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Summary The purpose of this study was to investigate the developmental outcome after
surgery for early-onset epilepsy in patients with focal cortical dysplasia (FCD). Among 108
patients with histopathologically confirmed FCD operated between 1985 and 2008, we selected
17 patients with epilepsy onset up to 3 years of age.

Development was evaluated by the developmental quotient or intelligence quotient (DQ-IQ)
and mental age was measured by the Mother-Child Counseling baby test or the Tanaka-Binet
scale of intelligence. Postsurgical development outcome was evaluated by the changes in DQ-
1Q and mental age as well as rate of increase in mental age (RIMA) after surgery. RIMA was
calculated as the increase in mental age per chronological year (months/year; normal average
rate: 12 months/year).

Age at epilepsy onset of 17 patients ranged from 15 days to 36 months (mean = SD, 11.04 10.0
months). Age at surgery ranged from 18 to 145 months (75.1 & 32.4 months). Evaluation just
before surgery showed that 13 of 17 (76.4%) patients had DQ-1Q below 70. Ten patients (58.8%)
were seizure-free throughout the postsurgical follow-up period. After surgery, DQ-1Q was main-
tained within 10 points of the presurgical level in 13 patients (76.4%), and increased by more
than 10 points in one patient (5.9%). After surgery, RIMA in patients with Engel’s class | (7.5 £ 3.8)
was higher than patients with Engel’s class lI—1V (2.6 + 3.4) (unpaired t-test with Welch’s cor-
rection, t=2.99, df =15, p=0.0092). RIMA was particularly low in two patients with spasm. In
four patients with presurgical DQ-1Q <70, seizure-free after surgery and without spasm, DQ-1Q
did not increase but RIMA improved from 3.6 4 2.8 before surgery to 6.9 4 2.5 months/year after
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surgery.

surgery. RIMA became better from 2 years after surgery. In four patients with presurgical
DQ-1Q>70 and no spasm, two showed the same or higher RIMA than normal average after

In 58.8% of FCD patients with early onset epilepsy, epilepsy surgery effectively controlled seizures,
and in 82.3% of patients, epilepsy surgery preserved or improved development. Residual seizures
after surgery and lower DQ-1Q before surgery might be potential risk factors for poor development
after surgery. In patients of Engel’s class | with lower presurgical DQ-1Q, catch-up increase in
mental age was observed after two years following surgery.

© 2014 Elsevier B.V. All rights reserved.

Introduction

Focal cortical dysplasia (FCD) was first described in 1971
as ‘neuropathology with epilepsy’ (Taylor et al., 1971). It
is characterized by disorganization of the cerebral cortex,
including cortical architectural abnormalities, immature
cells, giant neurons, dysmorphic neurons, and balloon cells
(Palmini et al., 2004). The embryologic and epileptogenic
mechanisms of FCD are not well known (Sisodiva et al.,
2009). FCD has been reported to be the etiology in 20—25%
of patients with intractable focal epilepsy (Kuzniecky et al.,
1993; Tassi et al., 2002; Fauser et al., 2006), and epilep-
tic seizures are poorly controlled by antiepileptic drugs.
Epilepsy surgery resulted in complete seizure control in
40—65% of the patients (Tassi et al., 2002; Krsek et al., 2009;
Widdess-Walsh et al., 2005).

Regarding the outcome of developmental quotient or
intelligence quotient (DQ-1Q) after epilepsy surgery, several
studies reported increases in DQ-IQ in patients with early-
onset epilepsy who underwent epilepsies surgery in infancy
(Wyllie, 1996; Lortie et al., 2002; Loddenkemper et al.,
2007). However some studies reported that the majority of
patients do not show any significant improvement of DQ-1Q
after epilepsy surgery if seizure occurred more than sev-
eral years (Jonas et al., 2005; Freitag and Tuxhorn, 2005;
Argenzio et al., 2011). In this study, we evaluated the devel-
opmental outcome after epilepsy surgery in FCD patients
with early-onset epilepsy, not only by the evolution of con-
ventional DQ-1Q but also by the evolution of mental age as
a trial.

Patients and methods

Patients

We retrospectively evaluated the medical records of 813
patients who underwent epilepsy surgery at the National
Epilepsy Center between 1985 and 2008, and found 108
patients with a diagnosis of FCD confirmed by histopathol-
ogy (Fig. 1). To investigate the post-surgical developmental
outcome in pediatric FCD patients with childhood onset
epilepsy, we adopted the following exclusion criteria:
(1) presence of comorbidity affecting development (one
patient with hydrocephalus after surgery, one with Chiari
malformation, and one with a history of head trauma); (2)
lack of developmental evaluation at two years after surgery
(15 patients); (3) more than one surgery (three patients);
and (4) age at epilepsy onset 215 years (ten patients).
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Consequently, 77 pediatric patients were identified. To
evaluate the developmental outcome in patients with
very young onset, we further selected patients who had
earlier epilepsy onset using the following inclusion criteria
(1) onset of epilepsy <3 years of age; (2) age of surgery
<13 vyears; (3) evaluation of development by specific
psychological tests for children before and after surgery.
Eventually 17 patients were studied (Fig. 1).

Classification of subgroups

To analyze the effects of multiple factors affecting devel-
opmental outcome after surgery, we classified patients into
four subgroups by potential determinants of developmental
outcome; namely, seizure outcome, presurgical develop-
mental levels, and presence of spasms (Fig. 2). First, the
17 patients were classified by postsurgical seizure outcome.
Seven patients with Engel’s class 11—V were classified as
group 4 (Patients 11-17). Among ten patients with Engel’s
class |, four patients with presurgical DQ-1Q = 70 were classi-
fied as group 3 (Patients 7-10), and the remaining six patients
with presurgical DQ-1Q < 70 were further divided into a group
with spasm (group 2; Patients 5 and 6) and a group without
spasm (group 1; Patients 1-4).

Pre-surgical evaluation

All patients had poor seizure control despite using more than
three antiepileptic drugs. All underwent pre-surgical evalua-
tions including surface electroencephalography (EEG)-video
monitoring, brain magnetic resonance imaging, com-
puted tomography, and single-photon emission computed
tomography. Seizures were classified as ‘daily’ if they
occurred everyday for at least three months prior to
surgery.

