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Valproate-induced reversible
sensorineural hearing loss:
a case report with serial
audiometry and
pharmacokinetic modelling
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ABSTRACT – Hearing loss has been reported with valproic acid (VPA) use.
However, this is the first case of VPA-induced hearing loss that was tested
and confirmed with a VPA rechallenge, supported by serial audiometry and
pharmacokinetic modelling. A 39-year-old truck driver with temporal lobe
epilepsy was treated with VPA at 400 mg, twice daily, and developed hearing
loss after each dose, but recovered within three hours. Hearing loss fully
resolved after VPA discontinuation. Audiometry performed five hours after
VPA rechallenge showed significant improvement in hearing thresholds.
Pharmacokinetic modelling during the VPA rechallenge showed that hear-
ing loss occurred at a level below the therapeutic range. Brainstem auditory
evoked potential at three months after VPA discontinuation showed bilat-
eral conduction defect between the cochlear and superior olivary nucleus,
supporting a pre-existing auditory deficit. VPA may cause temporary hear-

itory defect may be a risk factor for
ould be taken while prescribing VPA
deficit.

valproic acid, epilepsy, pharmacoki-
ing threshold shift. Pre-existing aud
VPA-induced hearing loss. Caution sh
to patients with pre-existing auditory
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Hearing loss, either reversible or
irreversible, has been reported with
valproic acid (VPA) use (Armon
et al., 1990; Hori et al., 2003).
Armon et al. (1990) discussed

two elderly patients with pres-
bycusis who suffered reversible
sensorineural hearing loss one
month after VPA initiation. The
audiometry tests revealed hearing
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loss at both low and high frequencies in the patients
nd their symptoms disappeared after VPA discon-
inuation. Similarly, a nine-year-old and a 20-year-old
atient with epilepsy and pre-existing auditory deficit
xperienced hearing loss within two months after
eing started on VPA (Hori et al., 2003). Their
ensorineural hearing loss occurred at 500-4,000-Hz
requencies and audiological signs improved after
he offending drug was discontinued. Contradictory
bservations, however, were found in a study com-
aring patients who were exposed or not to VPA

Incecik et al., 2007). There was no significant differ-
nce in hearing thresholds between 125 and 16,000-Hz
requencies in the two study groups. A relationship
etween auditory signs and the duration of VPA ther-
py, the administered dose of VPA, the blood level of
rug, age, or sex of the patients could not be estab-

ished. However, it is worth noting that all the study
ubjects did not have pre-existing auditory deficit.
ere, we report a case of reversible sensorineural
earing loss secondary to valproate with pre-existing
ilateral auditory defect, with supportive evidence

rom a serial audiometry and pharmacokinetic study
uring a valproate rechallenge.

ase study

39-year-old Chinese former truck driver was diag-
osed with temporal lobe epilepsy since 34 years old.
is seizures presented with blank staring, head devi-

tion to the left, slight uprolling of the eyeball, lip
macking, mouth chewing, hand gripping and right-leg
ystonia, and dysphasia, which lasted for two to three
inutes. His EEG showed left anterior temporal slow-

ng, sharp waves, and TIRDA. Brain MRI showed right
emporal atrophy and possible left amygdala lesion.
e was treated with carbamazepine but developed
rowsiness at a dose of 800 mg per day. He was treated
ith levetiracetam which was titrated up to 3 g/day
ithout significant improvement in seizure control.
odium valproate was added to his drug regimen in
anuary 2013. The dose was titrated up to 800 mg/day
n two divided doses when he complained of hearing
oss. He described the hearing loss as being most pro-
ound immediately after each valproate dose, but his
earing returned to normal three hours later. Hear-

ng loss recovered after valproate discontinuation. The
atient claimed to have no previous hearing difficulties
76

hile he was only on levetiracetam.

linical assessment

linically, there was no evidence of external and mid-
le ear problems. Both tympanic membranes were

ntact. Tympanometry was normal.

