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Voriconazole, a broad-spectrum antifungal agent, is considered the first-line
treatment for invasive aspergillosis. In this article, we report three cases of
patients who experienced visual disturbances and hallucinations following
voriconazole therapy for invasive pulmonary aspergillosis. These symptoms
appeared within 1 week after initiating voriconazole administration and resolved
upon discontinuation or dose reduction of the drug. Considering the absence of
any identifiable alternative cause and the temporal relationship with voriconazole
initiation, these symptoms were attributed to the adverse effects of voriconazole.
All three patients had trough concentrations exceeding 5 μg/mL at the time of
adverse reactions, leading to subsequent therapeutic drug monitoring and dose
adjustment. The clinical characteristics and management strategies of
voriconazole-induced hallucinations and/or visual disturbances have been rarely
reported previously. Therefore, our study reviewed and analyzed relevant case
reports since 2014. This study highlights the importance of recognizing the
potential risk of hallucinations and visual disturbances associated with
voriconazole. Furthermore, our findings indicate that the route of voriconazole
administration does not influence the frequency of these adverse events.
Additionally, special attention should be given to monitoring adverse events
related to voriconazole in Asian populations due to their higher prevalence of
CYP2C19 poor metabolizers. In the event of adverse reactions to voriconazole,
diligent monitoring of therapeutic drug levels and dosage adjustments is crucial.
These clinical characteristics andmanagement strategies offer advantages in terms
of enhancing drug efficacy, ensuring treatment continuity, and minimizing the
incidence of other severe adverse reactions.
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Introduction

Voriconazole (VRC), a second-generation azole-antifungal agent, is the recommended
initial treatment for serious fungal infections, including invasive pulmonary aspergillosis
(Veringa et al., 2023; Wang et al., 2022). VRC is associated with various side effects such as
fever, rash, gastrointestinal symptoms, headache, and hepatotoxicity (Boyd et al., 2004; de
Almeida Campos et al., 2023; Kinoshita et al., 2011; Mohammed et al., 2022). However,
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there has been limited research conducted on the clinical
characteristics and management strategies for hallucinations and/
or visual impairments induced by voriconazole. In this study, we
report three cases of patients who experienced visual disturbances
and hallucinations following VRC treatment for invasive pulmonary
aspergillosis. Additionally, we performed a comprehensive review
and analysis of relevant case reports from the past decade to
investigate the clinical characteristics and management strategies
associated with these adverse reactions.

Case presentation

Case 1
The patient, an 88-year-oldmale (with unknown body weight due

to being bedridden), was admitted to our hospital with a history of
“repeated cough and expectoration for over 20 years”. Subsequent
physical examination revealed bilateral moist rales in the lungs, along
with fever, abdominal pain, chest pain, and fecal incontinence. This
patient did not have any concurrent neurological disorders. Chest
computed tomography (CT) showed emphysema and infectious lung
lesions. Serum levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and creatinine (CREA) were 21.3 IU/L,

25.5 IU/L, and 94.0 μmol/L, respectively. Therefore, the patient
received piperacillin sodium and tazobactam sodium for injection
(4.5 g q12 h) along with aminophylline injection. Subsequently,
Aspergillus was identified in sputum culture leading to a diagnosis
of pulmonary aspergillosis. VRC tablets were initiated at a dose of
300mg q12 h for two doses followed bymaintenance therapy at a dose
of 200 mg q12 h from September 14 onwards. On day four of VRC
treatment, the patient experienced hallucinations and visual
disturbances characterized by perceiving strange shadows in front
of him along with red-green discoloration and symptoms of gibberish
speech. On September 17, 2023, the trough concentration of VRCwas
measured to be elevated at 11.55 μg/mL, which correlated with the
observed adverse effects including hallucinations and visual
disturbances. Consequently, we decided to discontinue VRC
administration due to its supratherapeutic level causing these
adverse effects which completely resolved by September 20th when
the trough concentration decreased to approximately normal levels,
measuring at around 5.22 μg/mL simultaneously. VRC treatment was
resumed on September 21st at a reduced dose regimen (100 mg
q12 h). The subsequent trough concentration measurement on
September 25th indicated therapeutic levels within range at
approximately 4.02 μg/mL without recurrence of any VRC-induced
adverse effects (Figure 1).

