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Abstract:

Background: Patients with epilepsy have relatively higher risk for psychopathology and cognitive impairment.
The research data indicate that the cognitive impairment and deterioration are due to associated brain damage
and not attributable to epilepsy. The objective of the current study is to evaluate the cognitive functions in
patients with adequate seizure control, without obvious brain damage and to compare with healthy first degree
relatives.

Method:This is a cross sectional case control study conducted in Father Muller Medical College Mangalore. A
total of80 subjects, 40 patients attending the outpatient and inpatient facilities of the department of Neurology
with a clinical diagnosis of idiopathic generalized tonic clonicepilepsy and 40 healthy age matched first degree
relatives were evaluated. Tools used were Standardized Mini Mental Status Examination, Brief Cognitive Rating
Scale, Trail Making Test-B and Digit Symbol Substitution Test for evaluation of cognitive functions. The various
findings were statistically analyzedusing chi- square test,Student T test and ANOVA.

Results: Patients with epilepsy showed significant cognitive impairment in TMT-B and DSST when compared
with control.Patients with epilepsy committed more number of errors on these tests. Socio-demographic
variables and clinical variables like age, education, socio-economic class, occupation and duration of epilepsy
had significant correlation with worse cognitive functioning.

Conclusions: Adult individuals with well controlled idiopathic generalized tonic clonic epilepsy without obvious
structural brain damage have cognitive impairment compared to healthy first degree relatives.

Keywords: Cognitive function, Epilepsy.

I. Introduction

Epilepsy is the most common primary disorder of the brain, known to be second only todepression as
causing neuropsychiatric disability worldwide.'Some studies have noted that symptomatic epilepsy with pre-
existing brain damage is known to cause cognitive impairment, while others argue that, while pre-existing brain
damage is an important variable, it does not entirely explain the neuropsychological deficits, there appears to be
an ‘epilepsy factor’ which leads to such deficits.”*Two groups of epilepsy related factors have been widely
accepted to influence cognition, morphological features like inborn or acquired lesions, which are either stable
or progressive and tend to cause irreversible impairment; and functional changes like interictal discharges,
seizures, and anticonvulsant drugs with fluctuating and potentially reversible effects on cognition.* Several
variables have been implicated in the development of cognitive deficits, including age at onset, nature of
seizures, location of seizure foci, duration of seizure free period, use of antiepileptic drugs and epilepsy related
surgery.>® "®0ther studies have focused on cognitive performance at disease onset and found that individuals
with epilepsy performed worse than siblings or normal controls on several neuropsychological tests.”'*****The
domains of cognition most often affected include attention and concentration, language, memory, intelligence,
executive functions, motor speed and visuo-spatial processing speed.****

Patients with epilepsy showed impaired sustained attention on vigilance tasks.™>'®'’ Delaney and
colleagues concluded that interictal memory deficits are often found in patients with generalized or complex
partial seizures, especially with left or bilateral temporal onset.® Hermann et al found that verbal memory
impairment was usually seen in left temporal seizure patients, but nonverbal or visual memory deficits were
more difficult to lateralize.**Word finding difficulty or even clinical anomia occurred in patients with left
temporal lobe seizures. Anomia and other language dysfunction, such as aural comprehension deficits, may
account for some of the verbal memory deficits associated with temporal lobe seizures.?>?*Complex problem
solving and cognitive flexibility were often impaired in epilepsy.?’Patients with epilepsy had lengthened
reaction times, as well as slowing of pure motor speed.”*Dodrill and Wilkusconcluded that perceptual functions,
such as response to double simultaneous stimulation, graphaesthesia and finger gnosis were not impaired in
most forms of epilepsy.Impaired tactile perception may occur in patients with GTCS of greater frequency or
with generalized EEG slowing.?* Smith et al found impaired motor speed and coordination to be common in
epilepsy especially in patients with GTCS, mixed seizure types and various EEG abnormalities.”’Mazzucchi et
al found that laterality affected perceptual ability with left temporal seizures disrupting dichotic linguistic
material and right seizures disrupting nonlinguistic auditory perception.®Tayloret al found no deficits in
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visuospatial abilities.”” Dodrillet al found impaired spatial analysis and constructional ability to occur in epilepsy
patients.”*Weglage and co-workers and Croona and co-workers demonstrated that when compared with controls,
children with this syndrome are impaired, particularly in 1Q, memory, visual perception, verbal fluency, and fine
motor skills.?*

