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Phenytoin (PHT) is a first line antiepileptic drug (AED) used to treat many epilepsy syndromes. As with other 

AEDs, there are various adverse effects associated with PHT. For this brief review, we searched for evidence 

of cerebellar ataxia as a chronic adverse effect of therapeutic-range PHT treatment. Many previous studies 

appeared related to this issue, but many of those studies were designed to resolve questions related to the 

persistent residual effects of toxic-range PHT therapy, or they were inconclusive due to an absence of critical 

information such as PHT serum concentration, cerebellar symptoms/signs, and other factors contributing to 

cerebellar degeneration. Nevertheless, there were a few reports suggesting that cerebellar ataxia may be a 

chronic adverse effect of therapeutic-range PHT therapy and that a possible pathomechanism for that effect is 

folate deficiency. Moreover, there is the possibility that there may be patient-specific susceptibility factors 

affecting ataxia. Further studies are needed to elucidate the incidence, risk factors, and pathomechanism of 

cerebellar ataxia as a chronic adverse effect of therapeutic-range PHT treatment. (2017;7:21-24)
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Introduction

Hydantoins are derivatives of a common five-membered hetero-

cyclic ring that differ according to various combinations of alkyl and 

phenyl substitutions at three positions on the ring. In the late 

1930s, Putnam and Merritt tested several hydantoin derivatives 

and found phenytoin (diphenylhydantoin, PHT) to have a promising 

antiepileptic effect with acceptable sedative properties.1 In human 

trials, PHT was shown to be effective2 and thereafter became ac-

cepted as a first line antiepileptic drug (AED) for many epilepsy 

syndromes.

As with other AEDs, adverse effects of PHT have been identified 

and some may lead to drug discontinuation. Well-known dose-re-

lated reversible adverse effects of PHT include nystagmus, ataxia, 

diplopia, and drowsiness. Ataxia related to PHT therapy usually in-

volves station and gait rather than fine motor movements. There is 

a relationship between PHT intoxication symptoms and drug con-

centration and, in the majority of patients, ataxia appears at a PHT 

plasma concentration of approximately 30 ug/mL.3 However, there 

are a few reports of cerebellar ataxia being a chronic adverse effect 

of therapeutic-range PHT treatment.

Experimental studies 

Most previous experimental PHT studies have investigated chron-

ic cerebellar dysfunction following acute PHT toxicity.4-10 These stud-

ies were designed to evaluate the effect of toxic-level PHT admin-

istration during a relatively short period (longest duration was six 

months). Several of the studies revealed Purkinje cell loss as well as 

other evidence of cerebellar degeneration in various animals given 

toxic levels of PTH.4-8 Dam9 criticized these experimental studies, in-

cluding his earlier study in pigs,10 suggesting that the reported ab-

normalities may have been the result of fixation artifacts, hypoxic le-

sions, or failure to use quantitative Purkinje cell counting methods 

rather than the result of true cerebellar degeneration due to PTH. 

Thus far, experimental studies have not elucidated PHT’s role in cer-

ebellar dysfunction or degeneration in subjects undergoing chronic 

administration of therapeutic-range PTH.

No experimental study reports on cerebellar dysfunction related 

to chronic use of PHT within the therapeutic range. Therefore, that 

relationship remains undetermined, and it is clear that further stud-

ies are required not only to resolve the differing views about chronic 

cerebellar degeneration after acute toxicity, but also to determine 

the types and incidences of cerebellar dysfunction after long-term 
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therapeutic-range PHT treatment.

