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ABSTRACT: Background: To date, only a few clinical and neurophysiological studies have assessed the
features of valproate-induced tremor (VIT), and whether valproate (VPA) affects voluntary movements is

underinvestigated.

Objective: To better characterize the clinical and neurophysiological features of VIT in patients with epilepsy
and the effect of VPA on the execution of voluntary movement.

Methods: We tested 29 patients with VIT (13 taking VPA alone and 16 taking VPA plus other antiepileptics).
Patients underwent a neurological examination, video recordings and kinematic assessments of postural,
kinetic, and resting upper limb tremor using a motion analysis system. Movement execution was tested by
kinematic assessment of finger tapping. Data of patients with VIT were compared with those of 13 patients with
epilepsy taking VPA but without tremor, 13 patients with epilepsy who were not on VPA treatment, 20 patients
with Parkinson’s disease (PD), and 20 healthy controls (HCs).

Results: Clinical and kinematic evaluations showed that tremor in patients taking VPA alone was less severe
than tremor in patients taking VPA plus other antiepileptics. All patients taking VPA, regardless of the presence
of tremor, performed slower finger tapping compared with HCs, similar to what was observed in PD, although
with no sequence effect. Patients with epilepsy without VPA showed a normal motor performance.

Conclusions: Tremor and movement slowness are motor signs induced by VPA. VIT severity is exacerbated when
VPA is taken in combination with other antiepileptics. VPA-induced slowness occurs regardless of tremor, may
precede tremor development, and is not attributed to epilepsy.

Valproate (VPA) is one of the most effective and widely used
antiepileptic drugs. However, clinical studies have reported that
up to 45% of patients taking VPA may develop tremor,'™ and
neurophysiological investigations found that VPA-induced
tremor (VIT) can be present in up to 80% of patients.*® VIT is
a postural and kinetic tremor of the upper limbs. Dose-
dependent severity and mild progression over time have also
been described in VIT.* From a neurophysiological standpoint,

VIT is characterized by a low amplitude and high frequency,

ranging from 6 to 15 Hz, thus resembling essential tremor
(ET).*>'° Recently, we used kinematic methods to investigate
tremor characteristics in patients with VIT compared with
patients with ET.® We confirmed that postural and kinetic upper
limb tremor were the main features in patients with VIT. We
also found that VIT frequently occurred in the voice, head, and
lower limbs. Moreover, we demonstrated a high occurrence of
rest tremor in VIT as compared with ET.® However, some of

the patients we previously studied were taking VPA plus other
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antiepileptic drugs that have been demonstrated to induce or
exacerbate tremor,” and we did not specifically assess the possible
influence of other associated treatments on VIT features and
severity.” In this regard, the observation that other antiepileptics
may exacerbate tremor in patients taking VPA is mainly based

2 .
12 which have not always

on clinical case reports and series,
reported consistent results,”'? and is not supported by neuro-
physiological evidence.

In addition to tremor, VPA may also cause parkinsonism, includ-
ing bradykinesia and other signs.>>'*'> In our previous study on
VIT, we found that patients with VIT were slower than patients
with ET when performing upper limb movements.® However, we
could not rule out the influence of tremor on upper limb motor
execution, that is, movement slowness might have represented an
attempt to minimize the detrimental effect of kinetic tremor on
motor arm performance in these patients. To our knowledge, only
one previous study investigated possible finger and hand repetitive
movement abnormalities in patients taking VPA with tremor
(tVPA) by using quantitative methods.'® However, the relationship
between tremor and altered voluntary motor performance in
patients with VPA remains unclear.

In the present study, we aimed to further investigate VIT fea-
tures, particularly the possible effects of other associated anti-
epileptic drugs on tremor features. Second, we investigated the
influence of VPA on voluntary movement execution in patients
as well as its association with tremor. Hence, we clinically and
kinematically assessed finger tapping in patients with tVPA com-
pared with patients with epilepsy taking VPA but without
tremor (ntVPA), patients with epilepsy who were not on VPA
treatment and who had never been treated with VPA (noVPA),

17,18

patients with Parkinson’s disease (PD), and healthy controls

(HCs). We specifically assessed finger tapping because this is the

. . . . . .. . 22
pivotal test for bradykinesia detection in clinical practice.'” >

Methods
Participants

A total of 29 patients with tVPA were enrolled in the study
(Table 1). Patients were consecutively recruited at the epilepsy
outpatient clinic of the Department of Human Neurosciences,
Sapienza University of Rome. Of 29 patients, 13 were taking
VPA alone (tVPA monotherapy), whereas 16 patients were tak-
ing other antiepileptics in addition to VPA (tVPA polytherapy).
Patients had a diagnosis of epilepsy defined according to Interna-
tional League Against Epilepsy criteria® (Table 1). All patients
were on VPA therapy for at least one year prior to study enroll-
ment. In all cases of tVPA, tremor onset had started after VPA
administration, with no prior tremor manifestations. No patients
had a history of other neurological conditions characterized by
tremor, and none were taking any other medication for tremor
treatment.”