Generalized tonic clonic seizures, especially if status epilepticus occurs are more likely to impair
cognition than simple and complex partial seizures.**'Patients with partial onset of seizures did not differ from
patients with generalized seizures in tests of motor function or attention, nor in tests of learning and
memory.'*% Patients with epilepsy performed significantly worse on visual motor tasks, mental flexibility and
in delayed visual memory.'®Patients with juvenile myoclonic epilepsyshowed deficits in attention, immediate
verbal memory, mental flexibility, control of inhibition, working memory, processing speed, verbal delayed
memory, visual delayed memory, naming, and verbal fluency.The duration of epilepsy correlated with cognitive
decline, and patients with higher education manifested less progression of deficits.*****3 patients with Lennox-
Gastaut syndrome also have rapid and progressive cognitive decline and cognitive outcome is worse for patients
with early disease onset.®"*®Childhood onset absence epilepsy had subtle cognitive deficits and duration of
illness, seizure frequency, antiepileptic drug treatment were related to the severity of the cognitive
deficits.*"**Patients with idiopathic occipital lobe epilepsy scored worse than controls in intellectual functioning,
memory, and attention.*’

Deficits in motor skills, response inhibition, attention, working memory, planning, and psychomotor
speed were noted in patients with Temporal lobe epilepsy.***’Left sided Temporal lobe epilepsy in general is
characterized by material specific verbal memory deficits, particularly in long term consolidation and
retrieval.*In a selected subgroup of patients with right TLE with hippocampal sclerosis, a specific visual
memory deficit was found.** Left sided TLE is commonly associated with impaired verbal learning, short term
or working memory and right sided temporal lobe system with nonverbal memory* but corresponding findings
are less consistent®. Patients with temporal lobe epilepsy deficits were noted in phonological, semantic and
verbal working memory.*” Patients with chronic partial epilepsy demonstrated deficits on overall cognition and
verbal memory that generally are not progressive.****Mirsky and co-workers studied idiopathic generalized
epilepsy with JME and found that both subgroups of patients were found to be impaired in visual and auditory
sustained attention.’Patients with idiopathic generalized epilepsy performed significantly poorer in non-verbal
and verbal attention, verbal learning and memory, word fluency, and controlled sequential fine motor responses
excluding non-verbal memory.*****patients with idiopathic generalized epilepsy, early seizure onset prior to 18
years was a powerful predictor of neuropsychological impairment.”®**There are several reports about the
cognitive impairment and cognitive deterioration in patients with epilepsy.The research data indicate that the
cognitive impairment and deterioration are due to associated brain damage and not attributable to Epilepsy.
There are only a limited number of studies investigating the cognitive impairment in uncomplicated epilepsy,
with good seizure control and without obvious structural brain damage.Aims of the study wereto evaluate the
frequency and nature of the cognitive impairment in patients with epilepsy and to evaluate the relationship
between sociodemographic and clinical variables and cognitive impairment in patients with epilepsy.

Il. Materials And Method

The clinical study was conducted in Father Muller Medical College, Mangalore. All patients attending
the outpatient and inpatient facilities of the department of Neurology with a clinical diagnosis of idiopathic
generalized tonic clonicepilepsy constituted the population for the study. The study was conducted from the 1%
of September 2007 to the 31" of August 2009.