FIGURE 1
Alterations in the trough concentration of voriconazole and the occurrence of visual disturbances and hallucinations.
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Case 2
An 85-year-old male (with unknown body weight due to being

bedridden) with a medical history of COPD, bronchiectasis,
diabetes, and coronary heart disease presented to our hospital.
The patient has no prior neurological disorders. Subsequent tests
revealed bilateral lower leg edema and bilateral moist rales in the
lungs. A combination of acute exacerbation of COPD (AECOPD)
and respiratory infection leading to respiratory failure was
considered. Serum levels of ALT, AST, and CREA were 5.6 IU/L,
15.5 IU/L, and 157.0 μmol/L, respectively. Consequently,
spironolactone tablets, meropenem for injection, and
moxifloxacin injection were prescribed. Subsequently, the
presence of serum galactomannan (GM) confirmed the diagnosis
of pulmonary aspergillosis. VRC tablets were administered at a dose
of 400 mg q12 h for two doses followed by 200 mg q12 h starting
from December 1, 2023. On day four of VRC treatment, the trough
concentration of VRC was observed to be elevated at 8.53 μg/mL.
Subsequently, VRC administration was discontinued while the
trough concentration levels were monitored. The patient
experienced hallucinations and visual disturbances on December
7 which resolved by December 9 without intervention. The trough
concentrations of VRC measured on December 7 and December
9 were 8.15 μg/mL and 4.45 μg/mL respectively. VRC treatment
resumed on December 9 with a reduced dosage regimen (100 mg
q12 h po). On December 13th, the trough concentration level
reached a value of 2.32 μg/mL without any recurrence of adverse
effects associated with VRC (Figure 1).

Case 3
An 74-year-old male (with unknown body weight due to being

bedridden) was admitted to our hospital due to a history of
recurrent cough. Digital X-ray photography (DX) revealed
scattered speckled, flaky, and cable-like high-density shadows
in the left middle and lower lung fields. The patient has no
history of neurological disorders. Consequently, a diagnosis of
chronic obstructive pulmonary disorder (COPD) with chronic
inflammation of the left lung was considered. Additionally, the
patient’s lung CT indicated bronchiectasis accompanied by
infection. Serum levels of ALT, AST, and CREA were 26.6 IU/
L, 20.9 IU/L, and 53.0 μmol/L, respectively. Consequently,
methylprednisolone sodium succinate for injection, piperacillin
sodium and tazobactam sodium for injection, and ambroxol
hydrochloride injection were prescribed. Subsequently, the
patient was found to be positive for Influenza A, and thus
oseltamivir phosphate capsules were added. Specific IgG for
Aspergillus fumigatus and positive GM levels were detected in
the patient’s serum. Additionally, sputum culture confirmed the
presence of Aspergillus fumigatus and Aspergillus flavus.
Pulmonary aspergillosis was therefore diagnosed. VRC
treatment at a dose of 200 mg q12 h commenced on January
15, 2024. On day 4 of VRC treatment, the patient experienced
hallucinations and visual disturbances characterized by blurry
vision and floating in front of his eyes. These symptoms appeared
suddenly. Simultaneously, the trough concentration of VRC
measured at 6.59 μg/mL raised concerns regarding drug-
induced hallucinations and visual disturbances. Consequently,
VRC administration was suspended while monitoring its
trough concentration. Complete resolution of hallucinations

and visual disorders occurred on January 21, 2024. The trough
concentrations of VRC were 7.20 μg/mL on January 19th and
decreased to 3.04 μg/mL on January 22nd respectively. VRC
treatment resumed at a reduced dosage of 150 mg q12 h
starting from January 22nd without recurrence of adverse
effects induced by VRC (Figure 1).