With the aim of investigating movement execution in patients
taking VPA, we also consecutively recruited 13 ntVPA patients,

13 noVPA patients, 20 patients with PD, and 20 HCs (Table 1).
Of the noVPA patients, 10 were taking levetiracetam (mean
daily dose =+ standard deviation [SD]: 1950 £ 895.97 mg), 3 were
daily dose & SD:  333.33 £

115.47 mg). All patients with PD were diagnosed according to
17,18

taking lamotrigine  (mean
current clinical criteria. The mean disease duration £ SD in
patients with PD was 3.02 & 2.66 years. The mean Hoehn and
Yahr score”* 4 SD was 1.58 & 0.46. All patients with PD dis-
continued their dopaminergic treatment at least 12 hours before
evaluation (mean levodopa equivalent daily dose & SD in
patients with PD: 234.05 4 146.81). Other type of medications,
including proton-pump inhibitors, antihypertensive drugs, anti-
platelet therapies, thyroid medications, and statins, were not dis-
continued in all participants.

Demographic and clinical data collection in participants
included the following: sex, age, comorbidities, familial history,
tremor onset and duration, and concomitant antiepileptic treat-
ment. Possible cognitive and psychiatric disturbances were evalu-
ated by means of the Montreal Cognitive Assessment,” Frontal

26 ; 27
> and Beck Depression Inventory.”” Tremor

Assessment Battery,
was clinically assessed using the Fahn—Tolosa—Marin Tremor
Rating Scale (FTMTRS).?® Bradykinesia was clinically evaluated
with the Movement Disorder Society—sponsored revision of the
Unified Parkinson’s Disease Rating Scale, Part III (MDS-
UPDRS III).2>*! Fatigue was assessed with the Fatigue Severity
Scale.”

All participants provided written informed consent to partici-
pate in the study. Experimental procedures were approved by
the local ethics committee and performed according to the Dec-
laration of Helsinki.

Tremor Kinematic Recordings
and Analysis

Tremor recordings were performed with a three-dimensional
(3D) optoelectronic system (SMART motion system, BTS Engi-
neering, Milan, Italy),g’au'33 which includes 3 infrared cameras
(120 Hz frequency) that detect motion in the 3D space of reflec-
tive markers taped to various body segments. Upper limb tremor
was recorded using 4 markers placed on the distal phalange of
the index finger and on the second metacarpal bone of each
hand. To exclude possible contamination of trunk movements,
3 markers were also placed over the trunk.®?"? Upper limb
postural tremor was recorded in 2 positions: (1) with arms out-
stretched in front of the chest (posture 1) and (2) with arms
flexed at the elbows, that is, lateral “wing beating” posture (pos-
ture 2).8:30-33

“pointing task” in which patients repetitively moved their index

Upper limb kinetic tremor was recorded during a

finger from their nose to a reflective target fixed on a heavy sup-
port approximatively 15 cm above a table at sternal height and
placed approximately at a distance equal to 2/3 of the length of

8,30-33
the arm.

Finally, upper limb rest tremor was recorded
while patients sat comfortably on a chair facing the cameras, with
their arms lying on a desk in front of them.*?! We carefully con-

trolled that patients were fully at rest. Three 45-second trials
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TABLE 1 Diagnosis and therapy of patients with epilepsy

Subject Diagnosis Treatment and Daily Dose
tVPA monotherapy

1 IGE VPA 1000 mg

2 IGE VPA 1000 mg

3 IGE VPA 1000 mg

4 IGE VPA 1000 mg

5 IGE VPA 1000 mg

6 IGE VPA 1200 mg

7 IGE VPA 1000 mg

8 IGE VPA 1000 mg

9 IGE VPA 1000 mg

10 IGE VPA 500 mg

11 FE (structural origin) VPA 1000 mg

12 IGE VPA 800 mg

13 IGE VPA 800 mg
tVPA polytherapy

1 FE (unknown etiology) VPA 1000 mg; LTG 300 mg; ZNS 200 mg

2 IGE VPA 1000 mg; LTG 400 mg

3 IGE VPA 1500 mg; LTG 200 mg

4 IGE VPA 1500 mg; LTG 150 mg

5 IGE VPA 1500 mg; ETS 1250 mg; FNB 25 mg

6 IGE VPA 2000 mg; LTG 300 mg; LEV 3000 mg; FNB 25 mg

7 IGE VPA 1200 mg; LCS 150 mg; LTG 200 mg; clobazam

8 FE (structural origin) VPA 1000 mg; LCS 300 mg; LEV 2000 mg;

9 IGE VPA 1000 mg; LTG 350 mg; TPM 200 mg

10 IGE VPA 2000 mg; LTG 150 mg; REM 3600 mg

11 IGE VPA 1500 mg; LEV 500 mg

12 IGE VPA 1500 mg; LTG 150 mg

13 IGE VPA 1500 mg; LEV 2000 mg; PER 10 mg

14 FE (unknown etiology) VPA 1000 mg; LCS 400 mg; CBZ 40 mg

15 IGE VPA 1500 mg; LTG 100 mg; REM 600 mg

16 FE (unknown etiology) VPA 1000 mg; CBZ 20 mg; LCS 200 mg; LEV 2000 mg
ntVPA

1 IGE VPA 800 mg

2 IGE VPA 600 mg

3 IGE VPA 500 mg

4 IGE VPA 400 mg

5 IGE VPA 1000 mg

6 IGE VPA 1000 mg
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TABLE 1 Continued
Subject Diagnosis Treatment and Daily Dose
7 IGE VPA 1000 mg
8 IGE VPA 1000 mg
9 IGE VPA 900 mg
10 IGE VPA 1000 mg
1 IGE VPA 500 mg
12 IGE VPA 1000 mg
13 IGE VPA 500 mg
noVPA

