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ABSTRACT: Changes in anticonvulsant serum levels during intercurrent illness may cause toxicity or decreased 
seizure control in children with epilepsy. We studied prospectively the effect of intercurrent illness and its treatment in 
111 children being treated with AC monotherapy. Free fraction and total serum AC levels were determined when the 
child was well, on the fifth day of any illness with fever and one month after recovery. There were 55 episodes of 
febrile illness in 39 children during the study period. Twelve illnesses were associated with significant increases or 
decreases in serum AC levels; 7 children became clinically toxic; 1 child had increased seizures during illness. The 
mechanisms of AC level changes appeared to include interaction with antibiotics, with antipyretics or with viral ill
ness. Amoxycillin and acetaminophen did not appear to interact with the AC's used. Physicians caring for children 
with epilepsy should be aware of the frequency and complexity of potential interactions between intercurrent febrile 
illness and anticonvulsant medication. 

RESUME: Modifications des taux seriques des anticonvulsivants chez les enfants epileptiques atteints d'une 
maladie febrile Des modifications dans les taux seriques des anticonvulsivants (AC) pendant une maladie intercur-
rente peuvent mener a la toxicite ou a un amoindrissement du controle des crises chez les enfants epileptiques. Nous 
avons 6tudie de facon prospective les effets des maladies intercurrentes chez 111 enfants traitds par monothdrapie anti-
convulsivante. La fraction libre et le taux seYique total des AC ont 6te determines quand I'enfant 6tait en bonne sante, 
au cinquieme jour de toute affection accompagnee de fievre et un mois apres la guerison. II y a eur 55 episodes de mal
adies f6briles chez 39 enfants pendant le temps de I'etude. Douze episodes febriles ont 6te associes a une augmentation 
ou a une diminution des taux s6riques d'AC: 7 enfants sont devenues toxiques cliniquement; 1 enfant a eu une augmen
tation des crises consulsives pendant sa maladie. Les mecanismes de changement des taux d'AC semblent inclure l'in-
teraction avec les antibiotiques, les antipyretiques ou les maladies virales. L'amoxycilline et l'acetaminophene ne sem-
blaient pas interagir avec les AC utilises. Tout medecin traitant des enfants epileptiques devrait connaitre la frequence 
et la complexity des interactions possibles entre les maladies febriles intercurrentes et la medication AC. 
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Minor febrile illness may complicate the management of METHOD 
children with epilepsy. The seizure frequency may be Patient Selection 
increased, possibly due to a lowering of the seizure threshold Children with epilepsy from Nova Scotia and Prince 
by fever. Somnolence or vomiting due to the infection may be Edward Island followed by the l.W. Killam Hospital for 
confused with drug toxicity. Alternately, there may actually be Children Seizure Clinic were studied. Inclusion criteria were: 
changes in anticonvulsant levels during illness. These may be . . . . . 

° . , , . . , . , . . ... 1. Anticonvulsant monotherapy 
due to an interaction with the tever itself, the virus causing ill-
ness, or the medication used to treat the illness.' We report a 2- A h l s t o r y o f compliance with therapy 
prospective study of the effect of minor febrile illnesses on 3. Age less than 17 years 
anticonvulsant levels in children with epilepsy. 4. Informed parental consent 
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5. Demonstration of consent by having at least one baseline 
anticonvulsant level drawn according to study protocol. 

The children were studied for 8 months (6-10 months) 
including the winter of 1985-86. 

Of the 1,000 active charts on children with epilepsy fol
lowed by the Division of Pediatric Neurology, 300 children 
were found to be on AC monotherapy. The families of the 300 
children on monotherapy were contacted by mail at the begin
ning of the study period and responders were enrolled. 

Study Protocol 
All families had or were given a thermometer and instruc

tions on its use. All were given fever control instruction. The 
use of acetylsalicylic acid (ASA) or any antipyretic medica
tion was discouraged, both verbally and in writing. The use of 
acetaminophen was permitted. The family was instructed to 
seek their usual medical care and to contact us in the case of 
any illness with a temperature over 38.5 degrees centigrade. 
For each illness, a record was kept of temperature, symptoms, 
medication and medical care. 