Seizure outcome and histopathology after surgery

Seizure outcome was classified using Engel’s classification
(Engel et al., 1993). Histopathology was classified according
to Palmini’s classification (Palmini et al., 2004).

Psychological evaluation

Cognitive function was assessed by neuropsychologists.
The psychological tests were selected according to
the developmental level and chronological age. The
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813 patients " Patients who underwent epilepsy surgery (August 1985 to July 2008)

N

108 ﬁénts Patients with FCD confirmed by histopathology

Exclusion

1) Comorbidity: 3 patients *

¢ 2) No evaluation of DQ-IQ at 2 years after surgery: 15 patients
3) More than one surgery: 3 patients
4) Age at onset 2 15 years: 10 patients

77 tiénts Pediatric patients with onset of epilepsy until 15 years old

N

17 patients

1) Onset epilepsy until 3 years old
2) Surgery until 13 years old

3) Evaluation of development by specific psychological tests for children

before and after surgery**

Fig. 1

Selection criteria of patients. FCD, focal cortical dysplasia. * Hydrocephalus after surgery, Chiari malformation, and a

history of head trauma in one patient each. " Tanaka scale or Mother-Child Counseling test.

Mother-Child Counseling baby test (MCC test; Koga, 1967)
and the Tanaka-Binet scale of intelligence (Tanaka scale;
Tanaka, 1987) were used to assess DQ-1Q and mental age.
Postsurgical development was evaluated usually at three
month, 1 year and 2 years after surgery in our center.
All the psychological tests were performed at intervals
tonger than 6 months. The same tests were used in pre-
and post-surgical evaluations, except for two patients
(Patients 1 and 2). For additional evaluation of postsurgical
development, we evaluated the rate of increase in mental
age (RIMA) in addition to DQ-IQ and mental age. RIMA
(months/year) was calculated as follows: mental age at
the current evaluation — mental age at the last evaluation

n=17
Engel’s classification
l Classes [I-IV

Class |
‘ n=10 ]
DQ-1Q

(presurgical)
<70 | 270

Group 4
n=7
Patient Nos. 11-17

n=6 Group 3
n=4

spasm Patient Nos. 7-10

1 | *
Group 1 Group 2
n=4 n=2
Patient Nos. 1-4 Patient Nos. 5-6

Fig. 2 Grouping of patients. Groups 1—-3 were Engel’s class
1, and group 4 (n=7; Patients 11—17) was Engel’s class lI—IV.
Groups 1—2 had presurgical developmental quotient or intelli-
gence quotient (DQ-IQ) <70. Group 2 (n=2; Patients 5 and 6)
had presurgical DQ-1Q <70 and spasm. Group 3 (n=4; patients
7—10) had presurgical DQ-IQ = 70 and no spasm.

(months)/chronological interval between two evaluations
(year). Thus normal average of RIMA is 12 months/year.

Statistics

Unpaired t-test with Welch’s correction was used to compare
RIMA between Engel’s class | and class 11V groups. A Pvalue
less than 0.05 was regarded as statistically significant. Group
data are presented as mean =+ standard deviation unless oth-
erwise stated.

Results

The presurgical clinical profile and surgical outcome of the
17 patients (9 boys and 8 girls) are shown in Table 1. The
median age at epilepsy onset was 8.0 months. At the time of
presurgical evaluation, all patients had daily seizures, and
all but one had complex partial seizures (CPS). Interictal
epileptic discharges varied from localized to widespread. On
presurgical MRI, FCD was localized in one lobe or distributed
in multiple lobes. FCD was proven histopathologically in all
patients.

During a mean postsurgical follow-up period of 3.2 years,
ten patients were seizure-free (Engel’s class 1) and seven
were not (Engel’s classes H—IV).

Table 2 shows the presurgical and postsurgical develop-
mental evaluations. At presurgical evaluation, 14 patients
had impaired DQ-1Q (<70) and four had normal DQ-IQ (=70).
The difference in DQ-1Q between the presurgical and the last
postsurgical evaluations was less than 10 points in 13 of 17
patients, but one patient showed an increase of 10 points.
Three patients showed decreases of more than 10 points.

Comparing the mental age at the last postsurgical
evaluation to that at presurgical evaluation, 16 patients
showed increases, one patient (Patient 12) showed decrease
(Table 2). The patient with decline in mental age belonged
to group 4 (no seizure control). Among 16 patients showing
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Fig. 3 (1) Comparison of rate of increase in mental age
between seizure-free and seizure (+) groups. Gp: Group, * signif-
icant difference between group 1 +2 + 3 and group 4 (unpaired t
test with Welch’s collection, £=2.99, df =15, p=0.0092); Data
were analyzed using GraphPad Prism 5 (GraphPad Software Inc.,
San Diego, CA, USA). (2) Rate of increase in mental age in four
groups. Gp: Group, pre: presurgical evaluation, post: postsur-
gical evaluation. Data were calculated using GraphPad Prism 5
(GraphPad Software Inc., San Diego, CA, USA).

increases in mental age, 14 had RIMA lower than the normal
average of 12 months/year, and the remaining 2 (Patients 7
and 8) had RIMA around 12 months/year (Table 2).

RIMA after surgery was significantly greater in ten
patients with seizure control (groups 1-3; 7.5+3.8
months/year) than in seven patients without seizure con-
trol (group 4; 2.6 + 3.4 months/year) (unpaired t-test with
Welch’s correction, t=2.99, df=15, p=0.0092) (Fig. 3 -
1). Among patients with seizure control, mean RIMA in
those with spasm (group 2) was 2.9 +2.1 months/year, but
mean RIMA in patients without spasm (groups 1 and 3)
was 8.5+ 3.5 months/year. In group 1 (seizure control, DQ-
1Q <70 and no spasm), mean RIMA changed from 3.6 +2.8
months/year before surgery to 6.9 2.5 months/year after
surgery (Fig. 3 -2). Postsurgical RIMA in group 1 was higher
than that in group 4 (no seizure control).