The sample for the study consisted of forty consecutive patients with idiopathic generalized tonic
clonic epilepsy who satisfied the inclusion and exclusion criteria. Inclusion Criteria weremale and female
patients between the ages of 18 and 50yrs with atleast primary school education. Patients diagnosed with
idiopathic generalized tonic clonic epilepsy with duration of illness less than 10 years. Exclusion Criteria
werepatients with comorbid neuro psychiatric disorders, patients with epilepsy secondary to other causes,
intractable epilepsy or with poor seizure control and patients with epilepsy who have undergone neuro surgical
interventions, patients with epilepsy having medical disorders like diabetes mellitus, thyroid and other endocrine
disorders and other chronic debilitating medical conditions known to cause cognitive impairment and patients
on long term regular treatment other than antiepileptic drugs.

Forty first degree male and female non affected relatives of the patients between the ages of 18-50yrs
without comorbid psychopathology constituted the control for the study.

I11. Procedure
A written informed consent was obtained from all patients and the first degree relatives recruited for
the study. This study has been cleared by the ethical committee of the institution. The socio demographic and
clinical variables were recorded in a specific proforma prepared for this clinical study. All the patients and
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control underwent a through clinical examination to rule out psychopathology and medical disorders if any. The
cognitive functions of patients in the clinical sample, and subjects in the control group were assessed using
Standardized mini mental status examination, Digit symbol substitution test, Trail making test B, Brief cognitive
rating scale.The patients with epilepsy were evaluated during the interictal period at least six weeks after the last
seizure. The data was analyzed using chi- square test, Student T test and ANOVA.

IV. Results
4.1. Sociodemographic characteristics

40 cases of idiopathic generalized tonic clonic epilepsy and 40 age matched first degree relatives were
assessed. Table 1 shows the distribution of demographic characteristics in both groups. Age wise comparison
reveals that increasing age has a negative effect on cognitive functions, with the age group of 30-50 years
performing worse than age group of 18-30 years on BCRS, TMT-Band DSST. The cases group show significant
difference on SMMSE (p=0.002) with cases having lower mean score (24.80) in the 30-50years group compared
to 18-30 years group (27.90). Based on education, highly significant differences are found in the SMMSE in
both cases and control group. Higher mean scores are achieved by subjects who have studied beyond primary
level: PUC (29.11 and 29.66), graduation (29.66 and 30) and high school (25.83 and 25.76). Statistically
significant difference (p=0.002) is found in BCRS for cases. Highly significant difference is found on TMT-B
total time and errors (p=0.000) for both cases and control group. DSST total time is highly significant for the
cases group (p=0.000) where as DSST error is highly significant in both cases and control group (p=0.000).
These results indicate that subjects with lower education up to the primary level only, fared worse on all
cognitive tests conducted in this study. Occupation based data shows statistically significant differences on
SMMSE for both cases (0.039) and control (0.006), with unskilled labour group scoring lowest mean scores
(25.11 and 25.16 respectively). TMT-B total time is significant for cases (p=0.04), and TMT-B error is
significant for both cases (0.02) and control group (0.024) DSST total time and error is significant in the cases
group (0.01). This indicates poorer cognitive functions in the unskilled labour group. Socio-economic class has
a significant influence on cognitive functioning. People belonging to the lower Socio-Economic class performed
poorly on SMMSE, BCRS, TMT-B and DSST compared to middle and upper Socio-Economic class subjects.

55% of patients had epilepsy for duration of 1-2 years forming the largest group, followed by 32.5% of
patient that had epilepsy onset within one year. There is no significant difference between the groups. 55% of
patients were seizure free for a period of 1-2 years, 32.5% of patients were seizure free for > 6 weeks but less
than 1 year and 12.5% of patients were seizure free for longer durations (2-10 years). There is no significant
difference between the groups. (p=0.562)[Table 2].Data based on duration of epilepsy shows that subjects with
longest duration of epilepsy (>10 years) performed poorly on all cognitive functions tests. There is no statistical
significance found for the duration of seizure free interval.

