
 
 

University of Birmingham

Phenytoin and damage to the cerebellum - a
systematic review of published cases
Ferner, Robin; Day, Rachael; Bradberry, Sally

DOI:
10.1080/14740338.2022.2058487

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
Ferner, R, Day, R & Bradberry, S 2022, 'Phenytoin and damage to the cerebellum - a systematic review of
published cases', Expert Opinion on Drug Safety, vol. 21, no. 7, pp. 957-977.
https://doi.org/10.1080/14740338.2022.2058487

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 20. Apr. 2024

https://doi.org/10.1080/14740338.2022.2058487
https://doi.org/10.1080/14740338.2022.2058487
https://birmingham.elsevierpure.com/en/publications/54947826-5cf5-4171-90bd-48fe722df5a0


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ieds20

Expert Opinion on Drug Safety

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ieds20

Phenytoin and damage to the cerebellum – a
systematic review of published cases

Robin Ferner, Rachael Day & Sally M Bradberry

To cite this article: Robin Ferner, Rachael Day & Sally M Bradberry (2022) Phenytoin and damage
to the cerebellum – a systematic review of published cases, Expert Opinion on Drug Safety, 21:7,
957-977, DOI: 10.1080/14740338.2022.2058487

To link to this article:  https://doi.org/10.1080/14740338.2022.2058487

© 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 20 Apr 2022.

Submit your article to this journal 

Article views: 371

View related articles 

View Crossmark data

Citing articles: 1 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=ieds20
https://www.tandfonline.com/loi/ieds20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14740338.2022.2058487
https://doi.org/10.1080/14740338.2022.2058487
https://www.tandfonline.com/action/authorSubmission?journalCode=ieds20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ieds20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/14740338.2022.2058487
https://www.tandfonline.com/doi/mlt/10.1080/14740338.2022.2058487
http://crossmark.crossref.org/dialog/?doi=10.1080/14740338.2022.2058487&domain=pdf&date_stamp=2022-04-20
http://crossmark.crossref.org/dialog/?doi=10.1080/14740338.2022.2058487&domain=pdf&date_stamp=2022-04-20
https://www.tandfonline.com/doi/citedby/10.1080/14740338.2022.2058487#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/14740338.2022.2058487#tabModule


SYSTEMATIC REVIEW

Phenytoin and damage to the cerebellum – a systematic review of published cases
Robin Ferner a,b, Rachael Daya and Sally M Bradberrya,b,c

aNational Poisons Information Service (Birmingham Unit), City Hospital Birmingham, Birmingham, UK; bSchool of Clinical and Experimental 
Medicine, University of Birmingham, Birmingham, UK; cSchool of Biosciences, University of Birmingham, Birmingham, UK

ABSTRACT
Introduction: The antiseizure medication phenytoin has been associated with changes in the cerebel
lum, cerebellar signs, and permanent cerebellar damage. We have systematically reviewed the clinical 
and radiological features, and their correlation.
Areas covered: We identified sixty case reports and case series of the effects of phenytoin on the 
cerebellum by searching Medline and Embase and relevant reference lists. The reports described 92 
[median 1, range 1–5] cases, documented median age 28 [2.7–78] years. Eighty-one cases described one 
or more clinical sign of ataxia (present in 96%), dysarthria (63%), and nystagmus (70%). The neurological 
outcome (in 76 cases): 10 (13%) recovered by 12 months; 55 (72%) suffered residual disability; and 11 
(14%) died. Median serum phenytoin concentration (48 cases) was 50 (interquartile range 31–66) mg/L; 
only three values were below 20 mg/L. The radiological findings included cerebellar atrophy in 41 of 61 
patients (67%) with at least one scan.
Expert opinion: Evidence mainly comes from case reports, and is inevitably biased. Most patients with 
cerebellar dysfunction have phenytoin concentrations above the reference range. Clinical signs of ataxia 
can persist without radiological evidence of cerebellar atrophy, and cerebellar atrophy is seen without 
any clinical evidence of cerebellar dysfunction.
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1. Introduction

Phenytoin (diphenylhydantoin, Dilantin®) was introduced into 
clinical practice as an antiseizure medication (anti-epileptic 
drug, anticonvulsant) by Merritt and Putnam in 1938 [1]. 
A review of 329 patients in 1939 supported ‘the strong antic
onvulsant properties and marked toxic effects of this drug,’ for 
by that time, the adverse effects of ataxia, nystagmus, tremor, 
dizziness, and visual and psychological disturbance had been 
observed in treated patients [2]. By the 1960s, the adverse 
effects had been correlated with serum concentrations of 
phenytoin: ‘nystagmus appearing at approximately 20 [mg/ 
L], ataxia at about 25–30 [mg/L], and disorientation and som
nolence at greater than 35 [mg/L].’ [3] The ataxia, nystagmus, 
and tremor are characteristic of cerebellar dysfunction. 
Phenytoin has non-linear pharmacokinetics, and this makes 
dosage adjustment difficult. A small increase in dose can result 
in an unexpectedly large increase in plasma concentration, 
and consequent phenytoin toxicity. In most cases, cerebellar 
signs disappear when phenytoin treatment is stopped, or the 
dosage is reduced.

However, in 1958, Utterbach et al presented an abstract to 
the American Neurological Association of ‘Parenchymatous 
cerebellar degeneration with Dilantin® intoxication’ that 
reported histological findings in cats given phenytoin. They 
also described two patients who were treated with phenytoin, 
developed cerebellar signs, and recovered after their pheny
toin treatment ceased [4]. Haberland later described three 

patients treated with phenytoin who developed progressive 
cerebellar signs and ultimately died (although not necessarily 
from phenytoin poisoning), and who at post mortem showed 
histological evidence of cerebellar degeneration [5]. Since 
then, cases have been published of a persistent cerebellar 
syndrome after intoxication with phenytoin, both after long- 
term treatment and after acute intoxication.

We reviewed the medical literature to identify case series 
and case reports of cerebellar changes associated with phe
nytoin treatment.

2. Methods

We searched Medline and Embase in the Ovid® database, 
without language restriction, using the following search 
terms: (phenytoin or diphenylhydantoin or Dilantin or DPH). 
mp. AND (cerebellum or cerebellar).mp. The search was lim
ited to humans and to adverse effects. We ran the search on 
13 April 2021.

From the retrieved references, we used titles and abstracts 
to select case reports or case series that included cerebellar 
changes with phenytoin. We considered any finding of ataxia, 
dysarthria, or nystagmus to indicate that clinical features of 
cerebellar disorder were present. We additionally sought refer
ences listed in the retrieved articles but not found by the 
search strategy.

We tabulated the results for each case report or case series 
according to author, year of publication, patient age and sex, 
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clinical history, exposure to phenytoin, concentration mea
surements, radiological findings, and neuropathology. Each 
reference was screened by one reviewer (REF) and cross- 
checked by a second reviewer (RD); any disagreements were 
resolved by consensus.

Results were presented as absolute numbers and 
percentages.

3. Results

3.1. Search results

The search results were as follows:
1. (phenytoin or diphenylhydantoin or Dilantin or DPH).mp. 
87,524
2. (cerebellum or cerebellar).mp.273,862
3. 1 and 2 1484
4. Remove duplicates from 3 1199
5. Limit to humans and adverse effects 793
Of the 793 references, 66 appeared relevant. An additional 18 
references were retrieved from citations within them, provid
ing in total 84 references.

3.2. Retrieved references

Sixty-two of the references contained information on one or 
more human cases. Two reports in Finnish [6,7], one of which 
was also reported in English [8], and one of which formed part 
of a large review [9], were not retrieved, leaving 60 references 
in total. Four references were available to us only in abstract: 
one because it was presented to a meeting, and three because 
there was an English abstract, but the original paper was in 
Korean [10] or Japanese [11]. One case of encephalitis, with no 
evidence of phenytoin intoxication, was excluded [12], so that 
our analysis was based on 92 reported cases.

3.3. Case reports

Details of cases are given in Table 1 and Table 2.

3.3.1. Clinical features
(Figure 1) Age was documented in 87 cases, with a median of 
28 [range 2.7–78] years. At least one feature of a cerebellar 
disorder was mentioned explicitly in 81 of the 92 cases; one 
case showed no signs. Of the 81 clinical case reports, 78 (96%) 

described ataxia, 51 (63%) recorded dysarthria or speech diffi
culties, and 57 (70%) noted nystagmus. Fifteen patients were 
recorded to have ataxia alone, and two to have nystagmus 
alone. Twenty-three cases (28%) exhibited two of the three 
features, and 41 cases (51%) exhibited all three.

In addition, reports mentioned features such as lethargy, 
drowsiness, and stupor; diplopia; and hypotonia. Several 
patients had an underlying brain disorder. In some reports, 
neurological signs such as extensor plantar responses (five 
cases) were recorded.

3.3.2. Clinical course
(Figure 2) Eleven patients (14%) died out of the 76 whose 
neurological outcome was stated, although deaths were not 
necessarily caused by phenytoin poisoning. Ten patients (13%) 
recovered after a time, and were normal at re-assessment, 
which was up to 12 months after the original presentation. 
Cerebellar signs improved to some degree in 41 patients 
(66%) assessed at different intervals from 14 days to 4 years 
after presentation, although the patient often remained dis
abled. There was no remission of neurological signs in 14 
patients (18%), assessed in one case up to 6 years after initial 
presentation.

3.3.3. Phenytoin concentration measurements
The maximum phenytoin concentration at or soon after pre
sentation was provided in 47 case reports. The median value 
was 50 (range 3–128; interquartile range 31–67) mg/L, and 
only four values were below 20 mg/L.

3.3.4. Radiological findings in the cerebellum and 
posterior fossa
(Figure 3) We took radiological investigations to support 
a finding of cerebellar atrophy if they reported cerebellar 
atrophy; or there was prominence of the cerebellar folia or 
widening of the cerebellar sulci or both; or an increase in size 
of the fourth ventricle. Some patients underwent radiological 
investigations at the time of admission and at follow-up. The 
most abnormal result was invariably the last result obtained.

Two patients underwent carotid angiography, with normal 
results.

In 14 cases, patients had pneumoencephalograms after 
developing symptoms attributed to phenytoin. Five studies 
were normal or only slightly abnormal, four were reported to 
show enlargement of the fourth ventricle, and five were 
reported to show cerebellar atrophy.

There were 35 cases with recorded CT scan results, six of 
which showed no cerebellar abnormality. In the 29 (85%) 
patients with abnormal scans, cerebellar atrophy, cerebellar 
degeneration, clearly outlined cerebellar sulci or folia, or enlar
gement of the fourth ventricle, or a combination of these 
findings, was observed. One scan was interpreted to demon
strate cerebellar infarction.

Fifteen patients had MRI scans reported: one scan as nor
mal, one as showing ‘prominent cerebellar folia,’ and one both 
prominent folia and cerebellar atrophy. Twelve MRI scans 
(80%) in total were reported to show cerebellar atrophy or 
‘shrinkage of cerebellum.’ A further patient underwent MRI 
scanning, but the scan was not described.

Article highlights

● Phenytoin is still widely used as an antiseizure medication.
● Cerebellar signs are common.
● Most phenytoin-treated patients with cerebellar dysfunction have 

phenytoin concentrations above the reference range.
● In most cases, signs regress when phenytoin concentration is 

reduced.
● Phenytoin can damage cerebellar Purkinje cells.
● Clinical signs of ataxia can persist without radiological evidence of 

cerebellar atrophy, and cerebellar atrophy can be seen without 
clinical evidence of cerebellar dysfunction.

This box summarizes key points contained in the article.

958 R. FERNER ET AL.



Ta
bl

e 
1 

Ph
en

yt
oi

n 
&

 t
he

 c
er

eb
el

lu
m

. C
lin

ic
al

 s
ig

ns
, o

ut
co

m
e,

 a
nd

 e
xp

os
ur

e 
to

 p
he

ny
to

in
 A

bb
re

vi
at

io
ns

 a
nd

 r
ef

er
en

ce
s 

ar
e 

gi
ve

n 
at

 t
he

 e
nd

 o
f 

Su
pp

le
m

en
ta

ry
 T

ab
le

 2
, b

el
ow

.

A
ut

ho
r

Re
f

Cl
in

ic
al

Ce
re

be
lla

r 
si

gn
s

O
ut

co
m

e
Ex

po
su

re
 t

o 
ph

en
yt

oi
n

Co
nc

en
tr

at
io

n

Ab
e 

19
91

1
U

nk
no

w
n;

 Δ
 t

re
at

m
en

t 
re

si
st

an
t 

ep
ile

ps
y 

w
ith

 s
ev

er
e 

m
en

ta
l a

nd
 p

hy
si

ca
l d

is
or

de
rs

Ch
ro

ni
c 

tr
ea

tm
en

t
Al

w
ay

s 
w

ith
in

 
no

n-
to

xi
c 

ra
ng

e

Af
ifi

 1
96

8
2

10
 F

, s
ei

zu
re

s 
si

nc
e 

ag
e 

5 
y.

 P
he

ny
to

in
 f

or
 1

5 
m

 b
ef

or
e 

pr
es

en
tin

g 
w

ith
 a

ta
xi

a,
 n

ys
ta

gm
us

, d
ip

lo
pi

a.
 P

he
ny

to
in

 
re

-in
tr

od
uc

ed
 f

or
 2

 t
o 

3 
m

, t
he

n 
st

op
pe

d.
 A

ft
er

 4
 m

, 
re

cu
rr

en
t 

at
ax

ia
, l

at
er

 m
ild

 d
ys

ar
th

ria
 a

nd
 o

th
er

 s
ig

ns
. 

At
 s

ur
ge

ry
, a

 s
m

al
l a

tr
op

hi
c 

ce
re

be
llu

m
 w

as
 b

io
ps

ie
d

AD
N

Re
si

du
al

 a
ta

xi
a 

at
 4

 m
; g

on
e 

at
 6

 m
 a

ft
er

 t
he

 a
cu

te
 

ep
is

od
e

20
0 

m
g/

d 
fo

r 
15

 m

Al
io

ğl
u 

20
00

 
[c

]
3

25
 F

, s
ei

zu
re

s 
fo

r 
20

 y
. C

on
fu

si
on

, u
rin

ar
y 

in
co

nt
in

en
ce

, 
se

ve
re

 t
ru

nc
al

 a
ta

xi
a,

 n
ys

ta
gm

us
, d

ip
lo

pi
a,

 d
ys

ar
th

ria
, 

dy
sm

et
ria

, d
ys

di
ad

oc
ho

ki
ne

si
s,

 in
te

nt
io

n 
tr

em
or

AD
N

8 
m

 la
te

r: 
ce

re
be

lla
r 

si
gn

s 
im

pr
ov

ed
; 2

8 
m

 c
lin

ic
al

 s
ta

te
 

st
ab

le
Ac

ut
e 

ph
en

yt
oi

n 
in

to
xi

ca
tio

n;
 3

00
 m

g/
d 

fo
r 

10
 y

; ↑
 

60
0 

m
g/

d 
25

 d
 b

ef
or

e 
ad

m
is

si
on

 f
or

 ↑
 fi

ts
;

50
 m

g/
L

Ar
or

a 
20

18
4

30
 M

, n
eu

ro
cy

st
ic

er
co

si
s;

 R
ec

en
t 

on
se

t 
of

 d
iff

ic
ul

ty
 

w
al

ki
ng

; A
ta

xi
a 

an
d 

dy
sa

rt
hr

ia
AD

16
 y

 1
00

–2
00

 m
g/

d

Ar
or

a 
20

18
4

35
 M

, s
ei

zu
re

s 
fo

r 
15

 y
; 2

 m
 d

iff
ic

ul
ty

 in
 w

al
ki

ng
; 

N
ys

ta
gm

us
, g

ai
t 

at
ax

ia
AN

12
 y

 1
00

–2
00

 m
g/

d

Ar
or

a 
20

18
4

40
 M

, s
ei

zu
re

s 
fo

r 
22

 y
. G

ai
t 

at
ax

ia
A

15
 y

 1
50

 m
g/

d 
‘o

n 
an

d 
of

f’

Ar
or

a 
20

18
4

7 
M

, b
irt

h 
as

ph
yx

ia
 a

nd
 s

ei
zu

re
s 

fo
r 

6 
y;

 n
ys

ta
gm

us
N

6 
y 

50
–1

00
 m

g/
d

Aw
ad

a 
19

99
5

30
 M

, a
dm

itt
ed

 w
ith

 fi
rs

t 
se

iz
ur

e,
 a

nd
 c

er
eb

ra
l m

as
s;

 a
ft

er
 

6 
d,

 g
iv

en
 a

nt
i-T

B 
qu

ad
ru

pl
e 

th
er

ap
y.

 A
ft

er
 a

 fe
w

 d
ay

s,
 

at
ax

ia
, d

ys
ar

th
ria

, c
on

fu
si

on
 a

nd
 s

tu
po

r. 
Tr

an
sf

er
re

d:
 

ny
st

ag
m

us
, a

ta
xi

a,
 d

ys
ar

th
ria

, c
om

ba
tiv

en
es

s

AD
N

N
ys

ta
gm

us
 g

on
e 

by
 d

ay
 1

2,
 b

ut
 a

ta
xi

a 
pe

rs
is

te
d,

 w
ith

 
dy

sm
et

ria
75

0 
m

g/
d 

fo
r 

3 
d,

 t
he

n 
60

0 
m

g/
d 

fo
r 

2 
d,

 t
he

n 
30

0 
m

g/
d,

 a
ll 

IV
; i

nc
re

as
ed

 a
ga

in
 t

o 
60

0 
m

g
29

8 
μm

ol
/L

 
(t

he
ra

pe
ut

ic
 

40
–7

9)
, t

he
n 

23
8,

 1
41

, 1
00

, 
36

, 0
 μ

m
ol

/L
 

on
 d

 0
, 2

, 8
, 

13
, 2

3,
 a

nd
 3

4.
Ba

ie
r 

19
84

6
18

 F
, f

oc
al

 s
ei

zu
re

s 
fr

om
 4

 y
. W

or
se

 a
t 

14
 y

. A
ta

xi
a

A
Re

cu
rr

en
t 

at
ax

ia
, i

nc
om

pl
et

e 
re

so
lu

tio
n

10
 y

 1
50

 m
g/

d 
fr

om
 4

 y
; t

he
n 

4 
y 

20
0–

40
0 

m
g/

d
m

ax
im

al
 b

lo
od

 
le

ve
l 3

9.
7 

m
g/

L
Ba

ie
r 

19
84

6
18

 F
, g

en
er

al
iz

ed
 s

ei
zu

re
s 

fr
om

 2
 y

. C
om

pl
ex

 p
ar

tia
l 

se
iz

ur
es

 f
ro

m
 8

 y
. ℞

 in
cl

ud
in

g 
ph

en
yt

oi
n.

 D
ev

el
op

ed
 

m
od

er
at

e 
ga

it 
at

ax
ia

, n
ys

ta
gm

us
, d

ip
lo

pi
a,

 d
ys

ar
th

ria

AD
N

Im
pr

ov
ed

 a
ft

er
 p

he
ny

to
in

 w
as

 s
to

pp
ed

In
iti

al
ly

 1
50

 m
g/

d;
 S

ym
pt

om
s 

on
 2

00
 m

g/
d

30
.6

 m
g/

L 
w

he
n 

at
ax

ic

Ba
ie

r 
19

84
6

33
 F

, e
pi

le
ps

y 
fr

om
 6

 y
. ℞

 in
cl

ud
ed

 p
he

ny
to

in
; 1

8 
y 

w
he

n 
tr

ea
te

d 
w

ith
 h

ig
h 

do
se

, s
ud

de
nl

y 
be

ca
m

e 
un

ab
le

 t
o 

w
al

k.
 C

oa
rs

e 
at

ax
ia

A
Si

nc
e 

th
en

, c
oa

rs
e 

at
ax

ia
, w

he
el

ch
ai

r-
de

pe
nd

en
t

15
 y

 1
00

 m
g/

d

Ba
ie

r 
19

84
6

40
 M

, s
ei

zu
re

 f
ro

m
 a

ge
 9

 y
. ℞

 p
he

ny
to

in
 e

tc
.; 

Re
pe

at
ed

ly
 

ho
sp

ita
liz

ed
 f

or
 D

PH
 in

to
xi

ca
tio

ns
; w

ith
 a

ta
xi

a,
 

ny
st

ag
m

us
, d

ip
lo

pi
a,

 v
om

iti
ng

, i
nt

en
tio

n;
 t

re
m

or
, w

hi
le

 
on

 3
00

–5
00

 m
g/

d;
 2

4 
y:

 in
co

m
pl

et
e 

re
co

ve
ry

; s
to

pp
ed

; 
29

 y
: r

es
ta

rt
ed

; 3
00

 m
g/

d;
 d

ra
m

at
ic

 d
et

er
io

ra
tio

n

AD
N

Irr
ev

er
si

bl
e 

di
sa

bl
in

g 
at

ax
ia

30
0–

50
0 

m
g/

d
29

 y
: B

lo
od

 
co

nc
en

tr
at

io
n 

24
 m

g/
L

Ba
ie

r 
19

84
, 

19
85

6
7 

F,
 c

om
pl

ex
 p

ar
tia

l s
ei

zu
re

s 
fr

om
 2

 y
; 7

 y
, a

ta
xi

a
A

N
ot

 f
ul

ly
 r

ev
er

se
d 

by
 c

ha
ng

e 
to

 p
rim

id
on

e
15

0–
22

5 
m

g/
d 

fr
om

 5
 y

10
–5

1.
4 

m
g/

L

Ba
ie

r 
19

84
, 

19
85

7
12

 F
, c

lo
ni

c 
se

iz
ur

es
 f

ro
m

 3
 m

 w
ith

 r
ec

ur
re

nt
 a

ta
xi

a;
 1

2 
y 

↓
m

ot
or

 f
un

ct
io

n,
 c

oa
rs

e 
at

ax
ia

 o
f 

tr
un

k 
an

d 
ex

tr
em

iti
es

; P
he

ny
to

in
 d

is
co

nt
in

ue
d,

 b
ut

 o
nl

y 
sl

ig
ht

 
im

pr
ov

em
en

t

A
Ph

en
yt

oi
n 

di
sc

on
tin

ue
d,

 b
ut

 o
nl

y 
sl

ig
ht

 im
pr

ov
em

en
t

4 
y 

12
5–

15
0 

m
g/

d;
 3

 y
 n

on
e;

 6
 y

 2
50

 m
g/

d
O

ne
 v

al
ue

 3
1.

2 
m

g/
L;

 2
4.

9 
m

g/
L 

at
 1

2 
y

Ba
ie

r 
19

84
, 

19
85

7
41

 F
, e

pi
le

ps
y 

fr
om

 m
en

ar
ch

e.
 P

he
ny

to
in

 3
00

 m
g/

d,
 ; 

19
 y

 
fir

st
 r

ep
or

t 
of

 a
ta

xi
a,

 n
ys

ta
gm

us
, d

ys
ar

th
ria

, d
ip

lo
pi

a,
 

vo
m

iti
ng

; F
ou

r 
fu

rt
he

r 
ep

is
od

es

AD
N

D
is

ab
lin

g 
at

ax
ia

, c
on

fin
ed

 t
o 

a 
w

he
el

ch
ai

r
15

0-
40

0 
m

g/
d

Ba
sk

er
8

30
 M

, h
ou

rs
 o

f 
di

zz
in

es
s 

an
d 

sl
ur

re
d 

sp
ee

ch
AD

So
m

e 
im

pr
ov

em
en

t 
ov

er
 5

 d
10

0 
m

g 
tw

ic
e 

da
ily

 f
or

 4
 y

(C
on

tin
ue

d
)

EXPERT OPINION ON DRUG SAFETY 959



Ta
bl

e 
1 

(C
on

tin
ue

d)
. 

