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Anticonvulsant peripheral neuropathy: a clinical and
electrophysiological study of patients on single drug
treatment with phenytoin, carbamazepine or

barbiturates
SD SHORVON,* EH REYNOLDS

From the University Department ofNeurology, Institute ofPsychiatry and Kings College Hospital Medical
School, London, UK

SUMMARY Previous studies of phenytoin neuropathy in selected groups of chronic epileptic
patients on polytherapy have indicated a widely varying incidence of clinical or electrophysiological
abnormalities. In 51 previously untreated epileptic patients followed prospectively on phenytoin or
carbamazepine monotherapy, assisted by blood level monitoring, for 1-5 years we found no clinical
evidence of neuropathy. Eighteen per cent of the phenytoin group and none of the carbamazepine
group had mild electrophysiological changes (abnormalities of sensory action potentials or sensory
conduction). In the former group the occurrence of the electrophysiological abnormalities was
possibly related to previous exposure to high phenytoin or low folate levels or both. In 10 chronic
epileptic patients we demonstrated reversible slowing of sensory nerve conduction during pheny-
toin intoxication. In six selected epileptic patients on chronic barbiturate monotherapy we found
clinical evidence of neuropathy in two and electrophysiological abnormalities in five, including
reversible slowing of sensory conduction during intoxication in one. This suggests that barbiturate
drugs may, like phenytoin, also contribute to anticonvulsant neuropathy. Careful monitoring of
single drug therapy with avoidance of acute toxicity may reduce the risk of chronic anticonvulsant
neuropathy.

Isolated cases of peripheral neuropathy associated
with phenytoin therapy in epileptic patients have
been reported over many years.1-5 However, only in
the last 15 years has the subject been investigated in
detail. Since the negative study of Brumlik and
Moretti" there have been several further clinical
and/or electrophysiological investigations in groups
of chronic epileptic patients7 S3 which are summar-
ised in table 1. These reports have produced widely
varying observations regarding the incidence (0-33%
clinical, and 0-89% electrophysiological) and nature
of phenytoin neuropathy. These apparently conflict-
ing conclusions may have arisen because there are
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several important aspects of the subject which have
received inadequate attention.

First, it has been clearly established that exposure
to high serum levels of phenytoin may cause an
immediate and reversible slowing of nerve conduc-
tion, and this must be differentiated from the perma-
nent electrical changes of chronic peripheral
neuropathy. This acute effect was first reported in
animal and in vitro experiments14-7 and has been
demonstrated in two human studies. HopPf8 reported
a reversible slowing in nerve conduction in human
volunteers after 11 days of treatment with phenytoin,
and although serum levels were not measured the
drug doses were high. Birket-Smith and Krogh"9
found a reversible slowing of motor conduction in 19
patients that was apparent only with serum phenytoin
levels above 120 ,umol/l. This phenomenon has been
overlooked in many of the previous reports of pheny-
toin neuropathy. For example, of the 20 patients with
lower limb areflexia reported by Lovelace and Hor-
witz,12 only two showed no evidence of toxicity and
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Anticonvulsant peripheral neuropathy: a clinical and electrophysiological study

Table 1 Previous clinical and electrophysiological studies ofphenytoin induced peripheral neuropathy

Authors N Patients Other aspects ofstudy design Findings

Age range Length of High Phenytoin Folate Control Incidence of Incidence of Relationships
(years) phenytoin serum mono- kvels group clinical electro-

treatment phenytoin therapy neuropathy physiological
(years) levels abnormality

Brumlik & Moretti (1966)6 26 16-57 0-25-25 - - - + Nil No slowing of Nil
median or ulnar
nerve conduction

Lovelace & Horwitz (1968)12 26 12-50 >5 - - + - Lower limb Slowing of Motor conduction
areflexia in 18% motor con- velocity inversely

duction in 95% related to
of areflexic duration of
patients therapy

DeCastroetal (1972)' 11 17-52 3-18 - -+ Not stated Slowing of Motor conduction
motor and velocity inversely
sensory con- related to
duction in duration of
72 5% therapy

