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Cyclophosphamide-induced atrial fibrillation in

the context of ANCA-associated vasculitis:
a case report
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ICase Report

Introduction and importance: Cyclophosphamide is a widely used immunosuppressant for inducing remission in various \
immune-mediated conditions. However, its potential for cardiotoxicity is well documented. One of the earliest possible manifestations
of this cardiotoxicity following cyclophosphamide infusion is atrial fibrillation (AF), which typically presents within 48 h of the infusion.
Case presentation: The authors present a case of a 58-year-old male with anti-neutrophil cytoplasmic antibodies (ANCA)-
associated vasculitis who presented to the emergency department with clinical features of acute kidney injury. Following
subsequent assessment and evaluation, the patient was managed in the intensive care unit with hemodialysis and intravenous
corticosteroids. He was aimed at inducing remission with cyclophosphamide infusion. However, a few hours following induction
with cyclophosphamide infusion, the patient developed palpitation, sweating, and tachycardia with a heart rate of 140-180/min.
The electrocardiogram showed an irregular QRS complex with an absent p-wave. AF was diagnosed and managed with
amiodarone infusion for 24 h followed by oral maintenance dosing. No further episode of AF occurred following cessation of
cyclophosphamide and switching to rituximab for the treatment of ANCA-associated vasculitis.

Clinical discussion: Cyclophosphamide, even at lower dosages, can cause cardiotoxicity in patients with renal impairment due
to the delayed elimination of its toxic metabolites. In addition, patients who receive CYP 450 inducers, such as prednisone, may
experience the accelerated build-up of its toxic metabolites, thereby raising the risk for cardiotoxicity.

Conclusion: The cardiotoxic manifestation of cyclophosphamide can arise from its use in several immune-mediated conditions.
Given its potential for cardiotoxicity, careful cardiac monitoring during and after cyclophosphamide infusion is essential to ensure

timely intervention, if needed.
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Introduction

Anti-neutrophil cytoplasmic antibody-associated vasculitis (AAV)
comprises a group of autoimmune illnesses that can cause signifi-
cant systemic inflammation, predominantly affecting the small-
sized blood vessels in various organs, potentially leading to
organ failure!"). Neutrophil activation in AAV causes the release
of proteases, reactive oxygen species, and other pro-inflammatory

2Department of Internal Medicine, Kathmandu University School of Medical
Sciences, Dhulikhel, Nepal, ®°Department of Internal Medicine, Nepalgunj Medical
College, Nepalgunj, Nepal, “Department of Internal Medicine, Lyceum-
Northwestern University, Manila, Philippines and °Department of Internal
Medicine, SUNY Downstate, Brooklyn, New York, USA

Sponsorships or competing interests that may be relevant to content are disclosed
at the end of this article.

*Corresponding author. Address: Department of Internal Medicine, Kathmandu
University School of Medical Sciences, Dhulikhel Hospital, Dhulikhel, Kavre 45200,
Nepal. Tel.: +977 11 490497. E-mail: sakarpandey19@gmail.com (S. Pandey).

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc. This is
an open access article distributed under the terms of the Creative Commons
Attribution-Non Commercial License 4.0 (CCBY-NC), where it is permissible to
download, share, remix, transform, and buildup the work provided it is properly
cited. The work cannot be used commercially without permission from the
journal.

Annals of Medicine & Surgery (2025) 87:376-379

Received 10 July 2024, Accepted 20 November 2024

Published online 9 January 2025

http://dx.doi.org/10.1097/MS9.0000000000002809

376

HIGHLIGHTS

Cyclophosphamide-induced cardiotoxicity ranges from
a wide array of clinical presentations including atrial
fibrillation to acute decompensated heart failure. Hence,
vigilant assessment, monitoring, and timely treatment are
warranted during such instances.

Pathophysiology of cyclophosphamide-induced cardiotoxi-
city includes direct myocardial damage, oxidative stress
from active metabolites of cyclophosphamide like phospha-
mide and acrolein, along with inflammatory cytokine dys-
regulation, highlighting the development of potential
targets for prophylactic intervention in the future.

