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Policy Statement

This evidence report was prepared by ECRI under subcontract to MANILA Consulting Group,
Inc., which holds prime Contract No: GS-10F-0177N/DTMC75-06-F-00039 with the
Department of Transportation’s Federal Motor Carrier Safety Administration. ECRI is an
independent, nonprofit health services research agency and a Collaborating Center for Health
Technology Assessment of the World Health Organization. ECRI has been designated an
Evidence-based Practice Center (EPC) by the United States Agency for Healthcare Research and
Quality. ECRI’s mission is to provide information and technical assistance to the healthcare
community worldwide to support safe and cost-effective patient care. The results of ECRI’s
research and experience are available through its publications, information systems, databases,
technical assistance programs, laboratory services, seminars, and fellowships. The purpose of
this evidence report is to provide information regarding the current state of knowledge on this
topic. It is not intended as instruction for medical practice, or for making decisions regarding
individual patients.
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Executive Summary

Purpose of Evidence Report

Of all occupations in the United States, workers in the trucking industry experience the third
highest fatality rate, accounting for 12 percent of all worker deaths. About two-thirds of fatally
injured truck workers were involved in highway crashes. According to statistics from the United
States Department of Transportation (DOT), there were 4,932 fatal crashes involving a large
truck in 2005 for a total of 5,212 fatalities. In addition, there were 137,144 non-fatal crashes;
59,405 of these were crashes that resulted in an injury to at least one individual (for a total of
89,681 injuries).

The purpose of this evidence report is to address several key questions posed by Federal Motor
Carrier Safety Administration (FMCSA). FMCSA developed ach of these key questions so that
the answers will provide information useful in updating its current medical examination
guidelines. The six key questions addressed in this evidence report are:

Key Question 1: Are individuals with seizure disorders (epilepsy) at an increased risk for a
motor vehicle crash when compared with comparable individuals who do not have seizure
disorder?

Key Question 2: What is the relationship between seizure recurrence likelihood and the time
since last seizure among individuals who are on anti-epilepsy drug (AED) treatment and are
apparently seizure free?

Key Question 3: What is the relationship between seizure recurrence likelihood and the time
since last seizure among individuals who have undergone surgery and are apparently seizure
free?

Key Question 4: What is the relationship between seizure recurrence likelihood and the time
since last seizure among individuals who have experienced a single unprovoked seizure?

Key Question 5: What is the relationship between treatment compliance (as measured by drug
serum levels) and treatment effectiveness?

Key Question 6: What are the chronic' effects of an AED on surrogate markers of driver safety
among individuals with recurrent seizure disorders? Surrogate markers of driver safety are:

a) Driving performance (simulated or closed course)
b) Cognitive and psychomotor function

Identification of Evidence Bases

Separate evidence bases for each of the key questions addressed by this evidence report were
identified using a process consisting of a comprehensive search of the literature, examination of
abstracts of identified studies in order to determine which articles would be retrieved, and the
selection of the actual articles that would be included in each evidence base.

A total of seven electronic databases (Medline, PubMed (pre Medline), EMBASE, PsycINFO,
CINAHL, TRIS, the Cochrane library) were searched (through February 5, 2007). In addition,

1>2 weeks treatment
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we examined the reference lists of all obtained articles with the aim of identifying relevant
articles not identified by our electronic searches. Hand searches of the “gray literature” were also
performed. Admission of an article into an evidence base was determined by formal retrieval and
inclusion criteria that were determined a priori.

Grading the Strength of Evidence

Our assessment of the quality of the evidence took into account not only the quality of the
individual studies that comprise the evidence base for each key question; we also considered the
interplay between the quality, quantity, robustness, and consistency of the overall body of

evidence.

Analytic Methods

The set of analytic techniques used in this evidence report was extensive. Random- and fixed-
effects meta-analyses were used to pool data from different studies.(1-5) Differences in the
findings of studies (heterogeneity) were identified using the Q-statistic and I>.(6-8) Sensitivity
analyses, aimed at testing the robustness of our findings, included the use of cumulative fixed-
and random-effects meta-analysis.(9-11) The presence of publication bias was tested for using
the “trim and fill” method.(12-14)

Presentation of Findings

In presenting our findings we made a clear distinction between qualitative and quantitative
conclusions and we assigned a separate strength-of-evidence rating to each of conclusion format.
The strength-of-evidence ratings assigned to these different types of conclusion is defined in

Table 1.

Table 1. Strength of Evidence Ratings for Qualitative and Quantitative Conclusions

Strength of Evidence

Interpretation

Qualitative Conclusion

Strong evidence

Evidence supporting the qualitative conclusion is convincing. It is highly unlikely that new evidence will lead to a change in this
conclusion.

Moderate Evidence supporting the qualitative conclusion is somewhat convincing. There is a small chance that new evidence will overturn or
strengthen our conclusion. ECRI recommends regular monitoring of the relevant literature for moderate-strength conclusions.

Acceptable Although some evidence exists to support the qualitative conclusion, this evidence is tentative and perishable. There is a reasonable
chance that new evidence will either overturn or strengthen our conclusions. ECRI recommends frequent monitoring of the relevant
literature.

Unacceptable Although some evidence exists, the evidence is insufficient to warrant drawing an evidence-based conclusion. ECRI recommends

frequent monitoring of the relevant literature.

Quantitative Conclusion (Stability of Effect Size Estimate)

Highly stable The estimate of treatment effect in the conclusion is stable. It is highly unlikely that the magnitude of this estimate will change
substantially as a result of the publication of new evidence.

Moderately stable The estimate of treatment effect the conclusion is somewhat stable. There is a small chance that the magnitude of this estimate will
change substantially as a result of the publication of new evidence. ECRI recommends regular monitoring of the relevant literature.

Low stability The estimate of treatment effect included in the conclusion is likely to be unstable. There is a reasonable chance that the magnitude of
this estimate will change substantially as a result of the publication of new evidence. ECRI recommends frequent monitoring of the
relevant literature.

Unstable Estimates of the treatment effect are too unstable to allow a quantitative conclusion to be drawn at this time. ECRI recommends

frequent monitoring of the relevant literature.
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Findings
The findings of our analyses of the data pertaining to the six key questions addressed in this
evidence report are summarized below.

Key Question 1: Are individuals with recurrent seizure disorders (epilepsy)
at an increased risk for a motor vehicle crash when compared to
comparable individuals who do not have the disorder?

Individuals with epilepsy are more likely (between 1.13 and 2.16 times) to experience a
motor vehicle crash than comparable individuals who do not have the disorder (Strength of
Evidence: Moderate).

0 Because of unexplained heterogeneity, one cannot determine a single precise
estimate of the magnitude of this increased risk (Stability of Point Estimate:
Unacceptable).

Eight included studies (Median Quality=Low) addressed Key Question 1. All eight studies
presented data on the ratio of crashes experienced by a group of individuals with epilepsy as
compared to a group of individuals who did not have the disorder. Analysis of crash data from
the included studies found these data to be inconsistent (0=59.59, P<0.0001; '=88.25). Five
included studies found an increased risk associated with epilepsy, one included study found no
evidence of an increased crash risk and two included studies found that crash risk was reduced
among individuals with epilepsy.

Meta-regression analyses found that one of 11 covariates examined was significantly
correlated with outcome, this covariate being whether the study evaluated fatal crashes only.
However, this single variable regression model is not sufficient to explain a sufficiently large
degree of heterogeneity for us to present a single estimate of the crash rate ratio. Pooling the
data from the included studies while controlling for the impact of reporting on fatal crashes
only using a random effects model found that on average, individuals with epilepsy are more
likely (somewhere between 1.13 and 2.13 times) to experience a motor vehicle crash than
comparable individuals who do not have the disorder.

Key Question 2: What is the relationship between seizure recurrence
likelihood and the time since last seizure among individuals who are on
AED treatment and are apparently seizure free?

Because no studies met the inclusion criteria for Key Question 2, we are precluded from
developing models for predicting the likelihood that an individual who has been seizure
free for a specific period of time will experience seizure recurrence in the near future.

1t is established that the cumulative probability that an individual will remain seizure free

diminishes as a function of time since last seizure. The purpose of this section of the evidence
report was to attempt to model this relationship with the aim of providing a means with which
one can determine the likelihood that seizures will reoccur in the near future (following year)

among individuals with epilepsy who have been successfully treated (remained seizure free)
with AED:s.
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None of the studies identified by our searches fulfilled all the inclusion criteria for this key
question. The primary reason for exclusion was that no identified study that included seizure
free individuals currently undergoing treatment with an AED treatment reported time since
last seizure as an index event. All studies used as an index either: a) time of entry at study, b)
time since beginning or accomplishing AED withdrawal (withdrawal studies), c) time since
beginning AED therapy (efficacy studies), d) the minimum time seizure free as inclusion
criteria, meaning that individuals in the study had varying amounts of seizure free time, none
of which were recorded separately.

Key Question 3: What is the relationship between seizure recurrence
likelihood and the time since last seizure among individuals who have
undergone surgery and are apparently seizure free?

