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Abstract: A 60-year-old woman reported horizontal “shimmering” movement while reading crossword puzzles when
using fluvoxamine, bupropion, quetiapine, lithium, and
levothyroxine. This visual disturbance, likely oscillopsia,
started after the fluvoxamine was added and waned as the
fluvoxamine was tapered, disappearing after the drug was
discontinued. Genetic testing to explore how the patient
metabolizes these medications combined with YouScript®
interaction analysis suggest that she may have had abnormally high plasma concentrations of fluvoxamine during
this time. Oscillopsia may be a novel dose-dependent side
effect of fluvoxamine. Genetic testing combined with YouScript has the potential to discover novel drug side effects,
elucidate drug interactions and guide future prescribing
decisions.
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bupropion; case report; CYP450; drug interaction; drug
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Case presentation
A 60-year-old women with a long history of depression
underwent 18 treatments of electroconvulsive therapy
*Corresponding author: Eric L. Singman, Wilmer General Eye
Services, Wilmer Eye Institute, Johns Hopkins Hospital, Wilmer B-29,
600 N. Wolfe St., Baltimore, MD 21287, USA, Phone: 410-955-9976,
E-mail: esingma1@jhmi.edu
Brian Hocum: Genelex Corporation, Seattle, WA, USA
Jithin Yohannan: Wilmer Eye Institute, Johns Hopkins Hospital,
Baltimore, MD, USA
Virginia Pearson: Department of Psychiatry, Johns Hopkins Hospital,
Wilmer Eye Institute, Baltimore, MD, USA

(ECT) for refractory depression from March 24 until
May 9, 2014. On the day prior to starting a second round
of 13 ECT treatments (May 30 until July 7), the patient was
prescribed fluvoxamine 50 mg PO qD. This was increased
so that the total daily dose was 100 mg qD on June 2,
150 mg on June 24, 200 mg on June 25, 250 mg on June
30, and 300 mg on July 1. This total daily dose was maintained until August 13 when it was lowered to 250 mg. The
dosage was lowered because the patient had reported to
her psychiatrist that she was experiencing visual disturbances, as well as a hand tremor. The fluvoxamine dose
was then tapered so that the total daily dose was 200 mg
on August 14, 100 mg on August 15, 50 mg on August 18,
and discontinued on August 19.
Prior to and during the period where the patient was
suffering the visual disturbances, she was being treated
with bupropion (200 mg PO AM, 100 mg PO PM), levothyroxine sodium (50 μg PO qD), lithium carbonate (450 mg
PO BiD with serum levels monitored regularly), and quetiapine (100 mg PO qHS, increased to 200 mg on August
12). Because the patient reported her memory to be suboptimal, the timing and dosing of her concurrent medications was confirmed through her medical records.
The non-smoking, non-caffeine drinking woman
visited the Neuro-ophthalmology Clinic in September 2014
with the chief complaint of abnormal visual occurrences
during the previous 5 weeks. Specifically, she mentioned
that as she worked on crossword puzzles, the vertical
columns moved back and forth rhythmically and horizontally. She described the movement as “shimmering, like
watching a ping-pong ball go back and forth”. The patient
indicated that the episodes lasted at least a few seconds.
Initially the visual episodes occurred throughout the day,
as often as every 30 min. The patient added that the visual
problem and hand tremor eased as her dosage of fluvoxamine was lowered and had completely stopped by the
time of her neuro-ophthalmology clinic visit.
The patient’s review of systems was significant for
a long history of depression, memory impairment since
the electroconvulsive therapy (ECT) for refractory depression, hypothyroidism, migraines, and degenerative disc
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disease secondary to scoliosis. Her ophthalmic and oculomotor examinations were entirely normal; the patient
demonstrated 20/20 vision OU with correction, normal
and symmetric pupillary function, normal color vision,
normal visual fields by confrontation, normal fundus
examination, and normal extra-ocular movement (orthophoric in all cardinal directions of gaze and no evidence
of nystagmus).
Genetic testing was ordered to characterize the
patient’s metabolic phenotypes. The rationale therein
was to determine whether her ability to metabolize medications might have permitted abnormal or unexpected
plasma concentrations of fluvoxamine or other prescribed
medication resulting in the visual disturbance. Genetic
polymorphisms of metabolic enzymes cytochrome
P450 (CYP) 2D6, 2C19, and 3A4 were detected using a
laboratory-developed, polymerase chain reaction based
assays. The results were as follows:
CYP2D6 intermediate metabolizer genotype *4/*35
CYP2C19 ultra rapid metabolizer genotype *17/*17
CYP3A4 normal metabolizer genotype *1/*1