Clinical studies 

Previous case reports and case series have described cerebellar 

degeneration in patients taking PHT.11-19 However, most of those re-

ports had one or more weaknesses that did not permit determination 

of the relationship between cerebellar ataxia and chronic PHT ther-

apy within the therapeutic range. For example, patients in some stud-

ies had other possible causes of cerebellar degeneration and ataxia 

such as generalized tonic-clonic seizures, hypoxia from other causes 

(encephalitis or electroconvulsive therapy), chronic concomitant use 

of other AEDs, or neurodegenerative disease.11-14,16,17 In addition, in 

most cases the daily PHT dosage or PHT serum level was above the 

therapeutic range,11,17,19 and in many reports the authors assessed 

the irreversible or persistent toxic effects of PHT after acute 

intoxication. Thus, these studies could not address our primary ques-

tion-Can chronic phenytoin administration within therapeutic range 

cause cerebellar ataxia? Neither ataxia and cerebellar degeneration 

nor ataxia and cerebellar atrophy are synonymous. Cerebellar degen-

eration and cerebellar atrophy have been observed in patients with 

chronic therapeutic-range PHT therapy. In some reports,11,13 either 

the patients did not show cerebellar ataxia or the authors did not 

mention cerebellar symptoms or signs. Finally, PHT therapy within 

the therapeutic range cannot be equated to PHT therapy with com-

monly used dosages. Due to the pharmacokinetic characteristics of 

PHT, including first-order kinetics,20 common drug–drug interactions 

due to competitive protein-bound properties,21,22 and the metabolic 

dependency of the cytochrome p450 system,23 even when applying 

commonly used dosages the serum level of PHT can fluctuate and 

may increase to the toxic range. However, in many previous re-

ports,11,13,14,16 PHT serum level data are absent. Thus, to address our 

primary question, there is a need to evaluate serum PHT concen-

trations or, if needed, unbound PHT concentrations.

Several autopsy cases8,11-13,15 have demonstrated cerebellar de-

generation only rather than concomitant cell loss in the cerebellum, 

hippocampus, and other structures sensitive to hypoxia. The authors 

of those studies implicate PHT rather than hypoxia as the cause of 

the degeneration. However, subjects in some of those studies had 

been treated with high PHT dosages11 or had undergone short dura-

tion PHT treatment.13 For some subjects in those studies there was 

no information on PHT serum concentrations.13 Some rare cases ex-

hibited persistent cerebellar damage attributable to long-term PHT 

treatment.8,11,12,15 Among those studies, two reports mentioned cer-

ebellar manifestations.12,15 In the biopsy study reported by Salcman 

et al.,24 cerebellar signs were rare among patients with marked 

Purkinje cell layer degeneration. Such studies indicate that the cer-

ebellum may be able to compensate for cell loss induced by PHT 

treatment. Moreover, there is a possibility that cerebellar degener-

ation observed by autopsy or biopsy does not indicate the presence 

of cerebellar symptoms such as ataxia.

Neuroimaging studies of PHT treated patients, using computed to-

mography (CT) or magnetic resonance imaging (MRI), have been 

conducted. McLain et al.19 reported on five patients undergoing 

chronic PHT therapy with cerebellar dysfunction and cerebellar atro-

phy on CT scans. All had high plasma PHT levels and none had seiz-

ures when the cerebellar symptoms appeared. The authors sug-

gested that a chronic exposure of high level PHT therapy rather than 

seizures was responsible for the cerebellar degeneration. Luef et al.25 

reported similar results from their 1.5 T MRI study. They observed 11 

patients undergoing chronic PHT therapy (> 1 year duration) and ex-

periencing episodes of abnormally increased serum PHT levels. Most 

of their patients developed clinical signs of cerebellar dysfunction: 

five patients had normal cerebellar structures whereas six had mod-

erate to severe cerebellar atrophy. However, because of the high se-

rum PHT levels in all of the patients in those studies, the results do 

not apply to our primary question.

Koller et al.26 studied 55 cases of cerebellar atrophy that were 

identified by using CT. Among those cases, eight patients had been 

taking PHT at a therapeutic level for an average of 12 years. Those 

patients showed significant superior cerebellar cistern, cer-

ebellopontine angle cistern, and cisterna magna enlargement. 

However, there was no evidence of cerebellar dysfunction. Their re-

sults are similar to previous autopsy/biopsy studies that showed di-

vergent clinical manifestation and pathologic results.

Ney et al.27 and De Marcos et al.28 evaluated cerebellar atrophy in 

epileptic patients with long-term PHT exposure by using MRI (1.0 T 

and 2.0 T, respectively). Ney and coworkers27 reported that their pa-

tient group had a significantly high frequency of cerebellar atrophy. 