The longer the time that has elapsed since the occurrence of the last seizure in an individual
who has undergone surgery for focal epilepsy (primarily temporal lobectomy), the lower
the risk for seizure recurrence in the following year (Strength of Evidence: Acceptable).

O The average annual risk for experiencing seizure recurrence among individuals who
have undergone surgery for focal epilepsy and have remained seizure free for >8
years is less than 2% (Stability of Estimate: Low).

O The average annual risk for experiencing seizure recurrence among individuals who
have undergone surgery for focal epilepsy and have remained seizure free for >10
years is less than 1% (Stability of Estimate: Low).

Twelve studies (Median Quality Score=6.25: Low) met the inclusion criteria for Key Question
3. All 12 studies were case series in which data on seizure status, recorded over a period of
several years, was analyzed using typical survival (time-to-event) analysis techniques. Data on
seizure status was usually drawn retrospectively from medical records (only one study was
prospective). Sometimes this information was supplemented by telephone interviews of the
patient or a close family member.

All of the included studies were designed to assess the long-term effectiveness and safety of
surgery for medically intractable localized epilepsy. The majority of included studies examined
the long-term effectiveness of temporal lobectomy, three included studies evaluated the
effectiveness of other surgical procedures in addition to temporal lobectomy. Other procedures
assessed by these studies included frontal, occipital, and parietal lobectomies. As a
consequence, the findings of our analysis are generalizable only to individuals who become
seizure free following one of these procedures.

A summary time-to-event (survival) function was determined from relevant data extracted from
the 12 included studies using curve fitting software. Time-to-event data from each study was
well fit using a non-linear regression model in which the underlying probability distribution
was exponential. The hazard function for a survival curve with an exponential probability
distribution is described by a single constant, the hazard rate. In order to model a summary
time-to-event curve, the hazard rate and its 95 percent confidence intervals determined for
each included study. A hazard rate could not be determined for one of the 12 studies because
too few data points were available for a curve to be reliably fitted.
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Heterogeneity testing of the hazard rate data from the 11 remaining studies were found to be
heterogeneous (0=137.27, P<0.0001; ’'=92.72). This heterogeneity was explored using mixed
effects maximum-likelihood meta-regression. Because of the small number of studies included
in the evidence base for this question we were precluded from developing meta-regression
models that utilized more than one covariate. None of the covariates that could be assessed
were found to independently have a significant impact on the risk rate, 1.

Because the observed heterogeneity across the hazard rates could not be explained we pooled
these hazard rate data using a random-effects model which incorporated the heterogeneity into
the summary estimate of the hazard rate and its confidence intervals. The random-effects
summary hazard rate was found to be 0.39 (95 percent confidence interval [CI]: 0.26 to 0.53).

The summary hazard rate and its 95 percent confidence intervals were used to construct a
summary time-to-event curve which in turn was used to determine a conservative estimate of
the likelihood that a surgically treated individual will experience seizure recurrence within the
following year given that they have been seizure free for a specified period of time.

According to guidelines from Austroads (see Background section) an annual seizure risk of 20
percent—50 percent for private license holders and 1 percent-2 percent for commercial drivers
are considered acceptable risk levels for allowing an individual to drive. The findings of our
model suggest that individuals who have been seizure free for at least eight years following
surgery have an annual risk for seizure recurrence of <2 percent. Individuals who have been
seizure free for at least 10 years following surgery have an annual risk for seizure recurrence
of <I percent.

The reader is cautioned that the findings of our analysis are based on data extracted from
several low quality studies and that the findings of the model have not been tested in a
prospective study. Also, the reader should note that our findings do not pertain to all
individuals who have undergone surgery for epilepsy. Rather, they should be limited primarily
to individuals who are seizure free following a temporal lobectomy.

Key Question 4: What is the relationship between seizure recurrence
likelihood and the time since last seizure among individuals who have
experienced a single unprovoked single seizure?

The longer the time that has elapsed since the occurrence of a single unprovoked seizure,
the lower the risk for seizure recurrence in the near future (Strength of Evidence:
Acceptable).

O The annual risk for experiencing seizure recurrence among individuals who have
experienced a single unprovoked seizure and who have remained seizure free for >4
years is less than 2% (Stability of Estimate: Low).

Key Question 4 focused on a specific population of individuals who had experienced one
unprovoked seizure in their lives. A key concern to those involved in road safety is the risk for
seizure recurrence following such a seizure. Consequently, we searched for studies of that
evaluated the risk for seizure recurrence following an individual’s first unprovoked seizure.

Four studies (Median Quality: Low) met the inclusion criteria for Key Question 4. All four
studies were case-series in which a group of individuals were followed after the advent of a
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single unprovoked seizure until seizure recurrence occurred. The time-to-event data observed
in these four studies was limited in the length of follow up with only one included study
following individuals for more than five years.

A summary time-to-event (survival) function was determined from relevant data extracted from
the four included studies using curve fitting software. Time-to-event data from each study was
well fit using a non-linear regression model in which the underlying probability distribution
was exponential. The hazard function for a survival curve with an exponential probability
distribution is described by a single constant, the hazard rate. In order to model a summary
time-to-event curve, the hazard rate and its 95 percent confidence intervals determined for
each included study.

Heterogeneity testing of the hazard rate data from the four included studies were found to be
heterogeneous (0=29.38, P<0.0001; '=89.79). This heterogeneity was explored using mixed
effects maximum-likelihood meta-regression. Because of the small number of studies included
in the evidence base for this question we were precluded from developing any meta-regression
models. Consequently, we pooled these hazard rate data using a random-effects model which
incorporated the heterogeneity into the summary estimate of the hazard rate and its confidence
intervals. The random-effects summary hazard rate was found to be 0.09 (95 percent CI: 0.04
to 0.13).

The summary hazard rate and its 95 percent confidence intervals were used to construct a
summary time-to-event curve which in turn was used to determine a conservative estimate of
the likelihood that a surgically treated individual will experience seizure recurrence within the
following year given that they have been seizure free for a specified period of time. The
findings of our model suggest that individuals who have been seizure free for at least four
vears following a single unprovoked seizure have an annual risk for seizure recurrence of <2
percent.

Key Question 5: What is the relationship between treatment compliance (as
measured by drug serum levels) and treatment effectiveness?

Because of inconsistencies in the available evidence, one is precluded from drawing an
evidence-based conclusion pertaining to the strength of the relationship between
compliance and crash risk at this time.

Five studies met the inclusion criteria for Key Question Five (Median Quality: Low). Only one
of these included studies examined the relationship between compliance and crash. This case-
control study (Quality: Low) did not find evidence that non-compliance increased crash risk.
However, it did find that shorter seizure-free intervals were associated with an increased crash
risk (see Key Question 1). The remaining four studies examined the relationship between
compliance and seizure frequency. Two of these studies were randomized control trials
(RCTs). These RCTs were designed to examine the effectiveness of interventions aimed at
improving compliance. The results of these two studies are inconsistent. One of these RCTs
(Quality: Moderate) found that compliance education reduced seizure frequency which
suggests that better compliance reduces seizure risk. However, the other RCT (Quality:
Moderate) did not find such a relationship.



FMCSA Evidence Report: Seizure Disorders and Commercial Motor Vehicle Driver Safety 11/30/2007

The remaining two studies stratified a cohort of individuals with epilepsy who were on AED
therapy into two groups: compliers and non-compliers. Seizure frequency was then compared
between the two groups. Again the findings of these studies are inconsistent. One of these
studies (Quality: Low) found that seizure frequency was lower among compliers while the

other study (Quality: Low) did not.

Because of inconsistencies in the available evidence, one is precluded from drawing an
evidence-based conclusion pertaining to the strength of the relationship between compliance
(as measured using blood AED serum levels) and crash risk at this time. More data, preferably
from studies that have examined the relationship directly, are required before evidence-based
conclusions can be drawn.

Key Question 6: What are the chronic effects of an AED on surrogate
markers of driver safety among individuals with recurrent seizure
disorders?

Cognitive and psychomotor deficits have been demonstrated in studies of AED use in individuals
with epilepsy. However, FMCSA is interested the relationship between AED use and cognitive
and psychomotor deficits in a specific group of individuals who might qualify for a CMV drivers
license. This subgroup of individuals will be adults (I >18 year of age) with well controlled
epilepsy who have been seizure free for a minimum of 6 months. The findings of our analysis of
data from studies that enrolled such individuals and that evaluated the impact of AEDs on
indirect measures of driving ability are presented below:

1. A paucity of data precludes drawing an evidence-based conclusion about the effects of
chronic AED treatment on driving performance as measured by a simulator.

None of the included studies identified by our searches provided data on the effects of
chronic AED use on the driving performance of individuals with epilepsy.

2. The chronic use of AEDs for the treatment of epilepsy appears to have a deleterious
impact on some (but not all) measures of cognitive and psychomotor function thought
to be related to driving ability (Strength of Evidence: Acceptable)

Two studies (Median Quality: Low) that enrolled a total of 182 individuals met the inclusion
criteria for Key Question 6. One study was a non-randomized controlled trial which
compared cognitive and psychomotor function in 16 adults with epilepsy who were on
chronic AED therapy with 16 individuals without epilepsy (Study Quality:5.0: Low ). The
second study (Study Quality:8.2: High ) was a randomized controlled trial which compared
the effect of discontinuation of chronic AED monotherapy on measures of attention, reaction
time, and speed of information processing in with that observed among a group of
individuals who remained on AED therapy.

