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Abstract

This study aims to evaluate the overall prognosis, prognostic factors, and efficacy of treatment in
patients with mesial temporal lobe epilepsy with hippocampal sclerosis (MTLE-HS) who have
access to third generation anti-epileptic drugs but not to epilepsy surgery. Eighty-five MTLE-HS
patients were retrospectively placed into a seizure-free (seizure-free for >1 year) or drug-resistant
group, and the two groups were compared on the basis of age, sex, age at onset of seizures,
duration of epilepsy, side of lesion, handedness, EEG findings, history of CNS infection, history of
febrile convulsions, history of head trauma, history of cognitive impairment, family history of
seizures, number of current anti-epileptic drugs (AEDs), total number of AED trials, and presence
of individual AEDs. Only 24.7% of MTLE-HS patients had achieved seizure freedom for >1 year.
Poor prognosis and drug-resistance were associated with younger age at onset of seizures
(0=0.002), longer duration of epilepsy (p=0.018), greater number of current AEDs (p<0.001), and
greater total number of AED trials (p<0.001). In addition, regimens with newer AEDs had no
greater efficacy than regimens with older AEDs. Most medically managed MTLE-HS patients do
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not achieve seizure freedom despite multiple AED trials, and treatment with third generation
AEDs should not preclude evaluation for epilepsy surgery.

Search Terms
Anti-epileptic drugs; Epilepsy surgery; Hippocampal sclerosis; Natural history studies (prognosis);

MRI

1. Introduction

Mesial temporal lobe epilepsy (MTLE) is the most prevalent form of focal epilepsy
worldwide. In cases of MTLE refractory to medical therapy, the most commonly
encountered pathology is hippocampal sclerosis (MTLE-HS) (Kim et al., 1999). The
definitive treatment for refractory MTLE-HS is surgical, with approximately 70-80% of
patients achieving seizure freedom post-operatively (Kim et al., 1999; Malmgren and Thom,
2012). Patients may be managed medically if not surgical candidates due to
extrahippocampal pathology or if surgery is not an option due to financial constraints (Kurita
etal., 2016).

Several studies have examined the prognostic factors associated with the success of medical
therapy in MTLE-HS, finding that such treatment results in complete remission in only 5 to
42% of patients, a percentage much lower than that for other forms of epilepsy (Giussani et
al., 2016; Kim et al., 1999; Kumlien et al., 2002; Kurita et al., 2016; Kuzmanovski et al.,
2016; Semah F et al., 2002; Stephen et al., 2001). Additionally, patients with MTLE-HS
may remit and later relapse despite a period of seemingly adequate seizure control (Coan et
al., 2015). Negative prognostic factors include earlier age at onset of epilepsy, bilateral or
left-sided lesions, head injury at a young age, EEG abnormalities, and a large number of
previously tried anti-epileptic drugs (AEDs) (Gomez-Ibafiez et al., 2013; Sanchez et al.,
2014). Studies are mixed regarding the role of gender in determining prognosis
(Kuzmanovski et al., 2016; Varoglu et al., 2009). Though some evidence suggests that
adjunctive lacosamide specifically may have good success in treating MTLE-HS (Borzi et
al., 2016), no significant evidence has yet emerged suggesting an increased relative
effectiveness of third generation AEDs compared to first and second generation AEDs in
achieving seizure freedom.

This retrospective, cross-sectional study was conducted on a population of MTLE-HS
patients who lack access to health insurance, and thus surgical intervention, giving the
unique opportunity to evaluate the efficacy of newer anti-epileptic drugs.

