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Clusters of seizures, which has been defined as acute repetitive seizures in between which the pa-
tient regains consciousness, is a not uncommon event in clinical practice, and may present consider-
able health risks to patients. In this setting, continuous intravenous (iv) lidocaine treatment was per-
formed in 22 patients whose cluster of seizures did not respond to rectal or intravenous diazepam
(DZP). With cardiac and respiratory monitoring, the patients were administered an iv lidocaine dose
of 1 to 4 mg/kg followed by continuous iv lidocaine (I to4 mg/kg/hr).

In 9 patients in whom episodes of convulsions recurred more than 3 times within 24 hours and who
had no underlying disorder with normal development at onset, 7 patients experienced no relapse of
seizures after the start of the treatment. Relapse occurred only once in one other patient after termi-
nation of lidocaine but disappeared after reinfusion, and one patient had no response.

In 17 episodes of 13 patients, who had been diagnosed with epilepsy and in whom the frequency of
seizures disturbed their daily routine, seizures were terminated in 3 patients with 4 episodes. The in-
cidence of seizures was decreased in 5 patients with 6 episodes, and there was an absence of re-
sponse in 7 patients with 7 episodes.

Continuous iv lidocaine was particularly useful for clusters of seizures seen in infants with normal
development and no underlying disorder. Lidocaine was less effective in patients with refractory epi-
lepsy, although some cases were controlled completely. These results suggest that lidocaine treat-
ment should be tried at an early stage in clusters of seizures.

Introduction

Clusters of seizures (CS) is a not uncommon
event in clinical practice, and may present consid-
erable health risks, leading to status epilepticus
(SE) or neurological deficit, to patients”?. In this
setting, rectal or intravenous diazepam (DZP) is
used as a first-line treatment”, the same as for
treatment of SE. However, this treatment is not
always successful, probably due to its short dura-
tion of action. Therefore, there is a need for an al-

ternative approach in patients with CS. Lidocaine
has been used in treating SE or CS? ™2, because it
can be used by continuous intravenous (iv) injec-
tion and showed no serious effects on respiration
or the cardiovascular system. In this study, we
describe the results of the use of continuous iv
lidocaine for the management of CS in children
and adolescents.
Subjects and Methods
Between 1992 and 1997, 22 patients who re-
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Table 1 Clinical background of group A patients

Age Diagnosis
Case atCS ¥ FH PH  DQatCS
(m) at
1 4 BIC conv. DMD conv.(3m) 101
2 5 CGE - - normal
3 6 BIC FC CS(5m)  normal
4 13 FC-C FC - normal
5 19 FCC FC - 97
6 20 FCC FC - 88
7 23  FC-C - - normal
8 24 CGE FC - 99
9 38 FCC FC - 100

CS: cluster of seizures, CGE: cryptogenic generalized epile-
psy, BIC: benign infantile convulsion (Fukuyama), FC-C:
complex febrile convulsion, conv.: single afebrile convuls-
ion, DMD: Duchenne muscular dystrophy, FH: family
history, PH: past history, DQ: developmental quotient.

quired hospitalization due to CS and who did not
respond to rectal or iv DZP received continuous
iv lidocaine. “Cluster” was not strictly defined in
terms of frequency and duration but referred to
where ; (1) the patient regained consciousness
between seizures, (2) at the first episode sei-
zures recurred more than 3 times within 24
hours, and (3) the incidence of seizures exceeded
the usual level such that they disturbed the daily
routine of the patient with epilepsy regardless of
the total duration of clustering episode.

The patients were allocated to one of the two
groups. Group A patients had been hospitalized
due to the first episode of convulsions (including
2 cases with a second episode) and showed no
neurological abnormality with normal develop-
ment at onset (n=9). Group B patients had been
diagnosed with epilepsy and treated with antiepi-
leptic drugs (n=13, 17 episodes).