The results of the first study demonstrated no difference between individuals with epilepsy
who were using AED therapy and individuals without epilepsy in the cognitive and
psychomotor domains of selective attention, memory functioning, or executive functioning.
Overall, the authors concluded that there were no objective impairments in the cognitive and
psychomotor domains; however, a lower speed of information processing affecting everyday
life functioning was detected. Engelberts et al. concluded that individuals with a) well-
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controlled epilepsy, b) age at onset >18 years old, and c) a long duration of epilepsy, d) who
are seizure free (a group analogous to the population of interest for the purposes of the
FMCSA) comprised a distinct subpopulation of individuals who did not demonstrate
cognitive or psychomotor deficits associated with chronic AED use. The authors then
compared these results with a previous study (which did not meet inclusion criteria and was
not included in the evidence base for this key question) that demonstrated cognitive and
psychomotor deficits in individuals with a maximum of one seizure per month (not seizure
free), without restrictions on age at onset or epilepsy duration. In addition, speed of
information processing results found in this study accorded with the results found in the
previous study mentioned by Engelberts.

The results of the second study demonstrated that the group of individuals who had been
seizure free for >2 years and been randomized to discontinue AED use, experienced
improved performance on cognitive and psychomotor tests that required complex cognitive
processing under pressure, including divided attention, rapid language discrimination, and
rapid form discrimination when compared with the performance of these tests in individuals
who had been randomized to continue AED therapy. There was no difference detected
between the group of individuals who had undergone AED withdrawal and the group of
individuals who were randomized to continue AED therapy in tests of sequential reaction
time or simple reaction time. Qutcomes were similar when examining results of the cognitive
and psychomotor tests between individuals grouped by drug type (carbamazepine [CBZ] or
valproic acid [VPA]). The authors suggest that individuals with epilepsy who are seizure-
free may experience improved cognitive performance with AED discontinuation.

Overall, the results of the included studies would indicate that there are cognitive and
psychomotor deficits associated with chronic AED use. Because several differences exist
between the included studies, such as: inclusion of healthy volunteers as a control group,
differences in drugs included in the studies, and differences in the cognitive and psychomotor
tests used, a direct comparison between the results of the studies could not be made.
Ultimately, the small size of the evidence base and its low quality precludes one from
drawing an evidence-based conclusion on effects of AED use on driving simulator related
cognitive and psychomotor function.
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Preface

Organization of Report

This evidence report contains five major sections: 1) Background, 2) Current U.S. Federal
Regulatory and Medical Advisory Criteria, 3) Methods, 4) Synthesis of Results, and 5)
Conclusions. These major sections are supplemented by extensive use of appendices.

In the Background section, we provide background information about epilepsy, including details
about its epidemiology, diagnosis, treatment, and potential impact on driver safety. In the
Current United States Regulatory and Medical Advisory Criteria section we provide information
about epilepsy and seizure-related standards and guidelines for commercial motor vehicle
(CMV) operators in the U.S. and several other countries. In addition we provide pertinent
information as it pertains to commercial pilots, merchant mariners, and railcar operators. In the
Methods section, we detail how we identified and analyzed information for this report. The
section covers the key questions addressed, details of literature searches, criteria for including
studies in our analyses, evaluation of study quality, assessment of the strength of the evidence
base for each question, and methods for abstracting and synthesizing clinical study results. The
Synthesis of Results section of this report is organized by Key Question. For each question, we
report on the quality and quantity of the studies that provided relevant evidence. We then
summarize available data extracted from included studies either qualitatively or, when data
permit, qualitatively and quantitatively (using meta-analysis). Each section in the Synthesis of
Results section closes with conclusions based on our assessment of the available evidence. The
evidence report ends with a Conclusions section that briefly summarizes the answers to each of
the questions addressed in it.

Scope of Report

Commercial driving is a hazardous occupation. The trucking industry has the third highest
fatality rate (12 percent of all occupation-related deaths) in the U.S. About two-thirds of fatally
injured truck workers were involved in highway crashes. According to the U.S. Department of
Transportation (DOT), there were 137,144 non-fatal crashes involving a large truck in 2005. In
addition, 59,405 of those crashes resulted in an injury to at least one individual, for a total of
89,681 injuries; and 4,932 of all crashes caused 5,215 fatalities.

The purpose of this evidence report is to address several key questions posed by the FMCSA.
FMCSA carefully formulated each of these key questions so that its answer will provide
information necessary for updating its report, “Conference on Neurological Disorders and
Commercial Drivers.” The Key Questions addressed in this evidence report are as follows:

Key Question 1: Are individuals with seizure disorders (epilepsy) at an increased risk for a

motor vehicle crash when compared with comparable individuals who do not have a seizure
disorder?

Key Question 2: What is the relationship between seizure recurrence likelihood and the time
since last seizure among individuals who are on AED treatment and are apparently seizure
free?
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Key Question 3: What is the relationship between seizure recurrence likelihood and the time

since last seizure among individuals who have undergone surgery and are apparently seizure
free?

Key Question 4: What is the relationship between seizure recurrence likelihood and the time
since last seizure among individuals who have experienced a single unprovoked seizure?

Key Question 5: What is the relationship between treatment compliance (as measured by drug
serum levels) and treatment effectiveness?

Key Question 6: What are the chronic” effects of an AED on surrogate markers of driver safety
among individuals with recurrent seizure disorders? Surrogate markers of driver safety are:

a) Driving performance (simulated or closed course)
b) Cognitive and psychomotor function.

2>2 weeks treatment
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Background

Commercial driving is a hazardous occupation. The trucking industry has the third highest
fatality rate (12 percent of all occupation-related deaths) in the U.S.
(http://www.bls.gov/iif/oshcfoiarchive.htm#2004charts). About two-thirds of fatally injured
truck workers were involved in highway crashes. According to the DOT, there were 137,144
non-fatal crashes involving a large truck in 2005. In addition, 59,405 of those crashes resulted in
an injury to at least one individual, for a total of 89,681 injuries; and 4,932 of all crashes caused
5,215 fatalities (http://ai.volpe.dot.gov/CrashProfile/CrashProfileMainNew.asp?dy=2005).

Seizure disorders may culminate in unpredictable and sudden incapacitation, thus contributing to
the potential for crash, injury, and death. The purpose of this evidence report is to assess and
summarize the available data on the relationship between seizure disorders and motor vehicle
crash risk.

Epilepsy

Epilepsy is a central nervous system disorder characterized by recurrent involuntary seizures
resulting from excessive hypersynchronous discharges of neurons in the brain. Epilepsy is not a
distinct disease; rather, it is a group of disorders for which recurrent seizures are the main
symptom. Seizures begin with “two concurrent events: 1) high-frequency bursts of action
potentials, and 2) hypersynchronization of a neuronal population”(15,16), which then propagate
in the brain when there is enough electrical activity to recruit neurons surrounding the point of
origin. When propagation occurs, surround inhibition is lost and seizure activity spreads through
local connections and long association pathways to other parts of the brain.

Seizures can be ‘subclinical’ (only detected on an electroencephalogram) or cause objective
clinical signs and subjective symptoms, such as loss of consciousness, tonic/clonic muscle
contractions, sensory phenomena (visual or olfactory hallucinations), or abnormal behaviors that
interfere with normal functioning. Seizures are not a disease, but serve as an indicator of
underlying pathology such as central nervous system infection, cerebral hypoxia, hyperglycemia,
alcohol or drug withdrawal, brain tumor, or cerebrovascular disease. Depending on the source of
the seizures, epileptic seizures are categorized as either asymptomatic epilepsy, in which the
cause of the epilepsy does not appear to be related to a recognized insult or condition, or
symptomatic epilepsy, which usually arises from a particular cause which may be eliminated
with therapeutic intervention.

Seizures

A seizure is generally defined as a rapid, temporary alteration of electrical activity in the brain
(usually in the cortex) which results in changes to an individual’s behavior. They have a
beginning, which may or may not be noticed by the individual as an ‘aura’ or ‘warning’ state
(Table 2); a middle, which may simply remain as an aura or may progress to a complex partial
seizure (see the section subheading Seizures for further information on seizure classifications and
definitions) or convulsions (Table 3); and an end, known as the post-ictal phase, which signifies
the transition from seizure to the individuals normal state (Table 4). Seizure disorders can be

11
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divided into two categories: the isolated, non-recurrent seizure event and seizures resulting from

cortical/cerebral dysfunction that are recurrent (commonly known as epilepsy).