Postsurgical RIMA in group 3 (seizure control and DQ-
1Q2>70; 10.1+2.9 months/year) was almost at a normal
level (12 months/year), and was higher than that in group 2
(with spasm) and in group 4 (no seizure control). Of four
patients with presurgical DQ-IQ=70 and no spasm, two
showed RIMA equal to or higher than normal average. .

Group 1 is the category with partial seizures only (no
spasms) and lower 1Q—DQ before surgery. Therefore, group
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1 is the representative of most candidates for surgery.
As patients of Group 1 achieved seizure control after
surgery, their developmental evolution seems to be the
best evidence for the benefit of surgery. The relations
between mental age, chronological age and RIMA of 4
patients in group 1 are shown in Fig. 4. In Patient 1 who
underwent surgery at the age of 1-year-6-month, postsur-
gical mental age increased from 7 months to 17 months
between chronological ages 1-year-7-month and 3-year-5-
month, and further increased from 17 months to 40 months
between chronological ages 3-year-5-month and 6-year-
6-month (Fig. 4). Accordingly, RIMA was elevated from
5.5 to 7.5 months/year, showing improvement after two
years post-surgery. In patient 2, RIMA was 7.2 months/year
between chronological ages 4-year-5-month and 4-year-10-
month, and 6.0 months/year between chronological ages
6-year-5-month and 7-year-5-months. In patient 3, RIMA
improved from 3.3 to 10.0 months/year after 2 years post-
surgery. In patient 4, RIMA improved from 6.9 to 12.0
months/year after 1 month post-surgery.

Discussion

We studied the developmental outcome after surgery in 17
FCD patients with early-onset epilepsy at 3 years of age
or younger. Ten patients (58.8%) became seizure-free, and
82.3% of patients had preserved or improved DQ-1Q. Previous
studies reported that children did not show any significant
change in 1Q after epilepsy surgery (Jonas et al., 2005;
Freitag and Tuxhorn, 2005). Our data suggest that in FCD
patients with early-onset epilepsy, epilepsy surgery may be
beneficial for seizure control and may preserve or improve
cognitive development.

RIMA after surgery in ten patients with seizure con-
trol was higher than that in seven patients without seizure
control. Patients with lower presurgical DQ-1Q (<70) and
postsurgical Engel’s class | showed improved RIMA after
surgery. These results suggest that developmental outcome
after surgery may be affected by seizure control after
surgery. Developmental plasticity in young children is a
manifestation of the healthy brain during the period of neu-
ronal and synaptic elaboration (Shields, 2000; Klein et al.,
2000). Frequent or continuous epileptic discharge may lead
to elaboration of abnormal synaptic connections, resulting
in inadequate recovery of development.

RIMA of two patients with spasm (group 2) were lower
than those of eight patients in groups 1 and 3, although all
these patients achieved seizure control. Among patients in
group 4, patient 14 who had a history of spasm had rela-
tively low RIMA (1.4) after surgery. These data suggest that
pathology in the brain with spasm impairs development,
even after the cessation of seizures. Therefore, develop-
mental outcome after surgery may be affected by neuronal
damage caused by preceding spasms. Further studies are
needed to examine the relationship between postsurgical
developmental outcome and spasms.

In four patients in group 1 (seizure control, presurgi-
cal DQ-1Q<70), DQ-IQ did not increase after surgery, but
RIMA changed from 3.642.8 before surgery to 6.94+2.5
months/year after surgery. In group 1, RIMA started to
improve after 2 years following surgery (Fig. 4). These data
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suggest that a catch-up of development needs a certain
period for biological repair and maturation of the brain after
cessation of seizure-related brain damage.

All data of postsurgical RIMA in group 1 were lower than
normal average (12 months/year). In group 3, two of four
patients showed RIMA increase equal to or higher than nor-
mal average. These results suggest that lower DQ-1Q before
surgery is a risk factor for poor development after surgery.
Previous study has also reported that presurgical cognitive
level is the only factor independently associated with post-
surgical 1Q (Argenzio et al., 2011). Further long-term studies
are required to reveal the factors affecting development
after surgery. As FCD patients with early-onset epilepsy usu-
ally have refractory disabling seizures and impairment of
cognition, we recommend early epilepsy surgery, especially
when there is no history of spasm and definitive focus con-
firmed by presurgical evaluation.

Due to the limitation of the retrospective study design,
we cannot exclude the possibility that the antiepileptic
drugs had adverse effects on cognitive development. In addi-
tion, the sample size was too small to conduct more detailed
comparisons within groups. Further multi-center study is

required to examine a larger number of patients with FCD
who undergo surgery for early-onset epilepsy during ear-
lier periods of the disease, and analyze the effectiveness
of epilepsy surgery for development. Another limitation of
this study was the indirect computation of intelligence and
development measures.

Conclusions

In 58.8% of FCD patients with early-onset epilepsy, epilepsy
surgery effectively controlled seizures, and in 82.3% of the
patients, epilepsy surgery preserved or improved devel-
opment. Residual seizures after surgery and lower DQ-IQ
before surgery were identified as potential risk factors for
poor development after surgery. In patients with seizure
control and lower presurgical DQ-1Q, catch-up increase in
mental age was observed after two years following surgery.
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Fig 2. Photographs of skin manifestations in
patient 2 following wound debridement,
showing (a) the patient’s back and (b) a
lower leg with multiple macules, papules,
blisters and erythematous and epidermolytic
areas, typical of 1oxic epidermal necrolysis
(TEN). (¢) Involvement of the inner lip
mucosa in this patient. (d) Haematoxylin and
eosin-stained sections of a skin biopsy
specimen of patient 2, with typical

epidermolysis and leucocyte infiltrate of TEN.

taking herbal preparations in capsules, an imaginable common
denominator of TEN development.