Risk factors such as renal impairment, advancing age,
cardiopulmonary comorbidities, and concurrent use of
medication that induce the CYP450 enzyme leading to
the potential build-up of active metabolites of cyclopho-
sphamide such as high-dose corticosteroids, in this case,
underscores the importance of promptly identifying such
risk factors and necessitates subsequent personalized
dosing strategies or other alternatives.

mediators, impacting the vascular endothelium and contribut-
ing to the complex pathophysiology of the disease!.
ANCA-associated vasculitis consists of microscopic polyangiitis,
eosinophilic granulomatosis with polyangiitis, and granuloma-
tosis with polyangiitis. AAV is frequently treated with the
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immunosuppressant cyclophosphamide (CYC). It acts by cross-
linking DNA strands, interfering with DNA replication and
transcription, and ultimately causing activated immune cells to
undergo apoptosis®. CYC has been found to lower disease
activity, enhance organ function, and lower the chance of
relapsel*. CYC can cause various complications related to the
hematological, gastrointestinal, and cardiovascular systems,
including atrial fibrillation (AF).

AF is the most common cardiac arrhythmia routinely encoun-
tered in clinical practice, characterized by rapid and uncoordinated
electrical activity in the atria resulting in the ineffective contraction
of the atria and a decrease in cardiac output'®!. A recent meta-
analysis has placed the risk of all cardiovascular events in AAV
patients as being nearly 65% higher as compared with the general
population!®!. Therefore, the likelihood of cardiac arrhythmias in
these patients receiving CYC increases. Although the precise nature
of how CYC induces AF is yet to be fully understood, one potential
mechanism is the direct toxicity of CYC in the cardiac muscles,
which can result in cardiac remodeling and myocardial fibrosis
leading to aberrant electrical conduction!!,

Case presentation

A 58-year-old male presented to the emergency department with
complaints of shortness of breath for the last 4-5 days and
decreased urine output for 3 days. Shortness of breath was gradual
on onset and was associated with orthopnea. Decreased urine out-
put was accompanied by gross hematuria throughout the urinary
stream. He reported malaise and anorexia as well. A review of his
past medical history revealed hypertension and chronic obstructive
lung disease (COPD) with cor-pulmonale. He was an ex-smoker
with more than 30 pack years of smoking history. He occasionally
drank alcohol but denied using illicit drugs. He also denied having
fever, abdominal pain, chest pain, weight loss, night sweats, hema-
temesis, melena, other genitourinary symptoms, tuberculosis expo-
sure, any recent travel history, or a history of coagulopathy. The
medication history included amlodipine and atenolol for hyperten-
sion for the past 10 years, which was well controlled, and a for-
moterol-tiotropium bromide inhaler for COPD for the last 5 years.
The patient did not have any COPD exacerbations in the past. The
patient had no significant past surgical history, and the family
history was unremarkable. In addition, the patient did not have
any prior episodes of AF or other arrhythmias.

On physical examination, he had a blood pressure of
170/100 mmHg, heart rate of 110/min, SpO2 of 82% in room
air, and respiratory rate of 28 breaths/min. On further examina-
tion, pallor and edema were noted and he was in respiratory
distress. Bilaterally decreased air entry along with bibasilar
crackles were heard on chest auscultation.