1 FE (structural origin) LEV 1000 mg
2 IGE LEV 2500 mg
3 IGE LEV 1000 mg
4 IGE LEV 1000 mg
5 IGE LEV 3000 mg
6 IGE LEV 2000 mg
7 IGE LTG 400 mg
8 IGE LEV 1000 mg
9 IGE LEV 2000 mg
10 IGE LEV 3000 mg
11 IGE LTG 400 mg
12 IGE LTG 200 mg
13 IGE LEV 3000 mg

Abbreviations: tVPA, VPA and tremor; VPA, valproate; FE, focal epilepsy; IGE, idiopathic generalized epilepsy; LTG, lamotrigine; ZNS, zonisamide; ETS, etosuccimide;
FNB, phenobarbital; LEV, levetiracetam; LCS, lacosamide; TMP, topiramate; RFM, rufinamide; CBZ, carbamazepine; ntVPA, VPA without tremor; noVPA, patients

with epilepsy who were not taking nor had never taken VPA.

were recorded for each posture; three 15-second trials were
recorded during the “pointing task.”®2%3>

For tremor analysis, power spectra were calculated by fast
Fourier transformation using dedicated software (SMART Ana-
lyzer, BTS Engineering). For postural and rest tremor analyses,
the marker placed on the second metacarpal bone was considered

82033 \We determined the magnitude of

the reference marker.
postural and rest tremor by measuring the root mean square of
the acceleration traces (GRMS?) of the reference marker in 3D
space. We then measured the dominant frequency peak (Hz) of

8,30-33 s .
For kinetic tremor analysis, the

postural and rest tremor.
marker placed on the last phalange of the index finger was con-
sidered the reference marker. A different algorithm was used to

8,30-33 .
b.” We considered

measure kinetic tremor of the upper liml
the number of movements and the distance (meters) covered
during the “pointing task.” We also considered the velocity and
acceleration peaks (m/s and m/s%, respectively). The duration of
the acceleration and deceleration phases, the deceleration/
acceleration ratio (D/A), and the curvature index (CI), that is,

arm end point average path length/length of a straight line

joining the initial and final positions, were considered measures

of movement quality, that is, trajectory homogeneity.*>%->*

Finger Tapping Kinematic
Recordings and Analysis

Kinematic assessment of voluntary movement execution was
performed in all participants during repetitive finger tap-
L 32,3438
ping.

the distal phalanx of the index finger and thumb.”***® Three

Reflective markers were taped on the hand and on

15-second repetitive finger movements were recorded in succes-
sion with a 60-second pause between each recording, that is,
opening and closing the index finger and the thumb as fast and
broadly as possible. Because no significant effect of handedness
on motor performance has been demonstrated, we recorded fin-
ger tapping from the dominant hand in all patients with epilepsy
and in HCs and from the most affected side in PD.>***® For
the analysis, we considered the total number of movements and

the movement rhythm, that is, the coefficient of variation (CV),
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computed as the SD/mean value of the intertap intervals (with
higher values representing lower movement regularity). Linear
regression techniques were used to determine the intercept
(reflecting movement amplitude in degrees and velocity in
degrees/s at the beginning of the 15-second motor sequence)
and slope (representing amplitude and velocity decrement, i.e,
sequence effect across the 15-second trials) of the regression line
across the scatter plot of the kinematic parameters (y-axis) versus

-\ 32,34-38
the number of movements (x-axis).””

Experimental Design

Participants underwent one experimental session, including a
clinical evaluation performed by a neurologist with expertise in
movement disorders. All tVPA patients also underwent a kine-

8,30-33

matic evaluation of upper limb tremor. Finally, clinical and

kinematic assessments of finger tapping were performed for all

. 32,34-38
participants.

Statistical Analysis

Fisher exact test was used to assess sex differences between
groups. Possible differences in age or other clinical features
between groups were evaluated by the Kruskal-Wallis analysis of
variance (ANOVA).

Postural tremor amplitude and frequency were analyzed in
tVPA patients using two separate repeated-measure ANOVAs
(tmANOVAs) with the factors “group” (2 levels: tVPA mon-
otherapy vs. tVPA polytherapy), “posture” (2 levels: posture
1 and posture 2), and “side” (2 levels: right and left). Kinetic
tremor parameters were analyzed in separate rmANOVAs using

“group” (2 levels: tVPA monotherapy vs. tVPA polytherapy) and

TABLE 2 Participant demographic and clinical data

“side” (2 levels: right and left) as factors of analysis. Finally, rest
tremor amplitude and frequency were analyzed in tVPA patients
using separate ANOVAs with the “group” (2 levels: tVPA mon-
otherapy vs. tVPA polytherapy) and “side” (2 levels: right and
left) factors. Finger tapping kinematics in patients taking VPA
(tVPA and ntVPA), noVPA patients, patients with PD, and HCs
were compared by separate one-way ANOVAs using the group
factor. Fisher’s least significant difference test was used for post
hoc analyses. Results were corrected for multiple comparisons
using the false discovery rate (FDR).*

Possible relationships between clinical and neurophysiological
data were assessed using Spearman correlations.

All results are presented as mean values £ 1 standard error of
the mean unless otherwise specified. The significance level was
set at P <0.05. Data were analyzed using STATISTICA
(TIBCO Software Inc., Palo Alto, CA).

Results
Demographic and Clinical Data

We did not find any differences in terms of age, sex ratio, age at
diagnosis, tremor duration, or cognitive and psychiatric scores
between tVPA patients taking VPA alone and tVPA patients tak-
ing other associated antiepileptic drugs (all P values >0.05)
(Table 2).