Discussion
Visual disturbances associated with medications in general
and neuro-active drugs in particular are not uncommon
[1–3]. Indeed, all of the patient’s neuro-active medications
have been associated with visual and/or ocular side effects.
Lithium has been reported to cause downbeat nystagmus [4–8] and photophobia [9], and quetiapine has been
associated with photopsias (flashing lights) [10]. There
is a case report associating bupropion with diplopia [11],
and quetiapine has been reported to aggravate glaucoma
and cause sustained upward gaze (ocular dystonia) [12].
The patient presented in this report described shimmering in her vision that seems most likely to be oscillopsia.

Oscillopsia is the sense of the visual world vibrating and
is the subjective correlate of nystagmus. Importantly, there
is no one who witnessed nystagmus, so it would be presumptive to suggest that there was nystagmus. None of the
medications that the patient used have been associated
with horizontal shimmering or oscillopsia.
Utilizing the YouScript® (Genelex, Seattle, WA, USA)
drug interaction database, the patient’s predicted metabolism of her prescribed medications was examined and
potential interactions assessed. Fluvoxamine is a selective serotonin reuptake inhibitor antidepressant. It is primarily metabolized by CYP2D6 and to a lesser extent by
CYP1A2 [13, 14]. It has been described as a potent inhibitor
of CYP1A2 [15] and CYP2C19 [16], and a mild to moderate
inhibitor of CYP2B6 [17] and CYP3A4 [18]. It has also been
shown to inhibit numerous other pathways and the efflux
transport protein P-glycoprotein (P-gp), although data on
the latter are conflicting [19, 20].
Bupropion is a norepinephrine and dopamine reuptake inhibitor antidepressant. It is primarily metabolized
by CYP2B6 (not tested in this patient) to the active metabolite, hydroxybupropion. It is metabolized to a lesser extent
by CYP2C19 to other hydroxy-metabolites [21]. Bupropion
is a potent CYP2D6 inhibitor [22, 23]. Hydroxybupropion is
primarily metabolized by CYP2D6 and is also an inhibitor
of this pathway [22, 24].
Quetiapine is an atypical antipsychotic. It is primarily
metabolized by CYP3A4 and to a lesser extent by CYP2D6
[25]. It is a substrate for the P-gp transporter [26]. The
primary active metabolite, norquetiapine, is a major substrate of CYP2D6 and CYP3A4 [27].
Lithium is a mood stabilizer that undergoes renal
excretion (lithium product insert).
Levothyroxine is not metabolized by the cytochromes,
although it is a weak inducer of CYP1A2 [28] and P-gp [29].
Table 1 summarizes the interactions of the medications used by the patient.

Table 1: Summary of interactions of medications used by the patient in this case report.
Interaction table

Fluvoxamine
Bupropion
Hydroxybupropion
Quetiapine
Norquetiapine
Levothyroxine
Lithium