a
e
(
0
c
r
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udiometry

valproate rechallenge was considered and accepted
y the patient because of the importance to determine

he causal relationship between valproate and hear-
ng loss. Rechallenge was performed after valproate
iscontinuation for one day with total resolution of
ymptom, in which the patient was given sodium val-
roate at 400 mg stat dose orally. Hearing loss recurred
t time 0:12 after the stat dose, and resolved at 2:37.
udiometry performed at one hour, five hours, three
eeks, and three months after valproate rechallenge,

howed obvious improvement of hearing in the left
ar (ranging from 10%-42%), as shown in (table 1).
here was no improvement of hearing in the right
ar.
udiometry at three-month post-valproate rechal-

enge showed moderate-to-severe hearing impair-
ent at mid and high frequency with significant notch

t 4 kHz bilaterally, which was worse on the left, possi-
ly related to noise-induced hearing loss. The air-bone
ap of the baseline audiometry was about 5-10 dB
uggesting that the hearing loss was unlikely to be
onductive in origin.

rainstem auditory evoked potential (BAEP)

rainstem auditory evoked potential (BAEP), using rar-
faction clicks, was performed three months after
alproate discontinuation (table 2). The left wave I was
elayed compared to the right, with insignificant dif-

erence in hearing threshold on both sides (10 db for
he left vs 5 db for the right). The latency of wave I-III of
his subject was above the normal controls, i.e. 2.4 msec
mean+2.5 SD) bilaterally. This was supportive of a
onduction defect between the cochlear and superior
livary nucleus. Cortical evoked response audiome-

ry would allow comparison between audiometric and
lectrophysiological data.

harmacokinetic modelling

o further investigate the relationship between val-
roate administration and hearing loss, serial serum
PA concentrations were measured using the ARCHI-
ECT iValproic Acid, a chemiluminescent microparticle

mmunoassay with a measurable range between 2
nd 150 mg/L, during valproate rechallenge (figure 1),
Epileptic Disord, Vol. 16, No. 3, September 2014

nd the pharmacokinetic parameters of VPA were
stimated using a non-linear mixed effect model
NONMEM®) (table 3). Hearing loss occurred at time
:12 after a stat dose of valproate when the serum VPA
oncentration was at a level, below the therapeutic
ange (50-100 mg/L). Hearing loss recovered at time
:37, despite the level being above 50 mg/L.
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Valproate-induced hearing loss

Table 1. Hearing level of both ears one hour after valproate rechallenge when the subject developed hearing
loss, and five hours, three weeks and three months after valproate rechallenge, when hearing loss resolved.

Hearing level (dB) Hz 250 500 1,000 2,000 4,000 8,000 9,000 10,000 11,200 12,500 14,000 16,000

1 hour after valproate
rechallenge (with
hearing loss)

Right 10 10 10 10 40 15 20 30 55 45

Left 20 20 20 20 65 45 55 55 55 70 60 50

5 hours after valproate
rechallenge (without
hearing loss)

Right 10 10 10 10 45 15 25 35 55 70 60 50

Left 15 15 15 15 55 45 40 50 55 65 60 50

3 weeks post-valproate
rechallenge

Right 10 10 15 15 45 15 10 15 50 60 60 50

Left 10 10 15 15 60 35 35 40 45 50 60 50

3 months post-valproate
rechallenge

Right 10 10 15 10 45 30 20 25 45 75 60 50

Left 10 10 10 10 60 45 40 45 45 55 60 50

Average level of the
5-hour, 3-week and
3-month results

Right 10 10 13 12 45 20 18 25 50 68 60 50

Left 12 12 13 13 58 42 38 45 48 57 60 50

Difference (dB)

Right 0 0 -3 -2 -5 -5 2 5 5

7

-0.

10.

