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Abstract

The intravenous bisphosphonates widely used for treating osteoporosis and malignant hyper-
calcemia are potentially nephrotoxic drugs. They can be associated with acute tubular necrosis
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Introduction

Intravenous bisphosphonates are widely used for treat-
ing osteoporosis and malignant hypercalcemia; they are
considered effective and safe. Their renal effects have been
extensively described, especially due to their high kidney
excretion, which is why they are contraindicated in patients
with glomerular filtration rates of less than 30 mL/min/1.73
m? (1).

Zoledronic acid is part of the intravenous bisphos-
phonate group. It has a half-life of 150-200 days and low
plasma protein binding (56%) (1). It has proven useful
in treating osteoporosis by inhibiting bone resorption;
however, cases of renal toxicity associated with its use
have been described (2). The most frequently reported
histological patterns of kidney injury are acute tubular
necrosis and focal and segmental glomerulosclerosis.
Below, we describe the case of a patient who received
intravenous zoledronic acid and subsequently developed
acute tubulointerstitial nephritis.

Case report

This was a female patient in her 70s with a history
of hypertension, non-insulin-dependent type 2 diabetes,
seropositive rheumatoid arthritis and osteoporosis, being
treated with irbesartan, amlodipine, carvedilol, metformin,
calcium citrate, vitamin D and 17.5 mg of methotrexate
per week.

The patient reported that she had received an initial dose of
5 mg of intravenous zoledronic acid to treat her osteoporosis
and, since then, had experienced a runny nose, quantified fe-
brile episodes, self-limited skin erythema, chills, fatigue and
headache. The symptoms persisted over the following three
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days, and she had multiple loose, apparently bloody, stools
associated with dysuria, urinary urgency, and abdominal pain,
which is why she decided to go to the hospital.

On admission, she was in fair general condition, with no
evident abnormalities on complete physical exam, a blood
pressure of 104/62 mmHg, heart rate of 106 beats per minute
and oxygen saturation of 90% on room air.

Her laboratory tests (Table 1) were remarkable for a
complete blood count showing bicytopenia due to leukopenia
and normocytic anemia, elevated nitrogen, hyperkalemia
and arterial gases indicating metabolic acidemia, without
abnormal oxygenation. The urinalysis reported proteinuria,
glucosuria, leukocyturia, hematuria and bacteriuria.

Since the patient had tests a month before showing a cre-
atinine level of 0.9 mg/dL, she was diagnosed with KDIGO
3 acute kidney injury with criteria for urgent dialysis, and
renal replacement therapy was started on her first day in the
hospital.

Over the following hours, her clinical condition deterio-
rated, with distributive shock. A septic source was found in
a urinary tract infection, and empirical antibiotic treatment
was started with piperacillin/tazobactam. On her fourth day
in the hospital, vasopressor support was discontinued and
her clinical condition showed improvement.

Due to her bicytopenia and prior use of methotrexate
without folic acid supplementation, the cytopenias were
considered to be secondary to the medication. She was
given intravenous folinic acid, which completely resolved
the cytopenias and normalized the cell lines.

A kidney and urinary tract ultrasound showed normal-
sized kidneys with increased echogenicity bilaterally and
a cortical thickness of 1.2 cm. She had normal calcium,
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phosphorus, uric acid and magnesium levels; her proteinuria
was in the subnephrotic range (665 mg in 24 hours) and she
had a negative viral panel (HIV test, non-treponemal test
and hepatotropes).

Considering the above, the nephrology service suspected
that acute kidney failure could be secondary to acute tu-
bulointerstitial nephritis. Given the lack of improvement
in nitrogen compound clearance and the ongoing need for
hemodialysis (Figure 1), a kidney biopsy was performed on
her sixth hospital day, which showed acute tubulointerstitial
nephritis changes (Figure 2).