A
ut

ho
r

Re
f

Cl
in

ic
al

Ce
re

be
lla

r 
si

gn
s

O
ut

co
m

e
Ex

po
su

re
 t

o 
ph

en
yt

oi
n

Co
nc

en
tr

at
io

n

Bo
te

z 
19

85
9

17
 F

, s
ei

zu
re

s 
at

 3
 y

, p
he

ny
to

in
 f

ro
m

 4
–6

 y
; f

ur
th

er
 

se
iz

ur
es

 a
t 

16
 y

. ℞
 p

he
ny

to
in

. A
ft

er
 1

3 
m

, a
dm

itt
ed

 
w

ith
 a

ta
xi

a,
 n

ys
ta

gm
us

, m
od

er
at

e 
dy

sa
rt

hr
ia

; 
ph

en
yt

oi
n 

st
op

pe
d,

 b
ut

 in
iti

al
ly

 n
o 

im
pr

ov
em

en
t

AD
N

In
iti

al
ly

 n
o 

im
pr

ov
em

en
t; 

6 
m

 p
os

t 
ad

m
is

si
on

: d
ys

ar
th

ria
 

an
d 

at
ax

ia
 im

pr
ov

ed
30

0 
m

g/
d 

fo
r 

16
 y

O
n 

ad
m

is
si

on
 4

8 
m

g/
L

Bo
te

z 
19

85
9

50
 F

, h
yp

er
te

ns
io

n;
 in

tr
ac

er
eb

ra
l b

le
ed

. ℞
 p

he
ny

to
in

; 
Af

te
r 

3 
y,

 li
m

b 
at

ax
ia

 f
or

 1
 m

, n
ys

ta
gm

us
, s

lu
rr

ed
 

sp
ee

ch
, c

ho
re

oa
th

et
os

is
, f

ac
ia

l d
ys

ki
ne

si
a

AD
N

Ch
or

eo
at

he
to

si
s,

 f
ac

ia
l d

ys
ki

ne
si

a 
re

so
lv

ed
 w

ith
in

 7
 d

 o
f 

st
op

pi
ng

 p
he

ny
to

in
; 3

 y
 p

os
t 

ad
m

is
si

on
 s

he
 h

ad
 o

nl
y 

m
ild

 d
ys

ar
th

ria
, d

ys
m

et
ria

, a
nd

 d
ys

di
ad

oc
ho

ki
ne

si
a;

 +
 

m
od

er
at

e 
at

ax
ia

30
0 

m
g/

d
12

7.
8 

m
g/

L

Br
os

to
ff 

20
08

10
58

 M
, f

ou
nd

 s
em

ic
on

sc
io

us
; b

ro
ug

ht
 b

y 
am

bu
la

nc
e;

 
dy

sa
rt

hr
ic

 +
 g

ai
t 

at
ax

ia
 +

 n
ys

ta
gm

us
; k

no
w

n 
ep

ile
ps

y 
℞ 

ph
en

yt
oi

n;
 in

iti
al

 d
ia

gn
os

is
 e

th
an

ol
 in

to
xi

ca
tio

n

AD
N

Af
te

r 
ph

en
yt

oi
n 

w
ith

dr
aw

n,
 ‘g

ra
du

al
 a

nd
 f

ul
l r

ec
ov

er
y’

30
0 

m
g/

d
49

 m
g/

L 
on

 
ad

m
is

si
on

 5
9 

m
g/

L 
on

 
fo

ur
th

 d
ay

 o
f 

ad
m

is
si

on

Br
os

to
ff 

20
08

10
72

 M
, f

el
l a

t 
ho

m
e;

 1
 w

 w
or

se
ni

ng
 b

al
an

ce
 +

 
co

or
di

na
tio

n.
 P

re
vi

ou
s 

CV
A.

 O
/E

 le
ft

 h
em

ip
le

gi
a,

 r
ig

ht
- 

si
de

d 
dy

sd
ia

do
ch

ok
in

es
ia

, n
ys

ta
gm

us
, g

ai
t 

at
ax

ia

AN
Re

co
ve

ry
 a

ft
er

 p
he

ny
to

in
 w

ith
dr

aw
n

40
0 

m
g/

d
38

.9
 m

g/
L 

on
 

da
y 

af
te

r 
ad

m
is

si
on

Br
os

to
ff 

20
08

10
50

 M
 s

ei
zu

re
; T

yp
e 

II 
D

M
, a

lc
oh

ol
ic

, h
yp

er
te

ns
iv

e.
 O

/E
 

sl
ur

re
d 

sp
ee

ch
, d

ys
m

et
ria

, n
ys

ta
gm

us
D

N
Sl

ow
ly

 im
pr

ov
ed

 a
ft

er
 p

he
ny

to
in

 s
to

pp
ed

30
0 

m
g/

d
36

.2
 m

g/
L

Co
ch

at
 1

98
7

11
32

 m
 F

, f
eb

ril
e 

co
nv

ul
si

on
 a

t 
29

 m
, p

re
se

nt
ed

 w
ith

 t
w

o 
ge

ne
ra

liz
ed

 s
ei

zu
re

s 
tr

ea
te

d 
w

ith
 d

ia
ze

pa
m

, t
he

n 
a 

th
ird

. G
iv

en
 p

he
ny

to
in

 t
he

n 
ny

st
ag

m
us

 a
nd

 
ca

rd
io

va
sc

ul
ar

 c
ol

la
ps

e 
co

rr
ec

te
d 

w
ith

 f
lu

id
s 

an
d 

be
ta

- 
ag

on
is

ts

N
Ph

en
yt

oi
n 

in
 t

he
 n

or
m

al
 r

an
ge

 a
ft

er
 3

 d
. A

t 
6 

m
, n

o 
ce

re
be

lla
r 

si
gn

s
3 

×
 2

0 
m

g/
kg

72
 m

g/
L

Cr
ai

g 
20

04
12

38
 M

, d
el

ib
er

at
el

y 
to

ok
 a

t 
le

as
t 

10
 g

 p
he

ny
to

in
 +

 e
th

an
ol

 
12

–1
6 

h 
ea

rli
er

. P
re

vi
ou

s 
bl

ee
d 

?M
oy

am
oy

a 
di

se
as

e.
 

ID
D

M
. D

ys
ar

th
ria

, n
ys

ta
gm

us
, a

ta
xi

a.
 B

ip
ha

si
c 

co
ur

se
. I

n 
ho

sp
ita

l f
or

 1
00

 d

AD
N

Pe
rs

is
te

nt
 c

er
eb

el
la

r 
to

xi
ci

ty
30

0 
m

g/
d 

fo
r 

2 
y 

+
 1

0 
g 

at
 o

nc
e

18
1 

μm
ol

/L
 

(n
or

m
al

 
th

er
ap

eu
tic

 
ra

ng
e 

40
–8

0 
μm

ol
/L

) 
on

 
ad

m
is

si
on

; 
pe

ak
 v

al
ue

 
(d

ay
 1

5)
 3

56
 

μm
ol

/L
 .

D
as

ar
i 2

01
6

13
40

 F
, p

he
ny

to
in

 f
or

 8
 y

 f
or

 s
ei

zu
re

s.
 2

 d
 o

f 
at

ax
ia

, 
dy

sa
rt

hr
ia

, n
ys

ta
gm

us
, a

nd
 ‘b

ila
te

ra
l c

er
eb

el
la

 s
ig

ns
’

AD
N

Im
pr

ov
ed

 w
ith

in
 5

 d
30

0 
m

g/
d

31
.4

 m
g/

L

D
re

ye
r 

19
66

14
20

 F
, e

pi
le

ps
y 

fr
om

 1
2 

y.
 N

o 
ce

re
be

lla
r 

si
gn

s 
at

 1
7 

y 
8 

m
. 

Po
ss

ib
le

 o
ve

rd
os

e.
 D

iff
ic

ul
ty

 in
 w

al
ki

ng
. O

/E
: t

ru
nc

al
 

at
ax

ia
, d

ys
ar

th
ria

, n
ys

ta
gm

us
, d

ys
di

ad
oc

ho
ki

ne
si

a,
 

tr
em

or

AD
N

Af
te

r 
17

 m
, s

lo
w

 r
eg

re
ss

io
n 

of
 c

er
eb

el
la

r 
sy

m
pt

om
s 

w
ith

 
st

at
io

na
ry

 d
ef

ec
t

To
ok

 8
0–

10
0 

ta
bl

et
s 

of
 Z

en
tr

op
il®

 in
 a

 f
ew

 d
ay

s

D
re

ye
r 

19
66

14
16

 M
, E

pi
le

ps
y 

fr
om

 a
ge

 1
2 

y.
 P

re
se

nt
ed

 a
ft

er
 a

n 
in

flu
en

za
l i

lln
es

s 
w

ith
 s

om
no

le
nc

e,
 g

ro
ss

 n
ys

ta
gm

us
, 

dy
sa

rt
hr

a,
 a

st
as

ia
, a

ba
si

a,
 d

ys
m

et
ria

, i
nt

en
tio

n 
tr

em
or

, 
at

on
ia

AD
N

Ph
en

yt
oi

n 
st

op
pe

d,
 a

nd
 n

ys
ta

gm
us

, t
re

m
or

s,
 a

nd
 

dy
sm

et
ria

 im
pr

ov
ed

. G
ai

t 
an

d 
tr

un
ca

l a
ta

xi
a,

 a
nd

 
dy

sa
rt

hr
ia

 p
er

si
st

ed
 a

t 
18

 m

Ze
nt

ro
na

l®
 5

 t
ab

le
ts

/d
 f

or
 2

 y

D
re

ye
r 

19
66

14
29

 s
ex

 u
ns

ta
te

d,
 T

ris
om

y 
21

, e
pi

le
ps

y 
fr

om
 a

ge
 1

8 
y.

 
ad

m
itt

ed
 u

na
bl

e 
to

 s
ta

nd
 o

r 
w

al
k.

 N
ys

ta
gm

us
. 

D
ys

m
et

ria
, d

ys
di

ad
oc

ho
ki

ne
si

a,
 g

in
gi

va
l h

yp
er

pl
as

ia

AD
N

Im
pr

ov
ed

 a
ft

er
 p

he
ny

to
in

 t
re

at
m

en
t 

st
op

pe
d,

 b
ut

 a
ta

xi
a 

of
 t

he
 t

ru
nk

 a
nd

 e
xt

re
m

iti
es

 p
er

si
st

ed
 a

t 
5½

 m
Ze

nt
ro

pi
l®

 3
 t

ab
le

ts
/d

(C
on

tin
ue

d
)

960 R. FERNER ET AL.



Ta
bl

e 
1 

(C
on

tin
ue

d)
. 

A
ut

ho
r

Re
f

Cl
in

ic
al

Ce
re

be
lla

r 
si

gn
s

O
ut

co
m

e
Ex

po
su

re
 t

o 
ph

en
yt

oi
n

Co
nc

en
tr

at
io

n

D
re

ye
r 

19
66

14
8 

M
, k

no
w

n 
po

re
nc

ep
ha

ly
 a

ft
er

 e
nc

ep
ha

lit
is

. T
ru

nc
al

 
at

ax
ia

, n
ys

ta
gm

us
. U

na
bl

e 
to

 s
ta

nd
 o

r 
w

al
k,

 h
yp

ot
on

ia
, 

hy
pe

rt
ric

ho
si

s,
 g

in
gi

va
l h

yp
er

tr
op

hy
. A

ls
o 

py
ra

m
id

al
 

si
gn

s

AN
Im

pr
ov

ed
 a

ft
er

 p
he

ny
to

in
 t

re
at

m
en

t 
st

op
pe

d
Ze

nt
ro

pi
l®

 5
 t

ab
le

ts
/d

D
re

ye
r 

19
66

14
29

 s
ex

 u
ns

ta
te

d,
 t

itu
ba

tio
n 

at
 2

 y
, g

en
er

al
iz

ed
 s

ei
zu

re
s 

fr
om

 6
 y

. A
ta

xi
a 

of
 g

ai
t, 

ny
st

ag
m

us
. S

uf
fe

re
d 

a 
fa

ta
l 

he
ad

 in
ju

ry
 a

ft
er

 f
al

lin
g 

do
w

n 
st

ai
rs

AN
Ci

tr
ul

la
m

on
® 

ph
en

yt
oi

n,
 6

 t
ab

le
ts

/d
 t

he
n 

Ze
nt

ro
pi

l®
 

3 
ta

bl
et

s/
d;

 r
ed

uc
ed

 t
o 

2 
ta

bl
et

s/
d

Fe
ue

rs
te

in
 

19
83

15
42

 F
 p

re
vi

ou
s 

ce
re

br
al

 h
ae

m
at

om
a,

 t
ak

in
g 

ph
en

yt
oi

n.
 

Pr
es

en
te

d 
w

ith
 t

ru
nc

al
, s

ta
nd

in
g,

 a
nd

 g
ai

t 
at

ax
ia

; 
tr

em
or

; n
ys

ta
gm

us
; v

ar
ia

bl
e 

di
pl

op
ia

AN
At

 5
½

 m
, c

er
eb

el
la

r 
di

so
rd

er
 o

nl
y 

sl
ig

ht
ly

 im
pr

ov
ed

 in
 

ad
di

tio
n 

to
 t

he
 o

ng
oi

ng
 b

ila
te

ra
l r

ed
uc

tio
n 

in
 v

is
io

n
53

 m
g/

L

G
ha

ta
k 

19
76

16
78

 F
, p

he
ny

to
in

 f
or

 2
0 

y;
 d

ie
d 

of
 b

ro
nc

ho
pn

eu
m

on
ia

; 
at

ax
ia

, n
ys

ta
gm

us
, i

nt
en

tio
n 

tr
em

or
, d

ys
ar

th
ria

, 
hy

po
to

ni
a

AD
N

Pr
og

re
ss

iv
e 

ov
er

 s
ev

er
al

 y
ea

rs
20

0-
40

0 
m

g/
d 

fo
r 

20
 y

; u
nk

no
w

n 
do

se
 p

re
vi

ou
sl

y
14

–2
1 

m
g/

L

G
ill

 1
97

8
17

54
 M

, a
dm

itt
ed

 fo
r 

de
to

xi
fic

at
io

n.
 T

re
at

ed
 w

ith
 p

he
ny

to
in

 
an

d 
ph

en
ob

ar
bi

to
ne

 f
or

 7
 y

 a
ft

er
 c

er
eb

ra
l t

ra
um

a 
18

 y
 

pr
io

r 
to

 a
dm

is
si

on
. C

on
fu

si
on

; n
ex

t 
da

y 
sl

ur
re

d 
sp

ee
ch

, 
gr

os
s 

ny
st

ag
m

us
 a

nd
 a

ta
xi

a,
 e

m
ot

io
na

l l
ab

ili
ty

, 
di

so
rie

nt
at

io
n

AD
N

D
ay

 9
, n

ys
ta

gm
us

 g
on

e,
 a

ta
xi

a 
pe

rs
is

te
d.

 D
ay

 1
4,

 s
til

l 
sl

ig
ht

ly
 u

ns
ta

bl
e 

w
hi

le
 w

al
ki

ng
3 

×
 1

00
 m

g/
d

69
 m

g/
L 

on
 

ad
m

is
si

on
; 5

3 
m

g/
L 

on
 d

ay
 

fiv
e;

 4
8 

m
g/

L 
on

 d
ay

 6
; 4

 
m

g/
L 

on
 d

ay
 

14
.

G
ue

rr
er

o 
19

97
18

15
 M

, p
re

se
nt

ed
 w

ith
 d

ys
ar

th
ria

; 2
 m

 la
te

r, 
ph

en
yt

oi
n 

af
te

r 
cr

an
io

to
m

y 
fo

r 
a 

m
en

in
gi

om
a 

at
 1

2 
y.

 N
o 

cl
in

ic
al

 
si

gn
s 

of
 c

er
eb

el
la

r 
di

se
as

e 
Af

te
r 

12
 m

, a
nd

 m
or

e 
af

te
r 

18
 m

, C
T 

si
gn

s 
of

 c
er

eb
el

la
r 

at
ro

ph
y.

 S
ta

bl
e 

af
te

r 
su

bs
tit

ut
io

n 
of

 v
al

pr
oa

te
 f

or
 p

he
ny

to
in

0
N

ev
er

 h
ad

 s
ig

ns
3 

×
 1

00
 m

g/
d

8 
an

d 
9 

m
g/

L

G
ui

ra
o-

 
Br

in
ga

s 
20

12

19
37

 F
, t

ak
in

g 
ph

en
yt

oi
n 

fo
r 

25
 y

; o
n 

ex
am

in
at

io
n,

 
di

se
qu

ili
br

iu
m

, d
ys

m
et

ria
, n

ys
ta

gm
us

, a
ta

xi
a.

 
Tr

ea
tm

en
t 

ch
an

ge
d

AN
3 

y 
la

te
r, 

sc
an

ni
ng

 s
pe

ec
h,

 s
lig

ht
 a

ta
xi

a,
 a

nd
 h

or
iz

on
ta

l 
ny

st
ag

m
us

 p
er

si
st

ed
40

0 
m

g/
d

‘w
ith

in
 t

he
 

th
er

ap
eu

tic
 

ra
ng

e’

G
up

ta
 2

01
3

20
20

 F
, l

ef
t 

ba
sa

l g
an

gl
ia

 b
le

ed
 2

 m
 b

ef
or

e;
 O

/E
 s

le
ep

y,
 

tr
em

or
, d

ys
ar

th
ria

, n
ys

ta
gm

us
, b

lu
rr

ed
 v

is
io

n,
 t

ru
nc

al
 +

 
ga

it 
at

ax
ia

; r
ig

ht
 h

em
ip

ar
es

is
. A

ls
o 

or
of

ac
ia

l d
ys

ki
ne

si
a,

 
ch

or
ei

fo
rm

 m
ov

em
en

ts
. W

ei
gh

t 
le

ss
 t

ha
n 

40
 k

g

AD
N

O
ve

r 
1 

m
, n

ea
r 

co
m

pl
et

e 
im

pr
ov

em
en

t 
in

 h
er

 r
ig

ht
 s

id
ed

 
w

ea
kn

es
s 

an
d 

dy
sk

in
es

ia
 b

ut
 h

er
 a

ta
xi

a 
an

d 
co

gn
iti

ve
 

dy
sf

un
ct

io
n 

pe
rs

is
te

d

30
0 

m
g/

d 
fo

r 
8 

w
55

 m
g/

L

H
ab

er
la

nd
 

19
62

21
28

 F
, s

ei
zu

re
s 

fr
om

 6
–1

2 
m

on
th

s 
ol

d.
 P

he
ny

to
in

 +
 

ph
en

ob
ar

bi
ta

l. 
W

ea
k,

 a
no

re
xi

c,
 in

 p
ai

n.
 S

ta
gg

er
ed

, f
el

l 
fr

eq
ue

nt
ly

, d
ys

ar
th

ria
, i

nc
oo

rd
in

at
io

n.
 C

er
eb

el
la

r 
si

gn
s 

pr
og

re
ss

ed
 t

o 
he

lp
le

ss
ne

ss
 a

ft
er

 1
 y

. D
ie

d 
of

 
pn

eu
m

on
ia

AD
Ce

re
be

lla
r 

si
gn

s 
pr

og
re

ss
ed

 t
o 

he
lp

le
ss

ne
ss

 a
ft

er
 1

 y
. D

ie
d 

of
 p

ne
um

on
ia

H
ab

er
la

nd
 

19
62

21
27

 F
, ‘

fe
eb

le
-m

in
de

d,
’ e

pi
le

ps
y 

fr
om

 1
3 

y.
 P

he
ny

to
in

 +
 

ph
en

ob
ar

bi
ta

l f
ro

m
 2

0 
y.

 G
ai

t 
at

ax
ia

 a
nd

 
in

co
or

di
na

tio
n 

af
te

r 
7 

y.
 P

he
ny

to
in

 s
to

pp
ed

 a
ft

er
 9

 y

A
Ce

re
be

lla
r 

si
gn

s 
pr

og
re

ss
ed

 t
o 

he
lp

le
ss

ne
ss

 a
ft

er
 3

 y
. D

ie
d 

of
 b

ro
nc

ho
-p

ne
um

on
ia

3 
×

 1
½

 g
ra

in
s 

=
 3

 ×
 9

7.
5 

m
g/

d

H
ab

er
la

nd
 

19
62

21
55

 F
, p

ar
tia

l s
ei

zu
re

s 
fr

om
 2

 y
; g

en
er

al
iz

ed
 f

ro
m

 1
2 

y.
 

Av
er

ag
e 

do
se

s 
of

 p
he

ny
to

in
 +

 p
he

no
ba

rb
ita

l. 
D

ev
el

op
ed

 p
ro

gr
es

si
ve

 g
ai

t 
at

ax
ia

, t
he

n 
in

co
or

di
na

tio
n 

of
 u

pp
er

 li
m

bs
. P

he
ny

to
in

 r
ed

uc
ed

, t
he

n 
re

pl
ac

ed
 b

y 
pr

im
id

on
e

A
Ce

re
be

lla
r 

si
gn

s 
pr

og
re

ss
ed

 t
o 

he
lp

le
ss

ne
ss

 a
ft

er
 3

 y
. 

Be
ca

m
e 

se
ve

re
ly

 a
na

em
ic

 a
nd

 d
ie

d

(C
on

tin
ue

d
)

EXPERT OPINION ON DRUG SAFETY 961



Ta
bl

e 
1 

(C
on

tin
ue

d)
. 

A
ut

ho
r

Re
f

Cl
in

ic
al

Ce
re

be
lla

r 
si

gn
s

O
ut

co
m

e
Ex

po
su

re
 t

o 
ph

en
yt

oi
n

Co
nc

en
tr

at
io

n

H
er

be
rg

 
19

75
22

26
 F

, s
ei

zu
re

s 
fr

om
 1

6 
y.

 ℞
 p

he
ny

to
in

 5
00

 m
g/

d 
‘ir

re
gu

la
rly

’ f
or

 9
 y

. C
hl

or
pr

om
az

in
e 

ad
de

d;
 a

nd
 d

os
e 

th
en

 in
cr

ea
se

d.
 F

al
ls

, g
ai

t 
at

ax
ia

 p
ro

gr
es

si
ng

 o
ve

r 
4 

m
 

to
 s

ev
er

e 
tr

un
ca

l a
nd

 a
pp

en
di

cu
la

r 
at

ax
ia

, s
lu

rr
ed

 
sp

ee
ch

 a
nd

 n
ys

ta
gm

us
. P

he
ny

to
in

 w
ith

dr
aw

n.
 

Im
pr

ov
em

en
t 

ov
er

 s
om

e 
m

on
th

s,
 b

ut
 t

ru
nc

al
 a

ta
xi

a 
pe

rs
is

te
d

AD
N

Ph
en

yt
oi

n 
w

ith
dr

aw
n.