Patients with epilepsy did not differ from patients with PD
and HCs in terms of sex ratio and age, with the exception of
ntVPA patients who were younger than the other groups (all
P values <0.05) (Table 2). VPA serum concentration was similar

Demographic and tVPA tVPA

clinical data Monotherapy Polytherapy ntVPA noVPA PD HC

Sex 6 females/7 males 10 females/6 males 6 females/7 males 10 males/3 females 11 females/ 10 females/

9 males 10 males

Age 50.07 £ 5.23 51.06 £ 2.68 33.84 £+ 3.56 48.15 £ 4.73 579 £1.73 50.2 4+ 3.6

Tremor duration 6.69 £ 1.7 85+22 = = = =

VPA duration 15.11 £ 3.051 14.77 £ 3.28 16.6 £ 3.98 = = =

MoCA 255+ 0.6 26.15 £ 0.5 26.61 £ 0.44 27.92 £ 0.41 265+ 0.87 27.6 £ 0.34

FAB 16 + 1.04 15.42 4+ 0.41 1718 £ 0.4 17.38 £ 0.33 16.61 £0.56 17.3 +0.34

BDI-II 8.92 £+ 2.86 11.75 £3.71 8.23 £2.43 6.54 + 1.71 655+ 1.13 6.1 £1.08

FSS 28.33 £ 5.38 29.92 + 4.49 26.3 +5.33 20.54 £+ 2.82 26.54+3.26 21.8 +3.85

MDS-UPDRS III 12.91 £ 2.37 15.42 4+ 2.54 1.84 £ 0.35 0.85 + 0.34 23.6 +1.83 =

VPA serum 70.3 £+ 3.88 82.01 +3.83 56.68 + 6.21 - - -
concentration

Note: Tremor duration and VPA duration are expressed in years. Data are shown as mean = standard error of the mean. Age is expressed in years. Valproate serum concen-

tration is expressed in pg/mL.

Abbreviations: tVPA, VPA and tremor; ntVPA, VPA without tremor; noVPA, patients with epilepsy who were not taking nor had never taken VPA; PD, Parkinson’s dis-
ease; HCs, healthy controls; VPA, valproate; MoCA, Montreal Cognitive Assessment; FAB, Frontal Assessment Battery; BDI-II, Beck Depression Inventory; FSS, Fatigue
Severity Scale; MDS-UPDRS III, Movement Disorder Society—sponsored revision of the Unified Parkinson’s Disease Rating Scale, Part III.
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TABLE 3 Tremor clinical features in tVPA patients

tVPA tVPA
Tremor features Monotherapy Polytherapy
Upper limb postural tremor 100 100
Upper limb kinetic tremor 69.23 93.75
Upper limb rest tremor 69.2 50
Head tremor 15.38 435
Lower limb tremor 23.07 375
Tongue/voice tremor 84.61 56.25
FTMTRS 19.9 £ 2.42 30.5 £ 3.0
FTMTRS-A 8.15£1.21 10.93 £ 1.54
FTMTRS-B 7.61 £0.63  11.18 £ 1.50
FTMTRS-C 3.46 £0.95 7.5 £0.92

Note: Data are shown as percentage or mean = standard error of the mean.
Abbreviations: tVPA, valproate and tremor; FTMTRS, Fahn-Tolosa-Marin
Tremor Rating Scale.

in tVPA patients (P = 0.08), whereas it was lower in ntVPA
compared with tVPA taking other associated antiepileptic drugs
(tVPA monotherapy vs. ntVPA: P = 0.05; tVPA polytherapy
vs. ntVPA: P < 0.001) (Table 2).

Clinical evaluation showed that all tVPA patients had postural
tremor of the upper limbs (Table 3). The proportion of patients
with kinetic and rest upper limb tremor did not differ between
tVPA patients taking VPA alone and those taking VPA plus other

1.6

1.2

0.8

GRMSA2

0.4 -

. |

tVPA monotherapy
EP1 mP2

tVPA polytherapy

FIG. 1. Kinematic assessment of postural upper limb tremor in
patients with valproate and tremor (tVPA) taking VPA alone
(tVPA monotherapy) and patients taking other antiepileptics in
addition to VPA (tVPA polytherapy). Postural tremor was
recorded with arms outstretched in front of the chest, that is,
posture 1 (P1; dark gray), and with arms flexed at the elbows,
that is, lateral “wing beating” posture or posture 2 (P2; light
gray). Bars indicate tremor amplitude expressed by the root
mean square of the acceleration traces (GRMS?) of the
reference marker in three-dimensional space. Error bars
denote standard errors. Note that tremor amplitude was lower
in tVPA monotherapy compared with tVPA polytherapy,
particularly during P2.

TABLE 4  Postural and rest tremor frequencies in tVPA patients

Position tVPA Monotherapy tVPA Polytherapy
P1 5.77 £ 0.25 5.46 £ 0.14
P2 6.27 £ 0.36 5.7 £ 0.26
Rest 5.9+ 0.29 5.64 £ 0.54

Note: Tremor frequencies are expressed in Hz (mean from the right and left
side). Data are shown as mean =+ standard error of the mean.