At the time of presentation, his laboratories were significant for
blood urea nitrogen at 95.3 mg/dl and creatinine at 8.1 mg/dl with
an estimated glomerular filtration rate (eGFR) of 8.23 mL/min/
1.73 m? Na was 130, K was 5.3, and Hb was 10.1 g/dl. Blood
gas analysis showed a pH of 7.31, a pO, of 87, a pCO; of 28, an
HCO; of 14.1, a lactate level of 0.8, and an anion gap of 12 mmol/l.
Procalcitonin, leukocyte counts, and liver enzymes were normal.
Urinalysis showed red blood cells (RBCs) > 100/hpf. Urine sediment
was positive for dysmorphic RBCs. Chest X-ray showed emphyse-
matous changes in the lungs, increased cardiac silhouette size,
and batwing opacities. There was no focal consolidation.
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An electrocardiogram (EKG) showed sinus tachycardia.
Transthoracic echocardiography was unremarkable except for
distended non-collapsible inferior venacava at 28 mm. A plain
computed tomography scan of the chest showed diffuse ground
glass opacities, interlobular septal thickening, bilateral minimal
pleural effusion, and central cylindrical bronchiectasis with
emphysematous changes. He was admitted to the ICU for
further evaluation and management. Subsequent evaluation
and investigation revealed a persistently high serum creatinine,
borderline high ¢4 at 43.8 mg/dl (Ref. 9-36 mg/dl), and normal c3.
Antinuclear antibody, anti-glomerular basement membrane, and
proteinase 3-specific anti-neutrophil cytoplasmic antibody were
negative. However, myeloperoxidase-specific anti-neutrophil
cytoplasmic antibody was significantly positive at >300 U/ml
(Ref: Negative < 12 U/ml). The diagnosis of ANCA-associated
vasculitis leading to acute kidney injury (AKI) was made, and
CYC infusion was planned for remission. Hemodialysis was per-
formed on three separate occasions during his stay at the hospital,
and his pulmonary edema resolved after the first dialysis session.
The patient was also treated with IV methylprednisolone pulse
therapy for 3 days followed by oral prednisone.

CYC infusion was administered 24 h after the completion of
the second cycle of hemodialysis. CYC 1 gm in 250 ml of normal
saline was started slowly over 2 h. Subsequently, 90 min after
completing the CYC infusion, the patient developed palpita-
tions, sweating, and tachycardia with a heart rate of 140-180/
min in telemetry. EKG showed tachycardia with a rate of 152
with irregular QRS complexes with an absent p-wave due to AF
with rapid ventricular rate as shown in the figure below. AF was
managed with IV amiodarone 150 mg in 100 ml Dextrose 5%
bolus over 15 min, followed by 1 mg/min infusion over 6 h and
0.5 mg/min infusion over 18 h. The patient reverted to sinus
rhythm after 10 min of amiodarone infusion. Oral Amiodarone
was overlapped with the last 6 h of infusion, and oral metoprolol
was added for rate control. His AF improved afterward, and,
during the rest of his hospital stay, the patient did not develop
another episode of AF. The patient’s ANCA-associated vascu-
litis with AKI leading to end-stage renal disease is being man-
aged with maintenance hemodialysis and IV rituximab. A renal
biopsy was planned following the stabilization of the patient’s
condition. An echocardiogram repeated before discharge
remained unchanged from his previous echocardiogram.

The diagnosis of CYC-induced AF was made based on the
associated onset of symptoms following CYC usage and the lack
of recurrence of AF following CYC discontinuation.

Case discussion

Cyclophosphamide is an extensively used immunosuppressive
agent for treating malignancies, immune-mediated glomerulone-
phritis, and ANCA-associated vasculitis'®, Although progress has
been made in therapeutic modalities for the treatment of autoim-
mune diseases, resulting in subsequent improvements in mortality
and morbidity, life-threatening toxicities such as immunosuppres-
sant-induced cardiotoxicity remain a challenging problem. These
cardiac complications can range from isolated instances of
tachyarrhythmias such as AF or supraventricular arrhythmia to
ventricular arrhythmias!”®!. Additionally, manifestations may
include pericarditis, restrictive cardiomyopathy, and, in severe
cases, cardiac tamponade or fulminant cardiac failure™”l.
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Figure Electrocardiogram (EKG) showing atrial fibrillation with a rapid ventricular rate.

Although the exact mechanism of CYC-induced cardiac toxicity is
still not fully understood, the main predominant mechanism
includes direct myocardial and free radical damage from its meta-
bolite, phosphamide. This process leads to endothelial and myo-
cyte injury, ultimately resulting in the leakage of toxic metabolites
and proteins!'!l. CYC has been documented to trigger the produc-
tion of tumor necrosis factor- alpha (TNF-a) and Interleukin (IL-
1B), while concurrently decreasing IL-10 expression. These actions
contribute to myocardial hypertrophy, fibrosis, and interstitial
hemorrhage, induce apoptosis of myocardial cells, and result in
a pro-arrhythmogenic state, promoting AF development!'!],