A single or multiplier effect by idiosyncratic, dose-related
or drug-interactive reactions of phytochemicals or contami-
nants might be involved in the development of TEN in these
patients. The objective evaluation by the Naranjo adverse drug
reaction (ADR) probability scale” calculated a possible ADR by
the herbal remedy in cases 1 and 3 and a probable cause in
case 2. In all cases, the TEN-specific algorithm for epidermal
necrolysis (ALDEN) confirmed a possible cause of herbal rem-

s 0
edies in TEN developement.’
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The serum level of HMGB1 (high mobility
group box 1 protein) is preferentially high in
drug-induced hypersensitivity syndrome/drug
reaction with eosinophilia and systemic
symptoms

DOL 10.1111/bjd.13162

Dear Epiror, Drug-induced hypersensitivity syndrome (DIHS),
also known as drug reaction with eosinophilia and systemic

symptoms (DRESS), is characterized by high fever, multiple

British Journal of Dermatology (2014) 171, pp1555-~1608
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organ involvement and haematological disorders, essentally
without severe erythema or epidermal apoptosis.' Sequential
(HHV)-6 is deeply
involved in the pathophysiology and persistence of DIHS/

reactivation of human herpes virus

DRESS. A preceding increase in proinflammatory cytokines
such as interleukin (IL)-6 and tumour necrosis factor (TNF)-o
seems to be relevant to the viral reactivation in DIHS/DRESS,
while the exact mechanism is still unclear.”

Stevens—Johnson syndrome (SJS) and toxic epidermal necrol-
ysis (TEN), other severe cutaneous adverse drug reactions (cAD-
Rs), are characterized by high fever, severe erythema and
widespread epidermal damage due to keratinocyte apoptosis.
Activated cytotoxic T cells and natural killer cells are involved in
SJS/TEN.? The molecular cytotoxicity of Fas and cytotoxic pro-
teins, including perforin/granzyme B and granulysin, are
thought to contribute to induction of keratinocyte apoptosis.®
High mobility group box 1 protein (HMGB1) is a nonhistone
nuclear protein that is released from severely damaged cells.
HMGBI plays a role in transcriptional regulation in the nucleus,
while outside of the cell it serves as an activator of the inflam-
matory cascade.* It was recently reported that HMGB1 levels are
increased during the acute stage of SJS/TEN and can serve as an
early diagnostic marker for SJS/TEN.” However, the level of
HMGBT1 at the onset of other severe cADRs such as DIHS/DRESS
has not been investigated. In addition, although there are lim-
ited reports on serum cytokine levels in cADRs,® these cytokines
have not been analysed with regards to HMGB1, which may
induce aberrant cytokine production. To clarify the relationship
between aberrant HMGB1 and cytokine production at disease
onset, and the clinical manifestations elicited, we investigated
serum HMGBI and cytokine profiles in various cADRs.

Peripheral blood was taken from healthy controls and patients
with various types of cADR including maculopapular (MP) type,
erythema multiforme (EM), SJS, TEN and DIHS/DRESS at the
time of onset and recovery. Onset is an acute exacerbation phase
(< 7 days) and recovery is a remission phase of cADRs. Serum
was stored at —80 °C and cytokine levels were measured by lu-

Table 1 Profile of each group

British Journal of Dermatology (2014) 171, pp1555-1608

127

minometric bead array using the Bio-Plex Suspension Array Sys-
tem (BioRad, Hemel Hempstead, U.K.). HMGB! was measured
by enzyme-linked immunosorbent assay. The groups consisted
of the following subjects (full details in Table 1): healthy con-
trols, 14 cases; MP/EM, 11 cases; SJS/TEN, 17 cases and DIHS/
DRESS, 17 cases. For comparison of cytokine levels between
healthy controls and each ¢ADR group at onset, and between
onset and recovery in each cADR group, the Mann—Whimey test
and Wilcoxon matched-pairs tests were used, respectively. Sta-
tistical significance was established at P < 0-05 and P < 0-01.

HMGB1 was high in both SJS/TEN and DIHS/DRESS comi-
pared with healthy controls and other cADRs, but the level was
significantly higher in DIHS/DRESS than in SJS/TEN. Compari-
son of cytokine levels between SJS/TEN and DIHS/DRESS
revealed a prominent increase in T helper (Th)2 cytokines/
chemokines such as IL-5, IL-9 and IL-13 in DIHS/DRESS. Addi-
tionally, IL-10 (an anti-inflammatory cytokine) and IL-12 were
elevated in DIHS/DRESS (Fig. la). Concerning the serum cyto-
kine levels at the tme of onset in each group, the following
were significantly increased compared with healthy controls: IL-
5, IL-6, chemokine (C-X-C) motif ligand (CXCL)-8, IL-9, IL-12,
eotaxin, granulocyte macrophage colony-stimulating factor
(GM-CSF), CXCL-10 and vascular endothelial growth factor
(VEGF) in MP/EM; IL-6, IL-12 and CXCL-10 in SJS/TEN; and
IL-5, IL-6, IL-9, IL-10, IL-12, IL-13, IL-15, eotaxin, GM-CSF,
interferon (IFN)-y, CXCL-10 and VEGF in DIHS/DRESS. Proin-
flammatory cytokines such as TNF-o and IFN-y were not neces-
sarily high in severe cADRs. Most, but not all, cytokines
returned to normal levels with treatment at the time of recovery
(Fig. 1).

Although the levels of various types of serum cytokines
were elevated at cADR onset, the levels of proinflammatory
cytokines did not correlate with the types of cADR or disease
severity. These results suggest that the overproduction of these
cytokines contributes to promoting inflammation, but that
mechanisms other than an increase of proinflammatory cyto-
kines are essential for inducing the massive keratinocyte apop-
tosis observed in SJS/TEN.

In DIHS/DRESS, Th2 cytokines, HMGBI and IL-10, were
increased. Recent studies have reported that not only Th2 cyto-
kines, but also Th2 chemokines such as thymus and activation-
regulated chemokine, were elevated in serum in DIHS/
DRESS.*” In addition, HMGB1 was more highly elevated than in
SJS/TEN. HMGBI has been shown to induce the differentiation
of dendritic cells (DCs) to CD11c°¥CD45RB"#" DCs followed
by shifting of Th1 to Th2 in vitro.® Furthermore, high expression
of HMGB1 in DIHS/DRESS skin has been reported.” The area of
expression of HMGB! was larger in DIHS/DRESS lesions than in
SJS lesions regardless of keratinocyte damage. Translocation of
HMGBI1 occurred in DIHS epidermal cells, and this HMGBI
attracted monomyeloid precursors harbouring HHV-6, resulting
in HHV-6 transmission to skin-infiltrating CD4™ T cells, which
is essential for HHV-6 replication in DIHS/DRESS. On the other
hand, IL-10, which is an anti-inflammatory cytokine, was also
highly elevated in DIHS/DRESS. It has been reported that expan-
sion of Foxp3*CD25" T regulatory cells (Tregs) was observed

