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Voriconazole is a broad-spectrum triazole antifungal agent and
the first-choice therapy for invasive aspergillosis (IA) (1). Al-

though voriconazole is generally well tolerated, anecdotal case re-
ports have described unexpected severe adverse events related to
voriconazole, such as hyponatremia, which potentially could re-
sult in death (2–4). We report a case of successful voriconazole
treatment of invasive pulmonary aspergillosis (IPA) in a hypona-
tremia patient.

A 72-year-old man with a 10-year history of chronic obstruc-
tive pulmonary disease (COPD) was admitted to our respiratory
department because of acute exacerbation. Because of his positive
aspergillus sputum cultures before admission, he had a higher risk
of developing IPA. The patient was treated with intravenous vori-
conazole (two loading doses of 6 mg/kg of body weight and then 4
mg/kg every 12 h) for 2 weeks and then changed to oral voricona-
zole tablets at a dose of 200 mg every 12 h. A definite diagnosis of
IPA was soon obtained from a computed tomography (CT)-
guided percutaneous lung biopsy specimen evidencing Aspergillus
fumigatus in culture (5). Twenty-six days after commencing vori-
conazole therapy, the patient showed somnolence and malaise
symptoms. Electrolyte levels showed that his sodium level was 104
mmol/liter but that his potassium and creatinine levels were nor-
mal. Therapeutic drug monitoring (TDM) was performed, and
the voriconazole plasma trough concentration (voriconazole C0)
was high (7.10 �g/ml). Two days after the discontinuation of vori-
conazole and infusion of 3% saline, the patient’s mental status and
hyponatremia recovered. Our goal voriconazole C0 range was 1.0
to 5.5 �g/ml. The voriconazole C0 (0.68 �g/ml), obtained 11 days
after a half-dose reduction of voriconazole (200 mg/day), was not
within the therapeutic range. Since his voriconazole C0 remained
subtherapeutic (0.68 �g/ml), we increased the dose to 300 mg/day
after he was discharged from the hospital. Thirteen days after the
treatment, the voriconazole C0 increased to 1.38 �g/ml, which
mostly achieved the target concentration of �1.0 �g/ml. The pa-
tient remained asymptomatic, and repeat CT findings showed
near resolution of lung lesions upon follow-up in our outpatient
department. The CYP2C19 genotype was classified as heterozy-
gous extensive metabolizer (CYP2C19*1/CYP2C19*2).

It is well known that CYP2C19 genetic polymorphisms make it
particularly difficult to predict exposure to voriconazole and its
potential dose-dependent toxicity (6). Indeed, voriconazole C0s of
�1.0 �g/ml have been associated with improved responses to
therapy and survival (7, 8). Increased adverse events have been
associated with voriconazole C0s of �5.0 to 6.0 �g/ml (9, 10). As a
consequence, TDM may be a useful tool to optimize voriconazole
therapy. In our case, the voriconazole C0 was 7.10 �g/ml, which is
considered in the toxic range. Therefore, voriconazole-associated
hyponatremia may be concentration dependent. Instead of dis-
continuing antifungal therapy, it was decided to reduce the vori-
conazole dose to 200 mg/day, and the voriconazole C0 was sub-

therapeutic (0.68 �g/ml). Finally, TDM revealed an adequate
voriconazole C0 (1.38 �g/ml) 13 days after dose adjustment to 300
mg/day, suggesting that the dose regimen for this patient was ap-
propriate. So, voriconazole-related hyponatremia suggests that
the clinical utility of routine TDM of voriconazole reduces drug-
related adverse events and improves treatment outcome in inva-
sive fungal infections.

In conclusion, this case suggests that fatally severe hyponatre-
mia can develop after initiation of voriconazole antifungal ther-
apy. Furthermore, this experience confirms that the appropriate-
ness of voriconazole dose adjustment instead of therapy
interruption should be considered according to the voriconazole
C0. We believe that TDM is useful to determine the voriconazole
dosage in a voriconazole-related hyponatremia patient.

ACKNOWLEDGMENTS

All authors participated in managing the case and writing the paper.
This work was supported by funding of the key academic subject (clin-

ical Chinese pharmacy) of the Twelfth Five-Year Program of the state
administration of traditional Chinese medicine.

