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Can ACTH therapy improve
the long-term outcome
of drug-resistant frontal lobe
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ABSTRACT – Frontal lobe epilepsy is a common focal epilepsy in chil-
dren and is often difficult to treat. Adrenocorticotropic hormone (ACTH)
or steroids have been used for patients with several forms of medically
intractable epilepsy. We evaluated the short, medium, and long-term evolu-
tion of patients with frontal lobe epilepsy and secondary bilateral synchrony
on the EEG, who received ACTH treatment. Patients were recruited for an
add-on trial during clinical practice, and data was retrospectively analysed.
The study group comprised 6 patients treated with ACTH. The effects of
ACTH were assessed in the short term (at the end of a 6-week period of
ACTH treatment), medium term (at 6 months after the end of treatment),
and long term (at 12 months after the end of treatment). At short-term
follow-up, ACTH treatment was effective for all types of seizures in 5 of 6
patients and ineffective in 1 patient. All patients who were seizure-free at
the end of ACTH treatment maintained an excellent outcome, remaining

Our study demonstrates that ACTH
t for frontal lobe epilepsy with sec-
ouble-blind prospective studies are
s.

, epilepsy, frontal lobe epilepsy

complicated by neuropsychological
impairment, behavioural disorders,
seizure-free at the end of follow-up.
may represent an effective treatmen
ondary bilateral synchrony. Further d
required to confirm our initial finding
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Frontal lobe epilepsy (FLE) is the
second commonest focal epilepsy
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in children after temporal lobe
epilepsy, accounting for 20-30% of
partial epilepsies, despite the lack
of information regarding its true
incidence (Manford et al., 1992).
Although FLE is usually crypto-
genic in childhood, it is often

and drug resistance (Braakman et
al., 2011). A possible cause of the
unfavourable evolution of child-
hood FLE is the likelihood that the
condition will worsen at different
disease stages due to rapid dif-
fusion of epileptogenic discharges
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secondary bilateral synchrony [SBS]). In these cases,
eizures become increasingly frequent, resulting in a
lobal worsening of epilepsy.
he use of adrenocorticotropic hormone (ACTH) is
enerally accepted as the treatment for West syn-
rome. According to the guidelines of the American
cademy of Neurology and Child Neurology Society,
CTH is effective for the short-term treatment of infan-

ile spasms (Go et al., 2012) and also in patients with
nfantile spasms without hypsarrhythmia (Oguni et al.,
005).
CTH or steroids have also been used for patients
ith other forms of medically intractable epilepsy. In
retrospective study of 15 patients with refractory

eneralised seizures treated with ACTH, short-term
ffectiveness was reported in most cases, but also a
igh percentage of medium and long-term seizure
ecurrence (Okumura et al., 2006).
n the present study, we report our experience of
atients with frontal lobe seizures, namely tonic ver-
ive seizures with or without drop attacks. In addition
o tonic versive seizures, some of these patients
uring disease evolution developed a clinical picture
f atypical absences and drop attacks, concomi-
86

ant with EEG features of SBS. These patients were
dministered ACTH treatment with good outcomes.
n the strength of this initial experience, 4 other

atients, who had developed frontal lobe seizures
ith tonic versive seizures complicated by atypical

bsences and drop attacks, received prompt ACTH
reatment.

A B

Ce. F.        11yrs March 14-1985 n'3842           12yrs June 5-1985 n'6820

igure 1. (A) Right frontal sharps. (B) Three months later, right fron
Secondary Bilateral Synchrony [SBS]). (C) Two years later, persistence
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(
(
(
(
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r

aterial and methods

atients were recruited for an add-on trial during clini-
al practice and the data, collected prospectively over
ime, was analysed retrospectively. The study group
omprised 6 patients recruited between 1985 and 2011
y one of the authors (GG). Patients were selected
ccording to the following inclusion criteria:
1) Patients who had received a diagnosis of epilepsy
ith frontal lobe seizures (FLE) according to the

981 and 1989 ILAE classification of epilepsies and
pileptic syndromes (Commission, 1981; Commission,
989). Simple partial seizures were generally short,
ith prominent tonic or postural motor manifesta-

ions. Complex gestural automatisms were frequent at
nset. Atypical absences and drop attacks appeared

ater during the evolution, concomitantly with the
ppearance of SBS on EEG (figure 1A, 1B, 1C).
ideo-polysomnographic recordings showed a broad
pectrum of seizures occurring both upon awakening
nd during sleep (figure 1A, 1B, 1C);
2) Absence of brain lesions on MRI;
3) Normal blood and cerebrospinal fluid tests,
hromosome analysis, and screening for metabolic
Epileptic Disord, Vol. 16, No. 2, June 2014

50 µV
1sec.