Results

1. Patient background

In group A, the mean age at hospitalization
was 1 year and 4 months. Six patients had a fam-
ily history of febrile convulsions and one patient
had had nonfebrile convulsions in infancy. For
seven patients, the CS was their first episode of
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seizures. And other 2 had had seizures 1 month
before the CS. No patients had any other compli-
cating medical history except seizures. These pa-
tients were diagnosed at the time of discharge as
benign infantile convulsions” (BIC; 2 cases),
complex febrile convulsions (FC-C;5 cases) or
cryptogenic generalized epilepsy (CGE; 2 cases)
(Table 1).

In group B, the age at hospitalization ranged
from 1 year 8 months to 22 years 11 months, with
a mean age of 10 years and 7 months. Two pa-
tients had a family history of febrile convulsions
and another 2 had a history of epilepsy. Only 2 pa-
tients showed normal development, whereas 5
patients showed mild and 6 patients showed se-
vere retardation. Underlying causes of epilepsy
were unknown origin in 6 patients; congenital fac-
tors in 5 patients including cortical dysplasia, tu-
berous sclerosis, chromosome abnormality, and
MELAS ( mitochondorial encephalomyopathy
with lactic acidosis and stroke-like episode) ; and
postnatal factors in 2 patients including sequelae
of acute encephalopathy and Rasmussen syn-
drome. A number of patients presented in group
B with neurological deficiets as listed in Table 2.

2. Clinical symptoms of seizure and treat-
ment

In group A, generalized tonic and tonic-clonic
seizures within a few minutes were noted by
clinical observation, but secondary generalization
of partial seizures was identified in 2 patients in
whom simultaneous videotape-electroencephalo-
graphy minitoring were possible. Factors that in-
duced seizures in Group A were fever in 5 pa-
tients, diarrhea in 6 patients and 5 patients had
both fever and diarrhea (Table 3), but physical
status was good and no patients had evidence of
encephalitis or encephalopathy. There was a time
lag of 4 to 79 hours from the first seizure to the
start of continuous iv lidocaine, during which 3 to
23 tonic-clonic seizures occurred. Each patient
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Table 2 Clinical background of group B patients

Age

Case a(t rr(13)8 Etiology of epilepsy Cl)afssgillcezg;(;n Da%/ég Ns;;(ﬁ?gggl
1 20  anomalies syndrome SGE MR 72 minor anomalies
31 64

2 29  cortical dysplasia SLRE FC 150 hemiplegia
3 63  unknown SLRE 71
4 85  chromosomal abnormality SGE 13
5 97  cortical dysplasia SLRE 51 hemiplegia
6 }8513 unknown SGE severe ataxia
7 125 acute encephalopathy SLRE 16
8 140 Doose syndrome SGE EPT <25 ataxia
9 152 unknown SGE FC severe ataxia

10 159  Rasmussen syndrome SLRE EPI 89 myoclonus

n

11 204  tuberous sclerosis SLRE TS 60

12 228  unknown SGE border

13 275 MELAS SLRE 51 hemiplegia

SGE: symptomatic generalized epilepsy, SLRE: symptomatic localization-related epilepsy,
EPL epilepsy, FC: febrile convulsions, MELAS: mitochondrial encephalomyopathy with
lactic acidosis and stroke-like episode, TS: tuberous sclerosis, MR: mental retardation.

Table 3 Clinical course & treatment of group A patients

e Reaicd Roa  Timelas  Noolsaues Loalngdo pinchnce hiocane  Opieome”
factor  antigen lidocaine (hrs) lidocaine (mg/kg) dose injection therapy
(mg/kg/hr) (hrs)
1 - - 12 8 3 2 85 excellent
2 - - 79 23 1 1 28/48 excellent
3 - - 36 7 1 2 86 excellent
4 FDBA - 4 6 2 1 66 excellent
5 FD - 24 7 3 1 51 excellent
6 FD - 10 5 2 1 19 excellent
7 FD - 4 3 2 1 48 excellent
8 D - 18 4 4 2 16 not effective
9 FD - 12 11 2 1 48 excellent

F: fever, D: diarrhea, BA: bronchial asthma, excellent: no recurrence of seizures after lidocaine injection.

was treated with iv or rectal DZP before and af-
ter hospitalization but experienced relapsed sei-
zures, and therefore DZP was judged ineffective
(Table 3).