Abbreviations: tVPA, valproate and tremor; P1, posture 1 (arms outstretched in
front of the chest); P2, posture 2 (arms flexed at the elbows, i.e., lateral “wing
beating” posture).

antiepileptics. In addition, tremor affecting other body parts,
including the lower limbs, head, and tongue/voice, was observed
in comparable percentages in the two tVPA groups (Table 3).
However, tremor was more severe in tVPA patients taking VPA
plus other antiepileptics than in tVPA patients taking VPA alone,
as evidenced by FTMTRS total scores (P = 0.03) (Table 3). This
difference was attributed to higher scores obtained by tVPA
patients on polytherapy on subsection B (action tremor severity)
(P = 0.010) and subsection C (tremor disability) (P = 0.019),
whereas similar subsection A scores were observed in the 2 tVPA
patient groups (P = 0.182) (Table 3). Notably, none of the
noVPA patients had clinically detectable tremor.

Clinical assessment revealed comparable MDS-UPDRS III
scores between tVPA patients taking VPA alone and those on
polytherapy (P = 0.3) (Table 2). Scores were mainly influenced
by the presence of tremor in patients. MDS-UPDRS III scores
were instead lower in ntVPA patients because of the absence of
tremor, and near to the 0 (ranging from 0 to 3, for the presence
of mild gait and posture impairment) in the noVPA group. As
expected, MDS-UPDRS III scores were higher in patients with
PD compared with the other groups (all P values <0.05).

TABLE 5 Kinematic parameters of kinetic tremor in tVPA patients

Parameter tVPA Monotherapy  tVPA Polytherapy
Distance 0.42 £ 0.02 0.42 £ 0.03

N. Mov 8.65 £ 0.74 7.55 £ 0.59

PV 1.26 £ 0.09 1.18 £ 0.1

AP 11.11 £ 1.47 10.81 £ 1.65
AD 0.63 £ 0.07 0.70 £ 0.06
DD 0.31 £ 0.02 0.37 £ 0.03
D/A ratio 0.53 £ 0.04 0.54 £ 0.03

CI 1.05 £ 0.01 1.06 £ 0.01

Note: Shown are the means & standard error of the mean between the right
and left side of the kinematic parameters from the pointing task for kinetic
tremor assessment in tVPA. Distance is expressed in meters.

Abbreviations: tVPA, valproate and tremor; N. Mov, number of movements;
PV, peak of velocity, expressed in m/s; AP, acceleration peak, expressed in
m/s%; AD, acceleration duration, expressed in minutes; DD, acceleration dura-
tion, expressed in minutes; D/A, deceleration/acceleration ratio; CI, curvature
index.
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Kinematic Tremor Features
in tVPA

Analysis of postural tremor amplitude in tVPA patients showed a
significant effect of the factor “group” (F;,; = 5.22, P = 0.03)
and a significant “group” X “posture” interaction (F;; = 4.81,
P = 0.037). Post hoc comparisons showed lower tremor ampli-
tude in tVPA patients taking VPA alone than in tVPA patients
on polytherapy during posture 2 (Fig. 1). Postural tremor fre-
quency was instead similar in the 2 tVPA groups (Table 4), as
demonstrated by rmANOVA, which did not show any signifi-

cant effect of the factors or any significant interaction (“group’

Fi 57 = 3.34, P = 0.08; “posture”: F; 7 = 1.8, P = 0.19; “side”:
Fio; = 0.2, P = 0.65; “group” X “posture” Fj,; = 0.21,
P = 0.64; “group” x “side”: F;,; = 0.14, P = 0.71; “posture”
x “side”: Fy o7 = 0.75, P = 0.39; “group” X “posture” X “side”:
Fi 27 = 0.5, P = 0.48). Analysis of upper limb kinetic tremor did
not display any differences between the two groups of tVPA
patients (all P values >0.05) (Table 5). The ANOVA on rest
tremor amplitude did not show any significant effect of the fac-
tors “group” (F; o7 = 1.78, P = 0.19) or “side” (F;,; = 0.14,
P = 0.7), nor any significant “group” X “side” interaction
(F127 = 0.79, P = 0.38). Finally, rest tremor frequency was simi-
lar in the 2 tVPA groups (Table 4), as demonstrated by ANOVA

%0, N°MOVEMENTS 7 AMPLITUDE 1800 VELOCITY
75 A 60 - 1500 -
60 - 45 - » 1200 -
»
* 4 g
° b [
45 - I 30 - O 900 -
30 - 15 600 -
15 T T T T T l (o] T T T T T 1 300 T T T T T 1
tVPAmM tVPAp ntVPA noVPA PD  HCs tVPAmM tVPAp ntVPA noVPA PD  HCs tVPAm tVPAp ntVPAnoVPA PD  HCs
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0.2 0.2 0 4
. :
0.15 - 3 0 - E .4 H
£ c
* B =
(=3 wv
3 3 g
0.1 - g)-o.z B '&:" -8
8 =}
0.05 -+ -0.4 - -12 4
(o] T 1 -0.6 T T T T T 1 -16 T T 1

