patient safety. Furthermore, ongoing research efforts are 

warranted to unravel the underlying mechanisms and identify specific risk factors contributing to zoledronic 
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acid-induced atrial fibrillation. By advancing our understanding in this area, we can enhance clinical decision-

making and elevate the standard of care for patients receiving bisphosphonate therapy. 
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