We declare no conflict of interest.

REFERENCES
1. Walsh TJ, Anaissie EJ, Denning DW, Herbrecht R, Kontoyiannis DP,

Marr KA, Morrison VA, Segal BH, Steinbach WJ, Stevens DA, van
Burik JA, Wingard JR, Patterson TF. 2008. Treatment of aspergillosis:
clinical practice guidelines of the Infectious Diseases Society of America.
Clin. Infect. Dis. 46:327–360.

2. Isobe K, Muraoka S, Sugino K, Yamazaki Y, Kikuchi N, Hamanaka N,
Takai Y, Shimizu K, Kimura K, Hiroi N, Shibuya K, Homma S. 2007.
Case of pulmonary aspergillosis associated with inappropriate antidiuretic
hormone syndrome caused by voriconazole therapy. Nihon Kokyuki
Gakkai Zasshi 45:489 – 493. (In Japanese.)

3. Teranishi J, Nagatoya K, Kakita T, Yamauchi Y, Matsuda H, Mori T,
Inoue T. 2010. Voriconazole-associated salt-losing nephropathy. Clin.
Exp. Nephrol. 14:377–380.

4. Kim KH, Lee S, Yun NR, Kim NJ, Yu KS, Jang IJ, Park WB, Oh MD.
2012. Voriconazole-associated severe hyponatremia. Med. Mycol. 50:
103–105.

5. Sugita C, Makimura K, Uchida K, Yamaguchi H, Nagai A. 2004. PCR
identification system for the genus Aspergillus and three major pathogenic
species: Aspergillus fumigatus, Aspergillus flavus and Aspergillus niger.
Med. Mycol. 42:433– 437.

6. Lee S, Kim BH, Nam WS, Yoon SH, Cho JY, Shin SG, Jang IJ, Yu KS.
2011. Effect of CYP2C19 polymorphism on the pharmacokinetics of vori-

Published ahead of print 12 February 2013

Address correspondence to Xiu-hua Zhang, wzzhangxiuhua@yahoo.cn,
or Chun-hong Zhang, zch760217@163.com.

X.-H.Z. and C.-H.Z. contributed equally to this work.

Copyright © 2013, American Society for Microbiology. All Rights Reserved.

doi:10.1128/AAC.00146-13

LETTER TO THE EDITOR

2422 aac.asm.org Antimicrobial Agents and Chemotherapy p. 2422–2423 May 2013 Volume 57 Number 5

http://dx.doi.org/10.1128/AAC.00146-13
http://aac.asm.org


conazole after single and multiple doses in healthy volunteers. J. Clin.
Pharmacol. 52:195–203.

7. Neely M, Rushing T, Kovacs A, Jelliffe R, Hoffman J. 2010. Voricona-
zole pharmacokinetics and pharmacodynamics in children. Clin. Infect.
Dis. 50:27–36.

8. Pascual A, Calandra T, Bolay S, Buclin T, Bille J, Marchetti O. 2008.
Voriconazole therapeutic drug monitoring in patients with invasive my-
coses improves efficacy and safety outcomes. Clin. Infect. Dis. 46:201–211.

9. Bernhard S, Kernland Lang K, Ammann RA, Luer S, Leibundgut K,
Diepold M, Aebi C. 2012. Voriconazole-induced phototoxicity in chil-
dren. Pediatr. Infect. Dis. J. 31:769 –771.

10. Park WB, Kim NH, Kim KH, Lee SH, Nam WS, Yoon SH, Song KH,
Choe PG, Kim NJ, Jang IJ, Oh MD, Yu KS. 2012. The effect of thera-
peutic drug monitoring on safety and efficacy of voriconazole in invasive
fungal infections: a randomized controlled trial. Clin. Infect. Dis. 55:
1080 –1087.

Letter to the Editor

May 2013 Volume 57 Number 5 aac.asm.org 2423

http://aac.asm.org

	Successful Management of Voriconazole-Associated Hyponatremia with Therapeutic Drug Monitoring
	ACKNOWLEDGMENTS
	REFERENCES