 Im
pr

ov
em

en
t 

ov
er

 s
om

e 
m

on
th

s,
 

bu
t 

tr
un

ca
l a

ta
xi

a 
pe

rs
is

te
d

50
0 

m
g/

d
69

.3
 m

g/
L

H
er

be
rg

 
19

75
22

16
 F

, g
en

er
al

iz
ed

 s
ei

zu
re

 a
t 

2 
y.

 Δ
 e

pi
le

ps
y 

at
 1

0 
y,

 ℞
 

ph
en

yt
oi

n 
15

0 
m

g/
d;

 s
lo

w
ly

 in
cr

ea
se

d 
to

 4
00

 m
g/

d 
+

 
ph

en
ob

ar
bi

ta
l; 

th
en

 5
00

 m
g/

d.
 T

he
n 

re
du

ce
d 

to
 3

00
 

m
g/

d 
Se

en
 9

 m
 a

ft
er

 d
ev

el
op

in
g 

at
ax

ia
, a

nd
 6

 m
 a

ft
er

 
be

in
g 

co
nf

in
ed

 t
o 

a 
w

he
el

ch
ai

r. 
O

/E
 d

ys
ar

th
ria

, t
ru

nc
al

 
at

ax
ia

, l
im

b 
at

ax
ia

, n
ys

ta
gm

us
, g

um
 h

yp
er

tr
op

hy

AD
N

So
m

e 
im

pr
ov

em
en

t 
in

 2
0 

m
 a

ft
er

 c
ea

si
ng

 p
he

ny
to

in
, b

ut
 

st
ill

 h
ad

 d
ys

ar
th

ria
 a

nd
 n

ee
de

d 
cr

ut
ch

es
50

0 
m

g/
d 

at
 m

ax
im

um

H
er

be
rg

 
19

75
22

25
 F

, p
hy

si
ca

l e
du

ca
tio

n 
te

ac
he

r 
w

ith
 s

ei
zu

re
 d

is
or

de
r; 

ph
en

yt
oi

n,
 t

he
n 

lo
ss

 o
f 

ba
la

nc
e.

 S
to

pp
ed

 w
or

k.
 

D
ev

el
op

ed
 d

ys
ar

th
ria

, t
ru

nc
al

 a
ta

xi
a,

 m
us

cu
la

r 
hy

po
to

ni
a

AD
Af

te
r 

10
 m

, i
m

pr
ov

ed
, b

ut
 s

til
l h

ad
 w

id
e-

ba
se

d 
ga

it
30

0 
m

g/
d

H
er

be
rg

 
19

75
22

45
 F

, h
is

to
ry

 o
f 

al
co

ho
l m

is
us

e.
 A

ft
er

 t
re

at
m

en
t 

fo
r 

9 
y,

 
de

ve
lo

pe
d 

sl
ur

re
d 

sp
ee

ch
, a

ta
xi

a,
 c

on
fu

si
on

. D
os

e 
re

du
ce

d 
fo

r 
4 

y 
bu

t 
se

iz
ur

es
 r

et
ur

ne
d.

 D
os

e 
in

cr
ea

se
d 

ag
ai

n,
 d

ev
el

op
ed

 a
bn

or
m

al
 g

ai
t, 

at
ax

ia
, n

ys
ta

gm
us

, 
dy

sa
rt

hr
ia

AD
N

Im
pr

ov
ed

 f
ol

lo
w

in
g 

re
du

ct
io

n 
in

 d
os

e 
to

 3
00

 m
g/

d 
bu

t 
sy

m
pt

om
s 

re
cu

rr
ed

 o
n 

in
cr

ea
se

 t
o 

40
0 

m
g/

d.
 O

n 
re

du
ct

io
n 

to
 2

00
 m

g/
d,

 a
ta

xi
a 

im
pr

ov
ed

 a
nd

 
ny

st
ag

m
us

 a
nd

 d
ys

ar
th

ria
 d

is
ap

pe
ar

ed
 w

ith
in

 6
 w

. 
At

ax
ia

 a
bs

en
t 

10
 m

 la
te

r

40
0 

m
g/

d

H
iro

sh
in

i 
20

00
23

69
.2

 m
g/

L 
[?

]

H
irz

el
 1

97
8

24
25

 F
, s

ei
zu

re
s 

fr
om

 1
2 

y.
 P

he
ny

to
in

 f
ro

m
 1

4 
y.

 M
ar

ke
d 

gu
m

 h
yp

er
tr

op
hy

, b
ris

k 
re

fle
xe

s,
 d

ys
m

et
ria

, i
nt

en
tio

n 
tr

em
or

, u
ns

te
ad

in
es

s,
 R

om
be

rg
 p

os
iti

ve

A
40

0 
m

g/
d 

fo
r 

3 
y 

th
en

 6
00

 m
g/

d 
fo

r 
3 

y 
th

en
 

50
0 

m
g/

d 
fo

r 
2 

y

H
irz

el
 1

97
8

24
25

 F
, p

re
m

at
ur

e;
 a

bs
en

ce
 s

ei
zu

re
s 

fr
om

 5
 y

; g
en

er
al

iz
ed

 
se

iz
ur

es
 f

ro
m

 1
9 

y.
 E

th
os

ux
im

id
e,

 p
he

no
ba

rb
ito

ne
 a

nd
 

ph
en

yt
oi

n 
fo

r 
se

ve
ra

l y
ea

rs
. M

as
si

ve
 g

um
 h

yp
er

tr
op

hy
, 

ab
as

ia
, t

ru
nc

al
 a

ta
xi

a,
 d

ys
m

et
ria

, d
ys

ar
th

ria

AD
50

0 
m

g/
d

H
of

m
an

n 
19

58
25

28
 F

, ‘
di

zz
y 

sp
el

ls
’ f

ro
m

 1
3 

y.
 P

ar
tia

l t
he

n 
fo

ur
 g

en
er

al
iz

ed
 

se
iz

ur
es

 in
 2

4 
ho

ur
s,

 t
he

n 
ad

m
itt

ed
. F

ev
er

, n
ec

k 
st

iff
ne

ss
, b

ila
te

ra
l e

xt
en

so
r 

pl
an

ta
rs

, c
le

ar
 C

SF
. 

Re
cu

rr
en

t 
pa

rt
ia

l s
ei

zu
re

s.
 IV

 p
he

ny
to

in
, t

he
n 

IM
 e

ve
ry

 
fo

ur
 h

ou
rs

. H
er

 c
on

di
tio

n 
w

or
se

ne
d,

 s
he

 b
ec

am
e 

de
co

rt
ic

at
e,

 a
nd

 t
he

n 
di

ed

D
ie

d 
du

rin
g 

ac
ut

e 
ep

is
od

e
25

0 
m

g 
IV

, t
he

n 
25

0 
m

g 
IM

 e
ve

ry
 4

 h
 f

or
 8

 d
, t

he
n 

10
0–

25
0 

m
g 

ev
er

y 
6 

to
 8

 h
 ≡

 2
0–

30
 m

g/
kg

/d
 fo

r 
al

m
os

t 
2 

w

H
ög

lm
ei

er
 

19
69

26
20

 F
, c

om
m

ot
io

 c
er

eb
ri 

ag
ed

 1
3 

y,
 t

he
n 

on
e 

or
 t

w
o 

fit
s 

da
ily

. S
ee

n 
at

 1
4 

y,
 h

ei
gh

t 
15

1 
cm

, w
ei

gh
t 

70
 k

g.
 

Tr
ea

tm
en

t 
in

cr
ea

se
d.

 R
ev

ie
w

ed
 a

ft
er

 6
 m

 w
ith

 3
 w

 o
f 

un
st

ea
di

ne
ss

. a
nd

 a
ta

xi
a.

 R
es

ol
ve

d 
af

te
r 

17
 d

. A
t 

19
 y

, 
ad

m
itt

ed
 w

ith
 n

ys
ta

gm
us

, g
in

gi
va

l h
yp

er
tr

op
hy

, 
in

te
nt

io
n 

tr
em

or
, t

ru
nc

al
 a

ta
xi

a,
 r

ed
uc

ed
 m

us
cl

e 
to

ne
, 

in
cr

ea
se

d 
re

fle
xe

s,
 d

ys
ar

th
ria

, u
na

bl
e 

to
 s

ta
nd

 u
na

id
ed

AD
N

Af
te

r 
1 

y,
 a

bl
e 

to
 e

at
 b

y 
he

rs
el

f; 
on

ly
 a

bl
e 

to
 w

al
k 

w
ith

 a
 

w
al

ke
r 

or
 w

ith
 s

tr
on

g 
su

pp
or

t 
fr

om
 h

el
pe

rs
5-

m
et

hy
l-5

-(
1’

2’
 d

ib
ro

m
o-

2’
-p

he
ny

l-e
th

yl
) 

hy
da

nt
oi

n 
w

ith
 p

he
no

ba
rb

ita
l, 

th
en

 
m

et
hy

lp
he

ny
to

in
, t

he
n 

m
et

hy
lp

he
ny

to
in

 +
 

ph
en

yt
oi

n

(C
on

tin
ue

d
)

962 R. FERNER ET AL.



Ta
bl

e 
1 

(C
on

tin
ue

d)
. 

A
ut

ho
r

Re
f

Cl
in

ic
al

Ce
re

be
lla

r 
si

gn
s

O
ut

co
m

e
Ex

po
su

re
 t

o 
ph

en
yt

oi
n

Co
nc

en
tr

at
io

n

H
or

ne
 1

97
3

27
30

 F
, e

pi
le

ps
y 

fo
r 

2 
y,

 t
re

at
ed

 w
ith

 p
he

ny
to

in
, p

rim
id

on
e,

 
an

d 
ph

en
ob

ar
bi

to
ne

. O
n 

ad
m

is
si

on
, a

ta
xi

a,
 d

ys
ar

th
ria

, 
ny

st
ag

m
us

, d
ys

di
ad

oc
ho

ki
ne

si
s,

 h
yp

or
ef

le
xi

a.
 B

ec
am

e 
in

cr
ea

si
ng

ly
 d

em
en

te
d.

 V
ita

m
in

 t
re

at
m

en
t 

w
as

 s
ta

rt
ed

 
an

d 
ph

en
yt

oi
n 

co
nt

in
ue

d,
 a

nd
 d

em
en

tia
 r

ec
ed

ed
, b

ut
 

at
ax

ia
 a

nd
 n

ys
ta

gm
us

 r
em

ai
ne

d

AD
N

Ph
en

yt
oi

n 
tr

ea
tm

en
t 

ce
as

ed
. A

ta
xi

a 
an

d 
ny

st
ag

m
us

 
pe

rs
is

te
d 

on
 r

ev
ie

w
 a

ft
er

 5
 y

. C
on

fin
ed

 t
o 

a 
w

he
el

ch
ai

r
St

ar
te

d 
on

 1
50

 m
g/

d,
 t

he
n 

in
cr

ea
se

d 
to

 3
00

 m
g/

d 
fo

r 
4 

y 
or

 m
or

e

H
or

ne
 1

97
3

27
36

 F
, s

ei
zu

re
s 

si
nc

e 
ag

e 
11

 y
. W

he
n 

sh
e 

w
as

 t
re

at
ed

 w
ith

 
ph

en
yt

oi
n,

 s
he

 b
ec

am
e 

m
ut

e 
an

d 
un

ab
le

 t
o 

w
al

k.
 

Ph
en

yt
oi

n 
w

as
 c

on
tin

ue
d.

 W
he

n 
ad

m
itt

ed
, s

he
 h

ad
 

at
ax

ia
, d

ys
ar

th
ria

, a
nd

 n
ys

ta
gm

us

AD
N

‘C
er

eb
el

la
r 

sy
nd

ro
m

e’
 4

 y
 la

te
r

St
ar

te
d 

on
 2

00
 m

g/
d,

 t
he

n 
in

cr
ea

se
d 

to
 4

00
 m

g/
d

Im
am

ur
a 

19
92

28
39

 M
, a

dm
itt

ed
 w

ith
 7

 w
 h

is
to

ry
 o

f 
gr

ad
ua

lly
 d

ev
el

op
in

g 
at

ax
ia

, d
ys

ar
th

ria
, n

ys
ta

gm
us

, a
nd

 c
on

fu
si

on
AD

N
2 

w
 a

ft
er

 p
he

ny
to

in
 c

ea
se

d,
 n

ys
ta

gm
us

 d
is

ap
pe

ar
ed

 b
ut

 
sl

ur
re

d 
sp

ee
ch

 a
nd

 a
ta

xi
a 

re
m

ai
ne

d.
 M

in
im

al
 

im
pr

ov
em

en
t 

in
 c

er
eb

el
la

r 
si

gn
s 

10
 m

9 
y,

 u
p 

to
 6

00
 m

g/
d

86
 m

g/
L;

 
th

er
ap

eu
tic

 
ra

ng
e 

2 
w

 
la

te
r

Is
ag

o 
19

82
29

29
 M

, g
en

er
al

iz
ed

 e
pi

le
ps

y 
fo

r 
12

 y
, ‘

va
gu

e 
ce

re
be

lla
r 

si
gn

s,
’ o

f 
at

ax
ic

 g
ai

t 
an

d 
tr

un
ca

l a
ta

xi
a,

 b
ut

 n
eu

ro
- 

ot
ol

og
y 

di
sc

lo
se

d 
up

be
at

 n
ys

ta
gm

us

AN
Ta

bl
et

s 
re

du
ce

d 
to

 3
 p

er
 d

ay
 (

Ph
en

yt
oi

n 
15

0 
m

g,
 

ph
en

ob
ar

bi
ta

l 1
50

 m
g 

an
d 

m
ep

ho
ba

rb
ita

l 1
50

 m
g)

 a
nd

 
on

 d
ay

 8
, n

o 
ny

st
ag

m
us

 o
r 

at
ax

ia

Ph
en

yt
oi

n 
45

0 
m

g,
 p

he
no

ba
rb

ita
l 4

50
 m

g 
an

d 
m

ep
ho

ba
rb

ita
l 4

50
 m

g 
fo

r 
12

 y
O

n 
da

y 
8 

of
 

re
du

ce
d 

do
se

: 
ph

en
yt

oi
n 

3 
m

g/
m

L 
[s

ic
 -

 
pr

ob
ab

ly
 3

 
m

g/
L]

Ja
nz

ik
 1

97
5

30
un

st
at

ed
 a

ge
 M

, t
ak

in
g 

ph
en

yt
oi

n 
fo

r 
ep

ile
ps

y.
 P

re
se

nt
ed

 
w

ith
 n

ys
ta

gm
us

, s
ev

er
e 

ga
it 

at
ax

ia
, a

nd
 p

sy
ch

ol
og

ic
al

 
sy

m
pt

om
s

AN
N

ys
ta

gm
us

 s
til

l p
re

se
nt

 a
nd

 R
om

be
rg

’s 
po

si
tiv

e 
at

 1
 m

; a
t 

8.
5 

m
 t

he
 n

eu
ro

lo
gi

ca
l f

in
di

ng
s 

an
d 

th
e 

EE
G

 w
er

e 
un

re
m

ar
ka

bl
e.

 E
N

G
 s

ho
w

ed
 n

o 
m

or
e 

ev
id

en
ce

 o
f 

a 
ce

nt
ra

l v
es

tib
ul

ar
 d

is
or

de
r

3 
×

 1
 T

ab
le

tt
e 

Ze
nt

ro
pi

l®
51

 m
g/

L

Ki
m

 1
99

1
31

23
 M

sl
ow

ly
 r

es
ol

vi
ng

 c
er

eb
el

la
r 

si
gn

s
Ph

en
yt

oi
n 

30
0 

m
g,

 in
cr

ea
se

d 
to

 4
00

–5
00

 m
g 

fo
r 

4 
y,

 a
ls

o 
ph

en
ob

ar
bi

ta
l a

nd
 s

od
iu

m
 v

al
pr

oa
te

Ki
m

 1
99

1
31

30
 M

sl
ow

ly
 r

es
ol

vi
ng

 c
er

eb
el

la
r 

si
gn

s
22

.8
 m

g/
L

Ki
m

 1
99

1
31

23
 M

sl
ow

ly
 r

es
ol

vi
ng

 c
er

eb
el

la
r 

si
gn

s
Ko

ke
ng

e 
19

65
32

18
 F

, s
ei

zu
re

s 
fr

om
 a

ge
 8

 y
. P

re
se

nt
ed

 u
na

bl
e 

to
 w

al
k 

af
te

r 
se

ve
ra

l y
 o

f p
he

ny
to

in
 +

 p
he

no
ba

rb
ita

l, 
an

d 
m

or
e 

re
ce

nt
 c

hl
or

di
az

ep
ox

id
e 

an
d 

pr
im

id
on

e.
 O

n 
ad

m
is

si
on

, 
st

up
or

, d
ys

ar
th

ria
, n

ys
ta

gm
us

, t
ru

nc
al

 a
ta

xi
a,

 n
or

m
al

 
re

fle
xe

s,
 f

le
xo

r 
pl

an
ta

rs
. A

ll 
℞ 

st
op

pe
d.

 P
he

ny
to

in
 

re
st

ar
te

d 
2 

m
 a

ft
er

 a
dm

is
si

on

AD
N

St
up

or
 r

es
ol

ve
d,

 a
ta

xi
a 

an
d 

ny
st

ag
m

us
 d

im
in

is
he

d;
 t

he
y 

w
er

e 
st

ill
 p

re
se

nt
 a

t 
8 

m
 p

os
t 

ad
m

is
si

on
 a

nd
 1

2 
m

 p
os

t 
di

sc
ha

rg
e

W
as

 p
re

sc
rib

ed
 3

00
 m

g/
d,

 s
om

et
im

es
 u

p 
to

 
50

0 
m

g/
d;

 t
oo

k 
up

 t
o 

90
0–

10
00

 m
g 

ph
en

yt
oi

n/
d

59
 m

g/
L 

on
 f

ift
h 

da
y 

of
 

ad
m

is
si

on
; 1

5 
m

g/
L 

on
 d

ay
 

9;
 z

er
o 

on
 d

ay
 

22
.

Kr
üg

er
 1

97
8

33
13

 F
, g

en
er

al
iz

ed
 s

ei
zu

re
s 

fr
om

 5
 y

. A
dm

itt
ed

 w
ith

 g
ro

ss
 

at
ax

ia
, d

ys
ar

th
ria

, n
ys

ta
gm

us
, u

pg
oi

ng
 r

ig
ht

 p
la

nt
ar

 
re

fle
x.

 D
os

e 
re

du
ce

d 
to

 2
 t

ab
le

ts
/d

AD
N

So
m

e 
im

pr
ov

em
en

t 
af

te
r 

2 
m

5 
ta

bl
et

s/
d 

re
du

ce
d 

to
 4

 t
ab

le
ts

/d
 p

he
ny

to
in

Kr
üg

er
 1

97
8

33
16

 F
, g

en
er

al
iz

ed
 s

ei
zu

re
s 

fr
om

 1
2 

y.
 P

he
ny

to
in

 a
nd

 
Fi

nl
ep

si
n®

 (
ca

rb
am

az
ep

in
e)

. D
et

er
io

ra
te

d 
in

 t
he

 8
 w

 
be

fo
re

 a
dm

is
si

on
, u

na
bl

e 
to

 s
ta

nd
. O

n 
ad

m
is

si
on

, 
at

ax
ia

, d
ys

ar
th

ria
, n

ys
ta

gm
us

, h
yp

ot
on

ia
, 

dy
sd

ia
do

ch
ok

in
es

is
, p

as
t-

po
in

tin
g

AD
N

Sp
ee

ch
 a

nd
 w

al
ki

ng
 h

ad
 im

pr
ov

ed
 7

 m
 a

ft
er

 d
is

ch
ar

ge
. 

Pe
rs

is
te

nt
 a

ta
xi

a,
 d

ys
ar

th
ria

, a
nd

 n
ys

ta
gm

us
 2

 y
 la

te
r

3 
ta

bl
et

s/
d

Pl
as

m
a 

ph
en

yt
oi

n 
8.

3 
m

g/
L 

(n
or

m
al

 
2-

4 
m

g/
L)

Ku
m

ar
 2

01
3

34
16

 M
, b

irt
h 

as
ph

yx
ia

; s
ei

zu
re

s 
fo

r 
10

 y
, p

he
ny

to
in

 fo
r 

10
 y

. 
Ad

m
itt

ed
 w

ith
 fe

ve
r 

an
d 

w
ea

kn
es

s,
 t

ho
ug

ht
 t

o 
be

 v
ira

l. 
O

n 
re

co
ve

ry
, t

ru
nc

al
 a

nd
 li

m
b 

at
ax

ia
, n

ys
ta

gm
us

AN
5 

m
g/

kg
/d

30
 m

g/
L

Ku
ru

vi
lla

35
30

 F
, a

cu
te

 e
nc

ep
ha

lit
is

 a
ge

d 
10

 m
, f

ol
lo

w
ed

 b
y 

se
iz

ur
es

. 
D

ie
d 

fr
om

 a
cu

te
 r

es
pi

ra
to

ry
 f

ai
lu

re
Ph

en
yt

oi
n,

 p
he

no
ba

rb
ita

l, 
ca

rb
am

az
ep

in
e,

 a
nd

 
so

di
um

 v
al

pr
oa

te
 f

or
 1

9 
y

‘N
ev

er
 r

os
e 

to
 a

 
to

xi
c 

le
ve

l’

(C
on

tin
ue

d
)

EXPERT OPINION ON DRUG SAFETY 963



Ta
bl

e 
1 

(C
on

tin
ue

d)
. 

A
ut

ho
r

Re
f

Cl
in

ic
al

Ce
re

be
lla

r 
si

gn
s

O
ut

co
m

e
Ex

po
su

re
 t

o 
ph

en
yt

oi
n

Co
nc

en
tr

at
io

n

Ku
ru

vi
lla

 
19

97
35

38
 M

, t
on

ic
-c

lo
ni

c 
se

iz
ur

es
 f

or
 1

0 
y,

 a
dm

itt
ed

 w
ith

 
de

lir
iu

m
 a

nd
 a

ta
xi

a 
1 

m
 a

ft
er

 t
ak

in
g 

a 
do

ub
le

 d
os

e 
fo

r 
1 

d,
 w

he
n 

he
 d

ev
el

op
ed

 d
ip

lo
pi

a 
an

d 
at

ax
ia

, b
ut

 C
T 

w
as

 n
or

m
al

. H
e 

th
en

 in
ad

ve
rt

en
tly

 r
ec

ei
ve

d 
do

ub
le

d 
do

se
s 

fo
r 

2–
3 

w
. O

n 
ad

m
is

si
on

, e
nc

ep
ha

lo
pa

th
ic

, w
ith

 
ur

in
ar

y 
in

co
nt

in
en

ce
, s

ev
er

e 
at

ax
ia

, a
nd

 e
xt

en
so

r 
pl

an
ta

rs
. A

ft
er

w
ar

ds
 it

 w
as

 s
to

pp
ed

. D
ys

ar
th

ric
 a

nd
 

at
ax

ic

AD
By

 1
 m

, c
og

ni
tio

n 
w

as
 m

ar
ke

dl
y 

im
pr

ov
ed

 b
ut

 d
ys

ar
th

ria
 

an
d 

se
ve

re
 a

ta
xi

a 
pe

rs
is

te
d 

at
 9

 m
30

0 
m

g/
d 

(u
p 

to
 6

00
 m

g/
d 

fo
r 

2–
3 

w
)

83
.5

 m
g/

L

Li
nd

va
ll 

19
84

36
32

 M
, a

cu
te

 s
ub

ar
ac

hn
oi

d 
ha

em
or

rh
ag

e 
at

 a
ge

 2
5 

y,
 t

he
n 

po
st

-o
p 

an
eu

ry
sm

 s
ur

ge
ry

 ℞
 p

he
ny

to
in

 4
00

 m
g/

d.
 