CYP2D6

CYP2C19

CYP1A2

CYP3A4

CYP2B6

P-gp

Sub
Inh
Sub, Inh
Sub
Sub

Inh
Sub

Sub, Inh

Inh

Inh
Sub

Inh

Ind

Sub
Sub

Sub, substrate; Inh, inhibitor; Ind, inducer.
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Fluvoxamine exposure has been reported to increase
in individuals with the CYP2D6 intermediate metabolizer
phenotype compared to normal metabolizers [30]. Interestingly, there have been no studies about fluvoxamine
pharmacokinetics conducted when co-administered
with potent CYP2D6 inhibitors (e.g. bupropion, fluoxetine, quinidine, paroxetine), but there have been studies
showing increased plasma concentration and half-life of
fluvoxamine from 10 to 31 h in CYP2D6 poor metabolizers [30, 31]. We suspect that CYP2D6 activity is comparable
in CYP2D6 poor metabolizers and individuals receiving
potent CYP2D6 inhibitors, because in both groups there
is inability of the CYP2D6 substrate to be metabolized by
the CYP2D6 enzyme. Based on this assumption, it is reasonable to predict that giving a CYP2D6-potent inhibitor
(i.e. bupropion) to a patient who is a CYP2D6 intermediate
metabolizer may have resulted in increased fluvoxamine
exposure relative to an individual with normal and unimpaired CYP2D6 activity.
Notably, this does not necessarily prove that the fluvoxamine alone caused oscillopsia in the patient presented.
Although no studies of bupropion use in individuals deficient for CYP2D6 enzyme metabolism or taking CYP2D6
inhibitors have observed changes in bupropion exposure,
an increase in the plasma level/dose ratio of hydroxybupropion has been observed in CYP2D6 poor metabolizers
[24, 32]. In this patient, it is reasonable to predict increased
hydroxybupropion exposure due to a combination of her
being a CYP2D6 intermediate metabolizer and possible
auto-inhibition of CYP2D6 by buproprion/hydroxybupropion. Increased hydroxybupropion has been associated
with increased adverse drug reactions, although oscillopsia has not been reported to be one of them [24]. One could
speculate that the bupropion plasma concentration was
increased via fluvoxamine-induced inhibition of CYP2C19
and CYP2B6. That being said, one could suggest that the
increased bupropion exposure (parent drug and metabolite) may have directly caused the oscillopsia. The discontinuation of fluvoxamine and the fact that the patient is
a CYP2C19 ultra rapid metabolizer (i.e. rapid decrease in
bupropion exposure) may help explain why the visual
disturbance dissipated rapidly with downward titration
and discontinuation of fluvoxamine, if indeed increased
bupropion plasma concentrations can be implicated. Conversely, because these postulated elevated concentrations
of bupropion/hydroxybupropion could super-inhibit
CYP2D6-metabolism of fluvoxamine, the concern for fluvoxamine toxicity causing oscillopsia remains.
It is important to consider these types of interactions
for all the patient’s medications. Although no pharmacokinetic interaction between quetiapine and bupropion have
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been reported, this combination may hypothetically result
in increased norquetiapine. This might occur because the
norquetiapine produced by the CYP3A4 pathway would
accumulate in a patient who is a CYP2D6 intermediate
metabolizer receiving a drug (bupropion) that further
inhibits CYP2D6. Furthermore, there is a possibility that
quetiapine itself might rise to supranormal concentrations
in this patient, because fluvoxamine inhibits both CYP3A4
(the main metabolizer of quetiapine) and P-gp, the efflux
pump that removes this drug from the central nervous
system (CNS) to the bloodstream. One could, therefore,
postulate that either elevated plasma or CNS concentrations of quetiapine could increase the potential for ocular
adverse drug reactions. However, it must be noted that the
quetiapine dose was doubled on August 12; despite this
change in drug regimen, the patient’s visual disturbance
continued to abate.
Lithium and quetiapine have been co-administered
without changes to the pharmacokinetics of either drug,
although an increase in mild adverse drug reactions
including somnolence, dry mouth, asthenia, nausea,
dizziness, tremor, and insomnia has been reported with
this combination [33]. Finally, although it is possible that
combined use of lithium and fluvoxamine might result in
additive pro-serotonergic effects, the authors found no
reports in the literature suggesting serotonin toxicity leads
to either nystagmus or oscillopsia.
In summary, it would seem that the patient’s
described oscillopsia may be a novel dose-dependent side
effect of fluvoxamine. The fact that it started when the
patient began using fluvoxamine, decreased as the fluvoxamine dose was lowered, and ceased when the fluvoxamine was discontinued scores a 5 on the Naranjo scale
of adverse drug reactions, suggesting a probable correlation [34]. Although not directly measured, the predicted
increase in fluvoxamine plasma concentrations due to
diminished CYP2D6 activity resulting from the cumulative impact of being a CYP2D6 intermediate metabolizer
and receiving a potent CYP2D6 inhibitor strengthens the
causal association between this drug and the adverse drug
reaction, oscillopsia. As demonstrated, genetic testing of
metabolic pathways combined with YouScript interaction
analysis revealed a plethora of possible interactions and
possible discovery of a novel side effect. In patients taking
complicated drug regimens that have numerous potential
interactions, genetic testing of metabolic pathways and
YouScript interaction analysis may aid in the detection
of current problematic interaction and also guide future
prescribing and dosing decisions when the information
is used prospectively before medications are prescribed.
As an example in this case, a review article recommends
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that fluvoxamine plasma concentrations be monitored
and that the dose is slightly decreased in CYP2D6 intermediate metabolizers [32]. The same review recommends
that CYP2D6 poor metabolizers receive a 25%–50% dose
decrease [32]. Due to potential phenoconversion from
a CYP2D6 intermediate metabolizer to a CYP2D6 poor
metabolizer by the potent CYP2D6 inhibitor, bupropion
for this patient would likely have been a candidate for the
25%–50% dose reduction, which corresponds with the
clinical course of this case.
Authors’ conflict of interest disclosure: The funding
organizations played no role in the study design; in the
collection, analysis, and interpretation of data; in the
writing of the report; or in the decision to submit the
report for publication.
Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: None declared.
Employment or leadership: None declared.
Honorarium: None declared.