Table 2. Early Warning Signs of Seizure
Psychic Emotional Physical No Warning
Déja vu Fear / Panic Dizziness Seizure may arrive without warning
Jamais vu Pleasant feeling Headache
Smell Lightheadedness
Sound Nausea
Taste Numbness

Vision blurring or loss

Racing thoughts

Stomach symptoms

General feeling of ‘not being right’

Tingling

Table 3. Symptoms of a Seizure
Psychic Emotional Physical
Black out Fear / Panic Chewing movements
Confusion Convulsion
Deafness/Sounds Difficulty talking
“Electric Shock” feeling Drooling

Loss of consciousness

Eyelid fluttering

Smell Eyes rolled up
“Spacing out’ Falling down
“Out of body” experience Foot stomping
Visual loss or blurring Hand waving

Inability to move

Incontinence

Lip smacking

Making noises

Shaking

Staring

Stiffening

Swallowing

Sweating

Teeth clenching/grinding

Tongue biting

Tremors

Twitching movements

Breathing difficulty

Heart racing
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Table 4. Post-ictal symptoms of Seizure
Psychic Emotional Physical
Memory loss Confusion Bruising
Writing difficulty Depression and Sadness Difficulty speaking
Fear Injuries
Frustration Sleeping
Shame / Embarrassment Exhaustion
Headache
Nausea
Pain
Thirst
Weakness

Urge to urinate / defecate

Acute Provoked Seizures

Some seizures occur as a response to a provocative factor such as fever, head trauma, ischemic
stroke, and space occupying lesions such as dysembryoplastic neuroepithelial tumors (DNETS).
Such seizures are defined as ‘acute symptomatic’ seizures, ‘secondary’ seizures, or ‘situation-
related’ seizures. These seizures are considered an acute response to an abnormal situation which
has altered or impaired brain function.(17) Most acute symptomatic or secondary seizures are
unlikely to recur: however, it is estimated that between 3 and 10 percent of all individuals who
experience this kind of seizure will have experience seizure recurrence.(18) Even if recurrent,
these seizures are not classified as epilepsy.(19) Population-based studies of seizures indicate
that 25-30 percent of first seizures are acute/symptomatic, or provoked by factors such as the
examples previously listed.(18) Seizures related to specific ‘triggers’ (reflex epilepsies) such as
stroboscopic light patterns or somatosensory stimuli are associated in susceptible individuals

with an underlying epilepsy disorder, and are not considered acute or symptomatic.

Differentiating Epileptic from Non-Epileptic Seizures

The differentiation of epileptic from non-epileptic seizures is vital in determining whether
treatment is required, what the proper course of treatment should constitute, and potential

consequences involving changes in behavior and lifestyle. LaRoche and Helmers(20)

(http://jama.ama-assn.org/cgi/content/full/291/5/605) created an algorithm to aid in the diagnosis

and treatment of recurrent seizures (Figure 1).
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Figure 1. LaRoche and Helmer Algorithm for Diagnosis and Treatment of Recurrent
Seizures
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The Classification of Epileptic Seizures

Understanding the type of seizure an individual experiences is critical in helping to determine the
best treatment of the options currently available. According to the Commission on Classification
and Terminology of the International League Against Epilepsy (ILAE)(21) (also available online
at http://neuroland.com), seizures are classified as partial (a localized neural discharge that
involves only one region of the cerebral cortex) or generalized (a bilateral neural discharge
which diffuses to involve the entire cerebral cortex). This classification system is presented in
Table 5.

Table 5. ILAE Classification System for Seizures

| Partial (focal, local) seizure

a.  Simple partial seizures (SPS): involves only part of the brain and does not impair consciousness
i. Motor, somatosensory, autonomic, or psychic symptoms
b.  Complex, partial seizures (CPS)
i. Begin with symptoms of SPS but progress to impairment of consciousness.
ii. Begin with impairment of consciousness
c.  Partial seizures with secondary generalization
i. Begin with SPS.
ii. Begin with CPS (including those with symptoms of SPS at onset).

Il. Generalized seizures (convulsive or non-convulsive): involves both sides of the brain, with tonic and clonic movements or absence or
atonic characteristics

a.  Absence (typical and atypical): formerly labeled ‘petit mal’, characterized by brief (+ 20 seconds) staring that may be
associated with blinking or brief automatic movements of the mouth or hands

b.  Myoclonic: brief muscle jerk. May be normal / benign (as with muscle jerks that occur when falling asleep) or may result
from an abnormal discharge of electrical activity in the brain

Clonic: jerking movements involving muscles on both sides of the body
Tonic: stiffening of muscles on both sides of the body, with electrical discharges involving most or all of the brain
Tonic-clonic (GTCSs) (with convulsions, formerly known as grand mal seizures)

- o o o

Atonic / akinetic: seizure characterized by loss of muscle tone

IIl. Unclassified seizures

Partial seizures are divided into three categories: simple partial seizures, complex partial
seizures, and partial seizures with secondary generalization. In simple partial seizures, the
individual is alert, conscious, and can remember events that took place during the seizure. In
complex partial seizures, however, the individual’s consciousness is either impaired or lost, and
the effected individual demonstrates a concomitant inability to recall events that took place
during the seizure. In partial seizures with secondary generalization, an individual experiences a
seizure that begins as a partial seizure and then progresses to a generalized event.

Generalized seizures are categorized into absence (formerly known as petit mal), atypical
absence, myoclonic, atonic, tonic, and tonic-clonic types. Occurring without warning, typical
absence seizures are generally brief (3-20 seconds) periods of staring with impaired cognition
and awareness, with no deficit in awareness (no post-ictal period) after the seizure. Atypical
absence seizures begin and end gradually, usually last between 5 and 30 seconds, and are
accompanied by staring, with occasional eye blinking and lip twitching. Myoclonic seizures
involve a ‘brief, shock-like jerk of a muscle or group of muscles.”(22) Everyone has experienced
benign myoclonus, which is the brief jolting of muscles that occurs while falling asleep (also
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known as hypnic jerk). Epileptic myoclonus causes a brief (< 1 second) synchronous jerking of
the muscles of the neck, shoulders, upper arms, trunk, and upper legs, during which
consciousness remains unimpaired. Atonic seizures are brief events (5 seconds to 1 minute)
indicted by a ‘sudden loss of posture tone,” which may be indicted by head nods, jaw drops, or
falls, with impaired consciousness. These ‘epileptic drop attacks’ can also happen if the legs are
affected by a myoclonic seizure. Tonic seizures are brief (5 to 20 seconds), usually nocturnal,
generalized events involving the flexion and extension of symmetrical muscle groups in the
trunk and neck, upper body, or lower body. Tonic-clonic seizures (grand mal or convulsive
seizures) begin with a tonic phase followed by a clonic phase featuring muscle jerking of the
arms and legs accompanied by loss of consciousness and, possibly, drooling, loss of bladder or
bowel control, and biting of the cheek, tongue, or lips. Tonic-clonic seizures may last anywhere
from 30 to 120 seconds, with the individual exhibiting lethargy and cognitive impairment during
the post-ictal period.(22)

Jenssen et al.(23) systematically compared length of time for seizures in individuals with
intractable epilepsy and found that seizure duration differed depending on the type of seizure
experienced (Table 6). In this study, partial onset seizures that spread to both hemispheres in the
brain had the longest duration, with simple generalized tonic-clonic seizures (SGTCS) unlikely
to last more than 660 seconds (11 minutes), complex partial seizures (CPS) unlikely to last more
than 600 seconds (10 minutes), and simple partial seizures (SPS) unlikely to last longer than 240
seconds (4 minutes). SGTCS, CPS, and SPS that lasted longer than the times quoted were likely
to evolve into status epilepticus.

Table 6. Seizure Duration Statistics by Type of Seizure

Seizure Type N Median duration per Longest duration per Range of durations No. of seizures
patient in seconds patient in seconds within patient in recorded
seconds

Tonic Seizure 7 18.5 (8-410) 34 (11-620) 21.25 57
Simple Partial Seizure 25 28 (3-180) 35 (3-475) 23.00 65
Partial Generalized Tonic- | ¢ 66 (59-75) 68 (59-76) 250 8

Clonic Seizure

Complex Partial Seizure 85 78 (8-298) 11 (40-960) 46.00 375
Simple Generalized Tonic- | 5 130 (37-139) 142 (50-630 37.00 70

Clonic Seizure

Adapted from data presented by Jenssen et al.(23)

The reader should note that some individuals with epilepsy cannot be easily classified into one of
the categories defined by the ILAE seizure categorization system. This is because they may
experience both partial seizures and generalized seizures in separate seizure events with no clear
pattern apparent.(22) Such individuals would be classified under the ILAE system as having
“unclassified seizures.”

Epilepsy and Epileptic Syndromes

If a seizure arises as the sole manifestation of a neurologic disorder, it is termed epilepsy. If the
seizure is part of a group of symptoms, however, it is considered to be epileptic syndrome, with

16



FMCSA Evidence Report: Seizure Disorders and Commercial Motor Vehicle Driver Safety 11/30/2007

consideration accorded to age at onset, etiology, prognosis, and response to treatment.(18)
Epileptic syndromes include: benign familial neonatal seizures, Ohtahara syndrome, startle
epilepsy, and early onset benign childhood occipital epilepsy. The American Epilepsy Society’s
Annotated Proposal International Classification of Epilepsies and Epileptic Syndromes(21) are
featured below.