Af
te

r 
1 

m
, d

ys
ar

th
ria

 a
nd

 d
is

eq
ui

lib
riu

m
. O

/E
 s

lig
ht

ly
 

dr
ow

sy
, s

ev
er

e 
lim

b 
at

ax
ia

 a
nd

 n
ys

ta
gm

us
 a

nd
 

dy
sa

rt
hr

ia
. D

os
e 

of
 p

he
ny

to
in

 ↓
10

0 
m

g 
fo

r 
2 

w
 w

ith
 

ca
rb

am
az

ep
in

e 
+

 p
he

no
ba

rb
ito

ne
, t

he
n 

ph
en

yt
oi

n 
st

op
pe

d

AD
N

Af
te

r 
1 

m
, s

lig
ht

 d
ys

ar
th

ria
 +

 g
ai

t 
at

ax
ia

; n
o 

ny
st

ag
m

us
. 

Af
te

r 3
 y

, a
bl

e 
to

 w
or

k.
 A

ft
er

 6
 y

, s
lig

ht
 u

ns
te

ad
in

es
s 

on
 

ru
nn

in
g 

or
 t

ur
ni

ng
 r

ap
id

ly
. O

/E
 s

lig
ht

 a
ta

xi
a

40
0 

m
g/

d
85

 m
g/

L

Lo
ga

n 
19

69
37

[C
as

e 
3]

 8
 M

, p
ro

gr
es

si
ve

 m
en

ta
l a

nd
 n

eu
ro

lo
gi

ca
l 

im
pa

irm
en

t 
si

nc
e 

ag
e 

6 
y;

 f
or

 9
 m

 h
ad

 p
ro

gr
es

si
ve

 
dy

sa
rt

hr
ia

 a
nd

 g
ai

t 
di

st
ur

ba
nc

e.
 ℞

 th
en

 p
he

ny
to

in
, 

pr
im

id
on

e.
 M

ild
 li

m
b 

at
ax

ia
, h

yp
er

re
fle

xi
a,

 e
xt

en
so

r 
pl

an
ta

rs
 b

ut
 n

o 
ny

st
ag

m
us

. P
he

ny
to

in
 d

os
e 

in
cr

ea
se

d.
 

Si
gn

s 
w

or
se

 o
ve

r 
th

e 
ne

xt
 4

 m
; p

oo
rly

 r
es

po
ns

iv
e,

 
un

ab
le

 t
o 

sp
ea

k,
 u

na
bl

e 
to

 s
it 

or
 w

al
k,

 a
nk

le
 c

lo
nu

s.
 

Ph
en

yt
oi

n 
st

op
pe

d

AD
Af

te
r 

3 
w

, m
or

e 
al

er
t, 

sp
ee

ch
 in

te
lli

gi
bl

e,
 a

bl
e 

to
 w

al
k

12
5 

m
g/

d 
(4

.6
 m

g/
kg

) 
at

 7
.2

5 
y2

00
 m

g/
d 

(7
.3

 m
g/

 
kg

/d
) 

at
 8

 y
68

.5
 m

g/
L 

at
 8

.3
 y

Lu
si

ns
 1

97
2

38
21

 M
, R

TA
 a

nd
 c

om
a 

fo
r 

30
 h

. A
ft

er
 3

 w
, g

en
er

al
iz

ed
 

se
iz

ur
es

. A
ft

er
 1

 y
, ℞

 p
he

ny
to

in
. A

ft
er

 3
 m

, g
ai

t 
at

ax
ia

 
an

d 
dy

sa
rt

hr
ia

. A
ft

er
 1

3 
m

 o
f 

ph
en

yt
oi

n,
 O

/E
 

ny
st

ag
m

us
, d

ys
ar

th
ria

, t
ru

nc
al

 a
ta

xi
a,

 li
m

b 
at

ax
ia

. 
D

im
in

is
he

d 
vi

br
at

io
n 

se
ns

e,
 a

bs
en

t 
an

kl
e 

je
rk

s.
 

Ph
en

yt
oi

n 
do

se
 d

ec
re

as
ed

, t
he

n 
st

op
pe

d 
af

te
r 

3 
y

AD
N

21
 m

 la
te

r, 
he

 s
til

l h
ad

 n
ys

ta
gm

us
, d

ys
ar

th
ria

, g
ro

ss
 

tr
un

ca
l a

nd
 li

m
b 

at
ax

ia
30

0 
m

g/
d

M
os

t 
va

lu
es

 3
0–

 
45

 m
g/

L;
 p

ea
k 

c.
 6

0 
m

g/
L

M
as

ur
 1

98
9

39
21

 M
, c

om
pl

ex
 p

ar
tia

l s
ei

zu
re

s 
si

nc
e 

ag
e 

15
 y

. F
or

 5
 y

, 
tr

ea
te

d 
w

ith
 c

ar
ba

m
az

ep
in

e 
an

d 
ph

en
yt

oi
n.

 O
/E

 
no

rm
al

, n
o 

ce
re

be
lla

r 
si

gn
s.

 T
oo

k 
70

00
 m

g 
ph

en
yt

oi
n 

ov
er

do
se

. T
he

n 
co

m
a,

 a
nd

 la
te

r 
ny

st
ag

m
us

, i
nt

en
tio

n 
tr

em
or

, a
ta

xi
a,

 d
ys

ar
th

ria

AD
N

Af
te

r 
2 

w
, n

ys
ta

gm
us

 g
on

e,
 in

te
nt

io
n 

tr
em

or
 b

et
te

r. 
Af

te
r 

18
 m

, m
od

er
at

e 
dy

sa
rt

hr
ia

 a
nd

 d
ys

m
et

ria
30

0 
m

g/
d 

+
 s

in
gl

e 
do

se
 o

f 
70

00
 m

g
O

ve
r 

50
 m

g/
L 

fo
r 

14
 d

ay
s 

af
te

r 
ov

er
do

se
; 1

8 
m

g/
L 

at
 2

0 
d;

 
0 

m
g/

L 
at

 6
 w

M
at

su
ya

m
a 

19
72

40
49

 M
, ‘

m
en

ta
l r

et
ar

da
tio

n’
 a

nd
 g

en
er

al
iz

ed
 s

ei
zu

re
s 

fr
om

 
ag

e 
5 

y.
 In

cr
ea

si
ng

 a
ta

xi
a,

 w
ea

kn
es

s,
 

br
on

ch
op

ne
um

on
ia

, d
ea

th

A
‘T

he
se

 c
er

eb
el

la
r 

[s
ym

pt
om

s]
 w

er
e 

br
ou

gh
t 

to
 in

co
m

pl
et

e 
re

m
is

si
on

 b
y 

re
du

ct
io

n 
of

 t
he

 p
he

ny
to

in
 d

os
e’

20
0–

30
0 

m
g/

d 
(A

le
vi

at
in

®)

M
av

ro
ud

is
 

20
12

41
7 

M
, g

en
er

al
iz

ed
 s

ei
zu

re
s 

fr
om

 a
ge

 2
 y

. F
or

 la
st

 3
.5

 y
, 

ph
en

yt
oi

n 
on

ly
. D

ev
el

op
ed

 a
ta

xi
a,

 in
co

or
di

na
tio

n 
an

d 
ny

st
ag

m
us

 a
nd

 t
re

at
m

en
t 

w
as

 t
he

n 
di

sc
on

tin
ue

d.
 D

ie
d 

in
 a

n 
ac

ci
de

nt

AN
8 

m
g/

kg
/d

M
cL

ai
n 

19
80

42
50

 M
, s

ei
zu

re
s 

fr
om

 a
ge

 6
 y

; a
st

ro
cy

to
m

a 
re

m
ov

ed
 a

ge
 

7 
y.

 S
ei

zu
re

s 
ag

ai
n 

at
 1

0 
y;

 ℞
 p

he
ny

to
in

 a
t 

12
 y

 
so

m
et

im
es

 w
ith

 p
he

no
ba

rb
ita

l o
r 

m
ep

ho
ba

rb
ita

l. 
Ph

en
yt

oi
n 

st
op

pe
d 

fr
om

 2
2–

30
 y

, t
he

n 
re

st
ar

te
d.

 A
t 

48
 

y,
 s

ho
w

ed
 p

ro
gr

es
si

ve
 g

ai
t 

at
ax

ia
 +

 ir
as

ci
bi

lit
y.

 A
ge

d 
49

 y
, d

ys
ca

lc
ul

ia
, d

ys
ar

th
ria

, g
ai

t 
at

ax
ia

, i
nt

en
tio

n 
tr

em
or

, n
ys

ta
gm

us

AD
N

Fo
llo

w
in

g 
do

se
 r

ed
uc

tio
n,

 s
om

e 
im

pr
ov

em
en

t 
in

 g
ai

t, 
dy

sa
rt

hr
ia

 a
nd

 n
ys

ta
gm

us
 b

ut
 t

he
 p

at
ie

nt
 r

em
ai

ne
d 

at
ax

ic

30
0 

m
g/

d 
(u

p 
to

 4
00

 m
g/

d)
31

 m
g/

L;
 f

el
l t

o 
15

 m
g/

L 
w

he
n 

do
se

 r
ed

uc
ed

 
to

 2
50

 m
g/

L.

(C
on

tin
ue

d
)

964 R. FERNER ET AL.



Ta
bl

e 
1 

(C
on

tin
ue

d)
. 

A
ut

ho
r

Re
f

Cl
in

ic
al

Ce
re

be
lla

r 
si

gn
s

O
ut

co
m

e
Ex

po
su

re
 t

o 
ph

en
yt

oi
n

Co
nc

en
tr

at
io

n

M
cL

ai
n 

19
80

42
29

 F
, g

en
er

al
iz

ed
 s

ei
zu

re
s 

ag
ed

 2
0 

y.
 ℞

 p
he

ny
to

in
 f

ro
m

 
ag

e 
24

 y
. S

oo
n 

de
ve

lo
pe

d 
ga

it 
at

ax
ia

. O
ve

r 
6 

m
 

be
ca

m
e 

ch
ai

r-
bo

un
d.

 P
he

ny
to

in
 w

ith
he

ld
 f

or
 6

 m
; n

o 
ch

an
ge

. T
he

n 
ph

en
yt

oi
n 

re
st

ar
te

d.
 O

/E
 a

t 2
7 

y,
 w

as
tin

g,
 

co
nt

ra
ct

ur
es

, t
ru

nc
al

 a
ta

xi
a,

 d
ys

ar
th

ria
, n

ys
ta

gm
us

, 
di

ffu
se

 w
ea

kn
es

s,
 h

yp
ot

on
ia

 a
bs

en
t 

lo
w

er
 li

m
b 

re
fle

xe
s,

 in
te

nt
io

n 
tr

em
or

, d
iff

us
e 

w
ea

kn
es

s,
 d

ys
m

et
ria

AD
N

2 
y 

la
te

r, 
ny

st
ag

m
us

 h
ad

 r
es

ol
ve

d,
 b

ut
 n

eu
ro

lo
gy

 
ot

he
rw

is
e 

un
ch

an
ge

d
30

0 
m

g/
d

63
 m

g/
L

M
cL

ai
n 

19
80

42
27

 M
, g

en
er

al
iz

ed
 s

ei
zu

re
s 

fr
om

 a
ge

 5
 y

. ℞
 m

ep
he

ny
to

in
 

an
d 

ph
en

su
zi

m
id

e 
fr

om
 a

ge
 1

2 
y.

 ℞
 p

he
ny

to
in

 f
ro

m
 

ag
e 

14
 y

. F
lu

ct
ua

tin
g 

at
ax

ia
, w

ith
 o

r 
w

ith
ou

t 
ny

st
ag

m
us

, a
s 

do
se

 v
ar

ie
d.

 A
t 2

4 
y,

 d
os

e 
w

as
 in

cr
ea

se
d.

 
In

 t
he

 n
ex

t 
3 

y 
he

 h
ad

 t
ru

nc
al

 a
ta

xi
a,

 w
ith

 m
ar

ke
d 

in
co

or
di

na
tio

n 
of

 t
he

 li
m

bs

AN
So

m
e 

im
pr

ov
em

en
ts

 in
 a

ta
xi

a 
bu

t 
st

ill
 u

na
bl

e 
to

 w
al

k 
w

ith
ou

t 
as

si
st

an
ce

Ph
en

yt
oi

n 
40

0 
m

g/
d,

 t
he

n 
30

0 
m

g/
d 

th
en

 2
00

 m
g/

 
d 

th
en

 1
00

 m
g/

d 
th

en
 2

00
 m

g/
d;

 a
ft

er
 7

 m
 

10
0 

m
g/

d 
ag

ai
n.

 S
ub

se
qu

en
tly

 3
00

 m
g/

L,
 t

he
n 

va
ry

in
g 

be
tw

ee
n 

10
0–

20
0 

m
g/

d 
an

d 
ev

en
tu

al
ly

 
50

 m
g/

d

45
 m

g/
L 

on
 2

00
 

m
g/

d;
 3

7 
m

g/
 

L 
on

 1
00

 m
g/

 
d;

 1
2 

m
g/

L 
on

 
50

 m
g/

d.

M
cL

ai
n 

19
80

42
34

 F
, s

ei
zu

re
s 

fr
om

 a
ge

 8
 y

. ℞
 p

he
ny

to
in

 a
nd

 
ph

en
ob

ar
bi

ta
l. 

O
/E

 a
t 

34
 y

: d
ys

ar
th

ria
, l

et
ha

rg
y,

 m
ild

 
tr

un
ca

l a
ta

xi
a,

 a
ta

xi
c 

ga
it,

 in
co

or
di

na
tio

n,
 n

ys
ta

gm
us

AD
N

In
iti

al
ly

 1
20

 m
g/

d;
 t

he
n 

16
0–

20
0 

m
g/

d
19

 m
g/

L.

M
cL

ai
n 

19
80

42
58

 F
, s

ei
zu

re
s 

fr
om

 a
ge

 2
0 

y;
 g

en
er

al
iz

ed
 f

ro
m

 a
ge

 3
0,

 
w

he
n 

℞ 
ph

en
yt

oi
n;

 p
he

no
ba

rb
ita

l a
dd

ed
 a

ft
er

 1
4 

m
. A

t 
53

 y
, m

ild
 n

ys
ta

gm
us

 a
nd

 a
t 

54
 y

, m
ild

 g
ai

t 
at

ax
ia

, 
w

or
se

 b
y 

58
 y

. O
/E

 t
he

n 
sl

ig
ht

 g
ai

t 
at

ax
ia

, u
pp

er
 li

m
b 

in
te

nt
io

n 
tr

em
or

 a
nd

 lo
ss

 o
f 

re
fle

xe
s,

 n
ys

ta
gm

us

AN
30

0 
m

g/
d,

 t
he

n 
25

0 
m

g/
d

23
 m

g/
L 

at
 3

00
 

m
g/

d,
 t

he
n 

15
 

m
g/

L 
at

 2
50

 
m

g/
d

M
uk

he
rje

e 
19

96
43

19
 M

, g
en

er
al

iz
ed

 s
ei

zu
re

 t
re

at
ed

 w
ith

 p
he

ny
to

in
 f

or
 5

 y
, 

pr
es

en
te

d 
w

ith
 g

ai
t 

an
d 

lim
b 

at
ax

ia
, d

ys
ar

th
ria

, 
ny

st
ag

m
us

, i
nc

oo
rd

in
at

io
n,

 e
nc

ep
ha

lo
pa

th
y

AD
N

Af
te

r 
w

ith
dr

aw
al

, s
ig

ns
 p

ar
tly

 im
pr

ov
ed

, b
ut

 a
ta

xi
a 

an
d 

dy
sa

rt
hr

ia
 w

er
e 

st
ill

 p
re

se
nt

 a
ft

er
 1

0 
m

30
0 

m
g/

d,
 t

he
n 

40
0 

m
g/

d 
fo

r 
15

 d
29

.5
 m

g/
L 

[p
re

vi
ou

sl
y 

16
.2

 m
g/

L]
N

au
th

-M
is

ir 
19

48
44

18
 F

, e
pi

le
ps

y 
si

nc
e 

ag
ed

 1
4 

y.
 o

ve
rd

os
e 

of
 2

50
 ×

 1
00

 m
g 

ta
bl

et
s 

ph
en

yt
oi

n.
 C

/O
 h

ea
da

ch
e 

an
d 

na
us

ea
. O

/E
 

tr
un

ca
l a

ta
xi

a,
 n

ys
ta

gm
us

, d
ys

ar
th

ria
, i

nt
en

tio
n 

tr
em

or
, 

lim
b 

at
ax

ia
. R

ef
le

xe
s 

ab
se

nt
, e

xt
en

so
r 

pl
an

ta
rs

AD
N

Af
te

r 
2 

d,
 a

ta
xi

a 
go

ne
, s

pe
ec

h 
be

tt
er

, b
ut

 n
ys

ta
gm

us
 s

til
l. 

G
on

e 
af

te
r 

3 
d

30
0 

m
g/

d,
 t

he
n 

an
 o

ve
rd

os
e

Pl
a 

19
80

45
24

 M
, a

lc
oh

ol
 e

xc
es

s 
an

d 
se

iz
ur

es
 f

ro
m

 t
he

 a
ge

 o
f 

18
 y

, 
pr

es
en

te
d 

un
w

el
l w

ith
 a

ta
xi

a,
 a

ta
xi

c 
dy

sa
rt

hr
ia

, 
ny

st
ag

m
us

, s
om

ew
ha

t 
in

cr
ea

se
d 

to
ne

 in
 t

he
 lo

w
er

 
lim

bs
, d

ys
di

ad
oc

ho
ki

ne
si

a

AD
N

Af
te

r 
2 

y,
 t

he
 a

ta
xi

a 
w

as
 u

nc
ha

ng
ed

, t
he

 d
ys

ar
th

ria
 h

ad
 

so
m

ew
ha

t 
im

pr
ov

ed
, a

nd
 t

he
 n

ys
ta

gm
us

 h
ad

 g
on

e
30

0 
m

g/
d

65
 m

g/
L

Pr
oc

há
zk

ov
á 

19
84

46
22

 F
, s

ei
zu

re
s 

fr
om

 1
3 

y.
 P

he
ny

to
in

, p
he

no
ba

rb
ito

ne
, 

Le
ps

ira
l®

 (
pr

im
id

on
e)

. A
ta

xi
a,

 h
irs

ut
is

m
, g

in
gi

vi
tis

, 
so

m
no

le
nc

e

A
Re

m
ai

ne
d 

un
ab

le
 t

o 
w

al
k 

be
ca

us
e 

of
 a

ta
xi

a
So

da
nt

on
® 

2/
d

Pr
oc

há
zk

ov
á 

19
84

46
25

 F
, s

ei
zu

re
s 

fr
om

 1
0 

y.
 A

dm
itt

ed
 w

ith
 p

os
si

bl
e 

he
pa

tit
is

. 
O

n 
ne

ur
ol

og
ic

al
 e

xa
m

in
at

io
n 

‘m
ar

ke
d 

ne
o-

 a
nd

 p
al

eo
- 

ce
re

be
lla

r 
sy

m
pt

om
at

ol
og

y 
an

d 
m

en
ta

l r
es

tle
ss

ne
ss

’

Af
te

r 
ph

en
yt

oi
n 

w
as

 s
to

pp
ed

, t
he

 c
on

di
tio

n 
im

pr
ov

ed
, 

bu
t 

re
m

ai
ne

d 
un

ab
le

 t
o 

w
al

k
So

da
nt

on
® 

3/
d

22
7.

9 
μm

ol
/L

 
(n

or
m

al
 

th
er

ap
eu

tic
 

ra
ng

e 
40

–8
0 

μm
ol

/L
)

Pr
oc

há
zk

ov
á 

19
84

46
18

 F
, f

eb
ril

e 
co

nv
ul

si
on

s 
th

en
 g

en
er

al
iz

ed
 s

ei
zu

re
s.

 
Ad

m
itt

ed
 w

ith
 v

om
iti

ng
, d

iz
zi

ne
ss

, a
nd

 f
ev

er
A

Af
te

r 
ph

en
yt

oi
n 

w
ith

dr
aw

n 
‘g

in
gi

vi
tis

 a
nd

 d
er

m
at

iti
s 

re
so

lv
ed

, b
ut

 s
ev

er
e 

at
ax

ia
 p

er
si

st
ed

’
19

7.
6 

μm
ol

/L

(C
on

tin
ue

d
)

EXPERT OPINION ON DRUG SAFETY 965



Ta
bl

e 
1 

(C
on

tin
ue

d)
. 

A
ut

ho
r

Re
f

Cl
in

ic
al

Ce
re

be
lla

r 
si

gn
s

O
ut

co
m

e
Ex

po
su

re
 t

o 
ph

en
yt

oi
n

Co
nc

en
tr

at
io

n

Pu
lli

ai
ne

n 
19

98
47

17
 F

, f
irs

t 
se

iz
ur

e 
ag

ed
 4

 y
; ℞

 p
he

ny
to

in
 a

ft
er

 s
ix

th
 

se
iz

ur
e.

 S
ta

bl
e 

on
 3

50
 m

g/
d 

fo
r 

7 
m

, t
he

n 
ba

la
nc

e 
di

ffi
cu

lti
es

. D
os

e 
re

du
ce

d.
 O

/E
 n

o 
ob

vi
ou

s 
at

ax
ia

, n
o 

ny
st

ag
m

us
, n

eg
at

iv
e 

Ro
m

be
rg

, s
lig

ht
 c

ha
ng

e 
in

 
sp

ee
ch

. A
ft

er
 3

 m
 w

ith
ou

t 
ph

en
yt

oi
n,

 a
ta

xi
a,

 
dy

sd
ia

do
ch

ok
in

es
is

, R
om

be
rg

 p
os

iti
ve

, b
ut

 n
o 

ny
st

ag
m

us

A
Af

te
r 

10
 m

, s
om

e 
im

pr
ov

em
en

t; 
af

te
r 

20
 m

, u
na

bl
e 

to
 

co
nc

en
tr

at
e;

 a
ft

er
 2

 y
, m

ild
 a

ta
xi

c 
sy

m
pt

om
s 

pe
rs

is
te

d
Ph

en
yt

oi
n 

20
0 

m
g/

d 
fo

r 
1 

m
, t

he
n 

30
0 

m
g/

d 
fo

r 
1 

m
, t

he
n 

40
0 

m
g/

d 
fo

r 
1 

m
, t

he
n 

20
0 

m
g/

d 
fo

r 
3 

w
, t

he
n 

30
0 

m
g/

d 
fo

r 
1 

m
, t

he
n 

35
0 

m
g/

d 
fo

r 
1 

m

D
os

e
Co

nc
m

g/
d

m
g/

L
20

0
4

30
0

7.
6

40
0

34
.1

20
0

4
30

0
4.

