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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.
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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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