On SMMSE there is a significant difference in the mean scores with respect to construction (p=0.043)
between the cases and control group. However no statistically significant difference is found in the domains of
orientation (p=0.320), registration, attention and concentration (0.658), recall and language (p=0.573).There is
no significant difference between cases and control on the total SMMSE score (p=0.461), the mean score
attained by the cases is 27.13 and that by the control group is 27.60 a score below 24 on the SMMSE indicates
cognitive deficits.On BCRS statistically significant difference is found in the domain of concentration between
cases and control group (p=0.027), cases have a higher mean value (1.80) compared to control group (1.38),
which indicates impairment in concentration. There is no significant difference found in domains of recent
memory, past memory, orientation and functioning and self-care.There is a significant difference in the total
score of BCRS between cases and control group (p=0.023). The cases have a higher mean value (1.165)
compared to control group (1.075), indicating cognitive impairment in the cases group.

In The Trail Making Test B, there is no significant difference between cases and control group in time
taken to complete the TMT-B test (p=0.586). Statistically significant difference is found in the number of errors
committed on TMT-B test between the cases and control group (p=0.023). The cases have a higher mean value
(0.75) compared to the control group (0.33), indicating cognitive impairment in the cases group. In the DSST
there is no significant difference between the two groups in time taken to complete the DSST(p=0.441).There is
statistically significant difference between the two groups in the number of errors committed on the DSST
(p=0.003). The mean value for cases (1.28) being higher than the mean value for control group (0.50), this
indicates cognitive impairment in the cases group compared to the control group.[Table 3]

V. Discussion
Cognitive impairment and cognitive deterioration have been described as a complication of epilepsy by
several authors. The results of the present study indicate that there is significant cognitive impairment in patients
with idiopathic GTCS. This cognitive impairment is limited to construction abilities in SMMSE, concentration
in BCRS, attention, sequential abilities, motor function and executive functions in TMT-B and visuo-motor
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coordination, sustained attention and response speed in DSST. However there are no cognitive deficits as
indicated by SMMSE and BCRS. Earlier investigators reported consistent cognitive impairment in patients with
epilepsys' 29, 33,34 40

Earlier investigators evaluated cognitive impairment in patients with epilepsy with brain damage and
other complications. The present investigators studied exclusively a group of patients with GTCS not associated
with brain damage or other factors which could produce cognitive impairment. The other investigators explained
that the cognitive impairment could be attributed to brain damage, age of onset of epilepsy, nature and location
of seizure focus, duration of epilepsy, anticonvulsant drugs and epilepsy related surgery®®"® Few earlier studies
reported that there is significant cognitive impairment in patients with idiopathic GTCS without brain
damage.'®* The cognitive impairment could be due to subtle brain damage which the present investigators
could not exclude with neurological and neuropsychological investigations. The apparent cognitive impairment
could be the result of impairment in concentration (BCRS). It is more likely that there could be cognitive
impairment in epilepsy as such without brain damage. The cognitive impairment could be attributed to socio
economic class, education and occupation as found by the study. The adverse effects of antiepileptic drugs have
not been evaluated in this study and it could be a possible explanation for the cognitive impairment evidenced.
A significant relationship has been found with the duration of epilepsy .The SMMSE and BCRS show no
evidence of cognitive deficits and subtle impairment has been found on TMT-B and DSST.

In this study statistically significant difference is found in the domain of concentration (p=0.027) and
total BCRS score (p=0.023). The cases group have higher mean score values indicating cognitive impairment in
this group. TMT-B is a test of attention, visual scanning and sequential abilities, mental flexibility, motor
function and executive function, this test has been used frequently in earlier studies. In this study there is no
significant difference in time taken to complete the test between cases and control, but cases committed twice as
many errors and this is statistically significant (p=0.023), thus TMT-B revealed presence of cognitive
impairment in cases. TMT-B is more sensitive to cognitive dysfunction than SMMSE and hence its use helps to
detect subtle cognitive decline.DSST is a timed test of attention, psychomotor performance and perceptual
organization. Earlier studies have utilized this test on a frequent basis. In this study there is no significant
difference between cases and control in time taken to complete the DSST, significant difference (p=0.003) is
found in the number of errors made. The cases group made more than twice as many errors as the control group.