Discussion

We assessed our patient’s score on the Naranjo Scale (Naranjo
et al., 1981). The three cases we report had respective weighted
scores of 8, 5, and 5 on the Naranjo Scale, indicating that
hallucinations and visual disturbances were probably caused by
VRC rather than other medications. Then, we conducted an
extensive search in both English and Chinese databases,
including PubMed, Embase, Web of Science, Wanfang Data and
the China National Knowledge Infrastructure (CNKI), for relevant
literature published within the past 10 years using search terms such
as “voriconazole”, “hallucinations”, “visual disturbances”, and
“visual toxicity”. A comprehensive literature review was
performed, which included a summary of eight studies
investigating hallucinations and/or visual disturbances associated
with VRC (Table 1) (Bayhan et al., 2016; Cao and Chen, 2020; Jansen
et al., 2017; Jiang J., 2020; Kato et al., 2016; Shan and Rao, 2017;
Zhang et al., 2021; Zheng et al., 2021). A total of fourteen patients
were reported across the eight studies that were included. Of these,
oral dosage form was administered to eight patients (57.1%),
injectable dosage form to five patients (35.7%), and the mode of
administration for one patient remained unknown (7.2%). Zonios
et al. (2008) observed that hallucinations associated with the
intravenous formulation vanish when VRC is administered orally.
However, all three cases of VRC-induced visual disturbances and
hallucinations reported in this article were orally administered.
Therefore, we speculate that the route of VRC administration
does not affect the frequency of hallucinations and visual
disturbances.

Although the optimal therapeutic concentration of VRC
remains unknown, it is generally recommended to fall within the
range of 0.5–5.0 μg/mL (Chen et al., 2018). However, it is currently
unclear whether there are variations in the concentration range of
voriconazole in the blood of elderly individuals. A positive
correlation has been identified between the concentration of VRC
in the plasma and visual disturbances induced by the drug (Tan
et al., 2006). Specifically, the odds ratio for visual disturbances
increased by 4.7% for every 1 μg/mL increase in plasma VRC
concentration. Furthermore, a notable discrepancy is apparent in
the mean plasma VRC concentration (2.52 μg/mL) among
78 patients who did not experience hallucinations versus the
4.53 μg/mL level observed in 14 of 16 patients who reported
hallucinations (Zonios et al., 2014). It was discovered that the
individuals with plasma VRC concentrations >5 μg/mL [10/
31 subjects (32%)] had a higher incidence of neurotoxic adverse
effects, specifically visual and auditory hallucinations, compared to
those with concentrations ≤5 μg/mL [2/170 patients (1.2%)] (Dolton
et al., 2012). Of note, a study revealed a strong association between
VRC-induced hallucinations and visual impairment (Imataki
et al., 2008).
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TABLE 1 Literature review of visual disturbances and hallucinations caused by Voriconazole.

Authors/Year
(References)

Country Age
(years)

Sex Body
weight
(kg)

Diagnosis Dose Dosage
form

Clinical
symptoms

Onset
time
(days)

VRC trough
concentration

(µg/mL)