1

35
0

15
.7

La
te

r
40

Pu
m

ar
 1

99
5

48
41

 M
, p

os
t-

tr
au

m
at

ic
 e

pi
le

ps
y,

 p
he

ny
to

in
 f

or
 1

5 
y,

 
pr

es
en

te
d 

w
ith

 g
ai

t 
at

ax
ia

 a
nd

 c
er

eb
el

la
r 

si
gn

s
A

Ra
pp

or
t 

19
77

49
47

 F
, t

ub
er

cu
lo

us
 m

en
in

gi
tis

; ℞
 p

he
ny

to
in

 a
s 

pr
op

hy
la

xi
s.

 
D

ie
d 

6 
w

 a
ft

er
 a

dm
is

si
on

D
ie

d 
du

rin
g 

ac
ut

e 
ep

is
od

e
30

0 
m

g/
d 

fo
r 

ju
st

 6
 w

Ri
le

y 
19

72
50

22
 F

, s
ei

zu
re

s 
si

nc
e 

ag
e 

10
 y

. A
dm

itt
ed

 t
o 

a 
m

en
ta

l 
ho

sp
ita

l. 
D

is
ch

ar
ge

d 
on

 p
he

ny
to

in
 a

nd
 p

rim
id

on
e.

 
D

et
er

io
ra

tio
n 

ov
er

 9
 m

, a
nd

 a
dm

itt
ed

 d
ro

w
sy

, u
na

bl
e 

to
 s

it,
 d

ys
ar

th
ric

, l
im

b 
at

ax
ia

, n
ys

ta
gm

us
, d

ip
lo

pi
a,

 
ab

se
nt

 k
ne

e 
an

d 
an

kl
e 

je
rk

s,
 g

um
 h

yp
er

tr
op

hy

AD
N

Ph
en

yt
oi

n 
st

op
pe

d,
 a

nd
 s

om
e 

im
pr

ov
em

en
t. 

D
iff

ic
ul

tie
s 

in
 s

ta
nd

in
g 

an
d 

w
al

ki
ng

 p
er

si
st

ed
. A

t 
1 

y,
 s

til
l g

ro
ss

 
lim

b 
at

ax
ia

, d
ys

ar
th

ria
, h

yp
ot

on
ia

; b
ut

 n
o 

ny
st

ag
m

us
; 

co
nf

in
ed

 t
o 

a 
w

he
el

ch
ai

r

50
0 

m
g/

d

Se
lh

or
st

 
19

72
51

16
 F

, s
ei

zu
re

, ℞
 p

he
ny

to
in

 +
 m

ep
ho

ba
rb

ita
l; 

do
se

 
re

du
ce

d 
be

ca
us

e 
se

iz
ur

es
 ‘h

ys
te

ric
al

.’ 
Th

en
 f

or
 2

8 
m

 
va

ria
bl

e 
ph

en
yt

oi
n 

do
sa

ge
. O

/E
 g

in
gi

va
l h

yp
er

pl
as

ia
; 

dy
sa

rt
hr

ia
, n

ys
ta

gm
us

, t
ru

nc
al

 a
ta

xi
a,

 e
xt

en
so

r 
pl

an
ta

rs
, 

‘a
sy

ne
rg

y 
of

 li
m

bs
’

AD
N

Ph
en

yt
oi

n 
st

op
pe

d.
 A

ft
er

 2
 y

 a
nd

 6
 y

, s
ev

er
e 

tr
un

ca
l a

nd
 

lim
b 

at
ax

ia
, n

ys
ta

gm
us

 o
n 

la
te

ra
l g

az
e,

 a
bs

en
t 

an
kl

e 
je

rk
s,

 m
ild

 d
ys

ar
th

ria

40
0 

m
g/

dT
he

n 
30

0 
m

g/
dT

he
n 

30
0 

– 
10

00
 m

g/
d 

de
pe

nd
in

g 
on

 s
ei

zu
re

 f
re

qu
en

cy
 f

or
 2

8 
m

Se
lh

or
st

 
19

72
51

22
 M

, p
re

se
nt

ed
 w

ith
 li

m
b 

an
d 

ga
it 

at
ax

ia
, 

dy
sd

ia
do

ch
ok

in
es

is
. A

ge
d 

11
 y

, s
ei

zu
re

 t
he

n 
ph

en
ob

ar
bi

ta
l; 

ag
e 

14
 y

, f
ur

th
er

 s
ei

zu
re

 t
he

n 
℞ 

ph
en

yt
oi

n;
 o

ve
r 

fo
llo

w
in

g 
7 

y,
 p

rim
id

on
e 

ad
de

d.
 A

ge
d 

21
 y

, p
he

ny
to

in
 d

os
ag

e 
in

cr
ea

se
d,

 a
ta

xi
a,

 d
ys

ar
th

ria

AD
Ph

en
yt

oi
n 

w
ith

dr
aw

n 
w

ith
ou

t 
im

pr
ov

em
en

t
30

0 
m

g/
d 

fo
r 

10
 y

Th
en

 4
00

 m
g/

dT
he

n 
60

0 
m

g/
d

Sh
im

iz
u 

19
90

52
30

 M
, s

ei
zu

re
s 

fr
om

 a
ge

 1
1 

y.
 P

ro
ba

bl
y 

ha
d 

ph
en

yt
oi

n,
 

tr
im

et
ha

di
on

e,
 p

rim
id

on
e,

 v
al

pr
oa

te
 a

nd
 c

lo
na

ze
pa

m
 

fo
r 

20
 y

. W
he

n 
27

 y
, h

ad
 t

ra
ns

ie
nt

 d
ro

w
si

ne
ss

, a
ta

xi
a,

 
dy

sa
rt

hr
ia

. O
/E

 a
t 

30
, s

ev
er

e 
tr

un
ca

l a
ta

xi
a 

in
te

nt
io

n 
tr

em
or

, n
ys

ta
gm

us
, d

ys
ar

th
ria

, d
ys

di
ad

oc
ho

ki
ne

si
s.

 
U

na
bl

e 
to

 w
al

k 
or

 s
it.

 G
um

 h
yp

er
tr

op
hy

, c
oa

rs
e 

fa
ci

es
, 

hi
rs

ut
es

AD
N

Sy
m

pt
om

s 
im

pr
ov

ed
 w

he
n 

ph
en

yt
oi

n 
do

se
 w

as
 t

ap
er

ed
21

 m
g/

L

Ta
n 

20
01

53
54

 F
, n

on
-e

pi
le

pt
ic

 ‘f
its

;’℞
 p

he
ny

to
in

 f
or

 3
0 

y.
 F

or
 1

 y
, 

gr
ad

ua
lly

 in
cr

ea
si

ng
 u

ns
te

ad
in

es
s 

an
d 

dy
sa

rt
hr

ia
. O

/E
 

dy
sa

rt
hr

ia
, d

ys
m

et
ria

, d
ys

di
ad

oc
ho

ki
ne

si
s,

 g
ai

t 
at

ax
ia

AD
30

0 
m

g/
d 

fo
r 

>
 3

0 
y

Te
ta

 1
99

0
54

20
 M

, a
dm

itt
ed

 w
ith

 d
ip

lo
pi

a,
 v

er
tig

o,
 a

nd
 a

ta
xi

a.
 O

/E
 

flu
ct

ua
tin

g 
cl

in
ic

al
 s

ta
te

; o
cu

lo
m

ot
or

 p
al

si
es

, 
ny

st
ag

m
us

, d
ys

ar
th

ria
, t

ru
nc

al
 a

ta
xi

a,
 d

ys
m

et
ria

, 
di

ffi
cu

lti
es

 o
f 

co
-o

rd
in

at
io

n

AD
N

O
cu

lo
m

ot
or

 s
ig

ns
 r

eg
re

ss
ed

 a
ft

er
 6

0 
h,

 b
ut

 n
ys

ta
gm

us
, 

dy
sa

rt
hr

ia
 a

nd
 a

ta
xi

a 
pe

rs
is

te
d.

 O
/E

 n
or

m
al

 
ne

ur
ol

og
ic

al
ly

 a
ft

er
 1

 m

O
n 

ad
m

is
si

on
 

31
.2

 m
g/

L;
 

da
y 

2,
 7

3.
6 

m
g/

L;
 d

ay
 4

, 
71

.7
 m

g/
L;

 
da

y 
7,

 3
0.

5 
m

g/
L 

; d
ay

 9
, 

4.
3 

m
g/

L.

(C
on

tin
ue

d
)

966 R. FERNER ET AL.



Ta
bl

e 
1 

(C
on

tin
ue

d)
. 

A
ut

ho
r

Re
f

Cl
in

ic
al

Ce
re

be
lla

r 
si

gn
s

O
ut

co
m

e
Ex

po
su

re
 t

o 
ph

en
yt

oi
n

Co
nc

en
tr

at
io

n

U
tt

er
ba

ck
 

19
58

55
[A

bs
tr

ac
t]

 ‘…
H

is
to

rie
s 

ar
e 

pr
es

en
te

d 
of

 t
w

o 
pa

tie
nt

s 
w

ho
 

de
ve

lo
pe

d 
ce

re
be

lla
r 

at
ax

ia
 o

n 
la

rg
e 

do
se

s 
of

 D
ila

nt
in

 
an

d 
m

ad
e 

in
co

m
pl

et
e 

re
co

ve
ry

 a
ft

er
 D

ila
nt

in
 w

as
 

di
sc

on
tin

ue
d.

 H
is

to
lo

gi
c 

ch
an

ge
s 

st
rik

in
gl

y 
si

m
ila

r 
to

 
th

os
e 

se
en

 in
 c

at
s 

w
er

e 
de

m
on

st
ra

te
d 

in
 t

he
 

ce
re

be
llu

m
 o

f 
an

 e
pi

le
pt

ic
 p

at
ie

nt
 w

ho
 h

ad
 r

ec
ei

ve
d 

la
rg

e 
do

se
s 

of
 D

ila
nt

in
 a

nd
 d

ie
d 

in
 s

ta
tu

s 
ep

ile
pt

ic
us

’

A

U
tt

er
ba

ck
 

19
58

55
As

 a
bo

ve
A

Vi
lla

 1
99

4
56

48
 M

, w
ith

 a
 h

is
to

ry
 o

f 
co

nv
ul

si
on

s,
 a

dm
itt

ed
 w

ith
 a

 
se

ve
re

 p
an

ce
re

be
lla

r 
sy

nd
ro

m
e.

 H
ad

 b
ee

n 
tr

ea
te

d 
w

ith
 

ph
en

ob
ar

bi
ta

l, 
ca

rb
am

az
ep

in
e.

 P
he

ny
to

in
 fo

r 
th

e 
la

st
 2

 
y.

 O
n 

ad
m

is
si

on
, t

ru
nc

al
 a

nd
 li

m
b 

at
ax

ia
, n

ys
ta

gm
us

AN
Ph

en
yt

oi
n 

st
op

pe
d,

 a
nd

 c
er

eb
el

la
r 

sy
m

tp
om

s 
gr

ea
tly

 
im

pr
ov

ed
 w

ith
in

 4
8 

h,
 b

ut
 a

ta
xi

a 
an

d 
ny

st
ag

m
us

 
pe

rs
is

te
d.

 T
he

n 
su

rg
er

y 
fo

r 
a 

be
ni

gn
 t

um
ou

r, 
w

ith
 

re
gr

es
si

on
 o

f 
co

nv
ul

si
on

s.
 H

ow
ev

er
, a

ft
er

w
ar

ds
 h

e 
ha

d 
tr

un
ca

l a
nd

 li
m

b 
at

ax
ia

 w
hi

ch
 p

er
si

st
ed

 a
t 

1 
y

Irr
eg

ul
ar

 a
nd

 v
ar

ia
bl

e 
do

se
 a

ro
un

d 
10

0 
m

g/
d.

 
In

cr
ea

se
d 

ab
ru

pt
ly

 s
ho

rt
ly

 b
ef

or
e 

ad
m

is
si

on
 t

o 
40

0 
m

g/
d

44
 m

g/
L

Zu
in

 2
00

3
57

35
 F

, c
er

eb
ra

l p
al

sy
, e

st
ab

lis
he

d 
on

 p
he

ny
to

in
 f

or
 

ge
ne

ra
liz

ed
 s

ei
zu

re
s.

 A
dm

itt
ed

 f
or

 p
ul

m
on

ar
y 

tu
be

rc
ul

os
is

. F
iv

e 
da

ys
 a

ft
er

 t
he

 in
tr

od
uc

tio
n 

of
 a

nt
i- 

tu
be

rc
ul

ou
s 

th
er

ap
y 

sh
e 

de
ve

lo
pe

d 
at

ax
ia

, d
ys

ar
th

ria
, 

an
d 

ny
st

ag
m

us
, a

nd
 m

ild
 o

bt
un

da
tio

n

AD
N

Af
te

r 
20

 d
, s

ub
st

an
tia

l i
m

pr
ov

em
en

t: 
ab

le
 t

o 
w

al
k 

un
as

si
st

ed
; d

ys
ar

th
ria

 g
on

e;
 s

om
e 

pe
rs

is
te

nt
 

ny
st

ag
m

us

30
0 

m
g/

d
40

 m
g/

L

O
ga

w
a 

19
76

58
N

o 
ev

id
en

ce
 o

f 
ph

en
yt

oi
n 

us
e

M

EXPERT OPINION ON DRUG SAFETY 967



Ta
bl

e 
2.

 R
ad

io
lo

gi
ca

l a
nd

 p
at

ho
hi

st
ol

og
ic

al
 f

in
di

ng
s;

 c
om

m
en

ts

A
ut

ho
r

Re
f

Ra
di

ol
og

ic
al

Pa
th

o-
hi

st
ol

og
ic

al
Co

m
m

en
ts

Ab
e 

19
91

1
Ce

re
be

lla
r 

de
ge

ne
ra

tio
n 

w
ith

 ‘d
is

co
nt

in
uo

us
 a

nd
 f

oc
al

 c
ha

ng
es

, w
ith

 
di

sp
ar

ity
 b

et
w

ee
n 

Pu
rk

in
je

 c
el

l a
nd

 g
ra

nu
la

r 
la

ye
r’

Ab
st

ra
ct

 o
nl

y.
 O

rig
in

al
 in

 J
ap

an
es

e

Af
ifi

 1
96

8
2

Pn
eu

m
oe

nc
ep

ha
lo

gr
am

 6
 m

 a
ft

er
 a

cu
te

 a
ta

xi
a:

 n
or

m
al

; 
2.

5 
y 

la
te

r: 
gr

os
s 

ce
re

be
lla

r 
at

ro
ph

y
Al

m
os

t 
co

m
pl

et
e 

lo
ss

 o
f 

Pu
rk

in
je

 c
el

ls
, s

om
e 

ra
re

fa
ct

io
n 

of
 g

ra
nu

la
r 

ce
lls

, n
o 

gl
io

si
s

Al
io

ğl
u 

20
00

 
[c

]
3

M
RI

: n
or

m
al

 o
n 

ad
m

is
si

on
; a

t 
8 

m
: 4

th
 ve

nt
ric

le
, c

is
te

rn
a 

m
ag

na
 e

nl
ar

ge
d;

 a
t 

15
 m

: c
er

eb
el

la
r 

at
ro

ph
y 

m
or

e 
se

ve
re

; a
t 

28
 m

: a
tr

op
hy

 m
or

e 
pr

on
ou

nc
ed

 s
til

l

‘A
ft

er
 p

he
ny

to
in

 w
as

 d
is

co
nt

in
ue

d,
 c

lin
ic

al
 f

in
di

ng
s 

of
 c

er
eb

el
la

r 
dy

sf
un

ct
io

n 
re

gr
es

se
d,

 b
ut

 M
R 

ce
re

be
lla

r 
at

ro
ph

y 
pr

og
re

ss
ed

’

Ar
or

a 
20

18
 

[d
]

4
M

RI
: d

iff
us

e 
ce

re
be

lla
r 

he
m

is
ph

er
ic

 a
nd

 v
er

m
al

 a
tr

op
hy

Ar
or

a 
20

18
4

M
RI

: d
iff

us
e 

ce
re

be
lla

r 
he

m
is

ph
er

ic
 a

nd
 v

er
m

al
 a

tr
op

hy
 

w
ith

 p
ro

m
in

en
t 

ce
re

be
lla

r 
fo

lia
 a

nd
 4

th
 ve

nt
ric

le
Ar

or
a 

20
18

4
M

RI
: P

ro
m

in
en

t 
ce

re
be

lla
r 

fo
lia

 w
ith

 c
er

eb
el

la
r 

he
m

is
ph

er
ic

 a
tr

op
hy

Ar
or

a 
20

18
4

CT
: c

er
eb

el
la

r 
at

ro
ph

y
Aw

ad
a 

19
99

5
CT

: t
ub

er
cu

lo
m

a;
 6

 w
: s

lig
ht

 c
er

eb
el

la
r 

at
ro

ph
y 

on
 C

T 
an

d 
M

RI
.

Ba
ie

r 
19

84
6

CT
 a

t 
14

 y
: n

or
m

al
; a

t 
18

 y
: c

er
eb

el
la

r 
ve

rm
al

 a
nd

 
he

m
is

ph
er

ic
 s

ul
ci

 c
le

ar
ly

 s
ee

n
In

co
m

pl
et

e 
da

ta
 o

n 
ph

en
yt

oi
n 

ex
po

su
re

Ba
ie

r 
19

84
6

CT
: i

nf
ra

te
nt

or
ia

lly
, p

ro
no

un
ce

d 
di

la
ta

tio
n 

of
 t

he
 

ce
re

be
llo

-m
ed

ul
la

ry
 c

is
te

rn
 a

nd
 4

th
 ve

nt
ric

le
Im

pr
ov

ed
 a

ft
er

 p
he

ny
to

in
 w

as
 s

to
pp

ed

Ba
ie

r 
19

84
6

CT
 a

t 
33

 y
: ‘

ea
rly

 c
er

eb
el

la
r 

at
ro

ph
y’

Ba
ie

r 
19

84
6

CT
 a

t 
31

 y
: i

nf
ra

te
nt

or
ia

lly
, 4

th
 ve

nt
ric

le
 a

nd
 b

as
al

 c
is

te
rn

s 
cl

ea
rly

 d
ila

te
d

Ba
ie

r 
19

84
, 

19
85

6
CT

: c
er

eb
el

la
r 

at
ro

ph
y,

 m
ar

ke
dl

y 
af

fe
ct

in
g 

th
e 

ve
rm

al
 

re
gi

on
In

co
m

pl
et

e 
da

ta
 o

n 
ph

en
yt

oi
n 

ex
po

su
re

Ba
ie

r 
19

84
, 

19
85

7
CT

 a
ge

d 
8 

y:
 n

o 
ce

re
be

lla
r 

at
ro

ph
y;

 a
ge

d 
12

 y
: 

pr
on

ou
nc

ed
; d

ila
tio

n 
of

 c
is

te
rn

a 
m

ag
na

 a
nd

 4
th

 

ve
nt

ric
le

, c
er

eb
el

la
r; 

he
m

is
ph

er
ic

 s
ul

ci
 c

le
ar

ly
 v

is
ib

le

In
co

m
pl

et
e 

da
ta

 o
n 

ph
en

yt
oi

n 
ex

po
su

re

Ba
ie

r 
19

84
, 

19
85

7
CT

 a
t 

41
 y

: ‘
ba

sa
l c

is
te

rn
s 

an
d 

su
ba

ra
ch

no
id

 s
pa

ce
 d

ila
te

d;
 

cl
ea

rly
 v

is
ib

le
 c

er
eb

el
la

r 
su

lc
i’

at
 le

as
t 

fiv
e 

re
cu

rr
en

t 
ep

is
od

es
 o

f 
‘a

cu
te

’ t
ox

ic
ity

. i
m

pr
ov

in
g 

af
te

r 
D

PH
 d

os
e 

re
du

ct
io

n,
 b

ut
 n

o 
fu

ll 
re

co
ve

rie
s

Ba
sk

er
8

M
RI

: ‘
sh

rin
ka

ge
 o

f 
ce

re
be

llu
m

’
Bo

te
z 

19
85

9
CT

 o
n 

ad
m

is
si

on
: m

ar
ke

d 
ce

re
be

lla
r 

at
ro

ph
y 

bu
t 

no
 

ce
re

br
al

 a
tr

op
hy

; 3
 y

 la
te

r: 
un

ch
an

ge
d

Au
th

or
s 

su
gg

es
t 

th
at

 t
hi

am
in

e 
+

 f
ol

at
e 

co
nt

rib
ut

ed
 t

o 
im

pr
ov

em
en

t

Bo
te

z 
19

85
9

CT
: e

nc
ep

ha
lo

m
al

ac
ia

 (
re

la
te

d 
to

 o
ld

 s
tr

ok
e)

 a
nd

 p
on

to
- 

ce
re

be
lla

r 
at

ro
ph

y
Au

th
or

s 
su

gg
es

t 
th

at
 t

hi
am

in
e 

+
 f

ol
at

e 
co

nt
rib

ut
ed

 t
o 

im
pr

ov
em

en
t

Br
os

to
ff 

20
08

10
CT

: ‘
no

 e
vi

de
nc

e 
of

 a
 c

er
eb

el
la

r 
bl

ee
d 

or
 o

th
er

 p
at

ho
lo

gy
’

Br
os

to
ff 

20
08

10
CT

: s
ho

w
ed

 e
xt

en
si

ve
 o

ld
 r

ig
ht

 M
CA

 t
er

rit
or

y 
is

ch
ae

m
ic

 
da

m
ag

e 
bu

t 
no

 p
os

te
rio

r 
fo

ss
a 

pa
th

ol
og

y
Br

os
to

ff 
20

08
10

CT
: i

nv
ol

ut
io

na
l c

ha
ng

e 
an

d 
sm

al
l v

es
se

l d
is

ea
se

Co
ch

at
 1

98
7

11
CT

 a
ft

er
 o

ve
rd

os
e:

 n
or

m
al

; a
t 

6 
m

: h
yp

od
en

se
 r

ou
nd

 a
re

a 
cr

os
si

ng
 t

he
 le

ft
 b

or
de

r 
of

 t
he

 4
th

 ve
nt

ric
le

, s
ug

ge
st

iv
e 

of
 c

er
eb

el
la

r 
ne

cr
os

is
; 4

.5
 y

 la
te

r: 
so

m
e 

re
si

du
al

 4
th

 

ve
nt

ric
le

 c
ha

ng
es

Cr
ai

g 
20

04
12

D
as

ar
i 2

01
6

13
N

o 
co

m
m

en
t 

on
 M

RI
 f

in
di

ng
s 

fo
r 

ce
re

be
llu

m
?P

ar
t 

of
 c

as
e 

se
rie

s
D

re
ye

r 
19

66
14

Pn
eu

m
oe

nc
ep

ha
lo

gr
am

: n
or

m
al

 a
t 

pr
es

en
ta

tio
n

D
re

ye
r 

19
66

14
D

re
ye

r 
19

66
14

D
re

ye
r 

19
66

14
D

re
ye

r 
19

66
14

Ce
re

be
lla

r 
at

ro
ph

y.
 S

hr
un

ke
n 

Pu
rk

in
je

 c
el

ls
, w

ith
 r

ed
uc

ed
 n

um
be

rs
; 

in
cr

ea
se

 in
 B

er
gm

an
n 

gl
ia

l c
el

ls
. C

ys
t 

of
 t

he
 c

is
te

rn
a 

m
ag

na
.