In this study, age is inversely proportional to cognitive functioning. Increasing age revealed worse
cognitive functioning in both the cases and control group.Males form 60% of the sample size and Females 40%.
Based on gender there is no statistically significant difference between cases and control in cognitive
functions.Earlier studies did not stratify subjects by religion, though some studies have conducted
neuropsychological tests in certain ethnic groups and races.”***Religion is one of the socio-demographic
variables considered in this study. Majority of the sample comprised of Hindus (55%), followed by Christians
(35%) and Muslims (10%). Religion did not have any statistically significant bearing on cognitive functioning
in this study.All participants in this study had completed primary school education. 41 subjects (51.3%) had
received more than 12 years of formal education. In this study there is evidence of worse cognitive functioning
in subjects with less number of years of education in both cases and control group which is in agreement with
previous studies. Moreover individuals with epilepsy tend to discontinue education early due to disability, or
show poor scholastic performance due to cognitive decline.***"*°Earlier studies have not included occupation
and Socio-Economic class as variables. This study shows that subjects belonging to the lower Socio-Economic
group and having unskilled labour have cognitive impairment when compared to subjects in the middle and
upper economic class.This study included marital status, domicile and type of family as socio-demographic
variables, these variables did not have any statistical significance.

This study included duration of epilepsy as a clinical variable. Majority of the subjects (22 subjects:
55%) had epilepsy for a duration of 1-2 years. Individuals with more than 5 years of epilepsy formed only 2.5%
of the cases group. Earlier studies have noted that longer duration of epilepsy has a significant effect on
cognitive functioning. In this study it is seen that seizure duration of more than 5 years is associated with worse
cognitive outcome. This result may be biased by the relatively small number of individuals with epilepsy
duration more than 5 years, nevertheless there is evidence of cognitive decline with longer duration of epilepsy.
In this study duration of seizure free interval did not have any statistical significance, which is in contrast to
earlier studies.> ®"84°

The present investigation has several limitations and certain relative merits. The samples as well as the
control are not representative of the general population. Recruitment of consecutive patients ensures that there is
no sample bias. The exclusion and inclusion criteria are specific. Hence the sample consists of generalized tonic
clonic epilepsy patients who are otherwise not compromised, but this has not been verified by using
neurological investigations to exclude presence of such factors. The effect of antiepileptics and other
medications has not been considered in this study. The sample consists of only GTCS and excludes other types
of epilepsy, particularly CPS which is known to be associated with cognitive impairment and psychopathology.
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The present investigation has only one control group of healthy first degree relatives. The size of the sample and
control is sufficient to calculate the prevalence and nature of cognitive impairment, but a larger sample size will
be required to enhance the reliability and validity of the results. A larger sample size is required to calculate the
exact relationship of cognitive impairment and socio-demographic and clinical variables.The present study is a
cross sectional case control study examining the cognitive impairment in GTCS. A longitudinal study would
enable to assess the stability of cognitive deficits. The tools used have adequate established reliability and
validity. All the tools are rater friendly, easy to administer, less time consuming thereby causing no discomfort
to the patients. The use of SMMSE and BCRS are unique to the present study.

VI. Conclusion
Statistically significant differences are found on TMT-B and DSST between cases and control in the
number of errors committed, indicating cognitive impairment in cases group.Increasing Age, lower levels of
Education and Occupation and low Socio-Economic status have negative effect on cognitive functions.The
current study concludes that in adult patients with well controlled generalized tonic clonic epilepsy, without
obvious structural brain damage there is significant cognitive impairment.