With the infection resolved, glucocorticoid treatment
began on hospital day 19: 250 mg of intravenous methyl-
prednisolone every 24 hours, for three doses, followed by
prednisolone at 1 mg/kg/day (50 mg). She had a favorable
clinical response and did not require further hemodialysis
sessions after hospital day 23, with sustained nitrogen com-
pound reduction. She was discharged from the hospital with
a glucocorticoid taper and nephrology follow-up.

In this case, the most likely cause of acute tubulointerstitial
nephritis was the use of zoledronic acid, especially given the
acute symptoms beginning with its administration and rapid
kidney function deterioration in a patient with previously
normal nitrogen compounds.

Discussion
Zoledronic acid is a powerful long-acting bisphospho-
nate used extensively for treating malignant hypercalcemia
and osteoporosis. When administered intravenously, it is

Table 1. Laboratory tests on admission.

Laboratory tests Values Laboratory Values
tests
Leukocytes 930/mm? Creatinine 6.1 mg/dL
Hemoglobin 10.1 gr/dL. Urea nitrogen 54 mg/dL
Platelets 206,000/mm3 C-reactive 24 mg/dL
protein
Urinalysis pH 8, specific Sodium 136 mmol/L
gravity 1.007, Potassium 5.1 mmol/L
protein 25, glucose Chloride 111 mmol/L
50, nitrites (+)
Urine sediment Erythrocytes Uric acid 3.5 mmol/L
11-20 per HPF, Phosphorus 4.6 mmol/L
leukocytes 30-35
per HPF, abundant
bacteria
Protein in 24- 665 mg Uric acid in 165 mg
hour urine 24-hour urine
Phosphorus in 0.09 gr C3 92 mg/dL
24-hour urine C4 19 mg/dL
Arterial blood pH: 7.19
gases PaCO,: 20 mmHg

PaCO,: 80 mmHg
HCO,: 7.6 mmol/L

not metabolized; 27 to 62% of the medication binds to the
mineral bone, while the rest is excreted through the kidney,
mainly in the first hours after infusion (3). The renal excre-
tion mechanisms are mainly glomerular filtration and active
transport in the proximal tubule cells (4).

Zoledronic acid-induced acute kidney injury is a rare
complication associated with multiple nephrotoxic patho-
physiological processes. Acute tubular necrosis has been
mainly reported (5), but also focal and segmental glomeru-
losclerosis, Fanconi syndrome, and, less frequently, acute
tubulointerstitial nephritis (3).

The proposed mechanisms include direct tubular cell
damage, inducing apoptosis through the mevalonate path-
way, similar to its effects on osteoclasts (6). It has also been
proposed that tubular damage from the internalization of
bisphosphonates in proximal tubular cells causes brush bor-
der loss and, therefore, acute tubular necrosis with antigen
exposure to the immune system (7).

Risk factors for zoledronic acid-induced nephrotoxicity
include advanced cancer, chronic kidney disease, diabetes
mellitus, hypertension, severe dehydration, concomitant use
of other nephrotoxic agents and rapid infusion (in less than
15 minutes) (8).

Acute tubulointerstitial nephritis is not frequently de-
scribed as a kidney injury mechanism; there are few cases
in the literature, some of which are associated with Fanconi
syndrome (6, 9, 10). It has been hypothesized that farnesyl
diphosphate inhibition causes mitochondrial and podocyte
injury, with decreased levels of prenylated proteins in the
proximal tubule and direct toxicity of the parietal epithelium
(10).

In our case, the patient did not have Fanconi syndrome,
and the kidney biopsy findings only showed acute tubu-
lointerstitial nephritis, this being the first case with these
characteristics reported in the literature.

While we cannot determine for sure that zoledronic acid
was the cause of acute tubulointerstitial nephritis in our
patient, certain clinical characteristics increase suspicion,
including the onset of flu-like symptoms immediately after its
infusion (11), as well as the timing of the increased nitrogen
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Figure 1. Creatinine behavior during hospitalization.