Venous blood samples were obtained as close to 2 hours 
after the morning dose of medication as possible (or 14 hours 
after the evening dose for once daily phenobarbital) on all reg
ular clinic visits. The sampling time was chosen to be conve
nient for study participants who normally attend a morning 
clinic. With notification of an illness, additional levels were 
obtained with the same timing on the 5th day of illness and 
again one month later. Levels were also obtained at other 
times if possible from any patients with toxic symptoms. 

A subset of frequently seen, very compliant patients was 
given 2 doses of acetaminophen (15 mg/kg/dose) to take 5 
days before and on the morning of a subsequent clinic visit (if 
they had been well for one month before this time). This was 
designed to confirm the lack of interaction between 
acetaminophen and anticonvulsant drugs.2 

The study protocol was approved by our Hospital Ethics 
Committee. 

Level Determinations 
Serum was separated immediately and frozen for analysis; 

samples drawn at peripheral centres were separated there and 
then transported frozen. 

Total levels of carbamazepine (CBZ), phenobarbital (PHB) 
and phenytoin (DPH) were measured by high performance liq
uid chromatography using a modification of the Soldin 
method.3 Total levels of valproate (VPA) and ethosuximide 
(ETH) were analyzed by enzyme immunoassay (EMIT).4 Free 
levels of CBZ, VPA and DPH were separated by ultrafiltration 
and analyzed by EMIT.4 For our laboratory the theoretical 
"therapeutic range" is: PHB: 80-150 uMol/L. DPH: 40-80 
uMol/L. CBZ: 13-40 uMol/L. ETH and VPA uncertain. 

Statistical Methods 
The variability of serum levels within the same child over 

the study period was examined for CBZ, VPA and PHB by 
calculating "repeatability coefficients" for children with two 
determinations of drug level available (Table 1). There were 
insufficient patients for this calculation on DPH or ETH. 
Using the method suggested by Bland and Altmann,5 the stan
dard deviation of the differences between the two levels was 

Table 1: 

Drug 

CBZ 
VPA 
PHB 

Repeatability Coefficients 

# of Total Level 
Patients (uMol/L) 

12 11.5 
6 400 
7 16 

Free Level 
(uMol/L) 

4.0 
102 

% Free 

107o 
10% 

calculated and then doubled to give a repeatability coefficient 
of 2 standard deviations. Apparent changes in total, free or 
percent free serum levels during illness were assessed against 
these coefficients as a simple test for significance. A signifi
cant change in level for a particular child was taken to be one 
that differed from the baseline determination for that child by 
more than the repeatability coefficient. 

RESULTS 

A total of 111 children were enrolled in the study, taking: 
CBZ (53), VPA (23), PHB (19), DPH (10), or ETH (6). One 
child on each of PHB and DPH was withdrawn because of 
drug toxicity; one on PHB, 2 on VPA and 3 on CBZ had a sec
ond drug added during the study period due to recurrent 
seizures. 

Treatment was for febrile convulsions in 5, for epilepsy in 
106. Predominant seizures types were: 46 generalized, 16 sim
ple partial, 29 complex partial and 15 partial with secondary 
generalization. There were 51 males and 60 females. The aver
age age was 10 years (range 6 mos. to 17 years). 

Illnesses 
There were 55 illness episodes in 39 children. In 54 of 55 

(98%) symptoms suggested viral involvement, in 18 (33%) 

Table 2: Illness Episodes 

CBZ VPA PHB DPH ETH 

Number of patients 53 23 19 10 6 
Number with illness 18 6 9 3 3 
Illness episodes 25 9 13 4 4 
Symptoms of viral 

infection 24 9 13 4 4 
Symptoms of 
bacterial infection 10 0 6 0 2 

Antibiotics 16 1 7 0 3 
Antipyretics 23 8 12 4 2 

Table 3: Summary of Significant Changes in Anticonvulsant Levels 
with Illness 

Number of illnesses = 55 
Number with clinical toxicity = 5 (CBZ-Erythromycin 3, 

VPA-ASA l,DPH-virus 1) 
Number with significant increase in levels 

without toxicity = 4 (CBZ-Erythromycin 1, 
CBZ-Trimethoprim/sulpha 2, 
VPA-virus 1) 