With cardiac and respiratory monitoring, the
patients in group A were administered an iv lido-
caine dose of 1 to 4 mg/kg followed by continuous
iv lidocaine (1 to 2 mg/kg/hr) . Case 8 had no con-

trol of seizures with continuous iv lidocaine for 16

hours, and this was replaced with iv phenytoin
(PHT), but seizure control remained difficult.
Case 2 experienced relapse after termination of
continuous iv lidocaine for 28 hours; the infusion
was given again for 48 hours, and there was no
further relapse. The other 7 patients experienced
no relapse of seizures after the start of the treat-
ment, and continuous iv lidocaine was terminated

after 19 to 86 hours, and the course was unevent-
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Table 4 Treatment and outcome of group B patients

Type of Loading dose Max. main- Duration of  Outcome of
Case seigures of lidocaine tenance dose lidocaine lidocaine
(mg/kg) (mg/kg/hr)  injection (hrs) therapy
1 GTS 2 1 48 excellent
GTS 2 1 48 good
2 SPS 2 28 55 not effective
3 SPS/sGTCS 3 4 53 not effective
4 GTS 2 4 432 good
5 SPS/sGTCS 2 3 46 good
6 GTS 1 124 excellent
GTS 2 2 148 excellent
7  non-convulsive 4 ND - not effective
8  non-convulsive 35 1 97 not effective
9 GTS 2 4 7 not effective
10  SPS/sGTCS 4 2 260 good
SPS/sGTCS 4 15 209 excellent
SPS/sGTCS 4 15 258 good
11 CPS 4 2 18 not effective
12 GTS 3 4 60 not effective
13 sGTCS 2.5 2 79 good

GTS: generalized tonic seizures, sGTCS: secondary generalized tonic-clonic seizures,
SPS: simple partial seizures, CPS; complex partial seizures, non-convulsive: non-

convulsive status epilepticus.

ful thereafter.

In group B, various types of seizure were ob-
served: generalized brief tonic seizures lasting for
several ten seconds in 7 patients, secondarily gen-
eralized seizures in 6 patients, simple partial sei-
zures in 6 patients, non convulsive status with
cluster of generalized tonic-clonic seizures in 2
patients, and complex partial seizures in 1 pa-
tient. The patient with nonconvulsive SE was in-
cluded in our series because their level of con-
sciousness changed and there were some periods
of time in which the patient became conscious.
There were no clear factors that induced CS in
group B. The patients in group B were adminis-
tered an iv lidocaine dose of 1 to 4 mg/kg fol-
lowed by continuous iv lidocaine (1 to 4 mg/kg/
hr). Seizures terminated in 3 patients with 4 epi-
sodes, and after termination of the treatment no
relapse was seen. Incidence of seizures was de-
creased in 6 episodes, and there was an absence
of response in 7 episodes; patients required iv
PHT or continuous iv barbiturate (BT) under

mechanical ventilation (Table 4).

3. Factors affecting the treatment outcome

Of the 9 patients in Group A, only the patient
with CGE did not respond to lidocaine and sei-
zures continued for a period, but the subsequent
course after termination of seizures was unevent-
ful. Compared with responders, there were no dif-
ferences in time lag until the start of lidocaine, in-
travenous dose of lidocaine, or dose of continuous
iv lidocaine in this patient.

In group B, comparison between responders
and non-responders showed no differences in age
at onset of CS, the presence or absence of devel-
opmental deterioration or of neurological compli-
cations, time lag, intravenous dose of lidocaine, or
dose of continuous lidocaine infusion (Table 5).