© 2014 British Association of Dermatologists



Correspondence 1587

(a)
N “ + Y =N 0y . ooap 2% - 00 - . L
éa ESJ'” m.“mmm: %m : o
M 348
2 ; H : =L .
¥ 2 : :
gxo . @ 3’” 5 3% 1. )
é " ;; %% ’;% hal ] * % = “é §§ i"' %
A * M ; +
@ : & e Bl Tl ¢ - %
HC OR ;G& O R HC OR O R O R HC OR 0o O R
MP/EM SJSTEN DIHSDRESS MPEM SISTEN DIHSVDRESS MPEM SISTEN DIHVDRESS

1 2% &% 159 . ”:_ LI &% 169 . e s
= [T ad e Wy o
:‘é FY} i :‘é m”'&’i"m. :'é P o Y :‘

26 . a 190 . .

. 0
g . * :;9 g * ': g *
%ze: “ ° . H i‘ @4 . }H“ % i a %
= £a 2 & = £ v . = 1 o S
Jite @3 % 5 ia 22 : 3 JE 2a 35 &
HC OR 0& O R HC OR O R O R HC OR OR OR
MPEM SISTEN DIHSDRESS MPEM RISTEN DIHSDRESS MPEM SIRTEN DIHSDRESS
b
Lu % -~ s 20 A B, Wy L. 2 2 22
%xs s s ) . T e ' .
8 . T : =
B s Eoae " k-4 s
fs * ; 3 ER 9 T2 & \tm 3 - 5
= * .t Ed = A i‘ % =N N R
e* :§ if& oi ?3: § - Q.M
HC OR O R O R HC OR O R O R HC OR OR OR
MPEM SISTEN DINS/DRESS AMPEM SUSTEN DIHSDRESS MPEM sxs:’r!:::ﬁ DIHSDRESS
PRI % N 23 200 kil
= = e o
"Ex vs ® - ‘ M :-ém .
] .

& * 3 -~
g, $ E P E e . e,
R oei, 4 La om w 0 . o . » e
g 2 ?i i % = e It o = ®ir 2 -

» ® * . Lz R §§ & s“ ';" ii

Py ; Cad . & L > ° & i

HC O R OR O R HC OR OR HC OR OR OR
MPEM &!sm DIHSDRESS MPEM SISTEN DIHSDRESS MPEM SISTEN DIHSDRESS
sy, sy 2 2 e s s
- A ) - e 7%
s —
’g““ . s . g 1se 2 e
gm i : . ® g * 2 »
Foes L i 19 : - . .
RIS S O ¢ TS Z ‘ ’
wie A z ® ‘% s ° = m % 37
iy 2 3 ,§ ¢ 3 % %% f@ Jw ¥ &z #%
HC © 0 OR HC OR OR HC R O O R
2R OR P ey
MPEM SISTEN DIHSDRESS MPEM SISTEN DIMSDRESS MPEM SISTEN DIHS/DRESS
o~ 88 045 L% PN % i w8 4% 1450 s 33 #%
3 Py = - = =
’é}“ﬂ = - - %m * fg .
1000
gasm 1 -+ gm . & R ’
= 20000 & . ¥ . ® » . = . -
s K A 10 * -
C 5 o & Z % a P » g . s 5 23
7 10w 7 % = 3 Ei i'?i - . i% % = *i
2 ld i > x ‘x 5 °$ A *‘ '
HC OR g OR HC O O& O R HC OR O R O R
MPEM SISTEN DIHSYDRESS MPEM SISTEN DIRSDRESS MPEM SISTEN DIHSDRESS

Fig 1. Serum high mobility group box 1 protein (HMGBI) and cytokine levels were analysed by enzyme-linked immunosorbent assay and luminometric
bead array. To compare cytokine levels between healthy controls (HC) and each cutaneous adverse drug reaction (cADR) group at onset and between
onsel and recovery in each ¢cADR group, the Mann-Whitney test and Wilcoxon matched-pairs tests were used, respectively. Significanuly higher levels of
(a) cytokines and (b) other proinflammatory cytokines in drug-induced hypersensitivity syndrome (DIHS)/drug reaction with eosinophilia and systemic
symptoms (DRESS) than in Stevens—Johnson syndrome (SJS)/loxic epidermal necrolysis (TEN). CXCL, chemokine (C-X-C) motif ligand; EM, erythema

multiforme; GM-CSF, granulocyte macrophage colony-stimulating factor; IFN, interferon; IL, interleukin; MP, maculopapular; O, onset of disease;
R, recovery from disease; TNF, tumour necrosis factor; VEGF, vascular endothelial growth facior. *P < 0-05, **p < 0-01.
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during the acute stage of DIHS but not of TEN, whereas Tregs
decrease dramatically in the late stage of DIHS.'® Taken
together, HMGB1 released during the acute phase of DIHS/
DRESS might facilitate Th2 cell activation induced by the causa-
tive drug, resulting in exacerbation. In this context, Th2 cells
and Tregs, both producing IL-10, along with other activated
cells producing proinflammatory cytokines, characterize the
pathophysiology of DIHS/DRESS in the early stage.

In conclusion, cytokine storm occurs in various types of
cADRs, but factors other than cytokines are required for the
onset of severe cADR. HMGR! may contribute to the devel-
opment of DIHS/DRESS through Th2 cell activation, which
plays a key role together with Tregs in the disease. The
involvement of HMGB1 in cADRs therefore requires further
investigation.
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A case of pemphigus herpetiformis-like
atypical pemphigus with IgG anti-desmocollin
3 antibodies

DOL: 10.1111/bjd.13088

Dear Epiror, Pemphigus is an autoimmune blistering skin disease
characterized by autoantibodies to keratinocyte cell surface anti-
gens.' Major autoantigens for pemphigus are desmogleins
(Dsgs), ransmembrane cell-cell adhesion proteins belonging to
the cadherin family. Dsgl and Dsg3 are antigens for pemphigus
foliaceus and pemphigus vulgaris, respectively. In addition to
the four Dsg isoforms (Dsgi—4), there is another group of
desmosomal cadherins, the desmocollins (Dsc), which is
composed of three isoforms (Dsc1-3).