Number with significant decrease in levels 
without more seizures = 3 (CBZ-virus 2, VPA-virus 1) 

Number with significant decrease in levels 
with more seizures = 2 (PHB-virus 2) 
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Table 4: Interaction between Carbamazepine 

Patient 
CBZ Dose (mg/kg/d) 
CBZ Levels (uMol/L) @ 

Baseline 
Illness 
Follow-up 

Toxic Symptoms? 

1 2 
11 14 

25 23 
43 44 

29 
Yes* No 

and Erythromycin 

3 4 
12 II 

30 23 
58 43 

Yes Yes 

- all outside 2 S.D. (from Table 1) 
* developed toxic symptoms after an increase in erythromycin dose 
@ Total levels only; free levels and % free unchanged 

Table 5: Apparent Interaction between CBZ and Trimeth/Sulpha 

Patient 
CBZ Dose (mg/kg/d) 
CBZ Levels (uMol/L) @ 

Baseline: Total 
Free 
% Free 

Illness: Total 
Free 
% Free 

I 
5 

22 
3.6 
16% *2 
18 
4.8 
27% *2 

2 
II 

25 
4.3*1 
17% 
34 
8.6*1 
25% 

* 1, 2: outside 2 S.D. (from Table 1) 
@ Follow-up levels omitted as all had returned to baseline 

possible bacterial infection, and 17 had symptoms of both. 
Twenty-seven of 55 (49%) were treated with antibiotics and 
49 of 55 (89%) were treated with acetaminophen. The break
down by anticonvulsant drug is shown in Table 2. 

Table 3 summarizes significant changes in anticonvulsant 
levels that were seen. Changes in each of the anticonvulsants 
are noted below. 

1. Carbamazepine 

Eight children on CBZ had significant level changes and/or 
toxicity induced by: erythromycin (4), trimethoprim/sul-
phamethoxazole (2) and viral infection (2). 

All four exposures to erythromycin resulted in a significant 
elevation in levels (Table 4). Patient 1 developed toxic symp
toms after the dose of erythromycin was increased from 27 
mg/kg/d to 55 mg/kg/d (but did not have levels obtained again 
until after the symptoms had resolved); patient 2 had a low 
baseline level and tolerated the increase without toxic symp
toms; and patients 3 and 4 had both symptoms and levels com
patible with CBZ toxicity. 

Two patients were exposed to trimethaprim/sulphamethox-
azole with increases in their free levels of CBZ (Table 5), sug
gestive of displacement from binding sites. 

Two children on CBZ developed a significant decrease in 
their total levels without any change in free levels or percent
age free drug in association with a presumed viral illness. The 
first child had an upper respiratory illness and was treated 
with acetaminophen: the CBZ levels were 17 uMol/L total, 4.4 
uMol/L free (26% free). One month later the equivalent levels 
were 33 uMol/L total, 5.3 uMol/L free (16% free). The second 
child had pharyngitis (no culture taken) and was treated with 
amoxicillin and acetaminophen: CBZ levels changed from 34 
uMol/L total and 7.5 uMol/L free (22% free) to 20 uMol/L 
total and 4.6 uMol/L free (23% free). Follow-up levels were 

not obtained until three months later and were: 29 uMol/L 
total, 7.8 uMol/L free (27% free). Apart from this patient, nine 
other children were exposed to amoxicillin with changes in 
CBZ levels within 2 standard deviations of baseline. 

In addition to the 8 children mentioned above, there were 
15 other children on CBZ who were exposed to 
acetaminophen during illness. Neither these children nor the 4 
who took acetaminophen while well had any significant 
change in CBZ levels. 