1. Localization-Related (Local, Focal, Partial) Epilepsies and Syndromes

a. Idiopathic (with age-related onset): disorder is not associated with other
neurologic or neuropsychologic abnormalities

i.  Benign childhood epilepsy with centrotemporal spikes (‘rolandic
epilepsy’)
ii.  Childhood epilepsy with occipital paroxysms
b. Symptomatic: abnormality is present and cause is known

1. Chronic progressive epilepsia partialis continua of childhood (e.g.
‘Rasmussen’s encephalitis’)

ii.  Frontal lobe epilepsies

iii.  Occipital lobe epilepsies

iv.  Parietal lobe epilepsies

v.  Syndromes characterized by specific modes of precipitation
vi.  Temporal lobe epilepsies

c¢. Cryptogenic: presumed to be symptomatic but the cause in the specific patient is
unknown

2. Generalized Epilepsies and Syndromes

a. Idiopathic (with age-related onset): disorder is not associated with other
neurologic or neuropsychologic abnormalities

i.  Benign neonatal familial convulsions
ii.  Benign neonatal convulsions
iii.  Benign myoclonic epilepsy in childhood
iv.  Childhood absence epilepsy (pyknolepsy)
v.  Juvenile absence epilepsy
vi.  Juvenile myoclonic epilepsy

b. Cryptogenic or Symptomatic: presumed to be symptomatic but the cause in the
specific patient is unknown

1. West syndrome

1.  Lennox-Gastaut syndrome
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3. Epilepsies and Syndromes Undetermined Whether Focal or Generalized

The National Institute of Neurological Disorders and Stroke (NINDS, 2001) has
identified the following epileptic syndromes:(24)

a. Absence Epilepsy — Individuals have repeated absence seizures that cause
momentary lapses of consciousness. Some individuals with absence seizures have
purposefulness movements during their seizures, such as a jerking arm or rapidly
blinking eyes.

b. Psychomotor Epilepsy — an alternate term for recurrent partial seizures,
especially seizures of the temporal lobe. The term psychomotor refers to the
strange sensations, emotions, and behavior seen with these seizures.

c. Temporal Lobe Epilepsy (TLE)) — is the most common epilepsy syndrome with
partial seizures. These seizures are often associated with auras. TLE often begins
in childhood.

d. Frontal Lobe Epilepsy — usually involves a cluster of short seizures with sudden
onset and termination. There are many subtypes of frontal lobe seizures. The
symptoms depend on where in the frontal lobe the seizures occur.

e. Occipital Lobe Epilepsy — usually begins with visual hallucinations, rapid eye
blinking, or other eye-related symptoms. Otherwise it resembles temporal or
frontal lobe epilepsy.

f. Parietal Lobe Epilepsy — symptoms closely resemble those of other types of
epilepsy. This may reflect the fact that parietal lobe seizures tend to spread to
other areas of the brain.

Reflex Epilepsy

Epileptic seizures are usually an unpredictable event because of the complexity of factors
precipitating an epileptic event. In some cases, factors associated with the production or
reduction of epileptic seizures are identifiable (i.e. sleep deprivation, administration of AEDs),
and steps may be taken to avoid or aid the factor in order to decrease the possibility of inducing a
seizure. In contrast, reflex epilepsy involves a predictable response (a seizure) from a known
localization to a specific functional stimulus. Reflex epilepsy may be asymptomatic or result
from a specific and identifiable cause such as head trauma. Stimuli/triggers associated with
reflex epilepsy include:

Vision: stroboscopic light patterns (associated with generalized seizures, i.e. absence, myoclonic,
with possible progression to generalized tonic-clonic; complex partial seizures; or other types of
seizures.) A reduction in light sensitivity (scotosensitive), removal of visual fixation (fixation-off
sensitivity), or the frequency of flicker on a screen (photosensitivity) may also elicit a reaction.
The region or system associated with the trigger is generally observed to be the occipital cortex.

Pattern-sensitivity: high contrast circles, lines, and check patterns, particularly if any of these
patterns are oscillating or moving, may trigger an epileptic seizure. The region or system
associated with the trigger is generally observed to be the magnocellular system of the occipital
cortex.
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Somatosensory stimuli: light touch, tapping, or immersion in hot water, are all known triggers.
The region or system associated with the trigger is generally observed to be the primary or
secondary somatosensory cortex.

Auditory: less commonly encountered than visually-triggered seizures, auditory related seizures
include simple sounds (startle epilepsy, associated with gross or subtle perirolandic lesions) and
music (musicogenic seizures, generally localized, rather than generalized, and associated with
the temporal limbic and non-limbic areas of the brain).

More unusual reflex seizures include primary reading epilepsy (induced by the act of reading and
associated with the right, or left, or bilateral temporoparietal lobe), thinking (induced by
mathematical calculations, the processing of spatial information, and decision-making and
associated with the parietal lobe), and eating epilepsy (seizures are triggered by the sight or smell
of food and associated with presylvian lesions). Other complex activities associated with reflex
epilepsy include brushing the teeth and walking.(25)

Nocturnal Epilepsy

Seizures that occur primarily during sleep are generally categorized as nocturnal epilepsy, with
certain types of seizures appearing to be more commonly associated with sleep. In general,
nocturnal seizures are treated with the same therapeutic agents as other epilepsy syndromes.

Not a great deal is actually known about nocturnal epilepsy, particularly because it is rarely
witnessed. In a recent review paper, Ryvlin et al. further highlighted the general lack of
information about nocturnal epilepsy by detailing knowledge deficits in the understanding the
neural networks involved with the syndrome; neuropsychological profiles of individuals with
nocturnal epilepsy; and quality of life measures involving daytime sleepiness and subjective
sleep quality.(26,27) Further complicating our understanding of nocturnal epilepsy is the
intricate relationship that epilepsy appears to have with sleep, meaning that nocturnal epilepsy
may be frequently confused with a variety of normal and abnormal sleep events including:
hypnic jerks (benign myoclonus), sleep ‘drunkenness’ (a prolonged state of confusion after
waking), sleep paralysis, restless leg syndrome, sleep terrors, rapid eye movement (REM)
behavior disorder, and hypersomnolence associated with severe sleep apnea.(28)

In general, seizures associated with nocturnal epilepsy occur just after the individual has fallen
asleep, or just before they awaken. Specifically, the seizures occur most often within the first 2
hours of sleep (early nocturnal seizures), in the two hours previous to usual waking time, or in
the first two hours after waking (early morning seizures). Taking this timing of seizures into
account, the finding that REM sleep appears to have an inhibitive effect on some types of
nocturnal seizures is interesting, albeit little understood.(28)

Most patients who have seizures only during the specific times noted above have idiopathic
epilepsy, Frontal lobe involvement (which is unlikely to generalize) is largely suspected due to
the ictal signs present during the seizure event.(28) Temporal lobe involvement (which is more
likely to secondarily generalize) has also been noted, leading to questions regarding different
neural pathways in partial seizure distribution.

Currently nocturnal epilepsy syndromes include:
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1. Nocturnal Frontal Lobe Epilepsy (NFLE): a disorder characterized by seizures that occur
almost exclusively during sleep. It encompasses a variety of seizure types, drug resistance
has been reported in approximately 30 percent of patients. A recent study by Vignatelli et
al. concluded that NFLE was generally not associated with excessive daytime sleepiness
as measured by the Epworth Sleepiness Scale, although daytime sleepiness symptoms in
individuals with subjective disturbed sleep quality may be related to nocturnal seizure
activity (without reference to the number of seizures experienced per sleep period).

2. Autosomal Dominant Nocturnal Frontal Lobe Epilepsy (ADNFLE): a rare, usually
familial seizure disorder associated with a gene mutation locus 20q13.2-q13.3, ADNFLE
has been observed to occur during sleep in clusters associated with partial seizures with
tonic extension, mouth movement, and unintelligible speech.

3. Awakening Tonic-Clonic seizures: these seizures tend to occur in the early morning
hours after an individual awakes, with some individuals experiencing a second round of
seizures in the early evening. Individuals with awakening tonic-clonic seizures may be
particularly sensitive to sleep deprivation or alcohol consumption. Seizures associated
with awakening tonic-clonic seizures usually respond well to pharmaceutical therapy.

4. Landau-Kleffner Syndrome (LKS): a condition of acquired aphasia that may also include
epileptic seizures and an epileptiform electroencephalogram (EEG) during sleep. Seizures
associated with LKS usually respond well to pharmaceutical therapy.