2. Materials and Methods

This cross-sectional study was approved by the Baylor College of Medicine Institutional
Review Board (H-32620) as well as the Harris Health System Institutional Review Board
(16-03-1365). In this retrospective study, we reviewed all patients with a diagnosis of
MTLE-HS treated in the Smith Neurology Clinic of the Harris Health System in Houston,
Texas, USA, between September 2012 and February 2017. This clinic is staffed by
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medicine, psychiatry, and neurology residents who use a standard template for evaluating
patients, overseen by board-certified neurology faculty at Baylor College of Medicine. One
hundred and thirty patients with evidence of hippocampal sclerosis on MRI (hippocampal
atrophy or structural alteration on T1-weighted images and/or hyperintensity on T2-
weighted or FLAIR imaging) were marked for further review. All MR imaging was
performed on a 1.5-Tesla scanner and all studies were reviewed and interpreted by a board-
certified neuroradiologist. Patients were excluded for the following reasons: patient-reported
or laboratory-based evidence of persistent noncompliance, MRI evidence of a potential
seizure focus outside the hippocampus (such as encephalomalacia, tumors, and cortical
dysplasia), EEG results inconsistent with ipsilateral temporal lobe epilepsy, history of
epilepsy surgery, not having undergone at least one six-month trial of anticonvulsant therapy,
MRI performed only at an outside hospital, and suspicion of provoked seizures (Figure 1).
Six months was deemed an appropriate minimum length of therapy to assess a change in
seizure frequency since seizures frequently occurred less than three times per month. This
was also a standard time for a follow up appointment for patients and, therefore, for many of
our patients, the minimum length of any AED trial. EEGs were interpreted by neurologists
at Baylor College of Medicine with board certification in clinical neurophysiology and/or
epilepsy. Additionally, patients who were not seizure-free for >1 year were excluded if they
had failed fewer than two AED trials — i.e., had only tried one AED, or were on one AED
and had failed a previous AED trial due to side effects. These criteria were devised to isolate
a group of patients that would be candidates for surgery under different economic
circumstances.

Patients were placed into one of two groups, group | or group |1, based on presence of
seizure and aura within the twelve months prior to the most recent clinic visit. Group I, the
seizure-free group, exhibited a total absence of seizure activity or only auras. Group Il, the
drug-resistant group, displayed focal dyscognitive (previously “complex partial™) or
generalized seizures within the last year. Patients with seizures only within the setting of a
brief, well-defined period of noncompliance were placed in Group I. Other clinical and
demographic factors were also recorded, including age, sex, age at onset of seizures,
duration of epilepsy, side of lesion, handedness, EEG findings, history of CNS infection,
history of febrile convulsions, history of head trauma, history of cognitive impairment,
family history of seizures, number of current AEDs, total number of AED trials, and
presence of individual AEDs. Age referred to the patient age at last clinic visit, and age at
onset referred to the age at which typical seizures began. A patient was considered to have a
history of cognitive impairment if provider notes recorded a history of developmental delay
or mental retardation for the patient. Absence of documentation for history of febrile
convulsions, CNS infection, head trauma, cognitive impairment, and family history of
seizures was considered to be a negative history. Older AEDs were defined as those
approved by the United States Food and Drug Administration (FDA) before 1990, including
phenytoin, carbamazepine, valproate, phenobarbital, and primidone, while the newer AEDs
were defined as those FDA approved after 1990, including levetiracetam, lamotrigine,
zonisamide, topiramate, oxcarbazepine, lacosamide, gabapentin, and clobazam.

Demographic and clinical factors were compared between groups | and 1 using an unpaired
t-test or the Mann-Whitney U test (depending on normality of distributions) for numerical
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variables and the Fisher’s Exact t-test or chi-squared test for categorical variables. For the
unpaired t-tests, Welch’s correction was added if the standard deviations were not equal.
Normality for the numerical variables was determined by the D’ Agostino-Pearson omnibus
normality test. For the categorical variables, Fisher’s Exact t-test was performed whenever
possible. The chi-squared test was performed if there were three or more categories. Linear
regression analysis was performed to evaluate the correlation between duration of epilepsy
and all other numerical variables. Statistical analyses were performed using GraphPad Prism
version 7.02 for Windows, GraphPad Software, La Jolla California USA,
www.graphpad.com. p-values less than 0.05 were considered significant.

Additionally, percent success rates were calculated for individual AEDs. A successful trial
was defined as the presence of an AED on the current regimen of a seizure-free (Group 1)
patient. An unsuccessful trial was defined as the presence of an AED in the current regimen
of a drug-resistant (Group Il) patient, or past usage of the AED by any patient that was
terminated due to ineffectiveness or unknown reasons (but not due intolerable side effects).
Percent success rate for an AED was defined as the number of successful trials divided by
the number of total trials multiplied by 100.

3. Results

Of 2,034 individual patients seen at the Harris Health Smith Clinic between September 2012
and February 2017, 130 were found to have evidence of hippocampal or mesial temporal
sclerosis (MTS) on MRI. After exclusions, a total of 85 patients remained and were included
in the analysis (Figure 1).

