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Abstract

Purpose: To characterize the epilepsy in patients with severe motor and intellectual disabilities (SMID), the
relationship between the severity of disabilities and the characteristics of epilepsy was examined in 130 children and
adults hospitalized in our residential facility.

Methods: Ohshima’s classification was used to evaluate the severity of motor and intellectual disabilities. All the
following clinical data were collected from the medical records: sex, age, etiology, and clinical features of epilepsy.
The participants were divided into the profound SMID and less-profound SMID groups according to the Ohshima’s
classification score.

Results: The main findings were as follows: (1) the severity of motor and intellectual disabilities was higher in
the epilepsy-positive SMID patients than in the epilepsy-negative SMID patients (p=0.001); (2) an etiological analysis
indicated the relatively higher incidence of neonatal hyperbilirubinemia (p=0.005) and traumatic brain injury (p=0.027)
in the epilepsy-negative and the epilepsy-positive patients, respectively; (3) the mean number of antiepileptic drugs
administered in the profound SMID group was higher than that in the less-profound SMID group (p=0.0008); and (4) an
EEG analysis revealed the higher detection rate of multifocal spike discharge in the profound SMID group than that in
the less-profound SMID group (p=0.031).

Conclusion: While the refractory mechanism is unclear, multifocal epileptogenesis was thought to be one of the

most characteristic findings in patients with SMID and may be closely related to intractability of epilepsy.

Keywords: Severe motor and intellectual disabilities; Epilepsy; Mul-
tifocal spike discharge; Multifocal epileptogenesis

Introduction

The term of “severe motor and intellectual disabilities (SMID)”
has been used to describe a heterogeneous group of disorders that
include both severe physical disabilities and profound mental
retardation, a concept that is based on social welfare terminology
(not medical terminology) and which was developed originally in
Japan [1]. While Western countries may lack an identical concept
equivalent to SMID, the term “severe or profound intellectual and
motor disabilities (SPIMD)” seems to be established and is frequently
used to describe patients with a combination of a severe or profound
intellectual disability (ID) (i.e., estimated intelligence quotient <35)
and profound motor disability (i.e., inability to move independently)
[2]. Patients with SPIMD frequently experience health problems, such
as dysphagia, epilepsy, spasticity, respiratory dysfunction, urination
disorders, and hearing and visual impairment [3,4]. The estimated life
expectancy of people with severe intellectual and motor disabilities is
lower than that of people with a milder intellectual disability and the
general population [5-7]. Strong evidence also shows that the physical
inactivity, which seems to be a feature of SMID patients, increases
the risk of many adverse health conditions, including major non-
communicable diseases such as coronary heart disease, type 2 diabetes,
and breast and colon cancers, and shortens life expectancy [8].

Epilepsy is one of the most common comorbidities in patients with
SMID. Its approximate prevalence is 70-80%, and with insufficient
seizure control [2,3]. Some studies have reported on epilepsy in
patients with SMID, emphasizing the importance of early seizure
control, indicating the important role of electroencephalogram (EEG)

findings, and identifying poor prognostic factors for seizure control
[9,10]. However, the pathogenetic mechanisms underlying intractable
epilepsy among SMID patients have yet to be clarified. In the present
study, to characterize the epilepsy in patients with SMID, we examined
the relationship between the severity of disabilities and the clinical
features of epilepsy in 130 children and adults hospitalized in our
residential facility. Section numbers of Ohshima’s classification was
used to grade the severity of disabilities [11].

Methods
Study participants

Our residential facility hospital Biwako-gakuen was established in
1963 for the medical and welfare treatment of children with mental
and physical disabilities. Because of their profound disabilities, most of
the residential patients need to be hospitalized for their entire life. At
the time of this study, the hospitalization period of residential patients
ranged from 1 year to 56 years. The study population included 130
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mentally and physically disabled children and adults, all of whom were
residential clients hospitalized at this facility. All examinations and
treatments administered to the patients are regular practice based on
medical necessity without any intervention. The present retrospective
study analyzed the clinical history of 130 patients and was approved
by the ethics committee of the Biwako-gakuen Medical and Welfare
Center of Yasu on October 1, 2017.