References
1. Lubeck MJ. Effects of drugs on ocular muscles. Int Ophthalmol
Clin 1971;11:35–62.
2. Santaella RM, Fraunfelder FW. Ocular adverse effects associated with systemic medications: recognition and management.
Drugs 2007;67:75–93.
3. Van Nechel C. Oculomotor anomalies from medications. Bull Soc
Belge Ophtalmol 2007;304:179–84.
4. Grandjean EM, Aubry JM. Lithium: Updated human knowledge
using an evidence-based approach. Part II: Clinical pharmacology and therapeutic monitoring. CNS Drugs 2009;23:331–49.
5. Halmagyi GM, Lessell I, Curthoys IS, Lessell S, Hoyt WF.
Lithium-induced downbeat nystagmus. Am J Ophthalmol
1989;107:664–70.
6. Lee MS, Lessell S. Lithium-induced periodic alternating
nystagmus. Neurology 2003;60:344.
7. Rosenberg ML. Permanent lithium-induced downbeating
nystagmus. Arch Neurol 1989;46:839.
8. Williams DP, Troost BT, Rogers J. Lithium-induced downbeat
nystagmus. Arch Neurol 1988;45:1022–3.
9. Pridmore S, Powell G, Wise G. Photophobia and lithium. Aust N
Z J Psychiatry 1996;30:287–9.
10. Hazra M, Culo S, Mamo D. High-dose quetiapine and photopsia.
J Clin Psychopharmacol 2006;26:546–7.
11. Fayyazi Bordbar MR, Jafarzadeh M. Bupropion-induced
diplopia in an Iranian patient. Iran J Psychiatry Behav Sci
2011;5:136–8.
12. Tikka SK, Garg S, Das B. Fluvoxamine induced oculogyric dystonia and manic switch in a patient with obsessive compulsive
disorder. Indian J Pharmacol 2013;45:532–3.