4. QOutcome

In group A, all patients except one who was
lost to follow-up were followed for a mean of 24.5
months. Seven patients developed normally and
experienced no relapse of convulsions, although
one patient showed borderline development re-
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Table 5 Clinical features as a predictive factor of
outcome in group B patients

Age <10yvs >10y NS
1Q severe vs normal/mild NS
Neurological complication

(+) vs (=) NS
Time lag of lidocaine treatment

< 12 hrs vs > 12 hrs NS
Loading dose

> 2mg/kg vs < 2 mg/kg NS

Max. dose of maintenance injection
> 2mg/kg/hr vs < 2 mg/kg/hr NS

NS: not significant.

tardation and had one episode of convulsions. In
group B, patients continued to have repeated epi-
leptic seizures afterwards, indicating refractory
epilepsy.

Discussion

Convulsive SE is characterized by a prolonged
seizure (lasting longer than 30 minutes by defini-
tion), and is therefore a medical emergency be-
cause the stress on the respiratory and cardiovas-
cular systems and metabolism may lead to se-
quelae or death. The treatment strategy has
been reasonably well established, and most pa-
tients respond well to the recommended first-line
treatment of iv DZP or other benzodiazepine. In
patients refractory to DZP, PHT and general an-
esthesia with continuous iv BT is used under in-
tensive respiratory and cardiac care’.

Even when a seizure is short, if it is repeated it
can have a major impact on the life of the patient.
If the patient remains unconscious between sei-
zures, he or she can be treated in line with the
strategy for SE. However, some patients with CS
quickly regain consciousness after a seizure ends,
with little residual physical effects, which can
make treatment rather difficult. For example, in
BIC seizures tend to repeat several times in a few
days and patients used to be conscious during the

13)

episode' . Similar repeated seizures are some-

times seen in patients with chronic epilepsy. The

approach to treatment in such patients should dif-
fer from that for convulsive SE. DZP is not al-
ways successful in the treatment due to its short
duration of action. PHT has a more sustained ac-
tion, however, repeat iv administration is needed
to achieve a good sustained response, and it can
be difficult to maintain stable serum PHT levels.
In addition, PHT induces severe vessel pain when
administered iv and tends to cause phlebitis,
which may be an obstacle in infants in whom ob-
taining iv access is difficult. For continuous iv BT,
systemic management including monitoring and
support of respiration and blood pressure is es-
sential.

Lidocaine has been used in a wide range of age
groups since its first application to treat convul-
sive SE by Bernhard et al in 1955, and the effi-
cacy and safety of lidocaine has been proven®.
Lidocaine is a fast-acting and short-lasting anti-
convulsant, and control of serum levels is easy,
even with continuous infusion. Heart rate moni-
toring is needed because of possible induction of
arrhythmias, but the level of consciousness is not
affected, and the effect on respiratory and hemo-
dynamics is minimal; because of these merits lido-
caine is considered to be the second-line drug fol-
lowing DZP for treatment of SE.

In the present study, we evaluated the useful-
ness of continuous iv lidocaine in patients in
whom seizures which lasted from 20 or 30 sec-
onds to a few minutes occurred repeatedly in a
short period of time. These patients did not sat-
isfy the definition of SE because they were con-
scious between seizures. In group A patients,
who had no evident underlying causes, and in
whom seizures developed in infancy, 7 out of 9
patients had no relapse after the first lidocaine in-
fusion. Relapse occurred only once in one other
patient but disappeared after reinfusion, and one
patient had no response. During continuous infu-
sion, sleep and waking rhythm was maintained,
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Table 6 Studies of lidocaine in status epilepticus/intractable seizures
intractable epilepsy/cluster of seizures status epilepticus
C P N W C P N W
Miyata® EPI 3 1 3
sympt 8 1
Watanabed EPI 1 1 1 1 3
sympt 1 4 3 2 3 2
Sata® EPI 3 1
sympt 1 1 4
Takahashi® EPI 14 8
sympt 6 10
n 7 5 6 1 36 7 24 0
(%) (36.8) (26.3) (31.6) (5.3) (537)  (104) (358

C: completely stop, P: partially effective, N: not effective, W: worsening, EPL: epilepsy case, sympt: acute

symptomatic seizure.

and patients were able to go about their daily
routine as usual. Iv doses were relatively lower
than those reported previously” ™. No arrhyth-
mia was found by heart rate monitoring and no
other side effects were found.