Procedure

Section numbers of Ohshima’s classification, which classifies the
level of each motor and intellectual disability by combining them into
25 different divisions (with 1 and 25 indicating the highest and lowest
degrees of disability, respectively), was used to evaluate the severity of
motor and intellectual disabilities, as scoring of degree of SMID (Table
1) [11]. SMID was defined as a classification of 1-9 under this system,
with classes 1-4 defined as extreme SMID. These definitions are widely
used to classify motor and intellectual disabilities in children and adults
in Japan. All clinical data were collected between October 2017 and
April 2018, and the following items were investigated from the medical
records: sex, age, etiology, Ohshima’s classification number, and the
clinical features of epilepsy. To analyze the relationship between the
severity of disabilities and the characteristics of epilepsy in patients
with mental and physical disabilities, all participants were included as
SMID in this study and divided into the profound SMID (score < 4) and
less-profound SMID (score = 5) groups according to the Ohshima’s
classification number.

The terminology for seizures and epilepsy and epilepsy classification
were based on the most recent ILAE commission reports and comments

Motor Function Level
1Q level Run waik | Walk with sit Bed ridden
assistance

70-100 21 22 23 24 25
50-69 20 13 14 15 16
35-49 19 12 7 8 9
20-34 18 1 6 3 4
0-19 17 10 5 2 1

Table 1: The Ohshima'’s classification score table. This table shows the 25 different
divisions defined by the intelligence quotient (IQ) and motor function level.

[12,13], including the guideline from the ILAE website (www.
epilepsydiagnosis.org). The etiology of mental and physical disabilities
was classified into 10 items based on the etiological classification of
epilepsy, as follows: chromosomal abnormalities, gene abnormalities,
malformation of cortical development, hypoxic-ischemic brain
injury, traumatic brain injury, brain tumors, porencephalic cyst,
metabolic disease, infectious disease, and unknown etiology. Epilepsy
types were divided into four groups, as follows: (1) focal epilepsy, (2)
generalized epilepsy, (3) combined generalized and focal epilepsy, and
(4) unknown type. As epilepsy syndromes often transform with age in
patients with a long clinical course, patients were roughly divided into
the two groups of syndromic and non-syndromic epilepsy according
to the presence of epileptic syndromes at the time of this study. And
non-syndromic epilepsies were further classified according to the
epilepsy types. The EEG recordings used the 10-20 international
system of electrode placement with referential and bipolar montage.
Activation procedures with photic stimulation and hyperventilation
were routinely performed if the patient was able to cooperate. EEG
findings were classified into five groups according to the interictal
paroxysmal discharges, as follows: (1) No spike discharge, (2) Focal
spike discharge, (3) Hemispheric spike discharge, (4) Multifocal spike
discharge (defined as the presence of more than two independent spike
foci), and (5) Generalized spike discharge. Statistical significance was
determined using Welch’s t-test and the X* test, and p values of <0.05
were considered statistically significant.

Results

Comparison of SMID patients with and without epilepsy

The total number of SMID patients in this study was 130 (male/
female=73/57). The mean age of the patients was 51.1 years (range,
11 to 85 years) and the mean Ohshima’s classification score was 4.49
(range, 1 to 18). In the epilepsy-negative 63 patients (48.5%; male/
female=32/31), the mean age was 56.4 years (range, 15 to 85 years).
In the epilepsy-positive 67 patients (51.5%; male/female=41/26), the
mean age was 46.1 years (range, 11 to 70 years). The mean Ohshima’s
classification scores of the epilepsy-negative and epilepsy-positive
groups were 5.79 and 3.26, respectively (p=0.001). The number of
patients with each Ohshima’s classification score (1-18) is shown in