Pemphigus herpetiformis (PH) is a distinct variant of pem-
phigus; clinically it shows dermatitis herpetiformis-like fea-
tures characterized by pruritic annular erythemas with vesicles
on the periphery, histopathologically, eosinophilic spongiosis
and immunologically, IgG antibodies to keratinocyte cell sur-
faces.” Tshii et al. reported that the targets of IgG autoantibod-
ies in PH were Dsgs.® Anti-Dsgl antibodies were detected in
the majority of patients, while anti-Dsg3 antibodies were
detected in some cases. In this study, we report a case of
PH-like atypical pemphigus with IgG antibodies to Dsc3, but
without antibodies to Dsgs.

A 57-year-old Japanese man visited us complaining of a
I-year history of erosive skin lesions. He was otherwise
healthy with no particular medical history. Physical examina-
tion revealed pruritic, urticarial, annular erythemas on the
trunk and extremities, with some showing small vesicles at
the periphery (Fig. la). No mucosal involvement of the oral
cavity was present. Blood tests and computed tomography
showed no abnormalities.

© 2014 British Association of Dermatologists
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Summary

Purpose: To clarify the neurophysiologic mechanism of epileptic negative myoclonus (ENM), we
analyzed the magnetoencephalography (MEG) of a patient with ENM.

Methods: The 52-year-old right-handed male had frequent ENM in the right upper limb during
awake and monthly seizures with sudden tonic stiffening of the right forearm during sleep.
MRI demonstrated a focal cortical dysplasia in the cortex of the posterior portion of the left
superior frontal sulcus. Whole-head type MEG, electroencephalography and electromyography
were simultaneously recorded during ENM. Single equivalent currents dipoles (ECDs) were cal-
culated for each spike component followed by silent period (SP) in the right deltoid muscle.
These MEG spike components were averaged with respect to their peaks, and single ECD was
also calculated for the averaged spike component. Furthermore, we analyzed the MEG with
the silent-period-locked-averaging (SPLA) method. Twenty MEG signal data were averaged with
respect to the onset of SP. Twenty epochs in each of five separate periods of recording were
repeatedly averaged. ECDs were calculated for spike components observed in each averaged
epoch.

Results: ECDs of each spike followed by SP were clustered near the cortex of the left central
sulcus. In MEG spike averaging and SPLA method, ECDs at the peak of spike components were
located near the right shoulder division of the primary sensorimotor cortex reproducibly. ECDs
on the ascending phase before the peak were located lateral to the above ECD location in MEG
spike averaging method.

* Corresponding author. Tel.: +81 54 245 5446; fax: +81 54 247 9781.
E-mail addresses: yosimura@szec.hosp.go.jp (M. Yoshimura), george12188@126.com (S. Zhang), ueda.de.yuki@gmail.com (Y. Ueda),
matsuda-1@hosp.go.jp (K. Matsuda), imaik-1@hosp.go.ip (K. Imai), takahashi-ped@umin.ac.jp (Y. Takahashi), yinoue-jes@umin.net
(Y. Inoue).
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0920-1211/© 2014 Elsevier B.V. All rights reserved.
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Conclusions:

ENM was produced by an inhibitory action on the primary sensorimotor cortex
corresponding to the body segment in which ENM occurs.
© 2014 Elsevier B.V. All rights reserved.

Introduction

Epileptic negative myoclonus (ENM) is defined as an inter-
ruption of tonic muscle activity, which is time-locked to an
epileptic electroencephalography (EEG) abnormality, with-
out evidence of an antecedent positive myoclonus (Tassinari
et al., 1995). This EEG abnormality is usually a spike over the
contralateral central region, and is accompanied by a silent
electromyography (EMG) period (SP) lasting for approximate
100 to 400 (less than 500) ms (Tassinari, 1981).

Although there have been some reports indicating
particular cortical areas associated with ENM, the neuro-
physiological mechanisms for the genesis of ENM remain
incompletely understood. Some of these reports indicate
that ENM is produced by an inhibitory action on the primary
sensorimotor region in non-invasive (Guerrini et al., 1993;
Oguni et al., 1998; Capovilla et al., 2000; Kubota et al.,
2005; Song et al., 2006; Yu et al., 2009) and invasive studies
such as subdural electroencephalography (EEG) (Noachtar
et al., 1997) and cortical electrical stimulation (lkeda et al.,
2000). On the other hand, some authors emphasize the
involvement of the premotor cortex including the supple-
mentary motor area in the generation of ENM by non-invasive
procedures (Rubboli et al., 1995; Baumgartner et al., 1996;
Meletti et al., 2000; Usui et al., 2010) and by cortical elec-
trical stimulation (Rubboli et al., 2006). In non-invasive
studies, change of regional blood flow, regional amount
of benzodiazepine receptors or change of regional glucose
uptake were demonstrated in association with ENM. Electro-
physiological events such as epileptic discharges may reflect
the generation of ENM directly. Compared to scalp EEG, Mag-
netoencephalography (MEG) can more accurately localize
the sources of intraneuronal electric currents. There were
only few reports on MEG analysis of ENM (Kubota et al.,
2005). We here report the ictal MEG analysis in a case with
EMN.

Methods

Patient

The patient was a 52-year-old right-handed male with two
types of seizures. The first type of seizure was character-
ized by a sudden tonic stiffening with an extension of the
right upper arm, often followed by a brief clonic convul-
sion in the right forearm. The total duration did not exceed
20s and consciousness was always preserved during the
seizure. Seizures occurred 1 to 4 times a month only dur-
ing sleep, except for the first seizure at the age of 9 years.
He started taking phenytoin and phenobarbital at 14 years
of age. At around 39 years of age, ENM, the second seizure
type, began noticed during waking period everyday. ENM was
characterized by short repetitive loss of postural tone of
the right upper extremity occurring ten to twenty times per

132

minute when the arms were held outstretched. Conscious-
ness was fully preserved during the episodes of ENM.