CASE PRESENTATION e Zoledronic acid-induced acute tubulointerstitial nephritis 5{‘,“,“
ame

Figure 2. Kidney biopsy. Kidney biopsy: hematoxylin-eosin stain at 200x. Moderate interstitial inflammatory infiltrate along with eosinophils and
tubulitis. Degenerative epithelial changes are evident in many tubules, such as brush border loss, epithelial flattening and lumen dilation with
hyaline casts. Interstitial fibrosis and tubular atrophy in 10% of the cortex examined. Findings compatible with acute tubulointerstitial nephritis
with mild chronic changes. (These images are the property of the Department of Pathology at Universidad de Antioquia and are reproduced in

this article with their permission.)

compound levels, considering that her glomerular filtration
rate was normal the month before.

As far as we know, this is the first case of zoledronic acid-
induced acute tubulointerstitial nephritis without concomitant
Fanconi syndrome.

Acknowledgements
Our thanks to the Department of Pathology at Universidad de Antioquia and to Dr.
Alejandra Taborda, a pathologist at that institution.

References

1. Pfister T,Atzpodien E, Bohrmann B, Bauss F. Acute renal effects of intravenous
bisphosphonates in the rat. Basic Clin Pharmacol Toxicol. 2005;97: 374-381.

2. de Roij van Zuijdewijn C, van Dorp W, Florquin S, Roelofs J, Verburgh K.
Bisphosphonate nephropathy: A case series and review of the literatura. Brit Jnl
Clinical Pharma.?2021;87: 3485-3491.

3. Perazella MA, Markowitz GS. Bisphosphonate nephrotoxicity. Kidney Int.
2008;74(11): 1385-1393.

4. Miller PD, Jamal SA, Evenepoel P, Eastell R, Boonen S. Renal Safety in Patients
Treated With Bisphosphonates for Osteoporosis: A Review. Journal of Bone and

Acta Med Colomb 2025; 50
DOIL: https://doi.org/10.36104/amc.2025.4719

Mineral Research.2013;28(10): 2049-2059.

5. Markowitz GS, Fine PL, Stack JI, Cheryl K, Radhakrishnan J, Palecki J,
et al. Toxic acute tubular necrosis following treatment with zoledronate. Kidney
Int. 2003;64: 281-289.

6. Torimoto K, Okada Y, Arao T, Mori H, Tanaka Y. A case of zoledronate-
induced tubulointerstitial nephritis with Fanconi syndrome. Endocrine Journal.
2012:59(12): 1051-1056.

7. Avgustin N, Kova¢ D, Kojc N, Mlinsek G, Lindi¢ J. Acute granulomatous inter-
stitial nephritis and acute rejection in a kidney transplant recipient after zoledronic
acid therapy — a case report and review of the literature. Clinical Nephrology.
2017;88(1): 97-100.

8. B ani S, Regaieg N, Nef i M, Trabelsi S. Zoledronic Acid-Induced
Acute Renal Failure in Multiple Myeloma. JOJO Case Stud. 2018;9(2): 555757.

9. Portales-Castillo I, Mount DB, Nigwekar SU, Yu EW, Rennke HG, Gupta S.
Zoledronic Acid—Associated Fanconi Syndrome in Patients With Céncer. Am J
Kidney Dis. 2022;80(4): 555-559.

10. Gutierrez-Sanchez MJ, Petkov-Stoyanov V, Pedraza-Cezén L, Martin-
Navarro JA. Insuficiencia renal por nefropatia tubulointersticial con tubulopatia
proximal tipo Fanconi tras tratamiento con 4cido zoledrénico. Nefrologia.
2017;37(6): 660-661.

11. Russell RG, Croucher PI, Rogers MJ. Bisphosphonates: pharmacology, mecha-
nisms of action and clinical uses. Osteoporos Int. 1999;9(2): 66-80.