Variables Total Epilepsy (-) Epilepsy (+) p-value
Number of patients 130 63 (48.5) 67 (51.5) -
Male/Female 73/75 32/31 41/26 -
Mean age, years (SD) 51.1 (13.9); range 11-85 56.4 (12.3); range 15-85 46.1 (13.5); range 11-70 -
Megg:;‘f’i;‘:t‘i’;?(hssg')ma 4.49 (4.55); range 1-18 5.79 (5.11); range 1-18 3.26 (5.11); range 1-17 0.001
Etiology (%)
Chromosomal abnormalities 4 (3.1) 1(1.6) 3(4.5) -
Gene abnormalities 13 (10.0) 6 (9.5) 7(10.4) -
Malformation of cortical
development 9(6.9) 4 (6.3) 5(7.5) -
Hypoxic -Ischemic brain injury 40 (30.8) 22 (34.9) 18 (26.9) -
Traumatic brain injury 5(3.8) 0(0) 5(7.5) 0.027
Brain tumours 1(0.7) 1(1.6) 0 (0) -
Porencephalic cyst 1(0.7) 0 (0) 1(1.5) -
Metabolic disease 7 (5.4) 7 (11.1)* 0 (0) 0.005
Infectious disease 13 (10.0) 4 (6.3) 9(13.4) -
Unknown 37 (28.5) 18 (28.6) 19 (28.4) -
SMID: Severe Motor and Intellectual Disabilities, SD: Standard Deviation, (-): Negative, (+): Positive.
*All cases were patients with neonatal hyperbilirubinemia.

Table 2: The age, Ohshima’s classification score and etiological classification of the Epilepsy (-) and Epilepsy (+) patients.
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Variables Total Profour?q SMID: Ohshima’s Less-profc?l.md.SMID: Ohshima’s p-value
classification score £ 4 classification score 2 5
Number of patients (%) 67 48 (71.6) 19 (28.4) -
Male/Female 41/26 28/20 13/16 -
Mean age, years (SD) 46.1 (13.5); range 11-70 43.2 (13.7); range 11-70 53.6 (10.1); range 35-67 0.001
Meacrl‘asscs‘i’f:(e:a‘:ifo?gg’)"a's 3.26 (3.57); range 1-17 1.47 (0.65); range 1-4 7.78 (3.95); range 5-17 1.802 x 10
Seizure onset (%)
<1 year 28 (41.8) 20 (41.7) 8 (42.1)
1-5 19 (28.4) 12 (25.0) 7 (36.8)
6-10 11 (46.4) 9(18.8) 2(10.5) -
11-15 4 (6.0) 4 (8.3) 0(0)
16 5(7.5) 3(6.3) 2(10.5)
Mean age of S?iszg)re onset, years 3 (9.4); range 0-56 5.3 (8.9); range 0-56 5.3 (10.7); range 0-46
Epilepsy types (%)
Focal 24 (35.8) 15 (31.3) 9 (47.4)
Generalized 14 (20.9) 10 (20.8) 4(21.1) -
Combined generalized and focal 29 (43.3) 23 (47.9) 6 (31.6)
Epilepsy syndromes (%)
Syndromic epilepsy 12 (17.9)
LGS 12 (17.9) 9 (18.8) 3(15.8)
Non-syndromic epilepsy 55 (82.1)
Focal 24 (35.8) 15 (31.3) 9 (47.4) -
Generalized 14 (20.9) 10 (20.8) 4(21.1)
Combined generalized and focal 17 (25.4) 14 (29.2) 3(15.8)
Seizure types (%)
Focal onset imlpaired awareness 52 (40.3) 36 (37.5) 16 (48.5)
seizures
Generalized onset motor seizures 70 (54.3) 55 (57.3) 15 (45.5) -
Generalized onset non-motor seizures 7(5.4) 5(5.2) 2(6.1)
Total 129 96 33
Seizure frequency (%)
Day 2(3.0) 2(4.2) 0(0)
Week 12 (17.9) 10 (20.8) 2(10.5)
Month 14 (20.9) 10 (20.8) 4(21.1) -
Year 20 (29.9) 15 (31.3) 5(26.3)
Controlled (>3 years) 19 (28.4) 11 (22.9) 8 (42.1)
Number of AEDs (%)
1 21(31.3) 1(22.9) 10 (52.6) 0.018
2 16 (23.9) 1(22.9) 5(26.3) -
3 13 (19.4) 10 (20.8) 3(15.8) -
4 11 (16.4) 10 (20.8) 1(5.3) -
5 6 (9.0) 6 (12.5) 0() -
Mean number of AEDs (SD) 4 (1.3); range 1-5 7 (1.3); range 1-5 1.7 (0.9); range 1-3 0.0008
EEG paroxysm (interictal discharges) (%)
No spike discharge 26 (38.8) 16 (33.3) 10 (52.6) -
Focal spike discharge 24 (35.8) 18 (37.5) 6 (31.6) --
Hemispheric spike discharge 2(3.0) 1(2.1) 1(5.3) --
Multifocal spike discharge 10 (14.9) 10 (20.8) 0(0) 0.031
Generalized spike discharge 5(7.5) 3(6.3) 2(10.5) -
SMID: Severe Motor and Intellectual Disabilities, SD: Standard Deviation, LGS: Lennox-Gastaut Syndrome; AED’s: Antiepileptic Drugs, EEG: Electroencephalogram.