CYP2C19 genotype Therapeutic
adjustment

Jansen et al. (2017) United States 67 Male 79.3 alcoholic
hepatitis,
chronic

pancreatitis,
COPD

400 mg
q12 h for
2 doses,
then

200 mg
q12 h

oral hallucinations 2 9.0 CYP 2C19*1/*2 VRC withdrawal

Kato et al. (2016) Japan 68 Female 45 diabetes,
cervical cancer

300 mg
q12 h for
2 doses,
then

200 mg
q12 h

oral hallucinations 4 NA NA VRC withdrawal
and switch to
Micafungin

Kato et al. (2016) Japan 81 Male 50 diabetes,
hypertension

300 mg
q12 h for
2 doses,
then

200 mg
q12 h

oral hallucinations 2 NA NA VRC withdrawal
and switch to
Itraconazole

Kato et al. (2016) Japan 67 Male 46 diabetes, upper
bile duct cancer

300 mg
q12 h for
2 doses,
then

200 mg
q12 h

intravenous hallucinations 2 3.79 NA VRC continuation

Kato et al. (2016) Japan 68 Female 31.5 pneumonia 200 mg
q12 h for
2 doses,
then

100 mg
q12 h

NA hallucinations 42 1.28 NA VRC withdrawal
and switch to
Itraconazole

Kato et al. (2016) Japan 76 Male 54.6 pneumonia,
acute lymphoid

leukemia

300 mg
q12 h for
2 doses,
then

200 mg
q12 h

oral visual
disturbances

3 7.49 NA VRC decrement

Kato et al. (2016) Japan 15 Female 38.2 pulmonary
aspergillosis

200 mg
q12 h

oral visual
disturbances

9 4.45 NA VRC decrement

Zheng et al. (2021) China 9 Female 28 intermediate-
risk T-cell (III)
leukemia, sepsis

200 mg
q12 h

oral hallucinations
and visual
disturbance

2 3.6 NA VRC withdrawal

(Continued on following page)
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TABLE 1 (Continued) Literature review of visual disturbances and hallucinations caused by Voriconazole.

Authors/Year
(References)

Country Age
(years)

Sex Body
weight
(kg)

Diagnosis Dose Dosage
form

Clinical
symptoms

Onset
time
(days)

VRC trough
concentration

(µg/mL)

CYP2C19 genotype Therapeutic
adjustment

Bayhan et al. (2016) Turkey 16 Female 55 T-cell leukemia,
invasive

pulmonary
aspergillosis

400 mg
q12 h

intravenous hallucinations
and visual
disturbance

4 NA NA VRC continuation

Shan and Rao (2017) China 63 Male NA Lung infection 200 mg
q12 h

intravenous hallucinations 3 NA NA VRC withdrawal
and switch to
Caspofungin

Jiang (2020) China 68 Male NA Broncholung
cancer

200 mg
q12 h

intravenous hallucinations 1 NA NA VRC withdrawal
and switch to
Fluconazole

Zhang et al. (2021) China 77 Male NA COPD 200 mg
q12 h

oral hallucinations
and visual
disturbance

2 NA NA VRC withdrawal

Zhang et al. (2021) China 58 Male NA hemoptysis 200 mg
q12 h

oral hallucinations 3 NA NA VRC withdrawal

Cao and Chen (2020) China 53 Female 52 Bronchiectasis
with infection

300 mg
q12 h for
2 doses,
then

200 mg
q12 h

intravenous visual
disturbance

5 5.7 CYP 2C19*1/*2 VRC decrement

VRC, voriconazole; COPD, chronic obstructive pulmonary disease; NA, not available.
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According to a systematic review and meta-analysis of
1,158 patients, VRC increased the risk of neurotoxicity when
administered at a trough concentration exceeding 4.0 μg/mL (Jin
et al., 2016). In the present study, we observed hallucinations and
visual disturbances in three patients with a trough concentration of
VRC >5 μg/mL (Figure 1). Consequently, we postulate that an
elevated plasma concentration of VRC may be associated with an
increased susceptibility to hallucinations and visual disturbances.
However, a retrospective analysis of 103 patients revealed no
statistically significant difference in plasma VRC concentrations
between individuals with and without hallucinations (Sakurada
et al., 2016). Further investigations are warranted to determine
whether the occurrence of visual disturbances and hallucinations
depends on VRC concentration.