In recent decades, there has been a growing interest in studying
the pharmacokinetics of CYC. It is known that CYC is a prodrug
that needs activation by cytochrome P450 enzymes, leading to the
production of 4-hydroperoxy-cyclophosphamide and aldopho-
sphamide. These compounds then undergo B elimination to gen-
erate phosphamide and acrolein, which are also considered to be
cardiotoxic"l, CYC metabolism occurs in the liver, and its meta-
bolites are eliminated by the kidneys. Therefore, patients with
renal insufficiency, like this patient diagnosed with AAV resulting
in AKI, are at an increased risk of CYC-related cardiac toxicity
even at regular doses. Consequently, dose adjustments of CYC
should be implemented to prevent its side effects in these suscep-
tible individuals. Goldberg and colleagues proposed a threshold
dose of around 1.5 g/m*™?!, In this case, the patient developed
AKI due to AAV, which did not improve until he underwent
hemodialysis. Following the completion of the second cycle of
hemodialysis, a CYC infusion of 600 mg/m? was administered,
which induced AF with a rapid ventricular rate in this patient,
which was significantly below the proposed critical threshold!?!.
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Several independent risk factors have also been identified to
increase the risk of CYC-related cardiotoxicity, which notably
includes advanced age and the presence of malignancy'™l.
Moreover, low ejection fraction (EF < 50%), prior radiation expo-
sure to the mediastinum, and prior use of other cardiotoxic agents
also increase the risk of cardiotoxicity in patients receiving CYC
treatment, none of which were present in the patient. Research
indicates that steroids such as prednisone and dexamethasone
are known to induce the P450 enzyme!”!. In this scenario, the
patient’s medical history of COPD and the administration
of prednisone at a dosage of 60 mg for at least 5 days likely
triggered the P450 enzyme, leading to the accelerated build-up
of toxic metabolites of CYC and contributing to an increase in
the risk of cardiotoxicity.

The symptoms of cardiotoxicity related to CYC vary in severity
and presentation, depending on the specific pathology affected by
CYC and the associated risk factors. Associated risk factors that
can precipitate CYC-induced cardiotoxicity include decompen-
sated heart failure with low EF and uncontrolled hypertension at
the time of infusion, neither of which were present in this patient.
Typically, tachyarrhythmia such as AF becomes evident within
48 h after the initial dose!"!. Detecting cardiotoxicity related to
CYC early on is crucial, particularly in patients with low eGFR, as
it can lead to rapidly worsening heart problems. Careful telemetry
monitoring during and after the infusion of cyclophosphamide
(CYCQ) is essential for detecting any arrhythmias. If detected, the
initial assessment typically involves a 12-lead EKG to identify any
tachyarrhythmia caused by the chemotherapy. Although the EKG
helps rule out arrhythmias, an echocardiogram is necessary to
measure the left ventricular ejection fraction (LVEF) and exclude
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potential heart failure. However, tachyarrhythmia might obscure
the assessment of cardiac chambers, and a decrease in LVEF
might not manifest immediately!”. Heart failure indicators such
as B-type natriuretic peptide can serve to exclude acute cardiac
failure, particularly in cases of high-dose administration!”).
Moreover, cardiac magnetic resonance imaging can be employed
to identify changes in the structure of heart chambers when
high doses of CYC are administered!"*).

The treatment approach for CYC-induced AF should be tai-
lored to each individual. If there are any indications of cardio-
toxicity related to CYC, whether observed clinically or through
laboratory findings, the first and most critical action is to dis-
continue the medication promptly. Once identified, manage-
ment of tachyarrhythmia follows the standard approach, with
medical interventions aimed at controlling heart rate and
rhythm in hemodynamically stable patients. In instances where
arrhythmias persist despite medical management or when
patients are hemodynamically unstable, it is crucial to swiftly
identify the situation and provide robust hemodynamic assis-
tance with cardioversion!"].

Conclusion

This case report underscores the importance of being vigilant and
watchful for potential cardiotoxic manifestations like AF in
patients receiving cyclophosphamide, especially those with pre-
existing cardiopulmonary comorbidities and deranged renal func-
tion. Clinicians should be wary of this manifestation of cyclopho-
sphamide and manage it firstly by promptly discontinuing the
drugs and then timely starting appropriate anti-arrhythmic agents
tailored to individual patient’s needs. Pre-treatment with steroids
such as prednisone, as in this case can induce the CYP 450
enzyme, which accelerates the build-up of active metabolites
of cyclophosphamide leading to potential cardiotoxic manifesta-
tion. Further studies are warranted to understand better the
incidence, mechanisms, and prevention of cyclophosphamide-
induced arrhythmias.