Table 3: The characteristics of epilepsy in patients with profound and less-profound SMID.

Figure 1. An etiological classification analysis revealed that hypoxic-
ischemic brain injury was the most frequent etiology (30.8%), while
brain tumors and porencephalic cyst were the rarest (each 0.7%).
On comparing the epilepsy-negative and epilepsy-positive groups,
the incidence of metabolic disease (n=7) was significantly higher
in the epilepsy-negative group (p=0.005), while that of traumatic
brain injury (n=5) was significantly higher in the epilepsy-positive
group (p=0.027). All seven patients categorized as having metabolic

disease in the epilepsy-negative group were patients with neonatal
hyperbilirubinemia (Table 2).

Characteristics of epilepsy in the profound and less-pro-
found SMID groups

In the 67 epilepsy-positive patients, profound SMID was 48
patients (71.6%; male/female=28/20), while less-profound SMID
was 19 patients (28.4%; male/female =13/6). The mean age of the
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Bl Profound SMID (score= 4)
Bl Less-profound SMID (score =5 )

Number of patients

/:: ||

20

10

0 I.I -ll
1 23 45 6 7 8

9 10 11 12 13 14 15 16 17 18

Ohshima's classification score

Figure 1: Numbers of patients with each Ohshima’s classification score (1-
18). Profound and less-profound SMID indicate patients with scores of < 4
and 2 5 respectively.

patients was 43.2 years (range: 11-70 years) and 53.6 years (range:
35-67 years) in the profound and the less-profound SMID groups,
respectively (p=0.001). The mean Ohshima’s classification score was
1.47 (range: 1-4) and 7.78 (range: 5-17) in the profound and the less-
profound SMID groups, respectively. The age of seizure onset ranged
widely from 0 days to 56 years, but an onset at <1 year of age was the
most frequently reported, that is, 41.7% and 42.1% of the patients in
the profound and the less-profound SMID groups, respectively (not
significant). The mean age at seizure onset was 5.3 years in both
groups. The predominant epilepsy types were combined generalized
and focal epilepsy in the profound SMID group (47.9%) and focal
epilepsy in the less-profound SMID group (47.4%). Most epilepsy
patients with SMID had non-syndromic epilepsy (82.1%); few showed
specific clinical features of epileptic syndrome, which was restricted to
Lennox-Gastaut syndrome (LGS) (17.9%). The incidence of LGS in the
profound (18.8%) and less-profound (15.8%) SMID cases did not differ
to a statistically significant extent. More than 90% of patients showed
focal-onset impaired awareness seizures and generalized-onset motor
seizures. The seizure frequency ranged from daily to yearly, and 11
(22.9%) patients in the profound SMID group and 8 patients (42.1%)
in the less-profound SMID group showed more than 3 years of seizure
control (not significant) (Table 3).