The patients in group B had a variety of under-
lying diseases and had been treated with antiepi-
leptic drugs. Only 4 out of 17 episodes showed a
marked response to lidocaine; this was a mark-
edly lower response rate than in Group A. The
patients who had no response together with a pa-
tient with decreased incidence of seizures re-
ceived a second round of medication of continu-
ous iv midazolam, PHT, and BT. Comparison be-
tween responders and non-responders showed no
differences in underlying disease, seizure type, or
age at onset of clustered seizures.

Studies on the usefulness of lidocaine have
been performed in a wide variety of age groups
with a range of underlying diseases, including SE,
CS, or intractable epilepsy. This may explain why
very different response rates have been reported.
In Japan, Miyata et al’, Watanabe et al”, Sata et
al®, Tanabe et al”, Takahashi®, reported studies
in a group of patients (Table 6), while some re-
ports have presented a single case study ™.

When the results of these reports are com-
bined, excluding the one by Tanabe et al” which

did not specify the difference between SE and CS,
a marked response (symptoms disappeared and
not recurrent) was seen in 36 patients (53.7%),
and symptoms were ameliorated in 7 patients
(10.4%) or there was no response in 24 patients
(35.8%) out of 67 patients with SE. A marked re-
sponse was found in 19 of 30 patients with epi-
lepsy (63.3%) and 17 of 37 patients with acute
symptomatic SE (45.9%) ; therefore there was no
marked difference based on patient background.
For 19 patients with refractory seizures or clus-
ter of seizures, a marked response was seen in 7
patients (36.8%), amelioration of symptoms in 5
patients (26.3%), and no change or deterioration
in 7 patients (36.8% ) ; the response rate was
lower than that of patients with SE (statistically
not significant). When analysis was limited to epi-
leptic patients, there was a marked response in 6
out 10 patients, while a marked response was
only seen in 1 out of 9 patients with acute symp-
tomatic convulsions. The most common dosage of
lidocaine was iv 2 mg/kg followed by continuous
iv of 1 to 6 mg/kg/hr (4 mg/kg/h for most cases).
Adverse effects were generally mild or none in
most patients, and included drowsiness, dizzi-
ness”, muscle hypotonia, bradycardia, and visual
and auditory hallucinations®.

In 2 studies of lidocaine performed abroad, one
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~19 which reported se-

by Hellstrom-Westas et al®
vere seizures in newborn infants, and Pascual et
al'™ which reported SE in adults, the combined
response rate was 38~92%. However, there have
been no studies in a large group of children to
date.

In previous reports, the number of patients
with clustered epileptic seizures (group B in our
report) was low and they had a variety of clinical
manifestations. Therefore it is difficult to draw
any conclusions about the specific indications for
lidocaine. However, our results clearly indicate
that in patients in whom normal life is disrupted
by clustering of epileptic seizures, maintenance
levels of lidocaine may provide good control of
seizures, and restore normalcy to their daily lives.

We found only 2 cases which corresponded to
our group A patients in the literature, one each
with Rota infection and benign infantile partial
epilepsy reported by Sata et al® and their CS re-
sponded well to iv lidocaine. Group A patients
had transient CS with a mild disease state, and
symptoms were expected to disappear within a
few days. But commonly-used rectal or intrave-
nous DZP may not be effective in such patients.
PHT and BT therapy, which are regarded as
second-line treatments for SE, can place a burden
on patients, and are not appropriate for these
groups of patients even if it can control CS. Con-
tinuous infusion of lidocaine, which neither alters
consciousness nor affects daily routine, should
therefore be considered in such patients.

Conclusion

Lidocaine provides an effective means of con-
trol of CS, since it is effective in cases refractory
to DZP, gives stable serum levels, and does not
require respiratory or hemodynamic manage-
ment. Lidocaine was particularly useful for CS
seen in infants with normal development and no
underlying disorder. Lidocaine was less effective
for CS in patients with refractory epilepsy arising

from an underlying disorder, although some
cases were controlled completely. Therefore lido-
caine treatment should be tried at an early stage
in CS.
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