Fe
ue

rs
te

in
 

19
83

15
CT

: a
tr

op
hy

 o
f 

th
e 

ce
re

be
lla

r 
ve

rm
is

 &
 f

ro
nt

al
 a

tr
op

hy

(C
on

tin
ue

d
)

968 R. FERNER ET AL.



Ta
bl

e 
2.

 (
Co

nt
in

ue
d)

. 

A
ut

ho
r

Re
f

Ra
di

ol
og

ic
al

Pa
th

o-
hi

st
ol

og
ic

al
Co

m
m

en
ts

G
ha

ta
k 

19
76

16
D

is
pr

op
or

tio
na

te
ly

 s
m

al
l c

er
eb

el
lu

m
; v

irt
ua

lly
 t

ot
al

 lo
ss

 o
f 

Pu
rk

in
je

 
ce

lls
 t

hr
ou

gh
ou

t 
th

e 
ce

re
be

llu
m

; m
ild

 d
eg

re
e 

of
 d

iff
us

e 
ra

re
fa

ct
io

n 
of

 t
he

 g
ra

nu
la

r 
la

ye
r.

G
ill

 1
97

8
17

G
ue

rr
er

o 
19

97
18

CT
 a

t 
12

 m
: n

o 
at

ro
ph

y;
 C

T 
at

 2
4 

m
: c

er
eb

el
la

r 
at

ro
ph

y,
 

bo
th

 h
em

is
ph

er
e 

an
d 

ve
rm

is
G

ui
ra

o-
 

Br
in

ga
s 

20
12

19
CT

 5
 y

 a
ft

er
 p

re
se

nt
at

io
n:

 ‘A
tr

of
ia

 c
er

eb
el

os
a’

G
up

ta
 2

01
3

20
Re

pe
at

 M
RI

: a
t 

6 
m

 f
ol

lo
w

-u
p 

re
ve

al
ed

 r
es

ol
ve

d 
bl

ee
di

ng
 

le
ft

 le
nt

ifo
rm

 n
uc

le
us

 w
ith

 b
ila

te
ra

l c
er

eb
el

la
r 

at
ro

ph
y.

H
ab

er
la

nd
 

19
62

21
G

en
er

al
iz

ed
 c

er
eb

ra
l a

tr
op

hy
. M

od
er

at
e 

at
ro

ph
y 

of
 f

ol
ia

 o
f 

ce
re

be
lla

r 
he

m
is

ph
er

es
. A

lm
os

t 
co

m
pl

et
e 

di
sa

pp
ea

ra
nc

e 
of

 P
ur

ki
nj

e 
ce

lls
 in

 
he

m
is

ph
er

es
 a

nd
 v

er
m

is
, w

ith
 c

or
re

sp
on

di
ng

 in
cr

ea
se

 in
 n

um
be

r 
an

d 
si

ze
 o

f 
Be

rg
m

an
n 

as
tr

oc
yt

es
H

ab
er

la
nd

 
19

62
21

Se
ve

re
 g

en
er

al
iz

ed
 c

er
eb

el
la

r c
or

tic
al

 a
tr

op
hy

. A
lm

os
t c

om
pl

et
e 

lo
ss

 o
f 

Pu
rk

in
je

 c
el

ls
, w

ith
 m

ar
ke

d 
pr

ol
ife

ra
tio

n 
of

 B
er

gm
an

n 
as

tr
oc

yt
es

H
ab

er
la

nd
 

19
62

21
Ce

re
br

al
 s

cl
er

os
is

. D
ef

in
ite

 a
tr

op
hy

 o
f 

ve
nt

ra
l p

ar
t 

of
 c

er
eb

el
lu

m
. L

os
s 

of
 P

ur
ki

nj
e 

ce
lls

 in
 a

tr
op

hi
c 

ar
ea

s,
 w

ith
 m

ar
ke

d 
pr

ol
ife

ra
tio

n 
of

 
Be

rg
m

an
n 

as
tr

oc
yt

es
H

er
be

rg
 

19
75

22

H
er

be
rg

 
19

75
22

H
er

be
rg

 
19

75
22

Au
th

or
 q

ue
st

io
ne

d 
‘a

 g
en

et
ic

 lo
w

 c
ei

lin
g 

fo
r 

ph
en

yt
oi

n 
pa

ra
hy

dr
ox

yl
at

io
n’

H
er

be
rg

 
19

75
22

H
iro

sh
in

i 
20

00
23

M
RI

: p
ro

m
in

en
t 

ce
re

be
lla

r 
fo

lia
In

 J
ap

an
es

e 
- 

no
 d

ire
ct

 t
ra

ns
la

tio
n

H
irz

el
 1

97
8

24
Pn

eu
m

oe
nc

ep
ha

lo
gr

am
: d

ila
te

d 
4th

 ve
nt

ric
le

‘T
he

 a
ut

ho
rs

 r
ep

or
t 

tw
o 

ca
se

s 
w

ith
 r

oe
nt

ge
no

-m
op

ho
lo

gi
ca

lly
 [

si
c]

 
es

ta
bl

is
he

d 
ce

re
be

lla
r 

at
ro

ph
y 

ca
us

ed
 b

y 
ch

ro
ni

c 
di

ph
en

yl
hy

da
nt

oi
n 

ov
er

do
si

ng
’

H
irz

el
 1

97
8

24
Pn

eu
m

oe
nc

ep
ha

lo
gr

am
: w

id
en

in
g 

of
 c

er
eb

el
la

r 
fo

lia
 [

sic
]

H
of

m
an

n 
19

58
25

Ca
ro

tid
 a

ng
io

gr
am

s:
 n

or
m

al
Vi

rt
ua

l d
is

ap
pe

ar
an

ce
 o

f 
Pu

rk
in

je
 c

el
ls

Si
m

ila
r 

to
 c

ha
ng

es
 n

ot
ed

 in
 a

ni
m

al
s 

(q
uo

tin
g 

U
tt

er
ba

ck
)

H
ög

lm
ei

er
 

19
69

26
Tw

o 
pn

eu
m

oe
nc

ep
ha

lo
gr

am
s:

 n
or

m
al

H
or

ne
 1

97
3

27
Pn

eu
m

oe
nc

ep
ha

lo
gr

am
 a

ft
er

 1
 y

 p
he

ny
to

in
 tr

ea
tm

en
t 

15
0 

m
g/

d:
 n

or
m

al
; a

ft
er

 1
0 

y:
 a

lm
os

t 
co

m
pl

et
e 

ce
re

be
lla

r 
at

ro
ph

y
H

or
ne

 1
97

3
27

Pn
eu

m
oe

nc
ep

ha
lo

gr
am

: c
er

eb
el

la
r 

at
ro

ph
y

Im
am

ur
a 

19
92

28
CT

 a
t 

3 
an

d 
5 

m
 p

os
t-

on
se

t 
of

 c
er

eb
el

la
r 

dy
sf

un
ct

io
n:

 
ce

re
be

lla
r 

at
ro

ph
y

Is
ag

o 
19

82
29

Ab
st

ra
ct

 o
nl

y
Ja

nz
ik

 1
97

5
30

Pn
eu

m
oe

nc
ep

ha
lo

gr
am

: n
or

m
al

Ex
tr

em
el

y 
lo

ng
 p

he
ny

to
in

 h
al

f-
lif

e
Ki

m
 1

99
1

31
CT

: a
tr

op
hy

, w
ith

 e
nl

ar
ge

m
en

t 
of

 4
th

 ve
nt

ric
le

, c
is

te
rn

a 
m

ag
na

, a
nd

 o
th

er
 s

pa
ce

s
In

 K
or

ea
n

Ki
m

 1
99

1
31

CT
: c

er
eb

el
la

r 
at

ro
ph

y 
an

d 
ex

pa
ns

io
n 

of
 4

th
 ve

nt
ric

le
In

 K
or

ea
n

Ki
m

 1
99

1
31

CT
: e

nl
ar

ge
m

en
t 

of
 4

th
 ve

nt
ric

le
 a

nd
 c

is
te

rn
a 

m
ag

na
 a

nd
 

at
ro

ph
y 

of
 t

he
 v

er
m

is

(C
on

tin
ue

d
)

EXPERT OPINION ON DRUG SAFETY 969



Ta
bl

e 
2.

 (
Co

nt
in

ue
d)

. 

A
ut

ho
r

Re
f

Ra
di

ol
og

ic
al

Pa
th

o-
hi

st
ol

og
ic

al
Co

m
m

en
ts

Ko
ke

ng
e 

19
65

32
St

ud
ie

s 
in

 r
at

s 
an

d 
ca

ts
 s

ho
w

ed
 lo

ss
 o

f 
Pu

rk
in

je
 c

el
ls

 in
du

ce
d 

by
 

ph
en

yt
oi

n 
if 

th
e 

co
nc

en
tr

at
io

n 
re

m
ai

ne
d 

hi
gh

 f
or

 1
4 

d.
 A

ut
ho

r 
hy

po
th

es
iz

ed
 t

ha
t 

a 
co

m
bi

na
tio

n 
of

 d
ru

gs
 m

ay
 b

e 
m

or
e 

da
m

ag
in

g 
th

an
 o

ne
 a

lo
ne

Kr
üg

er
 1

97
8

33

Kr
üg

er
 1

97
8

33
Pn

eu
m

oe
nc

ep
ha

lo
gr

am
: m

in
or

 a
bn

or
m

al
iti

es
Ku

m
ar

 2
01

3
34

M
RI

: c
er

eb
el

la
r 

at
ro

ph
y

Ku
ru

vi
lla

35
Th

e 
au

to
ps

y 
sh

ow
ed

 m
ar

ke
d 

ce
re

be
lla

r 
at

ro
ph

y,
 in

 a
dd

iti
on

 t
o 

m
od

er
at

e 
in

te
rn

al
 h

yd
ro

ce
ph

al
us

. T
he

 n
at

ur
e 

an
d 

di
st

rib
ut

io
n 

of
 

th
e 

ce
re

be
lla

r 
le

si
on

s 
w

er
e 

vi
rt

ua
lly

 id
en

tic
al

 t
o 

th
os

e 
of

 c
hr

on
ic

 
ph

en
yt

oi
n 

in
to

xi
ca

tio
n

‘T
he

re
 m

ay
 b

e 
a 

si
de

 e
ffe

ct
 o

n 
th

e 
ce

re
be

llu
m

 u
nd

er
 c

er
ta

in
 

ci
rc

um
st

an
ce

s 
ev

en
 w

ith
 a

 n
on

-t
ox

ic
 le

ve
l o

f 
[p

he
ny

to
in

]’

Ku
ru

vi
lla

 
19

97
35

M
RI

 o
n 

ad
m

is
si

on
: m

ild
 g

en
er

al
iz

ed
 a

tr
op

hy
; a

t 
6 

m
: 

se
ve

re
 c

er
eb

el
la

r 
at

ro
ph

y
‘T

hi
s 

ca
se

 p
ro

vi
de

s 
ev

id
en

ce
 t

ha
t 

pr
ol

on
ge

d 
ac

ut
e 

PH
T 

in
to

xi
ca

tio
n 

m
ay

 r
ar

el
y 

re
su

lt 
in

 ir
re

ve
rs

ib
le

 c
er

eb
el

la
r 

at
ro

ph
y’

Li
nd

va
ll 

19
84

36
CT

 o
n 

ad
m

is
si

on
: s

lig
ht

 w
id

en
in

g 
of

 o
ne

 la
te

ra
l v

en
tr

ic
ul

ar
 

ho
rn

; a
t 

6 
y:

 C
T 

sc
an

 s
ho

w
s 

m
ar

ke
d 

co
rt

ic
al

 c
er

eb
el

la
r 

at
ro

ph
y 

an
d 

en
la

rg
em

en
t 

of
 t

he
 4

th
 ve

nt
ric

le
 a

nd
 b

as
al

 
ci

st
er

ns

‘W
as

 it
 t

he
 d

ru
g 

or
 w

as
 it

 o
th

er
 m

ec
ha

ni
sm

s?
 ‘I

n 
ou

r 
op

in
io

n 
th

e 
pr

ot
ra

ct
ed

 c
er

eb
el

la
r 

dy
sf

un
ct

io
n 

an
d 

th
e 

ce
re

be
lla

r 
at

ro
ph

y 
de

m
on

st
ra

te
d 

by
 C

T 
sc

an
s 

w
er

e 
cl

os
el

y 
re

la
te

d 
to

 s
ho

rt
-t

er
m

 
ph

en
yt

oi
n 

in
to

xi
ca

tio
n 

in
 t

he
 p

re
se

nt
 p

at
ie

nt
.’

Lo
ga

n 
19

69
37

Pn
eu

m
oe

nc
ep

ha
lo

gr
am

 a
t 

8 
y:

 m
ild

 c
er

eb
ra

l a
nd

 
ce

re
be

lla
r 

at
ro

ph
y;

 a
t 

8.
5 

y:
 m

or
e 

pr
om

in
en

t
Pr

og
re

ss
iv

e 
ne

ur
ol

og
ic

al
 d

is
ea

se
; a

 r
at

he
r 

do
ub

tf
ul

 c
as

e 
in

 a
 s

er
ie

s 
of

 
fo

ur
 c

as
es

 d
es

ig
ne

d 
to

 d
em

on
st

ra
te

 s
om

et
hi

ng
 e

ls
e

Lu
si

ns
 1

97
2

38
Pn

eu
m

oe
nc

ep
ha

lo
gr

am
 b

ef
or

e 
℞ 

ph
en

yt
oi

n:
 n

or
m

al
; 

an
gi

og
ra

m
 a

ft
er

 p
he

ny
to

in
 t

he
ra

py
; n

or
m

al
‘O

ur
 p

at
ie

nt
’s 

bl
oo

d 
le

ve
ls

 w
er

e 
fr

eq
ue

nt
ly

 a
t 

th
e 

50
 μ

g/
m

l l
ev

el
 f

or
 

pr
ol

on
ge

dp
er

io
ds

 o
f 

tim
e’

M
as

ur
 1

98
9

39
CT

 8
 m

 p
rio

r 
to

 o
ve

rd
os

e:
 n

or
m

al
; 4

 w
 a

ft
er

 o
ve

rd
os

e:
 

ce
re

be
lla

r 
at

ro
ph

y;
 1

 y
 a

ft
er

 o
ve

rd
os

e:
 s

lig
ht

ly
 m

or
e 

pr
on

ou
nc

ed
 c

er
eb

el
la

r 
at

ro
ph

y

M
at

su
ya

m
a 

19
72

40
Ce

re
be

lla
r 

fo
lia

 m
ild

ly
 a

tr
op

hi
c.

 O
n 

hi
st

ol
og

y,
 a

lm
os

t 
co

m
pl

et
e 

di
sa

pp
ea

ra
nc

e 
of

 P
ur

ki
nj

e 
ce

lls
 fr

om
 b

ila
te

ra
l v

en
tr

al
 s

ur
fa

ce
s 

in
 t

he
 

ce
re

be
lla

r 
he

m
is

ph
er

e;
 p

re
se

rv
ed

 o
n 

th
e 

do
rs

al
 s

ur
fa

ce
. W

he
re

 
Pu

rk
in

je
 c

el
ls

 h
ad

 d
is

ap
pe

ar
ed

, B
er

gm
an

n’
s 

gl
ia

 w
er

e 
m

ar
ke

dl
y 

in
cr

ea
se

d 
in

 n
um

be
r 

an
d 

si
ze

M
av

ro
ud

is
 

20
12

41
Ce

re
be

llu
m

 m
ac

ro
sc

op
ic

al
ly

 n
or

m
al

. C
om

pa
re

d 
w

ith
 2

 c
on

tr
ol

s,
 ‘T

he
 

de
ns

ity
 o

f 
th

e 
Pu

rk
in

je
 c

el
ls

 w
as

 r
em

ar
ka

bl
y 

de
cr

ea
se

d 
in

 t
he

 
ph

en
yt

oi
n-

tr
ea

te
d 

pa
tie

nt
’

M
cL

ai
n 

19
80

42
CT

: c
er

eb
el

la
r 

at
ro

ph
y

M
cL

ai
n 

19
80

42
CT

: c
er

eb
el

la
r 

at
ro

ph
y

M
cL

ai
n 

19
80

42
CT

: c
er

eb
el

la
r 

at
ro

ph
y

M
cL

ai
n 

19
80

42
Pn

eu
m

oe
nc

ep
ha

lo
gr

am
 in

iti
al

ly
: n

or
m

al
; C

T 
at

 3
4 

y:
 

ce
re

be
lla

r 
at

ro
ph

y

M
cL

ai
n 

19
80

42
CT

: m
ild

 c
er

eb
el

la
r 

at
ro

ph
y

M
uk

he
rje

e 
19

96
43

CT
: s

ym
m

et
ric

al
 c

er
eb

el
la

r 
at

ro
ph

y

N
au

th
-M

is
ir 

19
48

44

Pl
a 

19
80

45
So

m
e 

tim
e 

la
te

r, 
gi

ve
n 

10
00

 m
g 

ph
en

yt
oi

n 
IV

. S
lo

w
 e

lim
in

at
io

n.
 

Au
th

or
s 

su
gg

es
t 

an
 e

nz
ym

e 
de

fe
ct

Pr
oc

há
zk

ov
á 

19
84

46

(C
on

tin
ue

d
)

970 R. FERNER ET AL.



Ta
bl

e 
2.

 (
Co

nt
in

ue
d)

. 

A
ut

ho
r

Re
f

Ra
di

ol
og

ic
al

Pa
th

o-
hi

st
ol

og
ic

al
Co

m
m

en
ts

Pr
oc

há
zk

ov
á 

19
84

46

Pr
oc

há
zk

ov
á 

19
84

46

Pu
lli

ai
ne

n 
19

98
47

CT
 b

ef
or

e 
ph

en
yt

oi
n:

- 
no

 s
ig

n 
of

 c
er

eb
el

la
r 

at
ro

ph
y;

 C
T 

&
 

M
RI

: s
ev

er
e 

ce
re

be
lla

r 
co

rt
ic

al
 a

tr
op

hy
.

Pu
m

ar
 1

99
5

48
CT

 &
 M

RI
: s

ev
er

e 
ce

re
be

lla
r 

at
ro

ph
y 

w
ith

 d
ila

tio
n 

of
 t

he
 

4th
 ve

nt
ric

le

Ra
pp

or
t 

19
77

49
Pn

eu
m

oe
nc

ep
ha

lo
gr

am
: o

nl
y 

m
ild

, s
ym

m
et

ric
al

 
ve

nt
ric

ul
ar

 d
ila

ta
tio

n
Tw

o 
sm

al
l t

ub
er

cl
es

, l
ep

to
m

en
in

ge
al

 t
hi

ck
en

in
g.

 In
 t

he
 c

er
eb

el
lu

m
 

th
er

e 
w

as
 a

 m
ild

 c
hr

on
ic

 in
fla

m
m

at
or

y 
ex

ud
at

e 
in

 t
he

 le
pt

o-
 

m
en

in
ge

s 
an

d 
in

 t
he

 p
er

iv
as

cu
la

r 
sp

ac
es

 o
f 

th
e 

ce
re

be
lla

r 
w

hi
te

 
m

at
te

r. 
Th

er
e 

w
as

 m
ar

ke
d 

di
ffu

se
 lo

ss
 o

f 
Pu

rk
in

je
 c

el
ls

 w
ith

 
Be

rg
m

an
n’

s 
gl

io
si

s 
an

d 
oe

de
m

a 
in

 a
 s

im
ila

r 
di

st
rib

ut
io

n

‘Is
on

ia
zi

d 
is

 k
no

w
n 

to
 in

cr
ea

se
 s

er
um

 le
ve

ls
 o

f p
he

ny
to

in
 a

s 
m

uc
h 

as
 

fo
ur

 t
im

es
, a

nd
 1

0%
 o

f 
th

e 
pa

tie
nt

s 
on

 b
ot

h 
dr

ug
s 

ha
ve

 e
vi

de
nc

e 
of

 D
PH

 in
to

xi
ca

tio
n.

’ B
N

F:
 Is

on
ia

zi
d 

in
cr

ea
se

s 
th

e 
co

nc
en

tr
at

io
n 

of
 

ph
en

yt
oi

n.
 M

an
uf

ac
tu

re
r a

dv
is

es
 m

on
ito

r c
on

ce
nt

ra
tio

n.
Se

ve
rit

y 
of

 
in

te
ra

ct
io

n:
M

od
er

at
eE

vi
de

nc
e 

fo
r 

in
te

ra
ct

io
n:

St
ud

y
Ri

le
y 

19
72

50

Se
lh

or
st

 
19

72
51

Pn
eu

m
oe

nc
ep

ha
lo

gr
am

: e
nl

ar
ge

d 
4th

 ve
nt

ric
le

EM
G

 c
on

si
st

en
t 

w
ith

 p
er

ip
he

ra
l n

eu
ro

pa
th

y

Se
lh

or
st

 
19

72
51

Pn
eu

m
oe

nc
ep

ha
lo

gr
am

: e
nl

ar
ge

d 
4th

 ve
nt

ric
le

Sh
im

iz
u 

19
90

52
CT

 &
 M

RI
: m

ild
 c

er
eb

ra
l a

nd
 c

er
eb

el
la

r 
at

ro
ph

y
‘It

 w
as

 c
on

cl
ud

ed
 t

ha
t 

th
e 

ce
re

be
lla

r 
dy

sf
un

ct
io

n 
ob

se
rv

ed
 in

 t
hi

s 
ca

se
 m

ig
ht

 b
e 

de
pe

nd
en

t 
on

 b
ot

h 
th

e 
hi

gh
 s

er
um

 le
ve

l o
f 

PH
T 

w
ith

 c
ha

ra
ct

er
is

tic
 p

ha
rm

ac
ok

in
et

ic
 p

ro
pe

rt
ie

s 
an

d 
th

e 
or

ga
ni

c 
da

m
ag

e 
to

 t
he

 b
ra

in
, e

sp
ec

ia
lly

 t
he

 c
er

eb
el

lu
m

’

Ta
n 

20
01

53
M

RI
: s

ev
er

e,
 p

an
-c

er
eb

el
la

r 
at

ro
ph

y
‘T

hi
s 

ca
se

 il
lu

st
ra

te
s 

se
ve

re
 c

er
eb

el
la

r 
ne

ur
ot

ox
ic

ity
 d

ue
 t

o 
ph

en
yt

oi
n 

in
 t

he
 a

bs
en

ce
 o

f 
ep

ile
ps

y’

Te
ta

 1
99

0
54

M
RI

: n
or

m
al

U
tt

er
ba

ck
 

19
58

55
St

ud
y 

in
 c

at
s:

 c
er

eb
el

la
r 

ch
an

ge
s 

on
ly

. W
id

es
pr

ea
d 

de
st

ru
ct

io
n 

of
 

Pu
rk

in
je

 c
el

ls
, c

ys
tic

 g
lio

si
s

U
tt

er
ba

ck
 

19
58

55

Vi
lla

 1
99

4
56

O
n 

ad
m

is
si

on
: c

ys
tic

 le
si

on
 in

 L
ef

t 
te

m
po

ra
l l

ob
e.