The mean number of antiepileptic drugs administered was 2.7
(range: 1-5) and 1.7 (range: 1-3) in the profound and the less-profound
groups, respectively (p=0.0008). The proportion of monotherapy by
antiepileptic drugs in the less-profound SMID group (52.6%) was
significantly higher than that in the profound SMID group (22.9%)
(p=0.018). An EEG analysis to investigate interictal discharges revealed
that the most frequent paroxysm pattern was focal spike discharge in
both the profound (37.5%) and less-profound (31.6%) groups, and
that more than half of the patients in the less-profound SMID group
(52.6%) showed no spike discharge. Multifocal spike discharge was
detected in 10 persons (20.8%) in the profound SMID group, which
was significantly higher than that in the less-profound SMID group
(p=0.031).

Discussion
The main findings obtained in this study were as follows:

1. The analysis of the Ohshima’s classification scores revealed that
the severity of motor and intellectual disabilities was higher in
the epilepsy-positive SMID patients than that in the epilepsy-
negative SMID patients (p=0.001).

2. An etiological analysis of the SMID patients indicated the
relatively higher incidence of neonatal hyperbilirubinemia
(p=0.005) and traumatic brain injury (p=0.027) in the epilepsy-
negative and the epilepsy-positive patients, respectively.

3. In 67 patients with epilepsy, the mean age of patients in the
profound SMID group was younger than that of the less-
profound SMID group (p=0.001).

4. The mean number of antiepileptic drugs administered in the
profound SMID group was higher than that in the less-profound
SMID group (p=0.0008).

5. An EEG analysis revealed the higher detection rate of multifocal
spike discharge in the profound SMID group than that in the
less-profound SMID group (p=0.031).

The prevalence of epilepsy in people with intellectual disabilities
is significantly greater than that in the general population, with the
estimated incidence in individuals with intellectual disability ranging
from 18% to >60% [14]. The increasing prevalence of epilepsy with the
increasing severity of intellectual disability is well recognized in both
children [15] and adults [16]. Individuals with mental retardation are
more likely to have epilepsy if they also have cerebral palsy, and those
with cerebral palsy are more likely to have epilepsy if they are mentally
retarded. To a certain extent, these relationships may reflect a common
etiology; however, it is not possible to draw hard conclusions [17].
The risk of epilepsy in different subtypes of cerebral palsy also varies,
with the highest risk being reported in individuals with quadriplegia
or dystonic cerebral palsy [18]. In patients with spastic hemiplegia,
the relative incidence of epilepsy is intermediate, with the lowest
frequency being reported in those with preterm-related diplegia or
athetoid cerebral palsy [19]. Thus, epilepsy is one of the most frequent
complications in patients with motor and intellectual disabilities. In our
institution the frequency of epilepsy was 51.5%, and comorbid epilepsy
was more frequently recognized in more profoundly disabled patients
than in those with milder disability, suggesting that more profound
brain dysfunction was associated with increased epileptogenicity.

The common neuropathological processes among the three
disorders: epilepsy, intellectual disabilities, and motor dysfunction,
have yet to be clarified. Inhibitory interneurons are thought to be
the main cellular elements that control hyperexcitability in the
brain [20], and interneuron dysfunction can cause pathological
hyperexcitability linked to seizure susceptibility or epilepsy [21,22].
Autism is an extremely heterogeneous intellectual disorder and is
frequently recognized in epilepsy [23,24]. The prevalence of epilepsy
in patients with autism ranges from 5% to 46% and is increased in
those with greater intellectual disability [25]. Its high merge ratio with
epilepsy leads to speculation that these disorders may share common
mechanisms. In our review of five genetic syndromes associated with
autism, we reported that Fragile X syndrome, Angelman syndrome,
and Tuberous sclerosis complex mainly showed the downregulation of
the inhibitory neuronal function [26], whereas Neurofibromatosis type
1 primarily showed upregulation in the y-aminobutyric acid (GABA)-
mediated inhibitory system. In Rett syndrome, the GABAergic
presynaptic function was mainly downregulated; however, a stronger
innervation of the pyramidal neurons by parvalbumin-expressing
interneurons was also reported, suggesting the presence of both
dysregulation mechanisms in the inhibitory function [26].