Of those patients, 31 were male and 54 were female (Table 1). 37 had right-sided MTS, 42
had left-sided MTS, and 6 had bilateral MTS. Handedness information was not available for
9 patients, and EEG information was not available for 7 patients.

Twenty-one patients were seizure-free for at least one year (Group 1) and 64 were drug-
resistant (Group Il). There was no significant difference between the two groups in gender,
handedness, lesion laterality, EEG findings, history of febrile convulsions, history of CNS
infections, history of head trauma, history of cognitive impairment, and family history of
seizures (Table 1). There was also no significant difference in age at last clinic visit between
the two groups (p=0.451) (Table 2). However, there was a significant difference in age at
onset, duration of epilepsy, number of AEDs in current regimen, and total number of AED
trials between the two groups (Table 2). Average age at onset was 25.4 for the seizure-free
population and 13.7 for the drug-resistant population (Table 2) (p=0.002). Average duration
of epilepsy was 21.6 years for the seizure-free population and 31.1 years for the drug-
resistant population (Table 2) (p=0.018). Average number of AEDs in current regimen was
1.40 for the seizure-free population and 2.10 for the drug-resistant population (Table 2)
(p<0.001). Finally, average total number of AED trials was 2.52 for the seizure-free
population and 4.50 for the drug-resistant population (Table 2) (0p<0.001).

Regression analysis revealed a significant correlation between duration of epilepsy and
number of current AEDs (r2=0.42, p<0.001) and total AED trials (r2=0.51, p=0.0014) in the
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seizure-free group, but not the drug-resistant group (Figure 2). There was also a significant
correlation between duration of epilepsy and age of onset for Group | (r2=0.59, p<0.001)
and Group 11 (r=0.46, p<0.001). Duration of epilepsy also correlated with age at last visit
for Group 11 (r?=0.26, p<0.001) but not for Group I (r?=0.05, p=0.31). There was no
significant correlation with seizure frequency for either group.

Comparison of current drug regimens between the seizure-free and drug-resistant groups
yielded no significant difference for the presence of any individual AED (Table 3).
Additionally, comparing the presence of older and newer AEDs also yielded no significant
difference between the two groups (Table 3). Calculation of percent success rate for
individual AEDs revealed that the top two most “successful” AEDs were lamotrigine
(23.8%) and levetiracetam (22.1%) (Supplemental Table 1).

4. Discussion

Mesial temporal lobe epilepsy is the most common cause of surgical resection for treatment
of medication-refractory seizures, and surgical intervention remains the gold standard of
treatment (Wiebe et al., 2001). Unfortunately, for many patients, epilepsy surgery is not a
viable option. This may be a result of additional foci outside the temporal lobe, psychiatric
or medical comorbid conditions, aversion to neurosurgery, a lack of access to a
comprehensive epilepsy center, or financial considerations. In our study population, most
patients were not surgical candidates due to a lack of health insurance. While surgical
outcomes in MTLE-HS have been assessed by numerous studies, less attention has been
given to outcomes of medical therapy, especially with respect to the effectiveness of newer
agents.

In our study, 24.7% of patients exhibited seizure freedom of at least one year at most recent
follow-up, in line with the 5% to 42% described in previous studies (Sanchez et al., 2014).
There was no significant difference in prognosis associated with gender, laterality of lesion,
history of CNS infections, history of head trauma, history of febrile seizures, history of
cognitive impairment, family history of seizures, or current age. However, pharmacoresistant
MTS was associated with an earlier age of onset (13.72 vs 25.38), longer duration of
epilepsy (31.13 years vs 21.62 years), greater number of current AEDs (2.1 vs 1.4), and
greater number of total AED trials (4.50 vs 2.52). Previous studies have mixed results over
the significance of these clinical and demographic factors in determining prognosis, but
support has been shown for the association between poor outcome and earlier age of onset,
longer duration of epilepsy, and greater number of failed AED trials (Kuzmanovski et al.,
2016; Pittau et al., 2009; Sanchez et al., 2014; Varoglu et al., 2009). Importantly, the
association of poor outcome with greater number of failed AED ftrials is in line with
previous studies showing a poor response to therapy after the first or second AED trial
(Dlugos et al., 2001; Kwan and Brodie, 2000).