Eisenet al (1974)' 45 21-74 10 + - - - 33% lower-limb 89% some Electrophysio-
areflexia and/ electrophysio- logical and clinical
or sensory logical changes changes related to
disturbance high serum level

and high
phenytoin intake

Encinoza (1974)10 300 12-65 2-5-9 - - Nil 52% some Electrophysio-
electrophysio- logical
logical changes abnormality

related to dose,
duration of
therapy and age

Chokroverty & Sayeed (1975)7 35 17-58 1-27 + - + - 85% lower limb Not clearly Electrophysio-
areflexia and/ stated logical
or sensory loss abnormality

related to
duration of
therapy and high
phenytoin levels

Zebrowska-Szymusik (1978)' 42 19-44 7-33 - - - - Nil 7-1% No relation to
serum level,
duration of
treatment, side
effects

Fujiwaraetal (1979)11 40 18-51 1-28 - - - - 5% clinical 0-28% Abnormalities
evidence of abnormalities related to
neuropathy duration of

treatment &
severity of
epilepsy

11 patients were taking daily doses of between 500
and 800 mg.
Another problem is that in every previous report

of phenytoin neuropathy other anticonvulsant drugs
were also used, and the possible contribution of these
drugs to the observed neuropathy was not con-
sidered. There have been no clinical studies of
peripheral nerve function in patients on monotherapy
with phenytoin or other anticonvulsants. A further
aspect to consider is the relation of anticonvulsant
induced folate deficiency to peripheral nerve dys-
function.20-1 This is discussed in detail elsewhere,'
and there is evidence that peripheral neuropathy may
be one, although not the commonest, of the neuro-
psychiatric complications of this deficiency state in
non-epileptic subjects.25 Finally it is important to
consider the relation of duration of anticonvulsant
therapy to peripheral nerve dysfunction. Most

authors have suggested that the more prolonged the
treatment the more likely is neuropathy to
develop,7-12 although others disagree,13 and the evi-
dence is inconclusive. However there have been no
prospective studies, nor any investigation of patients
recently started on single (or even multiple) drug
treatment. In none of the studies of chronic patients
has the relation of duration of treatment to such fac-
tors as polytherapy, previous acute or chronic toxicity
(for example folate deficiency) been taken into
account.

In order to control for these problems we under-
took the following investigations: (1) an elec-
trophysiological study of sensory nerve function dur-
ing and after exposure to high serum levels of pheny-
toin, (2) a clinical and electrophysiological study of
previously untreated epileptic patients who had been
carefully monitored prospectively on phenytoin or
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Table 2 Patient groups

Group N Age (yr) Sex Duration ofepilepsy
Mean (range)

Mean Range (yr)

A control 20 36 21-65 5M 15F -

B phenytoin intoxication 10 30 12-55 5M 5F 12-0 (2-35)
C phenytoin 32 30 10-67 14M 18F 3-2 (1-5)
D carbamazepine 19 30 10-59 10M 9F 2-1 (1-3)
E barbiturate 6 39 24-62 2M 4F 21-0(10-45)

Table 3 Group A: normal controls: clinical and electrophysiologicalfindings

Number Incidence of Sural nerve Median nerve
clinical neuropathy

Mean CV Mean SAP Mean CV Mean SAP
(range) (range) (range) (range)

Group A 20 0% 48 15 56 18
(40-54) (10-22) (49-69) (10-38)

CV = conduction velocity (m/s).
SAP = sensory action potential (IAV).

carbamazepine monotherapy for 1-5 years, (3) a
clinical and electrophysiological study of chronic.
epileptic patients on barbiturate monotherapy.

Patients (table 2)

Group A Twenty healthy subjects (age 22-69 yr), who had
never taken anticonvulsant drugs, constituted the control
group.