The hepatic enzyme CYP2C19 plays a crucial role in the
metabolism of VRC, with genetic polymorphisms significantly
influencing its metabolic process and leading to substantial
interindividual variations in plasma concentrations of this drug
(Lamoureux et al., 2016). The most prevalent loss-of-function
allele for CYP2C19 is *2, with frequencies of approximately 15%
among Caucasians and Africans, and 29%–35% among Asians. Poor
metabolizers of CYP2C19 account for around 2%–5% in Caucasians
and Africans, while reaching approximately 15% in Asians (Scott
et al., 2011). Among the reviewed articles, there were a total of
14 patients from Japan (6 cases, 42.9%), China (6 cases, 42.9%),
Turkey (1 case, 7.1%), and the USA (1 case, 7.1%). Notably, all three
documented cases of VRC -induced adverse reactions occurred
within the Chinese population. Therefore, it is essential to pay
further attention to adverse reactions associated with VRC use in
Asians and consider implementing therapeutic drug monitoring as
well as CYP2C19 genotyping specifically within Asian populations.

The management of pulmonary aspergillosis typically requires
long-term treatment, and abruptly discontinuing or altering
medications may potentially impact the efficacy of antifungal
therapy to some extent. Moreover, compared to alternative
antifungal agents, VRC is a more favorable choice for outpatients
undergoing persistent treatment due to its dosage form and price.
Among the 14 patients reviewed in this study, when adverse
reactions such as visual impairment and hallucination occurred
due to VRC, four patients (28.6%) discontinued the medication,
three patients (21.4%) reduced the dosage, two patients (14.3%)
maintained the original regimen (One patient exhibited a trough
concentration of 3.79 for VRC while no data was available for the
other patient), and five patients (35.7%) switched to alternative
antifungal drugs (e.g., fluconazole, itraconazole, micafungin or
caspofungin). Furthermore, in the three cases of VRC -induced
visual disturbances and hallucinations documented in this study, all
patients exhibited a trough concentration exceeding 5 μg/mL.
Subsequently, therapeutic drug monitoring was implemented and
subsequently resulted in dose reduction leading to resolution of
these adverse reactions. Hence, we suggest that the implementation
of therapeutic drug monitoring in conjunction with careful dosage
adjustment represents a beneficial strategy for alleviating the visual
disturbances and hallucinations induced by VRC.

This study has the following limitations. Firstly, it is constrained
in estimating event incidence as it based on available cases and
literature reviews. Future research will require a greater reliance on
real-world data and individual case reports to further elucidate the

clinical features of visual disturbances induced by voriconazole.
Secondly, the search was limited to electronic databases, resulting
in the unavailability of full texts for some studies, potentially
introducing bias in selection and information. Furthermore, the
included cases were from various clinical settings with incomplete
crucial information. Discrepancies in diagnostic methods, medical
protocols, and reporting standards may have influenced the data,
implying inherent bias in this article. Thirdly, these three cases
lack some clinical information, such as weight data and
CYP2C19 genetic polymorphism. Increasing evidence
implicates that the visual disturbances and hallucinations
induced by VRC may be associated with individualized factors,
such as CYP2C19 genetic polymorphism and drug sensitivity.
Additionally, patient 3 was not administered the initial loading
dose but was directly given the maintenance dose. Nevertheless,
this study conducted a preliminary investigation into the clinical
features of visual disturbances and hallucinations caused by VRC,
aiming to enhance understanding and management of the adverse
reactions associated with VRC.

Conclusion

In summary, the occurrence of visual disturbances and
hallucinations induced by VRC is frequently observed in clinical
settings. Patients undergoing VRC treatment should remain vigilant
for potential symptoms such as blurred vision, altered color
perception, visual and auditory hallucinations, among others. If
any of these symptoms manifest during VRC administration,
therapeutic drug monitoring is recommended along with
appropriate dosage adjustments if necessary. Regular follow-up
assessments should be conducted throughout the treatment
period. Additionally, clinicians should promptly identify visual
disturbances and hallucinations caused by VRC to enable timely
intervention.
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