tVPAmM tVPAp ntVPA noVPA PD HCs

tVPAmM tVPAp ntVPA noVPA PD HCs

tVPAm tVPAp ntVPAnoVPA PD HCs

FIG. 2. Kinematic variables of repetitive finger movements in patients with valproate (VPA) and tremor (tVPA) taking valproate alone (tVPA
monotherapy), tVPA patients taking other antiepileptics in addition to VPA (tVPA polytherapy), patients taking VPA without tremor (ntVPA),
patients with epilepsy who were not taking nor had never taken VPA (noVPA), patients with Parkinson’s disease (PD), and healthy controls
(HCs). Data were compared by a one-way analysis of variance. Fisher test was used for post hoc comparisons. Horizontal lines denote
average values. Boxes contain the mean value =+ 1 standard error of the mean. Whiskers contain the mean value + 1 standard deviation of
the mean. Asterisks indicate P < 0.01 (corrected a level by false discovery rate). Note that at post hoc comparisons tVPA and patients with
PD performed less movements compared with ntVPA, noVPA patients and HCs. Movement velocity was lower in patients taking VPA and
in patients with PD than in noVPA patients and HCs, with no differences between patient groups. CV and amplitude slope values were
higher in patients with PD compared with the other groups, whereas no differences in terms of these movement parameters were
observed between groups of patients with epilepsy or between patients with epilepsy and HCs. Finally, note that motor performance in
noVPA patients was normal. CV, coefficient of variation; N. mov, number of movements.
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Video 1. The video shows representative examples of finger
tapping performed by the patients enrolled in the study.
Segment 1 represents the finger tapping performance of one
patient with valproate (VPA) and tremor taking VPA alone (tVPA
monotherapy [tVPAmM]), and segment 2 represents finger
tapping in a patient with tremor taking other antiepileptics in
addition to VPA (tVPA polytherapy [tVPAp]). Segment

3 represents the movement performance of one patient taking
VPA but without tremor (ntVPA). Segment 4 represents finger
tapping in one patient with epilepsy who was not on VPA
treatment (and who had never been treated with VPA) (noVPA).
Segment 5 represents a patient with Parkinson’s disease (PD).
Finally, segment 6 represents one healthy control (HC). The left
panels show the video recordings. The top right panels
represent the finger tapping during the kinematic recordings.
Finally, the bottom right panels represent the velocity curves of
the finger tapping (the y-axis indicates the movement velocity,
with values ranging from —1500 to 1500 degrees/s, and the x-
axis indicates the 15-second recording). Note the slow motor
performance in tVPAm, tVPAp, ntVPA, and PD and the normal
motor performance in HC and noVPA. These videos
demonstrate the importance of kinematic motion analysis to
objectively assess the parameters that can be difficult to
evaluate by clinical examination alone.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13560

that, again, did not show any significant effect of the factors
“group” (Fip7 = 0.08, P = 0.77) or “side” (F»; = 1.71,
P = 0.2), nor any significant “group” X ‘“side” interaction
(F127 = 2.54, P = 0.12).

In summary, confirming clinical observations, kinematic anal-
ysis showed that tVPA patients taking VPA alone had less severe
postural tremor than tVPA patients taking VPA and other anti-
epileptic drugs.

Kinematic Assessment of Finger
Tapping in Patients Taking VPA

Analysis showed altered motor performance in patients compared
with HCs, except for noVPA patients who showed normal fin-
ger tapping parameters (Fig. 2 and Video 1). In detail, 1-way
ANOVA, with 0.01 corrected a level by FDR, displayed differ-
ences between groups in terms of the number of movements
(Fsg0 = 6.59, P < 0.001), CV (Fsg0 = 4.74, P < 0.001), move-
ment velocity (Fsgo = 7.90, P < 0.001), and amplitude slope
(Fs80 = 4.85, P <0.001). Post hoc comparisons showed that
tVPA patients and patients with PD performed less movements
than HCs, ntVPA and noVPA patients (tVPA patients on

monotherapy vs. HCs: P = 0.001; tVPA patients on polytherapy
vs. HCs: P = 0.003; tVPA patients on monotherapy vs. noVPA:
P < 0.001; tVPA patients on polytherapy vs. noVPA: P < 0.001;
tVPA patients on monotherapy vs. ntVPA: P = 0.01; tVPA
patients on polytherapy vs. ntVPA: P = 0.02; patients with PD
vs. HCs: P = 0.03; patients with PD vs. noVPA: P < 0.001;
ntVPA patients vs. HCs: P = 0.65; ntVPA patients vs. noVPA:
P = 0.06; ntVPA patients vs. patients with PD: P = 0.13;
noVPA vs. HCs: P = 0.1). Movement velocity was lower in
patients than in HCs and noVPA (all P < 0.01), with no differ-
ences between groups. Conversely, CV and amplitude slope
values were higher in PD compared with the other groups (all
P < 0.01), whereas no differences in terms of these movement
parameters were observed between the groups of patients with
epilepsy or between patients and HCs.

In summary, kinematic analysis of finger tapping showed that
patients taking VPA, including ntVPA patients, performed
slowed movements compared with HCs and noVPA patients.
However, unlike patients with PD, they did not show sequence
effect (i.e., amplitude or velocity decrement as movements were
continued) or altered movement rhythm during the finger tap-
ping performance. No differences in terms of movement velocity
emerged when comparing tVPA patients taking VPA alone and
those taking VPA plus other antiepileptics. Finally, noVPA
patients had a normal motor performance.

Correlations

We found a correlation between VPA serum concentration and
right kinetic tremor severity as measured by the CI (R = 0.46,
P = 0.012) and the D/A ratio (R = 0.45, P = 0.013). No other
correlations between clinical, demographic, and kinematic data

emerged from the analysis.