Interestingly, there was a significant association of duration of epilepsy with both current
number of AEDs and total AED trials, but only in the seizure-free group. This finding
suggests that once diagnosed with MTS, additional AEDs may need to be added over time to
achieve or maintain seizure control, giving further evidence for a “silent period” after
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starting an AED which has been posited to be a part of the natural history of MTLE-HS
(Wieser and ILAE Commission on Neurosurgery of Epilepsy, 2004).

We also investigated the specific AEDs used in the successful and failed treatment regimens.
Though sample size precludes any definitive statements regarding their efficacy, lamotrigine
and levetiracetam had the highest rate of use in successful treatment regimens (23.8% and
22.1%, respectively). However, these numbers may be inflated due to an increased frequency
of use in many initial treatment regimens as well as generally positive side effect profiles.
Importantly, analysis of individual AEDs showed no association between presence of any
one AED and seizure freedom, and we found no association between newer AEDs
collectively and seizure freedom. These data suggest that no currently approved AED is
inherently more effective than another for achieving seizure freedom in patients with MTLE-
HS and support the standard practice of defining pharmacoresistance as failure of at least
two anti-epileptic drugs, regardless of the specific drugs (Kwan et al., 2010).

The major barrier to obtaining epilepsy surgery in this study was lack of access to health
insurance. Many of these are undocumented immigrants and therefore lack access to
Medicaid and Medicare. The decision by the state of Texas to not expand Medicaid under
the Affordable Care Act has also significantly limited the availability of insurance to legal
residents as well (Gong et al., 2017). Additionally, patients may also have low levels of
employment, income, educational attainment, access to personal transportation, and English
proficiency, making navigation of the healthcare system and acquisition of insurance more
challenging.

This study had several limitations. First, due to its retrospective nature and the long duration
of epilepsy in most patients, the dataset was incomplete with respect to patient history, and
little was known about the frequency of seizures before anticonvulsant therapy. Additionally,
some patients may have undergone other antiepileptic drug trials at outside clinics that they
did not recall. This study also may not have captured the patients with MTLE-HS well-
controlled on an initial AED without the need for a referral to a neurologist for full work-up
and frequent follow up.

5. Conclusions

The findings from this study are applicable to any population with access to anti-epileptic
drugs but not to epilepsy surgery, including patients who are indigent or uninsured, with
limited access to a Comprehensive Epilepsy Center, or living in developing countries. After
failing two appropriate AEDs, patients with MTLE-HS should continue to be referred for
epilepsy surgery to maximize the chances of achieving seizure freedom, regardless of
whether they have been taking older or newer AEDs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. The majority (75.3%) of patients with MTLE-HS who are treated with anti-
epileptic drugs remain refractory to 2 or more appropriate AED trials.
. Newer AEDs are not more likely to control seizures in MTLE-HS than older
AEDs.
. Duration of epilepsy significantly correlates with number of AED trials in

those patients who are seizure free, but not those who are pharmacoresistant.
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2,034 individual patients seen in Harris Health Smith
Seizure Clinic between 9/2012-2/2017

Y

130 patients with MTS on MRI

37 excluded due to:
* 18 with dual pathology
* 6 non-compliant with medications
L4 * 5 already undergone temporal lobectomy
. . + 4 with discordant EEG findings
93 patients meeting a I *» 2 with fewer than 6 months on AED therapy
inclusion/exclusion criteria + 1 MRI done at outside hospital
+ 1 for suspicion of provoked seizures

Y

h 4

72 patients not seizure

,| 8 excluded due to:

free for >1 year * Failing fewer than two AEDs
Group I Group Il
21 patients seizure free 64 patients with drug-
for >1 year resistant MTS

Figure 1. Flowchart of inclusion and exclusion criteria
MTS, mesial temporal sclerosis. MRI, magnetic resonance imaging. EEG,

electroencephalogram. AEDs, anti-epileptic drugs
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Figure 2.
Significant correlation between duration of epilepsy and number of current AEDs (p=0.001)

and total AEDs (p<0.001) for seizure-free (A) but not drug-resistant (B) patients.

Epilepsy Res. Author manuscript; available in PMC 2018 November 01.



Page 12

Pohlen et al.