Periventricular leukomalacia (PVL) is the most frequent cause
of spastic diplegia in cerebral palsy. The movement disorder is
attributed to damage to the corticospinal tract, but there is increasing
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evidence of additional cortical dysfunction associated with PVL.
A study of the integrity of the corticospinal tract and the cortical
inhibitory function using transcranial magnetic stimulation revealed
the cortical involvement in the reduced cortical inhibitory function,
suggesting impaired functioning of the cortical interneurons involving
thalamocortical or cortico-cortical connections in PVL [27]. These
findings suggest that interneurons may play a crucial role in all three
fundamental disorders of SMID: epilepsy, intellectual disabilities, and
motor dysfunction.

Traumatic brain injury is a growing silent and major contributor to
increases in the long-term risk for neurological dysfunction, including
drug resistance-acquired epilepsy [28]. Brain injuries ranging from
mild trauma to severe penetrating injuries are associated with an
increased risk of epilepsy. There appears to be a strong correlation
between the injury severity and the risk for developing spontaneous
seizures [29]. Both clinical and experimental data indicate that the
developing brain is more susceptible to post-traumatic epileptogenesis
than an adult brain [30,31]. Risk factors for developing epilepsy that
appear common to multiple acute injury etiologies include intracranial
bleeding, disruption of the blood-brain barrier, more severe injury,
and early seizures within one week of injury [32]. Recent studies have
revealed diverse pathologies for epileptogenesis, including enhanced
excitability, activated immune signaling, cell death, and enhanced
neurogenesis within a week after injury, suggesting a period of
heightened adaptive and maladaptive neuronal plasticity [33]. The
relatively high incidence of traumatic brain injury as a cause of epilepsy
in cases of profound SMID is suggested to be closely associated to the
multidimensional nature of epileptogenesis induced by more profound
brain dysfunction.

The clinical characteristics of epilepsy with multifocal interictal
EEG spikes presented in our study, findings that were mostly detected
in the patients with profound SMID, are thought to be essentially
identical to those of “severe epilepsy with multiple independent spike
foci (SE-MISF)” reported by Yamatogi and Ohtahara [34]. SE-MISF
has the following characteristics:

1. EEG showing multiple independent spike foci (three or more
foci in both hemispheres; i.e., at least one in each hemisphere)
and diffuse slowing of background activity;

2. Very frequent multiple types of seizures but mainly generalized
minor seizures;

3. A frequent association with mental retardation and neurologic
abnormalities;

4. Underlying causes of various nonspecific prenatal, perinatal, and
postnatal cerebral conditions;

5. Poor prognoses for seizures and psychomotor development.

In the study of EEG in SMID patients, it has been reported that
the rate of Ohshima’s classification 1 was highest in SE-MISF [9], and
multifocal spikes or diffuse spike and waves were suggested to be one of
the statistically significant poor prognostic factors in SMID [10]. While
the exact role of multiple independent spike foci in the epileptic network
has not been clarified, our present results suggest that multifocal spike
discharge may be induced by multiple brain lesions inducing more
profound motor and intellectual disabilities and is closely associated
with multifocal epileptogenesis, as reflected by refractory epilepsy in
SMID patients.

Conclusion

SMID is frequently accompanied by epilepsy, and the intractability

of epilepsy in such cases is associated with the severity of motor and
intellectual disabilities. The epileptogenesis in these cases may have a
multidimensional nature, including enhanced excitability, activated
immune signaling, cell death, enhanced neurogenesis, and interneuron
dysfunction. One of the most characteristic EEG findings in our study
was the higher detection rate of multifocal spike discharge in the
more profoundly disabled patients. While the refractory mechanism
is unclear, multifocal epileptogenesis was thought to be one of the
most characteristic findings in patients with SMID and may be closely
related to intractability of epilepsy.
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