C

2                 14yrs July 31-1987 n'76364     NPIB

to-temporal sharps and spikes and bifrontal spike and waves
of right fronto-temporal sharps with relevant SBS.

nd autoimmune disorders;
4) Drug resistance to at least two antiepileptic drugs
AEDs), given alone or in combination;
5) Negative neurological examination;
6) Normal psychomotor development;
7) Presence of parents or legal guardian, who had
ecorded seizures in a diary.
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eizure frequency, before and after treatment, was cal-
ulated on the basis of the number of seizures/month
ecorded in the diary. The frequency and type of
eizures was registered based on EEG recordings
uring wakefulness/sleep at baseline, at the end of

arget therapy titration, after 6 months of treatment,
nd at the end of follow-up. Seizures were classified
ccording to the International League Against Epilepsy
nd the revised classification of seizures (Commission,
981). Since the dose and duration of ACTH should be
inimised in order to avoid serious adverse effects,
e chose treatment with low-dose ACTH since higher
oses were reported to be as effective (Hrachovy et al.,
994; Yanagaki et al., 1999); this was subsequently con-
rmed by Go et al. (2012).
he ACTH dose used was 0.01 mg/kg/day i.m. for 2
eeks in all patients, followed by tapering for 6 weeks,
xcept for Patient 4 who continued the cycle with a pro-
ressive dose reduction over a total of 4 months. The
ffects of ACTH were assessed during short-term (at
he end of the 6-week ACTH treatment), medium-term
at 6 months after the end of treatment), and long-term
at 12 months after the end of treatment) periods.
n agreement with Okumura’s evaluation criteria
Okumura et al., 2006), the short-term outcomes of
CTH were classified into three categories: effective,

n the case of seizure cessation; partially effective, in
he case of persistent seizures with a >50% reduction
n frequency; and ineffective, in the case of persistent
eizures with a <50% reduction in frequency.
he medium and long-term outcomes were classified

nto the following three categories: excellent, with a
omplete disappearance of seizures; good, with per-
istent seizures and a >50% reduction in frequency;
nd poor, with persistent seizures and a <50% reduc-
ion in frequency. The demographic characteristics of
atients are listed in table 1.

esults

s a whole, at short-term follow-up, ACTH treatment
as effective for all types of seizures in 5/6 patients

nd ineffective in the remaining patient. The results
re summarised in table 1.
n detail, the seizure types that responded to ACTH
ncluded: atypical absences (in 5/6 cases), tonic versive
eizures (in 4/5 cases), drop attacks (in 2/2 cases), and
onic seizures and complex partial seizures (in 1/1
pileptic Disord, Vol. 16, No. 2, June 2014

ase). In addition, all patients who were seizure-free
t the end of ACTH treatment maintained an excel-
ent outcome, remaining seizure-free at the end of
ollow-up.
able 2 summarises the EEG and outcomes after add-on
ED treatment. In the ACTH group, the EEG normalised
t the end of follow-up in 3/6 patients; a focalization of

o
a
d
S
A
l
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ACTH and frontal lobe epilepsy

bnormalities was noted in another 2 patients with a
isappearance of the SBS in 5/6 patients. One patient
as a non-responder with persistent SBS and tonic

ersive, generalised tonic-clonic seizures, and atypical
bsences. The number of AEDs was reduced at the end
f follow-up in 5/6 patients.