 
Ce

re
be

llu
m

 n
or

m
al

. A
ls

o 
no

rm
al

 a
t 

1 
y

Zu
in

 2
00

3
57

CT
 4

 y
 b

ef
or

e:
 n

or
m

al
; M

RI
 2

0 
d 

af
te

r 
on

se
t: 

in
te

ns
e 

ce
re

be
lla

r 
at

ro
ph

y
O

ga
w

a 
19

76
58

N
om

en
cl

at
ur

e 
Th

e 
no

m
en

cl
at

ur
e 

of
 e

pi
le

ps
ie

s 
ha

s 
ch

an
ge

 o
ve

r 
tim

e.
 T

er
m

s 
su

ch
 a

s 
‘g

ra
nd

 m
al

’ a
nd

 ‘p
et

it 
m

al
’ a

re
 n

o 
lo

ng
er

 u
se

d.
 W

e 
ha

ve
 r

et
ai

ne
d 

th
e 

te
rm

s 
fo

ca
l, 

pa
rt

ia
l, 

an
d 

ge
ne

ra
liz

ed
 s

ei
zu

re
s.

 T
he

 n
om

en
cl

at
ur

e 
of

 t
he

 In
te

rn
at

io
na

l 
Le

ag
ue

 A
ga

in
st

 E
pi

le
ps

y 
w

ou
ld

 d
iff

er
en

tia
te

 s
ei

zu
re

s 
of

 f
oc

al
 o

ns
et

 w
ith

 im
pa

ire
d 

aw
ar

en
es

s 
fr

om
 t

ho
se

 m
ai

nt
ai

ne
d 

aw
ar

en
es

s,
 a

nd
 m

ot
or

 f
ro

m
 n

on
-m

ot
or

 s
ei

zu
re

s 
of

 g
en

er
al

iz
ed

 o
ns

et
, b

ut
 t

he
 p

ap
er

s 
w

e 
ha

ve
 r

ev
ie

w
ed

 
al

m
os

t 
al

l p
re

da
te

d 
th

is
 c

ha
ng

e.
[5

9]
. 

A
bb

re
vi

at
io

ns
 

↑
 =

 in
cr

ea
se

d,
 ↓

 =
 d

ec
re

as
ed

, A
 =

 a
ta

xi
a,

 B
N

F 
=

 B
rit

is
h 

N
at

io
na

l F
or

m
ul

ar
y,

 C
on

c 
=

 c
on

ce
nt

ra
tio

n,
 C

T 
=

 c
om

pu
te

d 
to

m
og

ra
ph

y,
 C

VA
 =

 c
er

eb
ro

va
sc

ul
ar

 a
cc

id
en

t, 
d 

=
 d

ay
(s

), 
D

 =
 d

ys
ar

th
ria

, D
M

 =
 d

ia
be

te
s 

m
el

lit
us

, D
PH

 =
 

di
ph

en
yl

hy
da

nt
oi

n 
(p

he
ny

to
in

), 
F 

=
 fe

m
al

e,
 M

 =
 m

al
e,

 m
 =

 m
on

th
(s

), 
M

RI
 =

 m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g,
 N

 =
 n

ys
ta

gm
us

, N
K 

=
 n

ot
 k

no
w

n,
 O

/E
 =

 o
n 

ex
am

in
at

io
n,

 P
H

T 
=

 p
he

ny
to

in
, R

ef
 =

 re
fe

re
nc

e,
 ℞

 =
 p

re
sc

rib
ed

, w
 =

 w
ee

k 
(s

), 
y 

=
 y

ea
r(

s)
, Δ

 =
 d

ia
gn

os
is

. 
Re

fe
re

nc
es

 
1.

 A
be

 H
, Y

ag
is

hi
ta

 S
. [

Ch
ro

ni
c 

ph
en

yt
oi

n 
in

to
xi

ca
tio

n 
oc

cu
rr

ed
 b

el
ow

 t
he

 t
ox

ic
 c

on
ce

nt
ra

tio
n 

in
 s

er
um

 a
nd

 it
s 

pa
th

ol
og

ic
al

 f
in

di
ng

s]
. N

o 
To

 S
hi

nk
ei

. 1
99

1;
43

(1
):8

9-
94

. 
2.

 A
fif

i A
K,

 V
an

 A
lle

n 
M

W
. C

er
eb

el
la

r 
at

ro
ph

y 
in

 e
pi

le
ps

y.
 P

ne
um

og
ra

ph
ic

 a
nd

 h
is

to
lo

gi
ca

l d
oc

um
en

ta
tio

n 
of

 a
 c

as
e 

w
ith

 p
sy

ch
os

is
. J

 N
eu

ro
l N

eu
ro

su
rg

 P
sy

ch
ia

tr
y.

 1
96

8 
Ap

r;3
1(

2)
:1

69
-7

4.
 

3.
 A

lio
ğl

u 
Z,

 S
ar

i A
, V

el
io

ğl
u 

SK
, O

um
l;z

m
en

oğ
lu

 M
. C

er
eb

el
la

r 
at

ro
ph

y 
fo

llo
w

in
g 

ac
ut

e 
ph

en
yt

oi
n 

in
to

xi
ca

tio
n.

 J
 N

eu
ro

ra
di

ol
. 2

00
0 

M
ar

;2
7(

1)
:5

2-
5.

 
4.

 A
ro

ra
 M

, B
or

ua
h 

D
K,

 T
ha

tt
er

 V
, B

ha
rw

ar
a 

S.
 Im

ag
in

g 
in

 p
he

ny
to

in
 in

du
ce

d 
ne

ur
ot

ox
ic

ity
: a

 c
as

e 
se

rie
s.

 In
t 

J 
Re

s 
M

ed
 S

ci
. 2

01
8 

Ja
n;

6(
1)

:3
55

-3
58

 
5.

 A
w

ad
a 

A,
 A

m
en

e 
P,

 a
l J

um
ah

 M
, a

l B
el

ad
i K

. A
ta

xi
e 

cé
ré

be
lle

us
e 

ré
si

du
el

le
 a

pr
ès

 in
to

xi
ca

tio
n 

ai
gu

ë 
pa

r 
la

 d
ip

hé
ny

lh
yd

an
to

ïn
e.

 R
ev

 N
eu

ro
l (

Pa
ris

). 
19

99
 A

pr
;1

55
(4

):3
06

-8
. 

6.
 B

ai
er

 W
K,

 B
ec

k 
U

, D
oo

se
 H

, K
lin

ge
 H

, H
irs

ch
 W

. C
er

eb
el

la
r 

at
ro

ph
y 

fo
llo

w
in

g 
di

ph
en

yl
hy

da
nt

oi
n 

in
to

xi
ca

tio
n.

 N
eu

ro
pe

di
at

ric
s.

 1
98

4 
M

ay
;1

5(
2)

:7
6-

81
. 

7.
 B

ai
er

 W
K,

 B
ec

k 
U

, H
irs

ch
 W

. C
T 

fin
di

ng
s 

fo
llo

w
in

g 
di

ph
en

yl
hy

da
nt

oi
n 

in
to

xi
ca

tio
n.

 P
ed

ia
tr

 R
ad

io
l. 

19
85

;1
5(

4)
:2

20
-1

. 

EXPERT OPINION ON DRUG SAFETY 971



8.
 B

as
ke

r 
V,

 M
ou

dg
il 

K.
 Id

io
pa

th
ic

 L
at

e-
O

ns
et

 C
er

eb
el

la
r 

At
ax

ia
 w

ith
 P

he
ny

to
in

: A
 C

as
e 

Re
po

rt
. J

 Y
ou

ng
 P

ha
rm

. 2
02

0;
12

(1
):1

02
-1

03
. 

9.
 B

ot
ez

 M
I, 

G
ra

ve
l J

, A
tt

ig
 E

, V
éz

in
a 

JL
. R

ev
er

si
bl

e 
ch

ro
ni

c 
ce

re
be

lla
r 

at
ax

ia
 a

ft
er

 p
he

ny
to

in
 in

to
xi

ca
tio

n:
 p

os
si

bl
e 

ro
le

 o
f 

ce
re

be
llu

m
 in

 c
og

ni
tiv

e 
th

ou
gh

t. 
N

eu
ro

lo
gy

. 1
98

5 
Au

g;
35

(8
):1

15
2-

7 
10

. B
ro

st
of

f 
JM

, B
irn

s 
J, 

M
cC

re
a 

D
. P

he
ny

to
in

 t
ox

ic
ity

: a
n 

ea
si

ly
 m

is
se

d 
ca

us
e 

of
 c

er
eb

el
la

r 
sy

nd
ro

m
e.

 J
 C

lin
 P

ha
rm

 T
he

r. 
20

08
 A

pr
;3

3(
2)

:2
11

-4
. 

11
. C

oc
ha

t 
P,

 H
ar

te
m

an
n 

E,
 D

uc
 H

, B
er

th
ie

r 
JC

, R
ou

ss
on

 A
. N

éc
ro

se
 c

ér
éb

el
le

us
e 

lo
ca

lis
ée

 a
pr

ès
 s

ur
do

sa
ge

 e
n 

di
ph

én
yl

-h
yd

an
to

ïn
e.

 A
rc

h 
Fr

 P
ed

ia
tr

. 1
98

7 
N

ov
;4

4(
9)

:8
24

-5
. 

12
. C

ra
ig

 S
. P

he
ny

to
in

 o
ve

rd
os

e 
co

m
pl

ic
at

ed
 b

y 
pr

ol
on

ge
d 

in
to

xi
ca

tio
n 

an
d 

re
si

du
al

 n
eu

ro
lo

gi
ca

l d
ef

ic
its

. E
m

er
g 

M
ed

 A
us

tr
al

as
. 2

00
4;

16
(4

):3
61

-5
. 

13
. D

as
ar

i J
R,

 V
ur

um
ad

la
 S

, P
ra

sa
d 

O
P.

 A
 c

as
e 

Re
po

rt
 o

n 
he

ny
to

in
 in

du
ce

d 
at

ax
ia

. A
si

an
 J

 P
ha

rm
 C

lin
 R

es
. 2

01
6;

9(
4)

:5
-6

. 
14

. D
re

ye
r 

R.
 D

ip
he

ny
lh

yd
an

to
in

in
to

xi
ka

tio
n.

 F
or

ts
ch

rit
te

 D
er

 N
eu

ro
lo

gi
e,

 P
sy

ch
ia

tr
ie

 u
nd

 ih
re

r 
G

re
nz

ge
bi

et
e.

 1
96

6;
34

:2
24

-2
35

. 
15

. F
eu

er
st

ei
n 

T,
 v

on
 R

eu
te

rn
 G

M
, C

ra
m

er
 H

. P
he

ny
to

in
in

to
xi

ka
tio

n 
be

i A
bb

au
st

ör
un

g,
 K

as
ui

st
ik

 e
in

es
 F

al
ls

 m
it 

Kl
ei

nh
irn

at
ro

ph
ie

. N
er

ve
na

rz
t. 

19
83

 F
eb

;5
4(

2)
:1

06
-9

. 
16

. G
ha

ta
k 

N
R,

 S
an

to
so

 R
A,

 M
cK

in
ne

y 
W

M
. C

er
eb

el
la

r 
de

ge
ne

ra
tio

n 
fo

llo
w

in
g 

lo
ng

-t
er

m
 p

he
ny

to
in

 t
he

ra
py

. N
eu

ro
lo

gy
. 1

97
6 

Se
p;

26
(9

):8
18

-2
0.

 
17

. G
ill

 M
A,

 K
er

n 
JW

, K
an

ek
o 

J, 
M

cK
eo

n 
J, 

D
av

is
 C

. P
he

ny
to

in
 o

ve
rd

os
e.

 K
in

et
ic

s.
 W

es
t 

J 
M

ed
. 1

97
8 

M
ar

;1
28

(3
):2

46
-8

. 
18

. G
ue

rr
er

o 
AL

, P
an

ia
gu

a 
JA

, D
ía

z 
Ca

sc
aj

o 
P,

 C
ac

ho
 J

, A
ria

s 
P,

 M
ar

tín
 J

A.
 A

tr
of

ia
 c

er
eb

el
os

a 
en

 re
la

ci
ón

 te
m

po
ra

l c
on

 la
 in

tr
od

uc
ci

ón
 d

e 
fe

ni
to

ín
a 

[T
em

po
ra

l c
er

eb
el

la
r a

tr
op

hy
 fo

llo
w

in
g 

ph
en

yt
oi

n 
th

er
ap

y]
. N

eu
ro

lo
gi

a.
 1

99
7 

Ju
n-

 
Ju

l;1
2(

6)
:2

59
-6

1.
 

19
. G

ui
ra

o-
Br

in
ga

s 
P,

 D
ía

z-
Pé

re
z 

G
. A

tr
of

ia
 c

er
eb

el
os

a 
y 

us
o 

cr
ón

ic
o 

de
 f

en
ito

ín
a.

 R
ev

is
ió

n 
de

 la
 li

te
ra

tu
ra

 y
 p

re
se

nt
ac

ió
n 

de
 u

n 
ca

so
 c

lín
ic

o.
 R

ev
 c

hi
l n

eu
ro

-p
si

qu
ia

tr
. 2

01
2;

50
(1

):4
2-

50
. 

20
. G

up
ta

 M
, P

at
id

ar
 Y

, K
hw

aj
a 

G
A,

 C
ho

w
dh

ur
y 

D
, B

at
ra

 A
, D

as
gu

pt
a 

A.
 P

er
si

st
en

t 
ce

re
be

lla
r 

at
ax

ia
 w

ith
 c

er
eb

el
la

r 
co

gn
iti

ve
 a

ffe
ct

iv
e 

sy
nd

ro
m

e 
du

e 
to

 a
cu

te
 p

he
ny

to
in

 i
nt

ox
ic

at
io

n:
 A

 c
as

e 
re

po
rt

. N
eu

ro
lo

gy
 A

si
a.

 2
01

3;
18

 
(1

):1
07

-1
11

. 
21

. H
ab

er
la

nd
 C

. C
er

eb
el

la
r 

de
ge

ne
ra

tio
n 

w
ith

 c
lin

ic
al

 m
an

ife
st

at
io

n 
in

 c
hr

on
ic

 e
pi

le
pt

ic
 p

at
ie

nt
s.

 P
sy

ch
ia

tr
 N

eu
ro

l (
Ba

se
l).

 1
96

2;
14

3:
29

-3
3.

 
22

. H
er

be
rg

 K
P.

 D
el

ay
ed

 a
nd

 in
si

di
ou

s 
on

se
t 

of
 d

ip
he

ny
lh

yd
an

to
in

 t
ox

ic
ity

. S
ou

th
 M

ed
 J

. 1
97

5 
Ja

n;
68

(1
):7

0-
5.

 
23

. H
iro

sh
in

i M
. C

er
eb

el
la

r 
at

ro
ph

y 
as

so
ci

at
ed

 w
ith

 p
he

ny
to

in
 in

to
xi

ca
tio

n.
 N

o 
to

 s
hi

nk
ei

 2
00

0;
52

:2
64

-2
68

. 
24

. H
irz

el
 S

. T
ox

ic
sh

ce
 “

at
ro

ph
ie

 c
er

eb
el

le
us

e.
” 

Ps
yc

hi
at

rie
 N

eu
ro

l M
ed

 P
sy

ch
ol

. 1
97

8;
 3

0(
3)

:1
85

-1
90

. 
25

. H
of

m
an

n 
W

W
. C

er
eb

el
la

r 
le

si
on

s 
af

te
r 

pa
re

nt
er

al
 d

ila
nt

in
 a

dm
in

is
tr

at
io

n.
 N

eu
ro

lo
gy

. 1
95

8 
M

ar
;8

(3
):2

10
-4

. 
26

. H
ög

lm
ei

er
 H

, W
en

ze
l U

. Z
er

eb
el

la
re

r 
D

au
er

sc
ha

de
n 

du
rc

h 
vo

rü
be

rg
eh

en
de

 H
yd

an
to

in
üb

er
do

si
er

un
g.

 D
ts

ch
 M

ed
 W

oc
he

ns
ch

r. 
19

69
 J

un
 2

0;
94

(2
5)

:1
33

0-
2.

 
27

. H
or

ne
 P

D
. L

on
g 

te
rm

 a
nt

ic
on

vu
ls

an
t 

th
er

ap
y 

an
d 

ce
re

be
lla

r 
at

ro
ph

y.
 J

 Ir
 M

ed
 A

ss
oc

. 1
97

3 
M

ar
 2

4;
66

(6
):1

47
-5

2.
 

28
. I

m
am

ur
a 

T,
 E

jim
a 

A,
 S

ah
ar

a 
M

, S
ai

to
 H

, T
su

bu
ra

ya
 K

. [
Ce

re
be

lla
r 

at
ro

ph
y 

an
d 

pe
rs

is
te

nt
 c

er
eb

el
la

r 
at

ax
ia

 a
ft

er
 a

cu
te

 in
to

xi
ca

tio
n 

of
 p

he
ny

to
in

]. 
N

o 
To

 S
hi

nk
ei

. 1
99

2 
Fe

b;
44

(2
):1

49
-5

3.
 

29
. I

sa
go

 H
,A

sa
no

 K
,H

im
i T

,K
at

au
ra

 A
. U

pb
ea

tin
g 

N
ys

ta
gm

us
 R

es
ul

tin
g 

fr
om

 A
nt

ic
on

vu
ls

an
t 

In
to

xi
ca

tio
n:

 R
ep

or
t 

of
 a

 C
as

e.
 A

ur
is

 N
as

us
 L

ar
yn

x 
19

82
;9

(1
):1

5-
24

. 
30

. J
an

zi
k 

H
H

, M
ay

er
 B

, P
et

ru
ch

 F
. D

PH
-In

to
xi

ka
tio

n–
Kl

in
is

ch
e 

un
d 

ne
ur

op
sy

ch
ol

og
is

ch
e 

Be
fu

nd
e 

be
i e

in
er

 e
xt

re
m

 la
ng

sa
m

en
 D

ip
he

ny
lh

yd
an

to
in

-E
lim

in
at

io
n.

 M
ed

 W
el

t. 
19

75
 J

an
 1

0;
26

(2
):7

9-
81

. 
31

. K
im

 J
H

, K
w

on
 S

H
, L

ee
 M

S,
 C

ho
i I

S.
 [

Ce
re

be
lla

r 
at

ro
ph

y 
fo

llo
w

in
g 

lo
ng

-t
er

m
 a

nt
ic

on
vu

ls
an

t 
th

er
ap

y—
th

re
e 

ca
se

s.
] 

J 
Ko

re
an

 M
ed

 A
ss

oc
. 1

99
1;

34
(1

1)
:1

25
1-

12
56

. 
32

. K
ok

en
ge

 R
, K

ut
t 

H
, M

cd
ow

el
l F

. N
eu

ro
lo

gi
ca

l s
eq

ue
la

e 
fo

llo
w

in
g 

D
ila

nt
in

 o
ve

rd
os

e 
in

 a
 p

at
ie

nt
 a

nd
 in

 e
xp

er
im

en
ta

l a
ni

m
al

s.
 N

eu
ro

lo
gy

. 1
96

5;
15

:8
23

-9
. 

33
. K

rü
ge

r 
H

. S
ch

w
er

e 
Kl

ei
nh

irn
sc

hä
de

n 
du

rc
h 

D
ip

he
ny

lh
yd

an
to

in
–e

in
 B

ei
tr

ag
 z

ur
 P

ro
bl

em
at

ik
 d

er
 H

yd
an

to
in

in
to

xi
ka

tio
n.

 Z
 A

rz
tl 

Fo
rt

bi
ld

 (
Je

na
). 

19
78

 O
ct

 1
;7

2(
19

):9
44

-7
. 

34
. K

um
ar

 N
, C

ha
kr

ab
or

ty
 A

, S
ur

es
h 

SH
, B

as
ap

pa
ji 

S,
 B

et
du

r 
AL

. P
he

ny
to

in
-in

du
ce

d 
ce

re
be

lla
r 

at
ro

ph
y 

in
 a

n 
ep

ile
pt

ic
 b

oy
. I

nd
ia

n 
J 

Ph
ar

m
ac

ol
. 2

01
3 

N
ov

-D
ec

;4
5(

6)
:6

36
-7

. 
35

.K
ur

uv
ill

a 
T,

 B
ha

ru
ch

a 
N

E.
 C

er
eb

el
la

r 
at

ro
ph

y 
af

te
r 

ac
ut

e 
ph

en
yt

oi
n 

in
to

xi
ca

tio
n.

 E
pi

le
ps

ia
. 1

99
7 

Ap
r;3

8(
4)

:5
00

-2
. 

36
. L

in
dv

al
l O

, N
ils

so
n 

B.
 C

er
eb

el
la

r 
at

ro
ph

y 
fo

llo
w

in
g 

ph
en

yt
oi

n 
in

to
xi

ca
tio

n.
 A

nn
 N

eu
ro

l. 
19

84
 A

ug
;1

6(
2)

:2
58

-6
0.

 
37

. L
og

an
 W

J, 
Fr

ee
m

an
 J

M
. P

se
ud

od
eg

en
er

at
iv

e 
di

se
as

e 
du

e 
to

 d
ip

he
ny

lh
yd

an
to

in
 in

to
xi

ca
tio

n.
 A

rc
h 

N
eu

ro
l. 

19
69

 D
ec

;2
1(

6)
:6

31
-7

. 
38

. L
us

in
s 

JO
, J

ut
ko

w
itz

 R
. R

es
id

ua
l c

er
eb

el
la

r 
sy

st
em

s 
dy

sf
un

ct
io

n 
an

d 
pe

rip
he

ra
l n

eu
ro

pa
th

y 
af

te
r 

di
ph

en
yl

hy
da

nt
oi

n 
th

er
ap

y.
 M

t 
Si

na
i J

 M
ed

. 1
97

2 
N

ov
-D

ec
;3

9(
6)

:6
17

-2
1.

 
39

. M
as

ur
 H

, E
lg

er
 C

E,
 L

ud
ol

ph
 A

C,
 G

al
an

sk
i M

. C
er

eb
el

la
r 

at
ro

ph
y 

fo
llo

w
in

g 
ac

ut
e 

in
to

xi
ca

tio
n 

w
ith

 p
he

ny
to

in
. N

eu
ro

lo
gy

. 1
98

9 
M

ar
;3

9(
3)

:4
32

-3
. 

40
. M

at
su

ya
m

a 
Y,

 N
ak

ag
aw

a 
M

. [
Au

to
ps

y 
ca

se
 o

f 
ch

ro
ni

c 
di

ph
en

yl
hy

da
nt

oi
n 

po
is

on
in

g]
. N

o 
To

 S
hi

nk
ei

. 1
97

2 
Fe

b;
24

(2
):2

03
-1

1.
 

41
. 

M
av

ro
ud

is
 I

A,
 M

an
an

i 
M

G
, 

Pe
tr

id
es

 F
, 

Ki
ou

re
xi

do
u 

M
, 

N
ja

u 
SN

, 
Co

st
a 

VG
, 

Ba
lo

ya
nn

is
 S

J. 
D

en
dr

iti
c,

 a
xo

na
l, 

an
d 

sp
in

al
 p

at
ho

lo
gy

 o
f 

th
e 

Pu
rk

in
je

 c
el

ls
 a

nd
 t

he
 n

eu
ro

ns
 o

f 
th

e 
de

nt
at

e 
nu

cl
eu

s 
af

te
r 

lo
ng

-t
er

m
 p

he
ny

to
in

 
ad

m
in

is
tr

at
io

n:
 a

 c
as

e 
re

po
rt

. J
 C

hi
ld

 N
eu

ro
l. 