Pathophysiology of Epilepsy

As stated previously, epilepsy is a central nervous system disorder characterized by recurrent
involuntary seizures resulting from excessive hypersynchronous discharges of neurons in the
brain. The ictal seizure begins with a localized prolonged depolarization, including the rapid
firing of repeated action potentials, in a small group of neurons. Adjacent and/or connected
neurons are recruited, with a clinical seizure progressing from an ictal seizure when a large
number of affected cells experiencing the electrical discharges become linked. At this point, the
seizure may spread to other areas in the brain.(15)

Proposed mechanisms for the generation and propagation of seizure activity in the brain include:
neuron membrane abnormalities which result in a disruption to the depolarization and
repolarization of the mechanisms of the cell (i.e. excitability of neuronal tissue); irregular neural
networks which develop aberrant synchronization of a group of cells (synchronization of neural
tissue); decreases in gamma-aminobutyric acid (GABA)-mediated inhibitory neurotransmission,
and increases in glutamate-mediated excitatory neurotransmission. Genetic information, which
controls a number of intracellular processes such as cell structure, receptor functions, and ionic
channels, plays a part in the potential for seizure activity.(15,22) It should be noted that none of
the available models of epileptogenesis in humans has been clinically validated.(29)

Structurally, the two areas of the brain most commonly associated with seizure activity are the
cerebral neocortex and the hippocampus. Common causes of seizures in infants and children
include congenital malformations, perinatal injuries and/or hypoxia, metabolic defects, injury,
and infection. In young adults, seizures are most often linked to head trauma, tumors, and
infection. In the elderly, seizures are commonly associated with cerebrovascular disease and
brain tumors.
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Risk Factors for Epilepsy

Risk factors which may be associated with the development of epilepsy include:
e Genetics: A family history of epilepsy
e Age: younger and older individuals have a higher incidence and prevalence rate of
epilepsy, but generally have different types of epilepsy disorders and different etiologies.
¢ Brain injury: birth trauma, tumors or cancer, or head trauma
e Disease: infection, cerebrovascular disease
e Exposure to lead or carbon monoxide

For individuals with a diagnosis of epilepsy, the following constitute some of the risk factors for
seizure:

e Sleep deprivation

e Use of alcohol

e Use ofillicit drugs

e Medications: some prescription and over-the-counter medications are associated with an

elevated rate of seizure incidence
e Menstruation
e Missed AED doses

Epidemiology of Epilepsy

According to the most recent statistics from the Epilepsy Foundation (2005) an estimated 2.7
million people have active epilepsy’ in the United States.(30) Figure 3 displays the number of
active cases of diagnosed epilepsy in United States in 2005. According to these data, 1 percent of
the general population can be expected to have a diagnosis of epilepsy by the age of 20 years and
by the age of 75, this figure will have risen to approximately 3 percent. It is estimated that by the
year 2050, 50 percent of new cases of epilepsy will occur in individuals over the age of 65.
Overall, the prevalence of epilepsy in the US is 6 per 1,000 individuals.(21) Worldwide, epilepsy
and epileptic syndromes affect > 50 million individuals, with approximately 80 percent of those
affected living in the developing world.(29)

3 Defined as a history of the disorder plus a seizure or use of an antiepileptic medicine within the past five years. It should be noted that this
definition differs from that of the WHO, which states “Epilepsy is considered ‘active’ if the patient with epilepsy has had at least one seizure in
the preceding two years, and is or has been on antiepileptic drugs for the same. Otherwise, it is termed ‘inactive.’
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Figure 2. Prevalence of Epilepsy in 2005 (by age group—United States(30))
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The incidence of new cases of epilepsy in the United States was estimated to be 200,000 in 2005;
in 70 percent of these cases, no specific underlying cause is identified.(31) The annual incidence
of epilepsy in the U.S. population ranges from 30 to 57 per 100,000 individuals, with higher rates
in infants and young children and in adults over 60 years of age.(31)

The Treatment of Epilepsy

Treatments for epilepsy aim at suppressing the seizures and/or epileptiform activity and reducing
the severity of the seizures. The typical treatment option for epilepsy is pharmacotherapy with
AEDs. Patients who do not respond well to AED therapy, or for whom AED side effects prove
unmanageable, may be candidates for surgical therapy such as anterior temporal lobectomy and
extra-temporal resection. NINDS estimates that approximately 80 percent of individuals
diagnosed with epilepsy will achieve successful seizure control with AEDs or surgery.(24) The
remaining 20 percent who continue to experience seizures despite the use of AEDs or surgery are
defined as having ‘intractable epilepsy’ or ‘refractory epilepsy.’

Pharmacotherapy

Table 7 lists AEDs currently used to treat individuals with epilepsy in the United States. Included
in the table are links to World Wide Web sites (primarily manufacturer’s sites) where the
interested reader may obtain labeling information. Accurate and publicly available product
labeling information is required by the Federal Food and Drug Administration (FDA) for any
drug to be marketed in the United States. Product labeling provides details on the active agent, its
dosing regimen, its indications and contraindications, and details of adverse events that have
occurred (or may occur) among individuals using the medication.
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Table 7. Antiepileptic Drug Treatments Currently Available in the United States

Class Generic Trade Names | Specific Indication Off Label Use Link to labeling

(US) information*

Valproates Valproate sodium | Depacon Partial seizures with or Schizophrenia; Alcohol http://www.nlm.nih.gov/medli
without secondary withdrawal neplus/druginfo/uspdi/202588
generalization; Generalized .html
seizures (absence) Migraine
prevention; Manic episode of
Bipolar Disorder

Valproic acid Depakene Partial seizures with or Alcohol withdrawal http://sitesearch.abbott.com/r
without secondary esults_rxabbott.jsp?coll=WE
generalization: Generalized B_PHARMA_RxAbbott&quer
seizures (absence; yText=depakene
myoclonic; tonic-clonic)

Migraine prevention; Manic
episode of Bipolar Disorder
Divalproex Depakote Partial seizures with or Alcohol withdrawal http:/www.nim.nih.gov/medii
sodium without secondary neplus/druginfo/uspdi/202588
generalization; Generalized html
seizures (absence;
myoclonic; tonic-clonic)
Migraine prevention; Manic
episode of Bipolar Disorder
Divalproex Depakote Partial seizures with or NR http:/fwww.nim.nih.gov/medii
sodium Sprinkles without secondary neplus/druginfo/uspdi/202588
generalization; Generalized html
seizures (absence;
myoclonic; tonic-clonic)
Migraine prevention; Manic
episode of Bipolar Disorder

Enzyme Inducing Phenytoin Dilantin Partial seizures with or Anxiety disorders; Mood http://www.nlm.nih.gov/medli

Anti-Epileptic without secondary disorders; Cardiovascular neplus/druginfo/medmaster/a

Drugs (EIAEDs) generalization complications with tricyclic 682022.html
Generalized seizures (tonic- antidepresslant overdose;
clonic) ; complex partial Wallenberg's syndrome;
seizures; prevention of Ventricular arrhythmias;
seizures secondary to Control convulsions
neurosurgeryhead trauma; | @ssociated with .
control of convulsive status preeclampsia; Epidermolysis
epilepticus bullosa

Phenobarbital Luminal Partial seizures with or Insomnia; nervousness; http://www.nlm.nih.gov/medli
without secondary restlessness neplus/druginfo/medmaster/a
generalization 682007 .html

Carbamazepine Tegretol Partial seizures with or Antidiuretic; bipolar disorder; | http://www.nim.nih.gov/medli
without secondary schizophrenia; neuralgia; neplus/druginfo/uspdi/202111
generalization glossopharyngeal neuralgia; .html
Generalized seizures (tonic- | central partial diabetes
clonic) insipidus; Alcohol withdrawal
Trigeminal neuralgia

Carbamazepine | Tegretol-XR Partial seizures with or Glossopharyngeal neuralgia | http://www.pharma.us.novarti
without secondary s.com/product/pilpdfitegretol.
generalization pdf
Generalized seizures (tonic-
clonic)

Trigeminal neuralgia

Carbamazepine Carbatrol Partial seizures with or Trigeminal neuralgia http://www.carbatrol.com/pre
without secondary scribing_info.pdf
generalization
Generalized seizures (tonic-
clonic)

Carbamazepine | Atretol Partial seizures with or Trigeminal neuralgia; bipolar | http://www.nlm.nih.gov/medii
without secondary disorder; schizophrenia; neplus/druginfo/uspdi/202111
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Class Generic Trade Names | Specific Indication Off Label Use Link to labeling
(US) information*
generalization neuralgia .html
Generalized seizures (tonic-
clonic)

Carbamazepine Epitol Partial seizures with or Mania; acute mania, frequent | http://www.nlm.nih.gov/medli
without secondary episodes of mania; dysphoric | neplus/druginfo/uspdi/202111
generalization mania; Trigeminal neuralgia; | .html
Generalized seizures (tonic- | Postherpetic neuralgia;
clonic) Preventative treatment for

bipolar disorder (manic

depression); Alcohol

withdrawal; Cocaine

withdrawal; Abnormally

aggressive behavior;

Migraine

GABA analogue Gabapentin Neurontin® Partial seizures with or Bipolar Disorder; Neuropathic | http://www.nlm.nih.gov/medli

without secondary pain (diabetic neuropathy, neplus/druginfo/uspdi/202732
generalization peripheral neuropathy, .html
Postherpetic neuralgia trigeminal neuralgia); Alcohol

withdrawal; Mood stabilizer;

Anxiety disorders;

Depression; Insomnia;