iscussion

rontal lobe epilepsy accounts for 20-30% of all par-
ial epilepsies (Manford et al., 1992). Most cases of
LE are drug-resistant and treatment is mainly surgical.
he outcome of focal neocortical resection varies, with
etween 36 and 76% of patients becoming seizure-

ree (Spencer and Huh, 2008). Most of the literature on
LE comprises surgical reports whereas information on
rug management is scant.
EDs, vagal nerve stimulation (VNS), the ketogenic
iet (KD), and rarely multiple subpial transection (MST)
ay be valid alternative therapies for FLE patients not

ligible for surgery. With VNS, a 50% reduction in
eizure frequency is achieved in around a third of
LE patients, but few become seizure-free (Morris and
ueller, 1999). A significant reduction of seizures has

een reported after MST (Spencer and Huh, 2008),
hile KD, a high-fat low-carbohydrate diet, is used as
second-line treatment for children with medically

ntractable FLE. A recent randomised controlled trial
eported a >50% seizure reduction in 38% of children
ith drug-resistant FLE (Neal et al., 2008).
n add-on AED leads to complete seizure control in
7% of patients with chronic forms of FLE (lasting >five
ears) and a 50 to 90% reduction of seizure frequency
n 25% of cases (Luciano and Shorvon, 2007). Zoni-
amide, levetiracetam, lamotrigine, topiramate, and
abapentin have all proved to be effective add-on
edications in patients with intractable FLE (French

t al., 2004; Oldani et al., 2005; Verrotti et al., 2007).
he use of ACTH as treatment for medically intractable
eizures was first reported in 1950. Since ACTH proved
ffective for the treatment of infantile spasms, the
ormone has long been the first choice medication

or West syndrome. ACTH has also been successfully
sed to treat epileptic spasms without hypsarrhyth-
ia (Oguni et al., 2005) and Landau-Kleffner syndrome

Lerman et al., 1991). The role of steroids in other
orms of epilepsy, such as Lennox Gastaut syndrome,
evere myoclonic epilepsy in childhood, myoclonic
187

r myoclonic-astatic seizures (drop attacks), atypical
bsences, and other epileptic syndromes, is less well-
efined (Gupta and Appleton, 2005).
teroids are administered as add-on drugs with other
EDs, such as sodium valproate, topiramate, and

amotrigine, often during acute attacks (e.g. non-
onvulsive status epilepticus), but few studies have
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Table 1. Demographic characteristics of patients and effects of ACTH
during short-term, medium-term, and long-term periods.

Patient Sex Age at
onset of
epilepsy
(years)

Epilepsy
duration
(years)

Follow-up
(years)

Seizure type Age at start
of ACTH

Short-term
outcome

Medium-term
outcome

Long-
term
outcome

1 M 12 6.2 14 Atypical absences,
tonic versive

14 years,
8 months

Effective Excellent Excellent

2 M 11 5.8 11 Atypical absences,
tonic versive,
drop attacks

15 years,
9 months

Effective Good Excellent

3 F 4 4.2 6 Tonic,
partial complex

4 years,
11 months

Effective Excellent Excellent

4 M 11 8.3 16 Atypical absences,
tonic versive

17 years Effective Good Excellent

5 M 3.5 2.6 5.5 Atypical absences,
tonic versive,
generalised
tonic-clonic

4 years Ineffective Ineffective Poor

6 M 4 5.6 11 Atypical absences,
tonic versive,
drop attacks

4 years,
6 months

Effective Excellent Excellent

Table 2. Interictal EEG and AEDs before and after target treatment with ACTH.

Patient Interictal EEG at baseline Interictal EEG at the
end of follow-up

Add-on AEDs before/after ACTH

1 Secondary bisynchronism, electrographic
seizures, focal abnormalities

Focal abnormalities VPA+CBZ+CNZ/CBZ

2 Secondary bisynchronism, electrographic
seizures, focal abnormalities

Normal TPM+VPA+PB

3 Secondary bisynchronism, electrographic
seizures, focal abnormalities

Normal TPM/LMT (in withdrawal)