Ethical approval

None.

Consent

Written informed consent was obtained from the patient for
publication of this case report and accompanying images.
A copy of the written consent is available for review by the
Editor-in-Chief of this journal on request.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Sources of funding

None.

379

Author contribution

S.P.: Study concept, data collection, writing, editing the paper, and
corresponding author. A.D.: Study concept, writing, and editing
the paper. R.S.: Writing and editing the paper. R.S.: Data collection
and editing of the paper. S.D. and S.B.: Editing the paper.

Conflict of interest disclosure

None.

Guarantor

Sakar Pandey.

Data availability statement

Not applicable.

Provenance and peer review

Not commissioned, externally peer-reviewed.

References

[1] Skinner MD, Schwartz RS. Immunosuppressive therapy: (second of two
parts). N Engl ] Med 1972;287:281-86.

[2] Jennette JC, Falk R]. Pathogenesis of antineutrophil cytoplasmic
autoantibody-mediated disease. Nat Rev Rheumatol 2014;10:463-73.

[3] Winkelstein A. Mechanisms of immunosuppression: effects of cyclopho-
sphamide on cellular immunity. Blood 1973;41:273-84.

[4] Pani A. Standard immunosuppressive therapy of immune-mediated
glomerular diseases. Autoimmun Rev 2013;12:848-53.

[5] Nattel S, Burstein B, Dobrev D. Atrial remodeling and atrial fibrillation:
mechanisms and implications. Circ Arrhythm Electrophysiol 2008;1:
62-73.

[6] Houben E, Penne EL, Voskuyl AE, et al. Cardiovascular events in
anti-neutrophil cytoplasmic antibody-associated vasculitis: a meta-analysis
of observational studies. Rheumatology 2018;57:555-62.

[7] Nieto Y, Cagnoni PJ, Bearman SI, et al. Cardiac toxicity following
high-dose cyclophosphamide, cisplatin, and BCNU (STAMP-I) for breast
cancer. Biology of Blood and Marrow Transplantation 2000;6:198-203.

[8] Emadi A, Jones R], Brodsky RA. Cyclophosphamide and cancer: golden
anniversary. Nat Rev Clin Oncol 2009;6:638-47.

[9] Nakamae H, Tsumura K, Hino M, et al. QT dispersion as a predictor of
acute heart failure after high-dose cyclophosphamide. Lancet 2000;355:
805-06.

[10] Ejaz K, Raza MA, Maroof S, et al. Cyclophosphamide-induced atrial
fibrillation with rapid ventricular rate. Cureus. 2018;10:e2633. doi:10.
7759/cureus.2633.

[11] Iqubal A, Iqubal MK, Sharma S, et al. Molecular mechanism involved in
cyclophosphamide-induced cardiotoxicity: old drug with a new vision.
Life Sci 2019;218:112-31.

[12] Goldberg M, Antin J, Guinan E, et al. Cyclophosphamide cardiotoxicity:
an analysis of dosing as a risk factor. Blood 1986;68:1114-18.

[13] Brockstein B, Smiley C, Al-Sadir J, et al. Cardiac and pulmonary toxicity
in patients undergoing high-dose chemotherapy for lymphoma and
breast cancer: prognostic factors. Bone Marrow Transplant 2000;25:
885-94.

[14] Eitel I, Kubusch K, Strohm O, et al. Prognostic value and determinants
of a hypointense infarct core in T2-weighted cardiac magnetic resonance
in acute reperfused ST-elevation-myocardial infarction. Circ Cardiovasc
Imaging 2011;4:354-62.

[15] Wood AJ]J, Pritchett ELC. Management of atrial fibrillation. N Engl
J Med 1992;326:1264-71.


https://doi.org/10.7759/cureus.2633
https://doi.org/10.7759/cureus.2633