D

T
t
l
a
s
h
e
h
i
A
i
i
t
o

a
t
i
r
n
t
(
P
r
o

Left 8 8 7 7

Percentage (%)
Right 0.00 0.00 -0.33 -0.17

Left 41.67 41.67 33.33 33.33

iscussion

his is the first case of valproate-induced hearing loss
hat was tested and confirmed with a valproate rechal-
enge, supported by the results of serial audiometry
nd pharmacokinetic modelling. Our report is con-
istent with some published reports of VPA-induced
earing loss (Armon et al., 1990; Hori et al., 2003). How-
ver, hearing loss in our subject recovered within three
ours after VPA discontinuation, as opposed to a case
pileptic Disord, Vol. 16, No. 3, September 2014

n which recovery took two months (Hori et al., 2003).
lthough the exact mechanism of VPA-induced hear-

ng loss is not known, it is speculated that defects
n the electromagnetic conductance of sound at
he hairy cells of the cochlea or conductance
f nerve impulses may be responsible for this

R
f
t
i
r
v

Table 2. BAEP of both ears, three mont

Protocol/Run Hearing threshold
dB

I
ms

III
ms

V
ms

L- BAEP 10 1.78 4.50 6.04
R -BAEP 5 1.38 4.24 6.04
3 17 10 7 13 0 0

13 -0.33 0.08 0.17 0.09

26 7.41 30.30 18.18 12.12 19.05 0.00 0.00

dverse effect (Incecik et al., 2007). By blocking
he voltage-sensitive sodium channels or by activat-
ng calcium-dependence potassium conductance, VPA
educes sustained, repetitive, high frequency firing of
eurons and thus may interfere with the auditory sys-

em in patients with pre-existing auditory problems
Hori et al., 2003).
harmacokinetic modelling during the valproate
echallenge in this subject showed that hearing loss
ccurred at a threshold below the therapeutic level.
377

ecovery in hearing occurred within three hours
rom the last dose, before the level dropped below
he threshold, as shown in figure 1. Early recovery
s possibly mediated by a compensatory mechanism
eversing the inhibitory sensorineural effect of sodium
alproate (Hori et al., 2003). The compensation may be

hs after valproate discontinuation.

I-III
ms

III-IV
ms

I-V
ms

I
�V

V
�V

Ratio

2.72 1.54 4.26 0.16 0.27 1.63
2.86 1.80 4.66 0.21 0.37 1.77
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Figure 1. Observed serum VPA concentrations versus time after dose administration.
Sodium valproate at 400 mg was administered at time=0. Between the two dotted lines are the boundaries of the reference therapeutic
range of VPA for the treatment of epilepsy..

Table 3. Estimated values of pharmacokinetic parameters of VPA.

Parameters Literature values Case values

Absorption rate
constant (h-1)

0.78-4.1
(Bondareva et al., 2004; Puentes et al., 1999; Williams et al., 2012)

1.01

Lag time (h) 2
(Williams et al., 2012)

1

Clearance (L h-1) 0.28-0.85
(Gidal et al., 2005; Vucicevic et al., 2009; Jankovic et al., 2010; Jankovic
and Milovanovic, 2007; Park et al., 2002; Puentes et al., 1999; Yukawa
et al., 1997; Yukawa, 1995)

0.61

Volume of
distribution (L)

7-35
(Gidal et al., 2005; Jankovic et al., 2010; Vucicevic et al., 2009)

15.1

Area under the
concentration vs.
time curve (mg*h L-1)

1,408±403 and 1,536±392 (after 600 mg sustained release tablets given)
(Bondareva et al., 2004; Fujii et al., 2009; Park et al., 2002; Puentes
et al., 1999)

1,146
(after 400 mg BD of
enteric coated sodium
valproate was given)
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ediated by other channels but the exact mechanism
s not known.
he pre-existing auditory deficits were evidenced
y, firstly, an abnormal three-month post-rechallenge
udiometry which likely reflected the baseline hear-
ng function, and secondly, bilateral prolonged wave
-III latencies in the BAEP, three months after VPA dis-
ontinuation. VPA-induced hearing loss was reported
n those with pre-existing high frequency hearing loss
i.e. presbyacusis, congenital sensorineural hearing
oss) (Armon et al., 1990; Hori et al., 2003), whereas,

case-control study recruiting those without pre-
xisting auditory deficit failed to show a change in
earing thresholds among the VPA group (Incecik et
l., 2007).
he auditory deficit of this case is worse on the left side,
s supported by a more prolonged left wave I latency in
he BAEP and audiometry results at three months post-
alproate rechallenge. The impact of VPA-induced
earing loss was worse on the left, which is likely
elated to the pre-existing deficit that was also worse
n the left.
his report raises some questions about widespread
ffects of VPA on hearing, and caution should be taken
hile prescribing sodium valproate to patients with
re-existing auditory deficit. In addition, this may have

mplication on other AEDs that may work in similar
ays, and future studies are needed to resolve this

oncern.