20
13

;2
8(

10
):1

29
9-

30
4.

 
42

. M
cL

ai
n 

LW
 J

r, 
M

ar
tin

 J
T,

 A
lle

n 
JH

. C
er

eb
el

la
r 

de
ge

ne
ra

tio
n 

du
e 

to
 c

hr
on

ic
 p

he
ny

to
in

 t
he

ra
py

. A
nn

 N
eu

ro
l. 

19
80

 J
an

;7
(1

):1
8-

23
. 

43
. M

uk
he

rje
e 

SC
. P

er
m

an
en

t 
ce

re
be

lla
r 

sy
nd

ro
m

e 
fo

llo
w

in
g 

ac
ut

e 
ph

en
yt

oi
n 

in
to

xi
ca

tio
n.

 N
eu

ro
l I

nd
ia

. 1
99

6 
O

ct
-D

ec
;4

4(
4)

:2
34

-2
35

. 
44

. N
AU

TH
-M

IS
IR

 T
N

. A
 c

as
e 

of
 g

ro
ss

 o
ve

rd
os

ag
e 

of
 s

ol
ub

le
 p

he
ny

to
in

. B
r 

M
ed

 J
. 1

94
8;

2(
45

78
):6

46
. 

45
. P

la
 A

R.
 D

eg
en

er
ac

ió
n 

ce
re

be
lo

sa
 p

er
m

an
en

te
 s

ec
un

da
ria

 a
 la

 d
ife

ni
lh

id
an

to
ín

a.
 M

ed
ic

in
a 

Cl
in

ic
a.

 1
98

0;
75

(9
):3

87
-9

0.
 

46
. P

ro
ch

áz
ko

vá
 V

, U
rb

an
 P

. H
yd

an
to

in
át

ov
á 

at
ro

fie
 (

de
ge

ne
ra

ce
) 

m
oz

ec
ku

 [
H

yd
an

to
in

 a
tr

op
hy

 (
de

ge
ne

ra
tio

n)
 o

f 
th

e 
ce

re
be

llu
m

]. 
Ce

sk
 N

eu
ro

l N
eu

ro
ch

ir.
 1

98
4 

Au
g;

47
(4

):2
61

-4
. 

47
. P

ul
lia

in
en

 V
., 

Jo
ke

la
in

en
 M

., 
H

ed
m

an
 C

., 
Pa

m
m

o 
O

. A
 c

as
e 

of
 c

er
eb

el
la

r 
at

ro
ph

y 
af

te
r 

ph
en

yt
oi

n 
in

to
xi

ca
tio

n:
 N

eu
ro

lo
gi

c,
 n

eu
ro

ra
di

ol
og

ic
, a

nd
 n

eu
ro

ps
yc

ho
lo

gi
ca

l f
in

di
ng

s.
 J

ou
rn

al
 o

f 
Ep

ile
ps

y.
 1

99
8;

11
(5

):2
41

-2
47

. 
48

. P
um

ar
 J

, V
ill

al
on

 J
M

, M
ar

tin
ez

 d
e 

Al
eg

ri 
J. 

At
ro

fia
 c

er
eb

el
os

a 
tr

as
 t

ra
ta

m
ie

nt
o 

pr
ol

on
ga

do
 c

on
 f

en
ito

ín
a.

 R
ev

 E
sp

 N
eu

ro
l. 

19
95

;1
0(

4)
:2

01
-2

. 
49

. R
ap

po
rt

 R
L 

2n
d,

 S
ha

w
 C

M
. P

he
ny

to
in

-r
el

at
ed

 c
er

eb
el

la
r 

de
ge

ne
ra

tio
n 

w
ith

ou
t 

se
iz

ur
es

. A
nn

 N
eu

ro
l. 

19
77

;2
(5

):4
37

-9
. 

50
. R

ile
y 

CG
. C

hr
on

ic
 h

yd
an

to
in

 in
to

xi
ca

tio
n:

 c
as

e 
re

po
rt

. N
 Z

 M
ed

 J
. 1

97
2 

D
ec

;7
6(

48
7)

:4
25

-8
. 

51
. S

el
ho

rs
t 

JB
, K

au
fm

an
 B

, H
or

w
itz

 S
J. 

D
ip

he
ny

lh
yd

an
to

in
-in

du
ce

d 
ce

re
be

lla
r 

de
ge

ne
ra

tio
n.

 A
rc

h 
N

eu
ro

l. 
19

72
 N

ov
;2

7(
5)

:4
53

-5
. 

52
. S

hi
m

iz
u 

K,
 Iz

um
i T

, N
ak

an
o 

K,
 M

its
ui

sh
i Y

, F
uk

uy
am

a 
Y.

 A
cu

te
 E

xa
ce

rb
at

io
n 

of
 C

er
eb

el
la

r 
Sy

m
pt

om
s 

O
bs

er
ve

d 
in

 a
 C

as
e 

of
 C

hr
on

ic
 P

he
ny

to
in

 In
to

xi
ca

tio
n.

 B
ra

in
 &

 D
ev

el
op

m
en

t 
19

90
;1

2(
2)

:2
71

. 
53

. T
an

 E
K,

 C
ha

n 
LL

, A
uc

hu
s 

AP
. P

he
ny

to
in

 c
er

eb
el

lo
pa

th
y 

w
ith

ou
t 

ep
ile

ps
y.

 A
ct

a 
N

eu
ro

l S
ca

nd
. 2

00
1 

Ju
l;1

04
(1

):6
1-

2.
 

54
. T

et
a 

D
, U

ld
ry

 P
A,

 R
eg

li 
F.

 O
ph

ta
lm

op
lé

gi
e,

 s
yn

dr
om

e 
cé

ré
be

lle
ux

 e
t 

tr
ou

bl
es

 d
e 

la
 v

ig
ila

nc
e 

ré
ve

rs
ib

le
s 

ap
rè

s 
in

to
xi

ca
tio

n 
à 

la
 p

hé
ny

to
ïn

e.
 S

ch
w

ei
z 

M
ed

 W
oc

he
ns

ch
r. 

19
90

 O
ct

 1
3;

12
0(

41
):1

50
4-

7.
 

55
. U

tt
er

ba
ck

 R
A.

 P
ar

en
ch

ym
at

ou
s 

ce
re

be
lla

r 
de

ge
ne

ra
tio

n 
co

m
pl

ic
at

in
g 

di
ph

en
yl

hy
da

nt
oi

n 
(D

ila
nt

in
) 

th
er

ap
y.

 A
rc

h 
N

eu
ro

l P
sy

ch
. 1

95
8;

80
:1

80
-1

81
. 

56
. V

ill
a 

AM
, S

ic
a 

RE
. A

ta
xi

a 
ce

re
be

lo
sa

 p
er

si
st

en
te

 d
es

pu
és

 d
e 

la
 a

dm
in

is
tr

ac
ió

n 
tó

xi
ca

 d
e 

di
fe

ni
lh

id
an

to
in

a.
 A

rq
 N

eu
ro

ps
iq

ui
at

r. 
19

94
;5

2(
4)

:5
72

-4
. 

57
. Z

ui
n 

D
R,

 N
em

e 
R,

 P
or

ta
 L

, V
er

a 
J, 

Lo
pe

z 
O

L.
 A

tr
of

ia
 c

er
eb

el
os

a 
ag

ud
a 

po
r 

in
to

xi
ca

ci
ón

 c
on

 d
ife

ni
lh

id
an

to
ín

a 
pr

od
uc

to
 d

e 
in

te
ra

cc
ió

n 
m

ed
ic

am
en

to
sa

. R
ev

 N
eu

ro
l. 

20
03

 J
an

 1
6-

31
;3

6(
2)

:1
95

-6
. 

58
. O

ga
w

a 
M

, M
ae

da
 F

, O
ku

bo
 H

. [
Ac

ut
e 

ce
re

be
lla

r 
at

ax
ia

 in
 a

du
lts

: A
 c

lin
ic

al
 c

as
e.

] 
J 

Ka
ns

ai
 M

ed
 U

ni
v.

 1
97

6;
28

(3
):5

07
-5

12
. 

59
. I

nt
er

na
tio

na
l L

ea
gu

e 
Ag

ai
ns

t 
Ep

ile
ps

y.
 2

01
7 

Re
vi

se
d 

Cl
as

si
fic

at
io

n 
of

 S
ei

zu
re

s.
 h

tt
ps

://
w

w
w

.e
pi

le
ps

y.
co

m
/a

rt
ic

le
/2

01
6/

12
/2

01
7-

re
vi

se
d-

cl
as

si
fic

at
io

n-
se

iz
ur

es
 A

cc
es

se
d 

20
22

-0
2-

19
. 

972 R. FERNER ET AL.

https://www.epilepsy.com/article/2016/12/2017-revised-classification-seizures


Altogether, radiology by one or more modality was 
reported to show cerebellar atrophy in 37/62 patients (60%) 
and ventricular dilation or other changes without explicit 
mention of cerebellar atrophy in 11/62 (18%); examinations 
in 14 patients showed no or ‘minor’ abnormalities. Where 
scans were repeated after an interval of weeks or months, 
the later scan was almost always reported to be more abnor
mal than the earlier scan.

3.3.5. Correlation of clinical and radiological findings
Two patients with normal scans died, five recovered, and five 
were left with neurological deficits. Of the 10 patients who 
made a clinical recovery, three had no scan reported, one had 
clearly seen cerebellar sulci on CT scan, and one a possible 
cerebellar infarct. Two patients had normal pneumoencepha
lograms, two had normal CT scans, and one a normal MRI 
scan.

0 10 20 30 40 50 60 70 80

Dysarthria

Nystagmus

Ataxia

Clinical features stated

Total cases

Clinical features

Figure 1. The clinical features, which was recorded in 81 of the 84 cases.

0 20 40 60 80

Death

No improvement

Improvement

Recovery

Neurological outcome stated

Total cases

Neurological outcome

Figure 2. The neurological outcome, which was recorded in 62 of the 84 cases.

0 10 20 30 40 50 60 70 80

None or minor

Ventricular dilation or related change

Cerebellar atrophy

Radiological changes reported

Total cases

Radiological changes

Figure 3. The radiological findings, which were recorded in 62 of the 84 cases.
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3.3.6. Histopathological findings
Twelve cases underwent postmortem examination, including 
one boy who was killed in a road traffic collision [13]. Ten 
reports stated explicitly that there was disproportionate or 
almost total loss of Purkinje cells in the cerebellum, and six 
also commented on an increase in Bergmann glial cells or 
Bergmann gliosis. The remaining reports described 
‘Cerebellar degeneration’ with ‘discontinuous and focal 
changes, with disparity between Purkinje cells and granular 
layer,’ [11] and cerebellar lesions ‘virtually identical to those of 
chronic [phenytoin] intoxication’ [14].

4. Previous studies of the effects of phenytoin on 
the cerebellum

4.1. Histopathology

4.1.1. Salcman et al 1978, Spielmeyer 1930
Salcman and colleagues described a series of five men with 
intractable epilepsy who underwent surgery to implant cere
bral electrodes. The authors took the opportunity to biopsy 
the cerebellum [15]. All five patients had been treated with 
phenytoin, although only one had evidence of ataxia at the 
time of biopsy. Biopsies showed severe loss of Purkinje cells in 
four patients, and moderately severe loss in the remaining 
case.

Bergmann glial cells were increased. They compared these 
findings with those in ten control biopsies – five postmortem 
biopsies from children who had died in status and five from 
adults undergoing surgery for oligodendroglioma – in which 
changes were largely absent. However, there were no details 
of drug treatment in the control patients.

Salcman et al drew attention to the findings of Spielmeyer, 
who had described loss of Purkinje cells in patients with 
epilepsy in postmortem specimens obtained prior to the use 
of phenytoin [16]. Hypoxic or hypoglycemic damage was said 
to preferentially affect hippocampal cells, and then Purkinje 
cells; so that histological examination of the cerebellum alone 
might not distinguish between hypoxia (or hypoglycemia) and 
toxicity from phenytoin.

Several animal studies in different species, but not all, have 
demonstrated similar histopathological changes in the cere
bellum after exposure to toxic doses of phenytoin.

4.1.2. Kokenge et al 1965
Kokenge et al studied 36 rats given phenytoin 100–200 mg/ 
kg/day and 12 cats given up to 30 mg/kg/day [17]. There was 
loss of Purkinje cells and edema of Bergmann’s glial layer in all 
animals examined at 18 days. The cats proved much more 
susceptible to phenytoin than the rats.

4.1.3. Kiefer et al 1989
The study by Kiefer et al compared 30 mice treated with 
phenytoin and 30 control mice, sacrificed in groups of six 
treated and six control animals at 3, 6, 10, 14, and 48 days 
after the start of (high-dose) phenytoin treatment [18]. These 
workers demonstrated progressive changes in morphology 
and reduction of number of Purkinje cells in the cerebellum 

from day 6, although clinical effects of ataxia, drowsiness, and 
weight loss were seen only from day 35.

4.2. Radiology

4.2.1. Pneumoencephalograms
4.2.1.1. Iivanainen et al 1977. Iivanainen et al subjected 
338 patients with epilepsy and ‘mental retardation’ to pneu
moencephalography [19]. One hundred and thirty-one 
patients had been treated with phenytoin, of whom 19 had 
definite cerebellar signs on clinical examination. Abnormal 
pneumoencephalograms were found in 93% of the patients, 
of whom 36 were recorded to have cerebellar atrophy. 
Atrophy was present in significantly more patients who had 
suffered a clinical episode of phenytoin intoxication (8/36) 
than in those who had not (1/51; χ2 = 4.5, P < 0.05).

4.2.2. CT scans
4.2.2.1. Koller et al 1980. In 1980, Koller and colleagues 
published a letter with preliminary data on eight patients ‘on 
long-term phenytoin therapy’ whose CT scans showed cere
bellar atrophy, but who had no clinical signs of a cerebellar 
disorder [20].

4.2.2.2. Kessler et al 1985. Kessler et al studied 310 patients 
with epilepsy treated with a variety of antiseizure medication: 
54 took phenytoin alone; 32 took phenytoin with carbamaze
pine; and 13 took phenytoin with primidone [21]. Cerebellar 
atrophy was present in 25% of patients treated with phenytoin 
alone, 70% of those treated with phenytoin and carbamaze
pine, and 9% of those treated with carbamazepine alone. (The 
findings were presented graphically, and so data are 
approximate.)

4.2.2.3. Bechinger et al 1986. Bechinger et al studied neu
rological findings, CT results, and treatment details in 242 
stable patients with epilepsy [22]. Alcohol, a recognized 
cause of cerebellar atrophy, may have played a role in 31 
cases. The CT reports were masked, without knowledge of 
the treatments. In those 211 patients in whom alcohol played 
no part, 89 were treated with phenytoin, 45 with other anti
seizure medication, and 77 without medication. Cerebellar 
atrophy was present in 30/89 (33%), 5/45 (11%), and 8/77 
(10%) respectively. In the subset of 18/31 patients with alco
holism who did not take medication, 6/18 (33%) had cerebel
lar atrophy. While cerebellar atrophy was present in only 10% 
of patients treated with phenytoin for less than one year, it 
was present in 52% of those treated for over 10 years.

4.2.2.4. Del Negro et al 2000. Del Negro et al examined 37 
or 38 patients who had been treated with phenytoin and 29 
who had been treated with other antiseizure medication (the 
abstract and the text give different numbers) [23]. Cerebellar 
atrophy was present in CT scans of 5/38 patients treated with 
phenytoin, including all four patients who had taken it for 
more than 10 years. Clinical cerebellar signs were present in 
2/13 patients with moderate or severe CT changes, and 3/21 
with no or mild CT changes. None of the control patients had 
either clinical or radiological evidence of cerebellar damage.
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4.2.3. Magnetic resonance imaging (MRI)
4.2.3.1. Shanmugarajah et al 2018. Shanmugarajah et al 
studied 47 patients treated for at least one year with pheny
toin for epilepsy [24]; the median duration of phenytoin treat
ment was 15 (range 1–67) years. On examination, 19/47 
patients (40%) had gait ataxia, and 9/47 (19%) also had nys
tagmus. Only one had dysarthria.

Thirty of the patients underwent 3 Tesla MRI scanning [24]. 
The scans were reported to show cerebellar atrophy in 13 
patients, six of whom had ataxia and seven of whom did 
not. Cerebellar volume was significantly smaller in the sub
group with ataxia, 7.77 ± 0.99 units compared to the subgroup 
who did not, 8.88 ± 0.82 units, P = 0.036.

4.2.3.2. Ney et al 1994. Thirty-six patients exposed for 
a median of nearly 14 years to phenytoin, and 35 normal 
control subjects were examined by MRI in a study by Ney 
et al [25]. There was no evidence of cerebellar atrophy in 15/ 
36 patients or 33/35 controls; mild cerebellar atrophy was seen 
in 12/36 patients and 2/35 controls. In 7/36 patients, cerebellar 
atrophy was moderate, and in 2/36 it was severe. There was 
no obvious correlation between the presence or degree of 
atrophy and seizure frequency or phenytoin exposure. The 
authors stated that ‘Our study was unable to clearly elucidate 
whether the cerebellar atrophy resulted from seizures or from 
exposure to phenytoin.’

4.2.3.3. Luef et al 1996a. Luef et al examined MRI scans in 
11 patients with epilepsy, all of whom had been treated with 
phenytoin and had at least one episode during which the 
serum phenytoin concentration (21.4–95.6 mg/L) exceeded 
the reference range [26]. At the time of the increased serum 
phenytoin concentration, clinical signs of cerebellar disorder 
were absent in three patients; and eight had nystagmus, 
which was associated with ataxia in two patients. Only one 
patient had persistent signs at the time of MRI. Six of the 11 
patients had MRI evidence of cerebellar atrophy, involving the 
vermis (one patient), the cerebellar hemispheres (one patient) 
or both (four patients). The radiological findings did not relate 
to the clinical findings or phenytoin concentration.

4.2.3.4. Luef et al 1996b. A linked study [27] compared 
cerebellar volume, measured on MRI scans, in 11 phenytoin- 
treated patients and 11 control subjects. Cerebellar volume 
was inversely related to phenytoin exposure (measured by 
dose and duration of treatment) but not to clinical signs.

4.2.3.5. De Marcos et al 2003. De Marcos and colleagues 
[28] also examined cerebellar volumes by MRI scanning in 56 
patients who had been treated with phenytoin for at least 
2 months, and 20 healthy adults. They used z-scores (based on 
the number of standard deviations from the control mean 
volume) to grade cerebellar atrophy. It was present in 20/56 
patients, being mild in nine, moderate in nine, and severe in 
two. Cerebellar atrophy was present in 9/16 patients who had 
suffered a clinical episode of phenytoin intoxication, and cor
related with duration of phenytoin treatment (calculated 
r2 = 0.21, P = 0.01).

5. Expert opinion

Phenytoin has been the mainstay of antiseizure medication 
therapy since the 1930s, and is still widely prescribed, 
although it is gradually being replaced by other drugs. In 
England in January 2017, more than 67,000 prescriptions 
were written in general practice for phenytoin sodium, 
although by November 2021, the number had fallen to 
under 48,000 [29]. We predict that de novo usage will continue 
to decline, so that most patients remaining on phenytoin 
treatment will have been treated for many years.

Cerebellar signs are the cardinal clinical feature of pheny
toin intoxication. It is standard clinical practice to examine 
phenytoin-treated patients for ataxia, dysmetria, and nystag
mus, and to reduce phenytoin dosage if such signs are pre
sent, guided by serum phenytoin concentrations. Usually, such 
signs are transient. However, from the 1950s it became clear 
that cerebellar disorder persisted in some patients even after 
phenytoin was withdrawn.

We have been unable to identify any formal epidemiologi
cal study of the association between phenytoin treatment and 
cerebellar disorders. We have therefore systematically 
searched the literature for case reports and case series. In 
the cases collected here, ataxia was recorded to be present 
in almost all of the patients in whom clinical details were 
provided. Most cases arose during therapeutic dosing. Only 
one case was of deliberate overdosage [30]; one patient who 
did not have seizures was prescribed phenytoin for prophy
laxis [31]; and one report described iatrogenic intoxication 
with parenteral phenytoin [32].

Eleven (14%) patients died of the 76 whose outcomes were 
reported, and only 10 (13%) recovered completely. Many 
patients remained disabled by ataxia and were unable to 
walk, or required assistance to do so.

There were insufficient data to show whether the probabil
ity of recovery correlated with peak serum phenytoin concen
tration. For many of the early cases, no phenytoin 
concentration was reported.

Cerebellar atrophy, demonstrated radiologically or histolo
gically, was common in patients who had been treated with 
phenytoin for a year or more, whether or not they had symp
toms or clinical signs of cerebellar disturbance.

Our review shows clearly that clinical signs of ataxia can 
persist without radiological evidence of cerebellar atrophy, 
and cerebellar atrophy can be seen without any clinical evi
dence of cerebellar dysfunction. This disjunction between clin
ical and radiological signs has not been explained. It is not 
simply a postmortem artifact, since in vivo cerebellar biopsies 
showed histological changes. Although the early literature 
demonstrated that loss of Purkinje cells could be found in 
patients who had died from status epilepticus, and so was 
not specific to phenytoin intoxication, animal studies strongly 
support the view that phenytoin toxicity can damage Purkinje 
cells, and cause related changes in Bergmann astroglia.

However, the evidence on the clinical course and the rela
tion to radiological change comes mainly from case reports. 
All deductions from published series of cases are limited by 
the selective nature of case reports: their publication depends 
on several nonrandom factors, such as the enthusiasm of the 
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reporter, the nature of the case, and the vagaries of peer- 
reviewed publication, which may favor unusual cases. These 
limitations apply to the current work. The literature spans 
a period of over sixty years, during which medical practice 
has changed substantially, and so the cases may not reflect 
either current therapeutic practices or their outcomes.

Better information on the clinical significance of phenytoin 
intoxication sufficient to cause cerebellar signs would be helpful 
clinically and for medico-legal reasons. It will require carefully 
conducted prospective follow-up studies of patients who are 
acutely intoxicated, or who develop cerebellar signs while taking 
phenytoin chronically, but such studies are unlikely to be 
performed.

Rare cases of cerebellar damage have been reported in 
patients whose measured phenytoin concentration has been 
within the accepted reference range. However, most patients 
with cerebellar dysfunction have phenytoin concentrations 
above the reference range.

Prescribers should be mindful of the non-linear pharmaco
kinetics of phenytoin, and be guided by patient reports of 
possible cerebellar dysfunction and by clinical signs, as well 
as concentration measurements, to reduce the dose when 
necessary. Since high concentrations, especially if maintained 
for some time, can cause permanent cerebellar damage, pre
scribers should advise patients to attend promptly if cerebellar 
symptoms appear, and adjust dosage appropriately. For 
patients with newly-diagnosed epilepsy, phenytoin is no 
longer the drug of first choice.
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