Author Manuscript

7A L'yl 99 €6¢ 67 ON

000'T 0T 008 8 002 Z SaA  Juswuredw| anmubo) jo Aio1siH
TL CEL 4] 89¢ 6T ON

T0S0 T 1'G8 [4) YT 4 SOA $aInz19S 40 AI0ISIH Ajiweq
19 TeL 144 6'LC LT ON

¥0¥°0 14 €'€8 0¢ L'9T 14 S9A ewnel| pesH 4o AI0SIH
L 6°LL 09 [ X44 LT ON

6600 8 005 % 008 14 SSA uonoajul SNO 4o AioisiH
cL el 4] 8'/LC 0¢ ON

T.T0 €T €76 4 VA T SOA SUOIS|NAUOD 3]140a4 J0 AI0ISIH
Ly 6°08 8¢ T6T 6 lewJouqy

0210 1€ S19 0¢ Gg'Ge 7 |BWlION 933
9 €es S L9T T [eare|lg
474 069 6¢ 0'T€ €T U

9T¥'0 LE 718 0€ 6'8T L wbry Anfesore uoisaT
L 6°ct € T'.S 14 ua

€L00 69 89 €9 (444 o7 wbry SSaupapueH
S ceL 6€ 8'/LC qT B}

{3 440] 1€ 908 14 7’61 9 N 19pus
S8 €6L ¥9 L've TC swuaned |1V

% u % u
anfen-d U elol
juelsisal-fnuqg ;1) dnodo  9aay-aanziss | dnouo

T alqeL

Author Manuscript

Author Manuscript

sonsLaloRIRyD auljaseg

Author Manuscript

Epilepsy Res. Author manuscript; available in PMC 2018 November 01.



Page 13

Pohlen et al.

Author Manuscript

S0°0>0
x

‘6nup ondsjide-nue=q3v

T000>,  80C (01-2) 057 €e'T (9-T) 25z sl @3V ajeridoudde Jo Jaquinu [eyoL
0L0 (r-1)2ee 050 (-1 ov't uawifial JUSLIND Ul SQIV 40 JAGUINN
1000>, 029 (0e-T'0)92€ 000 000 (tpuow sad) Aouanbaly ainziag
8100, 0677 (z,-m)er1e  gzer  (S6-T) 2912 (s1eak) Asdajida jo uoneing
2000,  eveT (rs-0)zzer  vS9T  (vS—v) 8E'ST (s1eak) 188U0 Je B30V
o ov'TT  (6,-02)¥8¥y  ¢6'0T  (0-0€) 00'LY (s1eak) aby
onfend as (sbueu) ueaw as (ebueu) uesw
juelsisal-Bnuqg ;11 dnodo  8aay-aanzids ;| dnodo
‘11 dnouo pue | dnois usamiaq sadualapig
¢ 3lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Epilepsy Res. Author manuscript; available in PMC 2018 November 01.



Page 14

Pohlen et al.

Author Manuscript

449 ST'18 66 §8'8T € S@3av JamsN
2150 18 1298 4% €L°ET L $d3v 43pIo
2eLo 4" €e'e8 01 1997 4 dpiuresiuoz
010 6 00°00T 6 000 0 ajewelido)
T.T0 €T 1€°C6 [4) 69°L T auidazeqieaxQ
000'T 19 T7'SL 514 6572 ST WwejadelilansT
000'T 12 61°9L 9T 18°€C S auibriowe]
T.50 € 00°00T € 000 0 dplwesode]
000'T T 00°00T T 000 0 unuadeqes
000'T 4 00°00T 4 000 0 wezeqo|y  s@3aV JameN
010 91 GL'E6 ST SC'9 T areoldien
000'T 4 00°00T 14 000 0 auoplwld
ovLo 1 EV'TL 0T 19°8¢ 14 uroihusyd
000'T T 00°00T T 000 0 [eygieqousyd
8120 8T 6888 91 77T 14 suidszeweqed  sg3v 49pIO
anjen-d U jeloL % ! % N
juelsisad bni@ 11 dnoa  dady-aunziss | dnoio
'S@3V Jamau pue Jspj|o Jo \Gmo_to UsaMlaq adualaip Emo_tcm_m ON
€ 3|qelL

Author Manuscript

Author Manuscript

Author Manuscript

Epilepsy Res. Author manuscript; available in PMC 2018 November 01.



	Abstract
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusions
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