Neurological examination showed no weakness, sensory
deficit, nor cerebellar signs. 1.5-Tesla MR FLAIR, T1-, and T2-
weighted images of the brain showed a high intensity lesion
regarded as focal cortical dysplasia, located in the cortex
of the posterior portion of the left superior frontal sulcus
(Fig. 1).

EEG recorded with the international 10—20 system (EEG-
1100, Nihon Kohden, Japan) showed frequent interictal focal
spikes at electrodes C3, P3 and Cz without change of EMG
in sleep and resting (Fig. 7). On the other hand, SPs of
80—-200 ms duration (ENM) in the right deltoid muscle were
seen in synchronization with spikes in the same area when
the patient held his arms outstretched (Fig. 3a).

In seizures with tonic stiffening of the right upper arm,
EEG showed fast activity with a maximum amplitude at
electrodes C3 and Cz accompanied with attenuation of the
interictal spikes a few seconds before the seizure onset,
with a gradual increase in amplitude and a gradual decrease
in frequency, disappearing 10—15s after the seizure onset
(Fig. 2).

Simultaneous MEG, EEG and EMG recording

MEG, EEG and EMG were simultaneously recorded in a
magnetically shielded room. The neuromagnetic fields
were recorded with a 160-channel whole head type axial
gradiometer MEG system (PQ1160C; Yokogawa Electric Cor-
poration, Japan). EEG was recorded with silver—silver
chloride cap electrodes the international 10—20 system. EEG
was recorded with 21 silver—silver chloride cap electrodes
positioned in accordance with the international 10—20 sys-
tem. Surface EMG electrodes were placed on the right
deltoid muscle. The recording passband was 4—100Hz in
MEG and 1-100Hz in EEG and 50—100Hz in EMG, and
the sampling rate was 500Hz. For the purpose of reduce
the influence of low frequency components of background
activity, 4Hz high-pass filter was used in MEG. During the
recording of 6min, the patient lay down and was asked
to hold his right upper limb extended obliquely upward 30
degrees from the horizontal plane to induce ENMs.

Estimate of equivalent currents dipoles (ECDs) for
each spike

We calculated single equivalent currents dipoles (ECDs) for
each spike component followed by SP of 80—500 ms duration
in the right deltoid muscle observed during the recor-
ding, using an iterative least squares minimization algorithm
(Hamaldinen et al., 1993). ECDs with a goodness of fit (GOF)
higher than 80% were accepted and overlaid onto MRI with
five adhesive marker coils attached to the skin of the sub-
ject’s head (10mm in front of the left and the right tragus,
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Fig. 1 1
dysplasia,

.5-T MRI of the brain. FLAIR, T1-, and T2-weighted images showed a high intensity lesion, regarded as focal cortical
located in the cortex of the posterior portion of the left superior frontal sulcus.

35mm above the nasion, and 40 mm right and left of that), =~ MEG spike averaging

by which the position of the subject’s head relative to the

MEG instrument was determined. Multiplanar head 3D-MRI  For the purpose of minimalizing the error from background
was obtained by a 1.5 T MRI System (Signa Twin Speed 1.5T  activity, we averaged off-line 45 MEG spike components
system; Yokogawa Electric Corporation, Japan). followed by SP of 80—500ms duration in the right deltoid
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seizure with tonic stiffening of the right upper arm recorded during sleep. During interictal periods, EEG showed frequent

focal spikes at electrodes C3, P3 and Cz without change of EMG. A few seconds before the onset of a seizure, the interictal spikes
disappeared and fast activity maximum at electrodes C3 and Cz appeared and gradually increased the amplitude.
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Simultaneous records of MEG, EEG and EMG of the right deltoid muscle while the patient held outstretched his arms. (a)

Paroxysms on MEG were observed as monophasic spikes in synchronization with focal spikes at electrodes C3, P3 and Cz on EEG
which preceded silent periods in the right deltoid muscle. (b) The magnetic fields of peaks of each spike showed clear single dipole
pattern, and equivalent currents dipoles of accepted 25 spikes were clustered near the cortex of the left central sulcus.

muscle aligned to their peaks (Wennberg and Cheyne, 2014).
ECD was calculated for the averaged spike component and
overlaid onto MRI.

Silent-period-locked-averaging

For the purpose of clarifying the spatiotemporal correla-
tion between the ENM and generator sources of spikes, we
analyzed the MEG with the silent-period-locked-averaging
(SPLA) method (Ugawa et al., 1989). The MEG signal data
was averaged off-line with respect to the onset of SP deter-
mined visually in the EMG of the right deltoid muscle. Twenty
consecutive epochs starting 200ms before and terminating
300 ms after each onset of SP were averaged. For confirming
the reproducibility, twenty epochs in each of five separate
periods of recording were repeatedly averaged. ECDs were
calculated for spike components observed in each averaged
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epoch and those with a GOF higher than 80% were overlaid
onto MRI.

Somatosensory evoked fields (SEFs) to median
nerve stimulation

For localizing the central sulcus and confirming the spatial
relation with the sources of spikes, somatosensory evoked
fields (SEFs) were measured with the same system in an
awake state. The right median nerve was stimulated at the
wrist with a constant-current pulse of 0.2ms duration at a
strength of 8.0mA, three times above the sensation thresh-
old. The analysis time was 50 ms before and 200 ms after the
stimuli. The results of 500 trials were averaged, and ECD of
the component of the SEF correspond to N20 in somatosen-
sory evoked potentials was calculated and overlaid onto MRI.

Written informed consent was obtained from the patient.
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Fig. 4 MEG spike component averaged with respect to each peak of 45 MEG spike components, and the location of the equivalent
currents dipoles (ECDs) of the peak and the ascending phase before the peak. ECD of the peak of the averaged MEG spike component
was located on the precentral cortex about 18 mm medial to the primary hand sensory cortex obtained by SEF study. ECDs on the
ascending phase before the peak were located lateral to the above ECD location. SI: the primary hand sensory cortex.