VIl.  Clinical Implications
This study has found that adult patients with well controlled generalized tonic clonic epilepsy, without
obvious structural brain damage have significant cognitive impairment. Hence assessment of cognitive functions
is warranted for comprehensive management of patients with epilepsy.
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Table 1: Socio-Demographic Characteristics

Demographic Data | Cases | Control | Total | Pvalue
Age
18-30 yrs 30(75%) 27(67.5%) 57(71.3%) | 0.643
30-40 yrs 8(20%) 9(22.5%) 17(21.3%)
40-50 yrs 2(5%) 4(10%) 6(7.5%)
Gender
Male 22(55%) 26(65%) 48(60%) 0.361
Female 18(45%) 14(35%) 32(40%)
Religion
Hindu 22(55%) 22(55%) 44(55%) 0.929
Christian 14(35%) 14(35%) 14(35%)
Muslim 4(10%) 4(10%) 4(10%)
Education
Primary 8(20%) 6(15%) 14(17.5%) | 0.694
High school 12(30%) 13(32.5%) 25(31.3%)
Puc/Graduation 17(42.5%) 15(37.5%) 32(40%)
Post Graduation 3(7.5%) 6(15%) 9(11.3%)
Occupation
Unemployed 1(2.5%) 3(7.5%) 4(5%) 0.760
Unskilled 5(12.5%) 4(10%) 9(11.3%)
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Skilled 4(10%) 6(15%) 10(12.5%)
Clerk/office 7(17.5%) 5(12.5%) 12(15%)
Agriculturist 3(7.5%) 6(15%) 9(11.3%)
Others 17(42.5%) 13(32.5%) 30(37.5%)
Marital status
Single 22(55%) 23(57.5%) 45(56.3%) | 0.466
Married 18(45%) 16(40%) 34(42.5%)
Separated/divorced 0(0%) 1(2.5%) 1(1.3%)
Type of Family
Nuclear 30(75%) 32(80%) 62(77.5%) | 0.861
Extended Nuclear 6(15%) 5(12.5%) 11(13.8%)
Joint 4(10%) 3(7.5%) 7(8.8%)
Domicile
Urban 29(72.5%) 30(75%) 59(73.8%) | 0.954
Rural 7(17.5%) 6(15%) 13(16.3%)
Others 4(10%) 4(10%) 8(10%)
Socio Economic class
Lower 11(27.5%) 11(27.5%) 22(27.5%) | 0.756
Middle 28(70%) 28(70%) 56(70%)
Upper 1(2.5%) 1(2.5%) 2(2.5%)
Table 2- Clinical Data
Cases | Total | Pvalue
Duration of epilepsy
<1lyr 13(32.5%) 13(32.5%) 0.686
1-2 yrs 22(55%) 22(55%)
2-5yrs 4(10%) 4(10%)
5-10 yrs 1(2.5%) 1(2.5%)
Seizure free period
<lyr 13(32.5%) 13(32.5%) 0.562
1-2 yrs 22(55%) 22(55%)
2-5yrs 4(10%) 4(10%)
5-10 yrs 1(2.5%) 1(2.5%)
Table 3- Cognitive functions Parameters
Group N Minimum | Maximum Mean StdDeviation | P Value
Total Cases 40 23 30 27.13 2.875
SMMSE Control 40 23 30 27.60 2.863 0.461
Score
BCRS Total Cases 40 1 1.6 1.165 .196 0.023
Score Control 40 1 1.6 1.075 .148
TMT-B Total Cases 40 200 460 324.50 62.01
Time Control 40 200 450 317.50 52.07 0.586
TMT-B Error Cases 40 0 3 .75 .981 0.023
Control 40 0 2 .33 .616
DSST Total Cases 40 250 530 392.75 70.529 0.441
Time Control 40 260 500 381.38 60.458
DSST Error Cases 40 0 5 1.28 1.301 0.003
Control 40 0 4 .50 .906
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