Discussion

In the present article, we used clinical and kinematic analyses to
investigate tremor features in patients with epilepsy taking VPA
and to understand the possible effects of VPA polytherapy on
tremor features. We also investigated possible voluntary move-
ment abnormalities in patients taking VPA and their relationship
with tremor. To this aim, we compared tVPA patients with
patients taking VPA who had not developed tremor to exclude
the possible confounding effect of tremor on motor perfor-
mance. In addition, to further demonstrate that possible abnor-
malities of voluntary movement were attributed to VPA rather
than epilepsy, we also studied patients with epilepsy who were
not on VPA treatment (and who had never been treated with
VPA). We found that VIT in tVPA was exacerbated by VPA
association with other antiepileptic drugs. Then we observed that
patients taking VPA regardless of the presence of tremor were
slow but without sequence effect. Finally, we found a normal
motor performance in patients with epilepsy who were not on
VPA treatment, thus supporting the evidence that VPA itself,
and not epilepsy, induces movement slowness in patients.
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Because we did not find any differences in terms of sex dis-
tribution between groups, we could exclude this as a potential
confounding factor. Our samples were all age matched, except
for ntVPA patients, who were younger than the other groups.
In addition, we could rule out differences between groups due
to cognitive and psychiatric factors because clinical scores were
comparable between groups. Because patient samples were
homogeneous in terms of epileptic syndrome diagnosis, we
could also exclude any confounding factors attributed to differ-
ences in epileptic syndromes. Notably, we did not perform
genetic or electrophysiological tests to exclude familial cortical
myoclonic tremor with epilepsy or benign adult familial myo-
clonic epilepsy,™ pathological conditions that are also charac-
terized by rhythmic myoclonus-resembling tremor. However,
none of the patients enrolled in the study had clinical features
compatible with the aforementioned diagnoses. Also, the age at
epileptic syndrome onset in our patients was not suggestive of
these diagnoses. Finally, we could exclude that tremor
influenced upper limb motor execution because we tested fin-
ger tapping movements, which, unlike proximal arm move-
ments, are less likely to slow down as a compensatory strategy
for tremor."?

The first novel finding of the present study is the demonstra-
tion that tremor in patients taking VPA alone was less severe
than tremor in patients taking VPA plus other antiepileptic drugs.
Namely, we found that tVPA patients with VPA only had less
severe action tremor as well as lower scores on subsection C of
the FTMTRS, that is, a lower influence of tremor on daily activ-
ities, compared with tVPA patients on polytherapy. Kinematic
assessment confirmed the clinical results, showing that postural
upper limb tremor amplitude was lower in tVPA patients taking
VPA alone than in tVPA patients on polytherapy. In addition,
correlation analysis performed in patients taking VPA (including
both monotherapy and polytherapy) showed a positive relation-
ship between VPA serum concentration and tremor severity.
Overall, these results demonstrate that VPA induces tremor
when it is taken alone and that other antiepileptics worsen
tremor.>’ Notably, no previous studies have used objective tech-
niques to specifically investigate possible effects on tremor when
other antiepileptics were used in combination with VPA. The
observation that other antiepileptic drugs may exacerbate tremor
in patients taking VPA was mainly based on clinical case reports

- 1112
and series,

which have not always reported consistent
results,'? and was not supported by neurophysiological evi-
dence. The hypothesis that other antiepileptic drugs, when added
to VPA, may determine the worsening of hepatic metabolism,
thus causing higher plasmatic VPA levels and tremor worsening,
is unlikely in our patients because serum VPA concentration was
comparable in tVPA patients taking VPA alone and in those tak-
ing VPA plus other drugs. Understanding the mechanisms
underlying tremor worsening in patients taking VPA plus other
antiepileptics, however, is outside the scope of the present study.
Our results have important clinical implications. First, they indi-
cate the need to accurately collect medication history when eval-
uating tVPA patients. Furthermore, these findings suggest that
for tVPA patients who cannot reduce or discontinue VPA,
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tremor severity may be reduced by modifying other antiepileptic
therapies.

The second novel finding of the study is the observation of
movement slowness during the execution of finger tapping in
patients taking VPA. Although scarcely investigated, clinical evi-
dence of VPA-induced motor abnormalities has been reported
both in animal models and in humans.>>'*3#1-% A number of
case reports, case series, and systematic analyses have documented
the presence of altered voluntary movement execution in the
context of a VPA-induced parkinsonian syndrome, with preva-
lence ranging widely between 1.4% and 75% in patients taking
VPA. These studies also showed great heterogeneity with regard
to clinical presentation, age of onset, VPA dose, concomitant
conditions, and imaging findings. From a neurophysiological
point of view, parkinsonism in patients taking VPA has been
poorly investigated,"* and the relationship between tremor and
altered voluntary movement execution in these patients is
unclear. In this regard, although we found in a previous kine-
matic study that tVPA patients were slower than patients with
ET when performing arm movements,® we could not exclude
the possible influence of tremor on movement slowness. In the
present study, we found that all patients taking VPA, including
those who had not developed tremor, performed slower finger
tapping compared with HCs. This indicates that the detrimental
effect of VPA on motor performance is independent of tremor
occurrence. Accordingly, correlation analysis did not show any
relationship between slowed motor performance and tremor
severity in tVPA patients. In addition, we found that finger tap-
ping motor performance was normal in patients with epilepsy
who were not on VPA treatment (and who had never been
treated with VPA), thus supporting the evidence that VPA itself
induces movement slowness in patients.