Group B Ten chronic epileptic patients taking phenytoin
were examined on two occasions (a) with a serum phenytoin
level higher than 120 ,umol/l, and (b) after reduction of the
phenytoin level below 80 ,umol/l.

Group C Thirty-two previously untreated epileptic
patients (age 15-68 yr) who had been taking phenytoin
alone continuously for 2-5 years, and whose blood level at
the time of testing was less than 120 ,umol/l.

Group D Nineteen previously untreated epileptic patients
(age 10-59 yr) who had been taking carbamazepine alone
continuously over a period of 1-3 years.

In groups C and D the patients had been regularly super-
vised by the authors since the commencement of anticonvul-
sant therapy. Serum drug levels, serum and red cell folate
levels had been monitored at frequent intervals. No patient
was taking, or had ever taken, any other anticonvulsant
drugs.

Group E Six chronic epileptic patients (age 24-62 yr) who
were taking regular barbiturate therapy and who had never
received any other anticonvulsant drugs. One was examined
on two occasions, first when clinically intoxicated and with a
phenobarbitone level of 228 ,umol/l, and again two months
later with a level of 95 u.mol/l.

Methods

All subjects had a full neurological examination including
motor, sensory and reflex functions in the limbs. All epilep-

tic subjects had a full blood count, determinations of blood
urea, creatinine, electrolytes, sugar, liver function tests,
serum proteins, calcium, alkaline phosphatase, vitamin B12,
serology and a chest radiograph.
Serum phenytoin and phenobarbitone levels were

measured with the on-column methylation method of Kup-
ferberge using a Hewlett-Packard series 5750 research
gas chromatograph, 3% OV 17 columns and
5-(p-methylphenyl)-5-phenylhydantoinate as the internal
standard. Serum carbamazepine was measured by the gas
chromatographic method of Toseland et al.27 Serum and red
blood cell folate levels were measured using the Lactobacil-
lus casei assay.

In every subject the sensory action potentials and conduc-
tion velocities of the median and sural nerves were
measured according to the method of Burke et al. 2 Standard
electrophysiological techniques for stimulation and record-
ing were employed using surface electrodes and averaging
32 supramaximal evoked potentials using a Medelec MS6
electromyograph. In all cases the proximal sural potentials
were obtained from both lower limbs, and median nerve
potentials from the index and third fingers of both hands,
and the best measurements used. The conduction velocity of
the fastest conducting fibres were obtained by dividing the
distance from the cathode to the nearest recording electrode
by the latency to onset of the first negative deflection. The
amplitude of the averaged response was measured peak to
peak. The limbs were warmed and the skin temperature was
kept at 32°C or more in all cases. Scrupulous attention was
paid to careful technique as emphasised by Buchthal and
Rosenfalck" and Burke et al.2

Results

Group A (control group) No clinical or elec-
trophysiological abnormalities were found. The mean
values and range of the median and sural conduction
studies are shown in table 3, and these accord well
with the published normal values'm2 and with those
of our laboratory (Payan, personal communication).
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Anticonvulsant peripheral neuropathy: a clinical and electrophysiological study

Table 4 Group B: electrophysiological data during and after phenytoin intoxication

Case No. 1st measurement (phenytoin level >120 mmol/l 2nd measurement (phenytoin level <80 mmol/l

Phenytoin Sural nerve Median nerve Phenytoin Sural nerve Median nerve
level level
(pmol/l) CV SAP CV SAP (pnol/l) CV SAP CV SAP

(m/s) (#V) (m/s) (AV) (m/s) (/AV) (m/s) (AV)
1 210 34 15 45 25 * 45 19 57 22
2 188 43 16 51 26 68 53 15 64 30
3 164 40 13 48 15 48 40 10 41 13
4 160 50 5 58 18 60 49 8 63 18
5 224 - Abs - Abs 36 56 17 67 15
6 132 40 10 50 15 52 52 15 51 15
7 124 38 15 58 20 60 46 12 59 20
8 156 31 18 52 15 68 45 10 53 12
9 152 39 5 48 10 76 48 10 57 20

10 156 40 8 53 15 68 45 12 62 18
Mean 172 39-4 11-7 51-4 17-7 60 47 9 12-8 57 4 18-3

*Phenytoin discontinued in this patient; Abs = no potential measurabl
CV = conduction velocity; SAP = amplitude of the sensory action poti

60 -

60~~~~~~~~~~
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45.
Sural nerve
conduction velcity

40 4

35-

00
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Figure Sural conduction velocity during and after phenytoin
intoxication. (See table 4.)