13. Carrillo JA, Dahl ML, Svensson JO, Alm C, Rodriguez I, Bertilsson L.
Disposition of fluvoxamine in humans is determined by the polymorphic CYP2D6 and also by the CYP1A2 activity. Clin Pharmacol
Ther 1996;60:183–90.
14. Katoh Y, Uchida S, Kawai M, Takei N, Mori N, Kawakami J,
et al. Effects of cigarette smoking and cytochrome P450 2D6
genotype on fluvoxamine concentration in plasma of Japanese
patients. Biol Pharm Bull 2010;33:285–8.
15. Jeppesen U, Loft S, Poulsen HE, Brsen K. A fluvoxamine-caffeine
interaction study. Pharmacogenetics 1996;6:213–22.
16. Christensen M, Tybring G, Mihara K, Yasui-Furokori N, Carrillo JA,
Ramos SI, et al. Low daily 10-mg and 20-mg doses of
fluvoxamine inhibit the metabolism of both caffeine
(cytochrome P4501A2) and omeprazole (cytochrome P4502C19).
Clin Pharmacol Ther 2002;71:141–52.
17. Hesse LM, Venkatakrishnan K, Court MH, von Moltke LL, Duan SX,
Shader RI, et al. CYP2B6 mediates the in vitro hydroxylation of
bupropion: Potential drug interactions with other antidepressants. Drug Metab Dispos 2000;28:1176–83.
18. Lam YW, Alfaro CL, Ereshefsky L, Miller M. Pharmacokinetic
and pharmacodynamic interactions of oral midazolam with
ketoconazole, fluoxetine, fluvoxamine, and nefazodone. J Clin
Pharmacol 2003;43:1274–82.
19. Saruwatari J, Yasui-Furukori N, Niioka T, Akamine Y, Takashima A,
Kaneko S, et al. Different effects of the selective serotonin
reuptake inhibitors fluvoxamine, paroxetine, and sertraline on
the pharmacokinetics of fexofenadine in healthy volunteers.
J Clin Psychopharmacol 2012;32:195–9.
20. Ochs HR, Greenblatt DJ, Verburg-Ochs B, Labedski L. Chronic
treatment with fluvoxamine, clovoxamine, and placebo: interaction with digoxin and effects on sleep and alertness. J Clin
Pharmacol 1989;29:91–5.
21. Chen Y, Liu HF, Liu L, Nguyen K, Jones EB, Fretland AJ. The
in vitro metabolism of bupropion revisited: Concentration
dependent involvement of cytochrome P450 2C19. Xenobiotica.
2010;40:536–46.
22. Reese MJ, Wurm RM, Muir KT, Generaux GT, St John-Williams L,
McConn DJ. An in vitro mechanistic study to elucidate the
desipramine/bupropion clinical drug-drug interaction. Drug
Metab Dispos 2008;36:1198–1201.
23. Molden E, Spigset O. Interactions between metoprolol and
antidepressants. Tidsskr Nor Laegeforen 2011;131:1777–9.
24. Pollock BG, Sweet RA, Kirshner M, Reynolds CF, 3rd. Bupropion plasma levels and CYP2D6 phenotype. Ther Drug Monit
1996;18:581–5.
25. Hasselstrom J, Linnet K. In vitro studies on quetiapine metabolism using the substrate depletion approach with focus on drugdrug interactions. Drug Metabol Drug Interact 2006;21:187–211.
26. Boulton DW, DeVane CL, Liston HL, Markowitz JS. In vitro
P-glycoprotein affinity for atypical and conventional antipsychotics. Life Sci 2002;71:163–9.
27. Bakken GV, Molden E, Knutsen K, Lunder N, Hermann M. Metabolism of the active metabolite of quetiapine, N-desalkylquetiapine
in vitro. Drug Metab Dispos 2012;40:1778–84.
28. Aderka D, Shavit G, Garfinkel D, Santo M, Gitter S, Pinkhas J.
Life-threatening theophylline intoxication in a hypothyroid
patient. Respiration 1983;44:77–80.
29. Mitin T, Von Moltke LL, Court MH, Greenblatt DJ. Levothyroxine
up-regulates P-glycoprotein independent of the pregnane X
receptor. Drug Metab Dispos 2004;32:779–82.

Brought to you by | Johns Hopkins University
Authenticated | esingma1@jhmi.edu author's copy
Download Date | 9/10/15 12:49 AM

Singman et al.: Fluvoxamine-associated oscillopsia
30. Watanabe J, Suzuki Y, Fukui N, Sugai T, Ono S, Inoue Y, et al.
Dose-dependent effect of the CYP2D6 genotype on the
steady-state fluvoxamine concentration. Ther Drug Monit
2008;30:705–8.
31. Hartter S, Grozinger M, Weigmann H, Roschke J, Hiemke C.
Increased bioavailability of oral melatonin after fluvoxamine
coadministration. Clin Pharmacol Ther 2000;67:1–6.
32. Kirchheiner J, Nickchen K, Bauer M, Wong ML, Licinio J, Roots I,
et al. Pharmacogenetics of antidepressants and antipsychotics:

5

The contribution of allelic variations to the phenotype of drug
response. Mol Psychiatry 2004;9:442–73.
33. Potkin SG, Thyrum PT, Bera R, Carreon D, Alva G, Kalali AH,
et al. Open-label study of the effect of combination quetiapine/
lithium therapy on lithium pharmacokinetics and tolerability.
Clin Ther 2002; 24:1809–23.
34. Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts EA,
et al. A method for estimating the probability of adverse drug
reactions. Clin Pharmacol Ther 1981;30:239–45.

Brought to you by | Johns Hopkins University
Authenticated | esingma1@jhmi.edu author's copy
Download Date | 9/10/15 12:49 AM