However, they did not describe any cerebellar symptoms or signs, and 

they did not evaluate serum PHT concentrations. De Marcos28 per-

formed cerebellar volumetry and detected cerebellar atrophy (i.e., 

cerebellar volumes less than two standard deviations below the 

mean of the control group) in 35.7% of the patients. Their indicator 

of cerebellar atrophy correlated with epilepsy duration and years of 

PHT treatment, but not with the frequency of generalized seizures, 
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age, or mean daily PHT dosage. They did not evaluate patients’ cer-

ebellar symptoms or signs. Moreover, serum PHT levels were avail-

able only in approximately one third of their patients, and half of 

those had toxic serum PHT levels.

The report by Munoz-Garcia et al.29 focused on ataxia in chronic 

antiepileptic treatment. They studied 95 epileptic patients on chronic 

antiepileptic treatment including those undergoing PHT therapy 

(81%). Twenty-eight (29.5%) of the patients with truncal ataxia had 

longer treatment periods, received a significantly larger variety of 

drugs, and had higher serum phenobarbital levels than the symp-

tom-free group. Those authors suggested that cerebellar ataxia is at-

tributed to chronic multiple-drug antiepileptic therapy rather than 

PHT-only treatment.

In conclusion, the occurrence of cerebellar ataxia in patients un-

dergoing chronic PHT therapy within the therapeutic range is possi-

ble, but studies with results relevant to our primary question are rare 

and inconclusive. Therefore, further well-designed, large sample size 

studies are needed.

Possible mechanisms 

The pathomechanism of toxicity due to chronic PHT administration 

is unclear. Some researchers have suggested folate deficiency as a 

possible mechanism because PHT inhibits folate absorption from fo-

late polyglutamates, a major component of food folate, and inhibits 

the activity of folate conjugase from human jejunal mucosa at phar-

macological concentrations in vitro and in vivo.30 Muños et al.29 sug-

gested that folate depletion is associated with the induction of ataxia 

by chronic anticonvulsant treatment. In their report, serum folate lev-

els were significantly lower in the ataxic group than in the control 

group. They proposed two possible mechanisms. First, decreased fo-

late levels may impair hepatic drug-metabolizing capacity31 and thus 

increase serum drug levels after a long, steady-state, symptom-free 

period. Alternatively, folate deficiency might directly impair neural 

functioning.

Conclusion

For this brief review, we searched for evidence indicating that cer-

ebellar ataxia was a chronic adverse effect of therapeutic-range PHT 

therapy. There are several previous studies related to this issue, but 

upon detailed examination we found that many of those studies 

were designed to resolve other questions related to the persistent re-

sidual effect of toxic-range PHT therapy or were inconclusive due to 

an absence of critical information on other factors such as PHT serum 

concentration, cerebellar symptoms/signs, and other factors con-

tributing to cerebellar degeneration. Nevertheless, there were a few 

reports suggesting that cerebellar ataxia may be a chronic adverse 

effect of therapeutic-range PHT therapy and that a possible patho-

mechanism for that effect was folate deficiency. Moreover, there may 

be patient susceptibility factors affecting ataxia. Further studies are 

needed to elucidate the incidence, risk factors, and pathomechanism 

of cerebellar ataxia as a chronic adverse effect of therapeutic-range 

PHT treatment.

Key points 

- Ataxia is one of the well-known dose-related reversible adverse 

effects of PTH therapy. 

- Most experimental studies have investigated chronic cerebellar 

dysfunction following acute intoxication of PHT. 

- Most case reports/series were inconclusive due to an absence of 

some critical information. 

- Several autopsy cases and neuroimage studies have demon-

strated cerebellar degeneration but cerebellar signs were rare 

among patients with marked degeneration/atrophy. 

- Further studies about the incidence, risk factors, and patho-

mechanism of cerebellar ataxia as a chronic adverse effect of 

therapeutic-range PHT treatment are needed. 
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