4 Secondary bisynchronism, electrographic
seizures, focal abnormalities,
multifocal abnormalities

Normal VGB+CZP

5 Secondary bisynchronism, electrographic
seizures, multifocal abnormalities

Secondary
bisynchronism,
electrographic
seizures, multifocal
abnormalities

ETS+VPA+CNZ/RUF+LTG+CNZ

C
T

88

6 Secondary bisynchronism, electrographic
seizures, focal abnormalities

Elec
seiz
foca

BZ = carbamazepine; CNZ = clonazepam; ETS = Ethosuximide
PM = topiramate; VPA= valproate.
Epileptic Disord, Vol. 16, No. 2, June 2014

trographic
ures,
l abnormalities

VPA+CBZ

; LTG = lamotrigine; PB= Phenobarbital; RUF = rufinamide;
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ompared corticosteroids and ACTH in the treatment
f epilepsy in children (Gupta and Appleton, 2005).
nead et al. administered ACTH and prednisolone to
16 patients, 64 with drug-resistant epilepsy (mainly
yoclonic seizures) not associated with West syn-

rome, and reported a 74%-positive outcome in
CTH-treated patients (Snead et al., 1983). Okumura
t al. (2006) studied the effect of ACTH therapy in 15
hildren with medically intractable epilepsy. Thirteen
hildren became seizure-free but six of them expe-
ienced a recurrence of seizures in the three months
fter ACTH withdrawal. One 8-year-old patient with
LE had a good short-term response but his medium
nd long-term outcome was poor. Sinclair (2003)
ound that 46% of drug-resistant children in his cohort
ecame seizure-free, while 40% had a significant
eduction in seizure frequency after prednisone ther-
py. Verhelst et al. (2005) reported seizure freedom in
5% of their cases, a >50% seizure reduction in 11%,
nd a <50% seizure reduction in 11%. Steroids have
lso been used to treat epilepsia partialis continua
Olson et al., 2002; Shahar et al., 2002), and a 17-year-old
irl with severe status epilepticus of frontal lobe origin
as successfully treated with corticosteroids

Akanuma et al., 1998).
hese findings indicate that ACTH could be consider-
d an alternative treatment for epilepsies other than

nfantile spasms. On this basis, we chose ACTH to treat
ur drug-resistant FLE patients.
he decision to administer ACTH therapy was based
peculatively on the apparent similarities with epilep-
ic encephalopathy. In fact, these patients were
ffected by a focal epilepsy with frontal lobe seizures
ince their epilepsy started with frontal seizures
nd the EEG showed frontal-onset focal discharges.
ater during disease evolution, because of SBS, the
EG discharges became bifrontal, seizures became
ore and more frequent, drop attacks appeared, and

here was deterioration of mental ability. This severe
volution of FLE with the appearance of SBS on the
EG has already been described by Beaumanoir and
ira (2003), and should be distinguished from Lennox
astaut syndrome and continuous spike and waves
uring sleep syndrome. Our study showed that ACTH

reatment was associated with a disappearance of
eizures in 5 of 6 children with refractory cryptogenic
LE. The hormone was administered at different stages
f disease evolution when SBS appeared and seizures
ecame more frequent.
pileptic Disord, Vol. 16, No. 2, June 2014

he most interesting aspect of our study was the long-
erm outcome of our patients. Whereas the few studies
n the literature on ACTH or steroid use in intractable
eneralised epilepsies report a long-term recurrence
f seizures in about half the patients responding

o treatment, our patients remained seizure-free in
he long-term. In addition, none of our patients had

o
E

G
l
t
A
C

ACTH and frontal lobe epilepsy

CTH-induced adverse effects requiring suspension
f treatment. Speculatively, one may assume that these
ve patients had an age-dependent variant of FLE,
volving towards spontaneous remission after the ini-
ial phase. In any case, ACTH proved to facilitate

favourable evolution in our patients, in line with
ts success against intractable or difficult-to-treat
pilepsies other than infantile spasms.
n conclusion, despite the small cohort of treated
atients, our study demonstrates that ACTH may
epresent an effective treatment for FLE, a difficult-
o-manage form of epilepsy that often requires AED
olytherapy. ACTH appears to be particularly effective

f administered early, when FLE is associated with the
nset of EEG signs of SBS. Further and larger double-
lind prospective studies are required to confirm our

nitial findings. �
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