onclusion

alproate may cause temporary hearing threshold
hift. Pre-existing auditory defect may be a risk fac-
or for VPA-induced hearing loss. Caution should be
aken while prescribing sodium valproate to patients
ith pre-existing auditory deficit. �

cknowledgements and disclosures.
his study was sponsored by a High Impact Research
rant, from a governmental research fund (Reference No:
M.C/HIR/MOHE/MED-08). We would like to acknowledge Ms.
iong Lee Len for her assistance in data collection.
he authors have no conflicts of interests to declare.
pileptic Disord, Vol. 16, No. 3, September 2014

eferences

rmon C, Brown E, Carwile S, Miller P, Shin C. Sensorineural
earing loss: a reversible effect of valproic acid. Neurology
990; 40: 1896-8.

c
1

Y
b
n
i
1

Valproate-induced hearing loss

ondareva IB, Jelliffe RW, Sokolov AV, Tischenkova IF.
onparametric population modeling of valproate phar-
acokinetics in epileptic patients using routine serum
onitoring data: implications for dosage. J Clin Pharm Ther

004; 29: 105-20.

ujii A, Yasui-Furukori N, Nakagami T, et al. Comparative in
ivo bioequivalence and in vitro dissolution of two valproic
cid sustained-release formulations. Drug Des Devel Ther
009; 2: 139-44.

idal BE, Baltes E, Otoul C, Perucca E. Effect of levetiracetam
n the pharmacokinetics of adjunctive antiepileptic drugs:
pooled analysis of data from randomized clinical trials.

pilepsy Res 2005; 64: 1-11.

ori A, Kataoka S, Sakai K, et al. Valproic acid-induced hearing
oss and tinnitus. Intern Med 2003; 42: 1153-4.

ncecik F, Akoglu E, Sangun O, Melek I, Duman T. Effects of
alproic acid on hearing in epileptic patients. Int J Pediatr
torhinolaryngol 2007; 71: 611-4.

ankovic SM, Milovanovic JR. Pharmacokinetic model-
ng of valproate from clinical data in Serbian epileptic
atients. Methods Find Exp Clin Pharmacol 2007; 29:
73-9.

ankovic SM, Milovanovic JR, Jankovic S. Factors influencing
alproate pharmacokinetics in children and adults. Int J Clin
harmacol Ther 2010; 48: 767-75.

ark HM, Kang SS, Lee YB, et al. Population pharmacokinetics
f intravenous valproic acid in Korean patients. J Clin Pharm
her 2002; 27: 419-25.

uentes E, Puzantian T, Lum BL. Prediction of valproate serum
oncentrations in adult psychiatric patients using Bayesian
odel estimations with NPEM2 population pharmacokinetic

arameters. Ther Drug Monit 1999; 21: 351-4.

ucicevic K, Miljkovic B, Pokrajac M, Prostran M, Martinovic
, Grabnar I. The influence of drug-drug interaction and
atients’ characteristics on valproic acid’s clearance in adults
ith epilepsy using nonlinear mixed effects modeling. Eur J
harm Sci 2009; 38: 512-8.

illiams JH, Jayaraman B, Swoboda KJ, Barrett JS. Population
harmacokinetics of valproic acid in pediatric patients with
pilepsy: considerations for dosing spinal muscular atrophy
atients. J Clin Pharmacol 2012; 52: 1676-88.

ukawa E. A feasibility study of the multiple-peak approach
or pharmacokinetic screening: population-based investi-
ation of valproic acid relative clearance using routine
379

linical pharmacokinetic data. J Pharm Pharmacol 1995; 47:
048-52.

ukawa E, To H, Ohdo S, Higuchi S, Aoyama T. Population-
ased investigation of valproic acid relative clearance using
onlinear mixed effects modeling: influence of drug-drug

nteraction and patient characteristics. J Clin Pharmacol
997; 37: 1160-7.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