Group B (phenytoin intoxication) (table 4 and
fig) Following reduction of high phenytoin levels
the mean sural conduction velocity increased from
39-4 m/s to 47-9 m/s (22% increase), and the mean
median conduction velocity from 51-4 m/s to 57-4
m/s (11% increase). There was a 15% or more
increase in sural conduction in eight of the 10 cases,
and in median nerve conduction in six of the 10 cases.
There were no significant changes in the amplitudes
of either the median or sural nerve action potentials.
At the time of intoxication the sural conduction vel-

ocity was subnormal in four cases, the sensory action
potential absent in one case and subnormal in three
cases, and the median sensory action potential absent
in one case. At the time of the second examination
all abnormalities had disappeared except for a con-
tinuing small sural sensory potential in one patient.

Group C (phenytoin monotherapy) (table 5) There
was no clinical evidence of neuropathy in any of the
32 patients examined. In six (18%) cases, however,
electrophysiological abnormalities were found. The
sural sensory action potential was abnormal in six
cases, with a subnormal conduction velocity in one,
and with abnormalities of median nerve conduction
in one.

In table 6, the 26 patients with normal and the six
with abnormal electrophysiological findings are com-
pared. At the time of testing no differences were
found in the serum phenytoin, serum or red cell
folate levels although there were trends towards
higher phenytoin and lower folate levels in the elec-
trophysiologically abnormal group. However, the
number of patients in the two subgroups with pre-
vious exposure to high phenytoin levels, or to low
folate levels were different. Sixty-seven per cent of
those with abnormal and 14% of those with normal
electrophysiological findings had been previously
exposed to high serum phenytoin levels (p = <0-01
X2 Yates correction); 83% of those with abnormal
and 17% of those with normal electrophysiological
findings had been exposed to subnormal folate levels
(p = <0-001 X2 Yates correction). There was no
relationship of age, sex or duration of treatment to
the electrophysiological findings.

Group D (carbamazepine monotherapy) (table
7) There were no clinical or electrophysiological
abnormalities in any of the 19 patients examined. A
moderately high carbamazepine blood level (be-

623

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.45.7.620 on 1 July 1982. D
ow

nloaded from
 

http://jnnp.bmj.com/


624

Table 5 Group C: phenytoin monotherapy

Shorvon, Reynolds

Age Sex Duration of Sural nerve Median nerve
(yr) treatment (yr)

CV SAP CV SAP
(m/s) (GM') (m/s) (IsV)

Electrophysiologically 30 14 F 3 48 16 58 21
normal (n = 26) (10-67)* 12 M (1-5)* (6 6)t (4 5)t (5-5)t (5-6)t
Electrophysiologically
abnormal (n = 6) 35 F 4 - abs 57 36

17 F 4 42 8 55 22
21 F 3 50 8 50 18
33 M 2 42 8 55 22
60 F 2 38 5 39 10
24 M 4 48 5 54 14

CV = conduction velocity.
SAP = sensory action potential.
*Mean (+ range).
tMean (+ SD).

Table 6 Group C (phenytoin monotherapy): a comparison of patients with normal and abnormal electrophysiological
findings

At time ofelectrophysiological examination Previous recordings

Serum Serum Red blood Subnormal Serum Subnormal
phenytoin: folate: cell folate folate* phenytoin folate
mean (range) mean (range) mean (range) over 80 p,mol/l
p.mol/l nglml ng/ml

Normal 38-4 4 1 346 14% 14% 17%t
(n = 26) (12-105) (1-49-9) (185-683)
Abnormal 50 3-2 270 60%t 67% 83%
(n= 6) (14-106) (1-9-7-3) (130-396)
Significance level ns ns ns ns p = < 0-01 p = < 0-001

*Subnormal folate: serum folate below 2-0 ng/ml and/or red blood cell folate below 160 ng/ml.
tn = 23.
tn= 5.