A further result to be discussed is the observation that,
although all tVPA patients showed movement slowness when
performing finger tapping movements, not all VPA patients who
showed movement slowness had developed upper limb tremor.
It is well known that 6% to 45% of patients taking VPA may
develop tremor within 3 to 12 months of VPA initiation.*
However, all patients we tested were on VPA therapy for at least
1 year prior to study enrollment. Also, because there were no
differences in VPA treatment duration between tVPA and
ntVPA patients, it is unlikely that ntVPA patients did not
develop tremor because they started VPA more recently. Nota-
bly, VPA serum concentrations in ntVPA patients were lower
than concentrations found in tVPA patients. In addition, ntVPA
patients were younger than tVPA patients, suggesting that age-
related effects must also be considered in the development of
tremor. Overall, these results suggest that tremor is probably not
the first motor adverse effect of VPA treatment but may indicate
that tremor has a higher threshold to manifest, perhaps facilitated
by aging and/or higher drug concentration. In other words,
movement slowness and tremor induced by VPA may emerge at
different times during VPA treatment, with movement slowness
starting first. The present hypothesis is also supported by findings
of a previous neurophysiological study that showed that motor

performance was impaired in the majority of VPA-treated

85US017 SUOWILIOD SAIE81D) 3|qedlidde 8Ly Ag peusenob ke il VO ‘S J0 S8|NJ 10} ARIqIT8UIIUQ AB]IM UO (SUONIPUOD-PUE-SWIRIALIOY A8 | I AReiq1 Ul JUO//SdNL) SUORIPUOD pue SWLB | 189S *[zz02/TT/TT] uo Akeiqiauliuo Ao|iMm ezusides e ewoy 1a AiseAIuN Aq 09SET EIPW/ZO0T OT/I0P/LIOS™A8| 1M Ale.q)1pUI|UO'S BPICS IDUBWSAOW//SANY WOJ pepeo|umoq ' 'zz0z ‘6 T9TOEES



DE BIASE A. ET AL.

RESEARCH ARTICLE

patients even if they did not show any tremor.'® Further longitu-
dinal studies, however, are needed to better clarify the present
issue.

Our results may be interpreted from a pathophysiological
standpoint. VPA interacts with and alters gamma-Aminobutyrc
acid (GABA) transmission.”® In addition, it interferes with gene
expression by downregulating the transcription of genes involved
in synaptic plasticity and neuronal survival*®*” and by acting as a
histone deacetylase, thus unpacking DNA from histones.*
Finally, VPA may enhance neurodegeneration through free oxy-

49,50 . .
Y In humans, however, it is not clear which of

gen radicals.
the aforementioned mechanisms is the major determinant of
VPA adverse effects. It is also not clear what neural circuits are
the most affected by VPA. It has been suggested that VPA has a
1755 VPA may affect cerebellar

trophism and function by reducing the number of Purkinje cells

toxic effect on the cerebellum.

and disrupting cerebellar circuitry.’'>> Notably, the role of the
cerebellum in tremor pathophysiology has been extensively dem-
onstrated.®?°3%°¢ In addition, the cerebellum is an important
hub regulating several movement parameters, including speed,
direction, and coordination,”” and cerebellar damage may result
in movement slowness.'”?*® Thus, one hypothesis is that VIT
and VPA-induced movement slowness reflect cerebellar network
disruption.

However, there is also evidence that VPA administration
induces a detrimental effect on the basal ganglia and alters dopa-
minergic transmission.'**"*?3% This effect has been related to a
VPA-induced excess of GABAergic activity in the basal ganglia,
which in turn provokes a reduction in dopamine release in the
substantia nigra and hyperactivity of the globus pallidus externus,
resulting in unbalanced activation of indirect basal ganglia path-
ways.®"! Accordingly, it has been demonstrated that some
patients with VPA-induced parkinsonism had altered dopamine
transporter (DAT) imaging.*' The role of the basal ganglia in
motor control and in generating bradykinesia in parkinsonian
conditions such as PD is well established.'”®> However, in the
present study we found that patients taking VPA had different
motor features than patients with PD, that is, they did not show
altered movement rhythm or, most important, the sequence
effect, which is a cardinal feature of PD bradykinesia.'” 21636
Although we did not perform a DAT scan on our patients taking
VPA, this result may suggest that VPA-induced slowness is
dependent on different mechanisms than bradykinesia in PD.

The present study has some limitations. The sample size was
relatively limited, although the objective techniques used to quan-
tify finger tapping allowed us to obtain accurate and reproducible
measurements of motor impairment.””*® In addition, ntVPA
patients were younger than the other patient groups. We did not
collect serum concentrations of any antiepileptic drugs other than
VPA. Also, because we did not perform a longitudinal follow-up
of the patients we studied, unanswered issues remain regarding
whether the presence of movement slowness in ntVPA patients
suggests that all patients will later develop tremor and/or parkin-
sonism or whether there are possible individual susceptibility fac-
tors. Thus, further longitudinal investigations are needed to better
understand the possible progression of tremor and slowness of

movement induced by VPA intake over time. A further limitation
is that all patients we tested had a diagnosis of epilepsy. Testing
patients treated with VPA for a nonepileptic indication (e.g.,
migraines, bipolar disorder, mood and anxiety disorders) may be
warranted for a thorough understanding of disease-specific vulner-
ability to VPA. Also, patients did not have DAT scans.

In conclusion, we objectively demonstrated that tremor and
movement slowness are motor signs due to VPA intake. The
severity of VIT was exacerbated by the association of VPA with
other antiepileptic drugs. Movement slowness was detectable in
all patients taking VPA; it occurred independent of tremor and
was specifically attributed to VPA and not to epilepsy. These
findings have important clinical implications because they may
indicate that the appearance of neurophysiologically detectable
slowness of movement may precede tremor development in
patients taking VPA.

Availability of Data and Material

Data that support the findings of this study are available upon
request to the corresponding author.
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