Multiple Sclerosis pain and

spasticity

Gabapentin Gabarone® Partial seizures with or Alcohol withdrawal http://www.nlm.nih.gov/medli
without secondary neplus/druginfo/medmaster/a
generalization 694007 .html
Postherpetic neuralgia

Tiagabine Gabitril® Partial seizures with or Spasticity; Anxiety; Pain, http://www.nim.nih.gov/medli
without secondary Migraine; Bipolar Disorder neplus/druginfo/medmaster/a
generalization 698014.html

Benzodiazepines Lorazepam Ativan* Status epilepticus Amnestic; Skeletal muscle http://actmagazine.mediwire.
relaxant adjunct; Antianxiety com/main/Default.aspx?P=C
agent ; Antiemetic in ontent&ArticlelD=312606
chemotherapy; Antipanic;

Anti tremor; Sedative-
hypnotic; Alcohol withdrawal
Clonazepam Klonopin Generalized seizures, Periodic leg movements http://www.aesnet.org/visitors
Klonopin myoclonic during sleep; Parkinsonian [PatientsPractice/aed/aedtabl
- dysarthria; Acute manic e.cfm?drug=Klonopin
Rivotril ) ) .
episodes of Bipolar Disorder;
Multifocal tic disorders;
Schizophrenia; Neuralgia;
Social Phobia

Clobazam Frisium Generalized seizures, Antianxiety agent http://www.biopsychiatry.com
myoclonic Iclobazam.htm

Clorazepate ClorazeCaps® | Generalized seizures, Antianxiety agent; Antipanic; http://www.nIm.nih.gov/medli

ClorazeTabs® | myoclonic Sedative-hypnotic neplus/druginfo/medmaster/a
GenZene® 682052.html
TransXene®
Diazepam Valium* Status epilepticus; severe Amnestic; Skeletal muscle http://actmagazine.mediwire.
recurrent seizure relaxant adjunct; Antianxiety com/main/Default.aspx?P=C

agent; Antipanic; Antitremor; ontent&ArticlelD=312606
Sedative-hypnotic; Alcohol
withdrawal

Succinimide Ethosuximide Celontin Generalized seizures Behavioral disorders http://www.nIm.nih.gov/medli

Zarontin (absence; tonic-clonic) neplus/druginfo/uspdi/202053
.html
Other antiepileptics | Felbamate Felbatol Partial seizures with or Obesity http://www.nlm.nih.gov/medli

without secondary

neplus/druginfo/uspdi/202711

24




FMCSA Evidence Report: Seizure Disorders and Commercial Motor Vehicle Driver Safety

11/30/2007

Class Generic Trade Names | Specific Indication Off Label Use Link to labeling
(US) information*
generalization .html
Generalized seizures (tonic-
clonic associated with
Lennox-Gastaut syndrome)
Pregabalin Lyrica Partial onset seizures; Fibromyalgia; Generalized http://www.nIm.nih.gov/medli
Diabetic neuropathy; Anxiety Disorder; Social neplus/druginfo/medmaster/a
Postherpetic neuralgia Anxiety 605045.html
Levetiracetam Keppra Partial seizures with or Migraine; Neuropathic pain; http://www.keppra.com/hcp/K
without secondary Adjunctive analgesia; Autism; | eppra_Full_Pl.pdf
generalization; Generalized Social anxiety; Tardive
seizures (absence; Dyskinesia;
myoclonic; tonic-clonic) Myoclonus/Dystonia; Bipolar
Disorder
Topiramate Topamax Partial seizures with or Bipolar Disorder; Alcohol http://www.nlm.nih.gov/medli
without secondary withdrawal; Neuralgia; neplus/druginfo/uspdi/203085
generalization; Generalized Obesity (binge eating); PTSD | .html
seizures (absence,
myoclonic; tonic-clonic)
Migraine
Primidone Mysoline Partial seizures with or Essential tremor; Congenital http://www.nIm.nih.gov/medli
without secondary Long QT syndrome; neplus/druginfo/uspdi/202479
generalization Depression; Bipolar Disorder; | .html
Treatment resistant
psychosis;
Lamotrigine Lamictal Partial seizures with or Depression; schizoaffective http://www.nIm.nih.gov/medli
LTG without secondary disorder; SUNCT syndrome neplus/druginfo/uspdi/202786
generalization headaches (short-lasting, .html
Acute Bipolar Disorder unilateral, neuralgiform
headache with conjunctival
injection and tearing);
diabetic neuropathy;
neuralgia generalized
seizures (absence,
myoclonic; tonic-clonic);
Infantile spasms; Rett's
Syndrome; startle-induced
seizures
Zonisamide Zonegran Partial seizures with or Tremor; Parkinson’s Disease; | http://www.eisai.com/pdf_file
without secondary obesity; neuropathic pain s/ZonegranPlrev-1ver-
generalization; 1May2004.pdf
Generalized seizures,
myoclonic; tonic-clonic
Adjunctive anti-seizure
therapy
Oxcarbazepine Trileptal Partial seizures with or Neuralgia http://www.pharma.us.novarti
without secondary s.com/product/pi/pdf/trileptal.
generalization pdf

* Drugs listed as treatments for status epilepticus are included for the purposes of comparison
* If you are viewing this table using Microsoft Word the links are active.

Aldehydes

Aldehydes are one of the earliest antiepileptics. As paraldehyde, it was introduced into clinical
practice as an antiepileptic, sedative, and treatment for alcohol withdrawal in 1882. It was also
used as a hypnotic, where it remained the treatment of choice through the 1960s. Paraldehyde is
still used in cases of status epilepticus because it does not suppress breathing, as can occur with

other central nervous system agents.
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Aromatic allylic alcohols (Stiripentol)

Approved in December 2001, this antiepileptic is used primarily in the treatment of severe
myoclonic epilepsy in infancy (SMIE), also known as Dravet Syndrome. It does not appear to be
effective in adolescents or adults.

Barbiturates

The central nervous system depressant phenobarbital was introduced as an antiepileptic,
sedative, and hypnotic in 1912. It was the treatment of choice for epilepsy until the advent of
phenytoin in 1938. Phenobarbital remained the most common hypnotic until the development of
benzodiazepines in the 1960’s. It is still used to treat acute convulsions or status epilepticus.

Benzodiazepines

The central nervous system depressant class of benzodiazepines acts as sedatives, hypnotics,
amnestics, anxiolytics, muscle relaxants, and antiepileptics by acting on the GABA receptor
GABA, to modulate higher neuronal activity. Benzodiazepines are clustered into three
therapeutic groups: short acting (< 6 hours), intermediate acting (6-10 hours) and long acting
(persistent effects). Benzodiazepines can accumulate in the system and result in tolerance and
dependence.

Bromides

Potassium bromide was introduced as an anti-epileptic in 1857, making it the earliest effective
epilepsy treatment. It was used extensively until the introduction of phenobarbital in 1912.
Potassium bromide has not been approved for use in humans by the FDA.

Carboxamides

The two carboxamides of interest as antiepileptics are carbamazepine and oxcarbazepine.
Initially used to treat trigeminal neuralgia (1962), carbamazepine was approved as an antiseizure
medication by the FDA in 1974. It works principally via sodium channel inhibition, thus
reducing the number of available open sodium channels and decreasing the excitability of brain
cells.

Oxcarbazepine differs chemically from carbamazepine through the addition of an oxygen atom
to the benzylcarboxamide group, which serves to reduce metabolic impact on the liver and to
prevent serious anemia, which is a serious potential side effect associated with carbamazepine. It
was approved by the FDA for use as an antiepileptic in 2000.

Fatty Acids

Valproates and Tiagabine are fatty acids which interact with the inhibitory neurotransmitter
gamma-aminobutyric acid (GABA). Valproates act as GABA analogues, meaning they increase
the amount of GABA available in the brain by converting glutamate (an excitatory
neurotransmitter) into GABA. This produces an anticonvulsive effect by reducing neuron
excitability and raising the threshold for seizure activity. Tiagabine (FDA approval 1997) acts to
inhibit GABA uptake into the neurons and glia of the brain.

Fructose derivatives

Topiramate (1997) is a monosaccharide which acts to prevent convulsions by inhibiting
excitatory neurotransmission through interactions with kainate and alpha-amino-3-hydroxy-5-
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methyl-4-isoxazolepropionic acid (AMPA) receptors, and by enhancing GABA-activated chloride
channels.

GABA Analogs

The exact action in the body of antiepileptic GABA analogues is unknown. While it is effective
for a variety of seizures, it is not effective for treating absence seizures. The best known
gabapentin is Neurontin (Pfizer 1995). It has been estimated that approximately 90 percent of
prescriptions issued for Neurontin are written for off-label purposes.

Hydantoins (Glycolylurea)

Hydantoins (the reaction product of glycolic acid and urea) act to control convulsions by
reducing electrical conductivity between brain cells. Phenytoin (diphenylhydantoin) became the
antiepileptic drug of choice beginning in 1938, surpassing phenobarbital in large part because it
did not have the sedative effect of phenobarbital. Because of its long life in the pharmaceutical
market, it is widely available as an affordable generic antiepileptic.