Table 7 Group D (carbamazepine monotherapy): clinical and electrophysiologicalfindings

No Incidence of Sural nerve Median nerve
clinical neuropathy

CV SAP CV SAP
mean (range) mean (range) mean (range) mean (range)

Group D 19 0% 49 18 53 18
(43-55) (11-32) (43-60) (9-31)

CV = conduction velocity (m/s).
SAP = sensory action potential (pAV).

Table 8 Group G: barbiturate monotherapy

Case Age Drug Dose Duration Serum levels Serum Red Sural nerve Median nerve
No (yr) (mglml) oftherapy folate blood

(yr) Pheno- Primidone (ng/ml) cell Conduc- Sensory Conduc- Sensory
barbitone Amol/l folate tion action tion action
p.mol/l (nglml) velocity potential velocity potential

(m/s) (,AV) (mIs) (#V)
1 46 primidone 1500 26 176 78 6-4 777 44 7 48 9
2 62 primidone 500 45 120 37 3-0 360 - Abs 54 4
3 24 phenobarbitone 60 10 107 - 6-8 343 38 10 56 11
4 32 primidone 1000 20 128 23 2-8 190 57 27 60 33
5 30 phenobarbitone 60 10 82 - ND ND 38 12 45 8
6 42 (1) phenobarbitone 90 15 228 73 ND ND - Abs 54 19

+ primidone 1500
(2) primidone 1500 15 95 - ND ND 46 17 56 24

Case 6 examined on two occasions (1) when intoxicated (2) post intoxication.
ND = Folate levels not measured; Abs = Absent.
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Anticonvulsant peripheral neuropathy: a clinical and electrophysiological study

tween 42-52 gmol/1) had been recorded in four
patients (three at the time of testing) and a low serum
folate in one patient during their follow up but in
none'of these were there any electrophysiological
abnormalities. There was no relationship of age, sex,
duration of treatment, serum carbamazepine, serum
or red cell folate levels to any of the electrophysio-
logical data.

Group E (barbiturate monotherapy) (table 8) In
two cases there were clinical abnormalities (absent
ankle jerks in both and impaired vibration sense in
the feet in one). In one patient, case 6, the sural
nerve action potential was absent while the patient
was clinically intoxicated (phenobarbitone level 228
,umol/l) and had returned to normal six weeks later
when the signs of intoxication had regressed
(phenobarbitone level 95 ,umol/l). Of the other five
cases, the sural conduction was abnormal in four
(abnormal sensory action potential in two and
abnormal conduction velocity in two), and median
nerve conduction was abnormal in three (subnormal
sensory action potential).

Discussion

We have shown that exposure to high phenytoin
levels causes a reversible slowing of sensory nerve
conduction velocity (table 4, fig). Similar changes
have been previously reported in animal
experiments5157 in vitro experiments1416 and in motor
conduction in human subjects.'8 1I The slowing was
greatest in the lower limbs. Fifteen per cent or more
reduction of velocity was noted in the sural nerve in
eight of the 10 cases and in the median nerve in six of
the 10 cases. The mean sural nerve conduction veloc-
ity was 22% lower and the mean median nerve con-
duction velocity 11% lower during intoxication. This
is comparable to the mean 13% reduction noted by
Birket-Smith and Krogh19 in motor conduction dur-
ing exposure to high phenytoin levels. A single
patient was examined during and after exposure to
high barbiturate levels and a similar reversible effect
was noted on sural (but not median) conduction, sug-
gesting that the effect is not confined to phenytoin
alone. Several patients on carbamazepine mono-
therapy were examined with moderately high levels
but no effect on peripheral nerve function was found.