2. Valproic Acid 

There were 3 exposures to VPA and ASA (despite previous 
warning against this combination). Two ASA exposures con
sisted of a few doses only, but the third involved 4 doses of 12 
mg/kg/4 hours apart. This child developed an acute toxic psy
chosis with hyperactivity and paranoia. He also had a marked 
tremor and truncal ataxia. These symptoms resolved without 
any change in the dose of VPA.6 

One patient had a rise and one a fall in VPA levels with 
viral illness which persisted one month later (Table 6). The 

Table 6: Interaction between Valproate and Viral Illness 

Patient 
VPA Dose (mg/kg/d) 
VPA Levels (uMol/L) 
Baseline: Total 

Free 
% Free 

Illness: Total 
Free 
% Free 

Follow-up: Total 
Free 
% Free 

outside 2 S.D. (from Table I) compared with baseline 

Table 7: Interaction between Phenobarbital and Viral Infection 

PHB Levels (uMol/L) 
PHB dose 

Patient (mg/kg/d) Baseline Illness 

1 
23 

938 
167 
18% 
534* 

34* 
6%* 

624* 
69* 

l l%* 

2 
25 

234 
10 
4% 

1312 
231 
18% 

1071 
150 
14% 

2.7 
3.2 

71 
82 

21 * 
38* 

Follow-up 

14* 
(taken off) 

* outside 2 S.D. (from Table 1) compared to baseline 

child whose level increased with illness had a baseline level 
repeated five months later (total 544 uMol/L, free 69 uMol/L 
(13% free)) which confirmed the previous change from base
line. 

Five exposures to acetaminophen as the only antipyretic 
while on VPA and 3 exposures to acetaminophen plus VPA 
when well resulted in no significant changes in VPA levels. 

3. Phenobarbital 

Two compliant patients on PHB showed a decrease in lev
els from baseline during viral illness (Table 7) together with 
increased seizure frequency. The 9 other exposures to 
acetaminophen and PHB during illness and 4 exposures to 
acetaminophen and PHB when well resulted in no significant 
change in PHB level. 
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4. Phenytoin 
One patient developed DPH toxicity during viral illness. 

There was an increase in total level (to 180 uMol/L) and a 
return to baseline one month later without any long term 
change in dose. 

5. Ethosuccimide 
There were no significant changes in ETH levels during 4 

illnesses. 

DISCUSSION 

Our prospective experience with 55 illness episodes in 111 
children on anticonvulsant monotherapy indicates that minor 
febrile illnesses are often associated with changes in anticon
vulsant levels. The potential for febrile illness to change anti
convulsant levels has recently been reviewed,1 and there are 
many potential mechanisms. 

Minor infectious illness occurs frequently in childhood. 
Population studies suggest an incidence of 3-8 respiratory 
infections per year.7-8 The Junior Village study9 studied chil
dren in a nursery school setting and found a new febrile illness 
(bacterial or viral) every 5 weeks. 

Concern about the increased risk of seizures with fever, 
may lead to enthusiastic treatment of minor febrile illnesses in 
epileptic children. Standard treatment10 includes: physical 
measures such as sponging designed to lower the temperature; 
use of antipyretic medications such as ASA or acetaminophen; 
and a liberal use of antibiotics to treat possible bacterial infec
tion. Each of these measures has drawbacks. 

Sponging has recently been shown to be ineffective.11 As 
shown in our study, ASA interacts with valproic acid but has 
also been linked to Reye's Syndrome.12 The interaction of 
VPA and ASA involves displacement from plasma protein 
bindings sites as well as possible interference in metabolism 
of VPA.613 Phenytoin may also be displaced by ASA.14 

Concern about contaminated Tylenol!R} has decreased the 
use of this and other over-the-counter medications.15 

Treatment of fever with acetaminophen for children taking 
anticonvulsants appears safe. We were only able to study 11 
children exposed to acetaminophen while well, however, dur
ing this study, 89% of these with a fever were exposed to 
antipyretics. Although our sample size is not large enough to 
prove concurrent safety, sufficient numbers of children 
appeared to be exposed to acetaminophen and each of CBZ, 
VPA, and PHB to be reasonably sure of the lack of interaction. 
One previous study has this same conclusion.2 

Our study increases concern about the use of antibiotics in 
children with epilepsy. Based on our experience, it would 
appear that when indicated amoxicillin may be safely given to 
children receiving CBZ. Erythromycin should not be given to 
children receiving CBZ.1617 Each of our patients treated with 
CBZ and erythromycin developed increase in CBZ levels 
which, on 3 occasions, was clinically very impressive. 