Results
Estimate of ECDs for each spike

Paroxysms on MEG were observed as monophasic spikes in
synchronization with focal spikes at electrodes C3, P3 and
Cz on EEG which preceded SPs in the right deltoid muscle
(Fig. 3a). Twenty-five spike components were accepted. The
magnetic fields of peaks of each spike showed a clear single
dipole pattern and ECDs were clustered near the cortex of
the left central sulcus (Fig. 3b).

MEG spike averaging

ECD of the peak of the averaged MEG spike component was
located on the precentral cortex with 99.1% of GOF. The
obtained source was located in the area about 18 mm medial
to the primary hand sensory cortex obtained by SEF study.
ECDs on the ascending phase before the peak were located
lateral to the above ECD location with 88.7 to 98.7% of GOF
(Fig. 4).

SPLA

Five averaged waveforms of SPLA showed monophasic spikes
on MEG with each peak at 40-46 ms before the onset of SPs

in the EMG of the right deltoid muscle. Since the MEG spikes
preceded the spikes on EEG by about 12ms, the latency
between the peak of the EEG spikes and the onset of SPs
was about 30 ms. ECD of each peak of MEG spikes was located
on the precentral cortex reproducibly. The obtained sources
were located in the area about 18 mm medial to the primary
hand sensory cortex obtained by SEF study (Fig. 5).

Discussion

Though MEG is regarded as useful for locating a source
of epileptic discharges with high spatial resolution, the
method of analyzing a single ECD has some problems,
including the error from background activity. Therefore, we
analyzed the MEG with the MEG spike averaging and SPLA
method in this report. MEG spike averaging is expected to
minimalize the error from background activity. However,
some of spikes could be also related to ENM in extra-deltoid
muscles in the right upper extremity, and spikes located in
different areas could be averaged with the spike averaging
method. On the other hand, it is considered that the SPLA
method minimalizes the effect of changes in magnetic field
except those generating ENM in the target muscle. In the
present study, the current source of spikes from the MEG
analysis with the SPLA method was reproducibly located on
the precentral cortex about 18 mm medial to the primary
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Silent-period-locked-averaging (SPLA) MEG and EEG, and equivalent currents dipole (ECD) locations of each peak of five

SPLA MEG. Averaged waveforms of SPLA showed monophasic spikes on MEG with each peak at 40—46 ms before the onset of silent
periods in the EMG of the right deltoid muscle. ECDs of each peak of MEG spikes were reproducibly located on the precentral cortex
about 18 mm medial to the primary hand sensory cortex obtained by SEF study. SI: the primary hand sensory cortex.

hand sensory cortex. This location was considered as near
the right shoulder division of the primary motor cortex.
Although same result was obtained with the spike averaging
method, ECDs on the ascending phase before the peak
were located lateral to the above location. It indicates
that the main current source of spikes associated with
ENM in the right deltoid muscle was located near the right
shoulder division of the primary motor cortex, and probably
propagates from the cortex lateral to it,

The characteristics of ENM in our cases were consistent
with previous studies. The SPs duration of 80—200 ms and the
latency of about 30 ms between the peak of the spikes and
the onset of SPs observed in our case were in agreement with
the findings of the others, in which the latency was reported
as 20—40 ms (Guerriniet al., 1993; Baumgartner et al., 1996;
Noachtar et al., 1997; Capovilla et al., 2000; Meletti et al.,
2000; Usui et al., 2010) except for 50 ms in a case of Oguni
et al. (1998). Some authors have reported cases with ENM
and associated EEG transients in the contralateral primary
sensorimotor cortex (Guerrini et al., 1993; Noachtar et al.,
1997; Oguni et al., 1998; Capovilla et al., 2000; Kubota
et al., 2005; Song et al., 2006). Furthermore a correlation
between the occurrence of ENM in a body segment and a
somatotopic topography on the scalp of the related parox-
ysmal activity has been suggested. For example ENM in an
upper limb was associated with an EEG transient in the con-
tralateral central region (Guerrini et al., 1993), and ENM in
a lower limb was suggested to be associated with a spike in
the vertex area (Capovilla et al., 2000). In addition, Kubota
et al. (2005) demonstrated by the MEG analysis that ENM of
the bilateral hands or neck was associated with a spike of
which the current source was localized mainly in the lower
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precentral area including the neck and orofacial division of
the primary motor cortex. They suggested from the benefi-
cial effect of ethosuximide (a T-type Ca** channel blocker
in thalamic neurons and the cortex) for ENM and the MEG
results that an abnormal interaction of the thalamocorti-
cal network might be closely related to the pathogenesis
of EMN. Our result is in agreement with these studies in
that the current source of spikes associated with ENM by
the MEG analysis was estimated in the precentral cortex cor-
responding to the body segment in which ENM occurs, and
indicates that ENM is produced by an inhibitory action on
the primary sensorimotor region. This is corroborated by the
finding of the cortical electrical stimulation, in which tkeda
et al, (2000) have demonstrated that the inhibitory mech-
anism within the primary sensorimotor area, but not in the
non-primary motor areas, plays an important role in elici-
ting negative myoclonus because single pulse stimulation of
primary sensorimotor area exclusively elicited a SP.

On the other hand, some studies have indicated the
involvement of the premotor cortex including a supplemen-
tary motor area in the generation of ENM (Rubboli et al.,
1995, 2006; Baumgartner et al., 1996; Meletti et al., 2000;
Usui et al., 2010). Usui et al. (2010) reported a case with a
deficit in GABA-A receptors in the supplementary motor area
by "ZIIMZ-SPECT image, and a case reported by Meletti et al.
{2000} had ENM and asymmetric tonic seizures regarded
as having a supplementary sensorimotor area origin. These
findings suggest the presence of functional abnormality in
supplementary motor area in patients with ENM. Tassinari
et al. {1995) demonstrated that the focal spike associated
with ENM was involving, primarily or secondarily, the cen-
troparietal and frontal supplementary motor areas, and that
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a cortical inhibitory active mechanism plays an important
role in the genesis of ENM. In our case, unlike the cases in
these reports, ENM did not originate in the supplementary
motor area, although the premotor cortex may be function-
ally involved in the genesis of ENM.

Conclusion

In our case, MEG analysis with the SPLA method and with
the spike averaging method showed that ENM was produced
by an inhibitory action on the primary sensorimotor cortex
corresponding to the body segment in which ENM occurs.
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