Previous reports of phenytoin neuropathy have
suggested that the incidence of clinical neuropathy
varies between 0-33% and of electrophysiological
neuropathy between 0-89% (table 1). The possible
reasons for these discordant conclusions have already
been referred to and include (1) the failure to recog-
nise the reversible slowing of conduction associated
with toxic phenytoin levels (2) the study of selected

groups of chronic patients on polytherapy without
allowing for the possible contribution of other drugs,
and (3) failure to study other factors associated with
prolonged therapy. In order to control for these prob-
lems as far as possible, we studied epileptic patients
(1) who had been newly diagnosed and who had sub-
sequently taken phenytoin or carbamazepine con-
tinuously for between 1-5 years, (2) who had no
other anticonvulsant drugs, (3) whose serum drug
levels and folate status had been prospectively moni-
tored throughout this period, (4) who were not in-
toxicated at the time of testing, and (5) who had been
carefully screened to exclude other potential causes
of neuropathy. We were unable to study patients on
barbiturate therapy from the onset of treatment, but
we were able to include a small group of selected
chronic patients who had been on barbiturate mono-
therapy for many years.
Among the patients we followed prospectively on

monotherapy (groups C and D) we found no clinical
or electrical abnormalities associated with car-
bamazepine. However, in the patients on phenytoin,
although there were no clinical signs of neuropathy,
18% had slight electrophysiological abnormalities.
Although the small group of patients on barbiturate
monotherapy are not strictly comparable because
they were selected chronic patients who had not been
followed prospectively, nevertheless, it is of con-
siderable interest that two of them had clinical signs
of neuropathy and all but one had electrophysiologi-
cal abnormalities. Further one patient who was re-
examined after reduction of a toxic phenobarbitone
level also showed improvement in sensory conduc-
tion. These observations suggest that phenobarbitone
and primidone may, like phenytoin, cause both
reversible and more permanent peripheral nerve dys-
function, and cast doubt on many of the reports of
phenytoin neuropathy in which barbiturates were a
frequent co-medication (table 1).
Among patients on phenytoin monotherapy some

interesting differences emerged when the six patients
with electrophysiological abnormalities were com-
pared with the remaining 26 without such changes
(table 5). The abnormal subgroup had significantly
more past evidence of exposure to toxic levels of the
drug and to low folate levels. This suggests the possi-
bility that permanent neuropathy due to this drug
(and perhaps barbiturates) may result from pro-
longed or repeated episodes of intoxication or folate
deficiency. This would be consistent with the studies
reporting a high incidence of clinical neuropathy in
chronic epileptic patients who had a frequent history
of past toxicity or high drug levels at the time of
testing.9 12 There is evidence that severe folate defi-
ciency in non-epileptic subjects may lead to
peripheral neuropathy, amongst other neuro-
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Shorvon, Reynolds

psychiatric complications,24 25 and the relationship of
the generally milder prolonged anticonvulsant
induced folate deficiency to neuropathy in epileptic
patients is discussed elsewhere.22"
The pathophysiological basis of anticonvulsant

neuropathy is obscure. The predominant elec-
trophysiological change amongst the patients taking
phenytoin at therapeutic levels was a reduction in the
amplitude of the sensory action potential with rela-
tive preservation of the conduction velocity, and this
contrasts with the moderate slowing of conduction
noted amongst those intoxicated with phenytoin. This
suggests that the two effects on the peripheral nerve
are distinct, although repeated episodes of the latter
may ultimately lead to the former.

Finally although the duration of follow-up of our
patients on phenytoin or carbamazepine is relatively
short (1-5 years) our observations to date suggest
that anticonvulsant neuropathy, as with other chronic
complications of antiepileptic therapy, could be
greatly reduced by careful monitoring of single drug
treatment and the avoidance as far as possible of
acute toxicity or polytherapy.'0

We are very grateful to Dr J Payan for technical
advice and valuable discussion.
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