Trimethoprim/sulphamethoxazole also should not be com
bined with CBZ. In our 2 patients, there was suggestion of dis
placement of CBZ from plasma protein binding sites with 
increased free levels of CBZ. An elevated free fraction of 
CBZ has the potential to contribute to toxicity18 even though 

our 2 patients remained asymptomatic. Trimethoprim/sul
phamethoxazole has previously been shown to interact with 
DPH19 which like CBZ is similarly highly protein bound. 

Thus, standard measures for treating intercurrent illness 
with fever may increase a child's seizures or precipitate drug 
toxicity. A minimum amount of intervention in intercurrent ill
ness would seem prudent, however, it should be kept in mind 
that even if no other medication is administered a viral illness 
itself appears able to change anticonvulsant levels. In our 
experience, children on 4 of the 5 anticonvulsants studied had 
changes in serum levels induced by viral infection. These 
changes were clinically significant for children on PHB and 
DPH but of sufficient magnitude for the other drugs as to 
cause potential difficulty. There have been other case reports 
of viral illness either increasing or decreasing anticonvulsant 
levels.20-21 

There are several features of the design of our study which 
should be kept in mind. We may not have seen all of the chil
dren during each of their illnesses in the study period. The 
design required parents to be suspicious of an illness, take the 
child's temperature and then report to us. Since the study 
involved extra blood levels, it is likely that some parents did 
not contact us for all illnesses. For those who did initiate con
tact it is possible that there was a bias in favor of more serious 
or symptomatic illness. Nonetheless, 23% of the illness 
episodes reported resulted in a significant change in drug lev
els and 13% had either clinical toxicity or increase in seizure 
frequency with low levels. 

The second issue is the timing of serum level determina
tion. We obtained samples on the 5th day of illness to attempt 
to discover both protein binding displacement (which would 
occur early in the illness) and metabolic interaction (which 
might occur later in the illness). A one month followup level 
was drawn to look for long lasting interactions with virus 
infections (such as is seen with Theophyllin22) or to confirm 
return to baseline. It is possible that there were other changes 
in drug levels not detected by this protocol. 

Third, we obtained levels 2 hours post-dose because 
patients often travel from out of town to attend our Clinic. It 
may well be argued that if one is monitoring for toxic effects it 
may be best to monitor "peak" levels, although it may be diffi
cult to accurately predict timing of these peaks. For drugs such 
as enteric coated Valproic acid a level drawn just before medi
cation is taken may not, indeed, be a "trough" level. We recog
nize that trough levels may be more reproducable than 2 hour 
post-dose levels but have attempted to address this issue by 
using "repeatability coefficients" and by using each child as 
his own control to minimize some of the variability in timed 
peak level. 

We obtained free serum levels for CBZ, VPA and DPH dur
ing this study. As shown in Table 1, the variability of the free 
level was similar to that of the total level. Free level monitor
ing did not appear to improve information obtained by total 
level monitoring except in situations in which changes in 
binding might be anticipated, such as the VPA-ASA or CBZ-
trimethoprim/sulphamethoxazole interactions.23 

Our study highlights the frequency and complexity of 
changes in anticonvulsant medications during febrile illnesses 
treated with monotherapy anticonvulsants. Nearly 1/4 of our 
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patients with febrile illnesses had significant changes in drug 
levels with 9% developing clinical toxicity. The mechanisms 
causing these changes including presumed metabolic interac
tion with viral infection, dramatic direct inhibition of CBZ 
metabolism by erythromycin and plasma protein binding dis
placement of CBZ by trimethoprim/sulphamethoxazole and of 
VPA by ASA. The frequency and complexity of these interac
tions suggest that children with epilepsy should be closely 
monitored clinically and with A/C levels during febrile illness
es. 
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