Pyrrolidines

The mechanism by which levetiracetam (FDA approval 1997) functions is currently unknown,
but does not appear to derive from currently understood inhibitory or excitatory neural pathways.

Sulfonamides

The antiepileptic zonisamide is approved in the US as an adjunctive therapy for adult partial-
onset seizures. This means that it is utilized as a way to control ‘breakthrough’ seizures or side
effects associated with other antiepileptic medications. The exact mechanism by which
zonisamide acts as an antiepileptic drug is currently not known.(32)

Surgery

Epilepsy surgery can be divided, based on the goals of the operation, into palliative and curative
procedures. The primary goal of a curative surgery is for the patient to be able to lead a normal
life, preferably without the use of antiepileptic medications. Examples of curative procedures
include lesional resection, lobectomy, corticectomy, and some cases of hemispheric surgery and
multiple subpial transections. By definition, palliative procedures only very rarely result in
cessation of seizures. In patients with seizure related injuries or with a predominance of one
seizure type which can be eliminated with surgery (such as drop attacks), palliation may be a
desirable result. Palliative surgery may also serve to lessen the frequency or severity of seizures.
Examples of palliative surgery include some cases of hemispheric surgery, multiple subpial
transections, disconnection procedures including corpus callosotomy.

The goal of epilepsy surgery is either to define and resect an area of epileptogenesis or disrupt
the spread of seizure activity, thus reducing the likelihood of seizures or preventing certain
seizure types. Most surgical candidates suffer from partial seizures, and many have epilepsy
secondary to definable structural abnormalities. The location and nature of these lesions dictates
the type of surgery that will be performed and the expected outcome.

Temporal Lobe Surgery
Temporal lobe surgery is intended to eliminate complex partial seizures by removing the lesion
or epileptogenic area responsible for the development of these seizures. Complex partial seizures
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with or without secondary generalization are the most common seizure type associated with
temporal lobe epilepsy.(33) The second most common seizure type is a simple partial seizure,
which is commonly experienced as the patient’s typical aura.

Temporal lobe surgery candidates constitute the largest group of epilepsy surgery patients.(34)
Preoperative evaluation determines the type of lesion (tumor, vascular malformation, mesial
temporal sclerosis, or other known or unknown etiology). The actual procedure depends on the
location of the lesion (deep or superficial) and the extent to which tissue is to be removed.(35-
37) An en bloc anterior temporal lobectomy is a standardized operative procedure in which 4.5 to
5.0 cm of the anterior lateral temporal lobe neocortex is removed along with the amygdala, the
anterior aspect of the parahippocampal gyrus, and the hippocampus in the medial portion of the
temporal lobe. Neocortical lesionectomy is used when the lesion, usually a tumor or vascular
malformation, is contained entirely in the neocortex of the temporal lobe. Selective
amygdalohippocampectomy (AH) involves the removal of the amygdala and hippocampus only.
Intraoperative EEG readings may be used to “tailor” the extent of tissue resection by defining a
zone of frequent interictal spiking. The use of this technique may result in more or less tissue
being removed compared to the “standard” approach. Another modification to the standard
approach is to remove less than 4.5 cm of the anterior temporal lobe and is referred to as
“partial” resection.

Seizure free rates reported in recent systematic reviews that evaluated the effectiveness and
safety of frontal lobe surgery are presented in Table 8.

Table 8. Seizure Free Rates Following Temporal Lobe Surgery: Findings of Systematic
Reviews

Reference Year Population(s) | Definition of “Seizure Follow up time % “seizure free”
studied Free” (95% Cl)
Tellez-Zenteno et al.(38) 2005 Adults and NR Mean followup =5 years 66.0%
Children (NR)
ECRI(39) 2003 Adults and Engel Class | = 2 years Minimum of 2 years NR*
children
ECRI(39) 2003 Adults and Seizure-free with no auras | Minimum of 2 years 55.0%
children =2 years (50-60 percent)
ECRI(39) 2003 Adults and Seizure-free with auras = Minimum of 2 years 68.0%
children 2 years (65-72 %)
ECRI(39) 2003 Adults and Seizure-free with or Minimum of 2 years NR*
children without auras = 2 years
Engel et al.(40) 2003 Adults and Free of seizures Minimum of 2 years 66.8%
children (NR)

Corpus Callosotomy

Resection of the corpus callosum is intended as a palliative procedure that reduces the frequency
of seizures that could lead to injury or seriously interfere with quality of life.(41-43) These
patients typically have multifocal, unresectable, or non-localized lesions.(42) Candidates for this
procedure include both children and adult patients with atonic, tonic, and tonic-clonic
seizures.(42) These patients typically have daily to weekly seizures of multiple types that occur
despite having therapeutic blood levels of AEDs for at least 2 years prior to surgery.(44)

Corpus callosotomy is not expected to eliminate all seizures. Individuals who undergo this
procedure are very unlikely to be considered as candidates for a CMV license.
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Frontal Lobe Surgery

Partial motor seizures on one side of the body are caused by lesions in the frontal lobe opposite
to the side of the seizures.(45) The most common type of seizure with a frontal lobe origin
begins with a turning of the head and eyes to the side opposite the lesion, often accompanied by
tonic contractions of the trunk and limbs, with the potential for progression to a generalized
clonic seizure. A lesion in the frontal lobe may also result in generalized convulsive seizure
without the initial turning of the head and eyes. Surgery is directed at resection of the lesion.

Seizure free rates reported in recent systematic reviews that evaluated the effectiveness and
safety of frontal lobe surgery are presented in Table 9.

Table 9. Seizure Free Rates Following Frontal Lobe Surgery: Findings of Systematic
Reviews
Reference Year Population(s) | Definition of “Seizure Followup time % “seizure free”
studied Free” (95% Cl)
Tellez-Zenteno et al.(38) 2005 Adults and NR Mean follow up =5 years 27%
Children (230 30)
ECRI(39) 2003 Adults and Engel Class | Minimum of 2 years 55% to 58%
children
ECRI(39) 2003 Adults and Seizure-free with no auras | Minimum of 2 years 57%
children
ECRI(39) 2003 Adults and Seizure-free with auras Minimum of 2 years 17% to 31%
children
ECRI(39) 2003 Adults and Seizure-free with or Minimum of 2 years NR*
children without auras

*Unexplained heterogeneity precluded authors from presenting an estimate of the % seizure free

Hemispherectomy

Hemispherectomy involves complete or partial removal of an entire cortical hemisphere of the
brain including the motor and sensory cortex.(43) The intent of surgery is to eliminate seizures
originating diffusely from a single cerebral hemisphere. The procedure is performed when
smaller focal resections will not remove all of the epileptic region or when the progressive
involvement of the remaining ipsilateral hemispheric cortex is inevitable.(46) Removal of the
cortex of one hemisphere is used in patients with intractable unilateral, multifocal epilepsy
associated with infantile hemiplegia or in some adults with severe cerebral disease and
intractable unilateral motor seizures.(34,47) The etiological factors include injuries at birth,
meningitis, acute and chronic encephalitis, head trauma, Rasmussen’s syndrome, developmental
dysplasia, and vascular problems.(46,48) The seizures experienced by these patients include
partial motor seizures, unilateral tonic-clonic seizures, and drop attacks.(48)

Seizure free rates reported in recent systematic reviews that evaluated the effectiveness and
safety of hemispherectomy are presented in Table 10.

Table 10. Seizure Free Rates Following Hemispherectomy: Findings of Systematic Reviews

Reference Year Population(s) | Definition of “Seizure Followup time % “seizure free”
studied Free” (95% Cl)
Tellez-Zenteno et al.(38) 2005 Adults and NR Mean followup =5 years 61%
Children (54 to 68%)
ECRI(39) 2003 Adults and NR Minimum of 2 years Between 40 and 70%
children
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Multiple Subpial Transection

Multiple subpial transection (MST) is intended for treatment-resistant patients whose
epileptogenic lesion is located in cortical tissue controlling speech, movement, primary
sensations, or memory.(33,49,50) Underlying etiologies include cortical dysplasia, Rasmussen’s
syndrome, gliosis, Landau-Kleffner syndrome, and tumors.(51-53) The procedure is designed to
horizontally sever interneuronal fibers longer than 5 mm while preserving neural elements and
blood vessels that are vertically oriented. Additionally, individuals who undergo MST often have
surgical resection of part of the temporal and frontal lobes. This procedure is relatively new
compared to the other surgical procedures for epilepsy examined in this report, with the first
published account of MST appearing in 1989.(49)

Seizure-free rates reported in recent systematic reviews that evaluated the effectiveness and
safety of MST are presented in Table 11.

Table 11. Seizure-Free Rates Following MST: Findings of Systematic Reviews

Reference Year Population(s) | Definition of “Seizure Followup time % “seizure free”
studied Free” (95% Cl)

Tellez-Zenteno et al.(38) 2005 Adults and NR Mean followup =5 years 16%
Children (8 to 24%)

ECRI(39) 2003 Adults and Engel Class | Minimum of 2 years Between 20% and 57%
children

ECRI(39) 2003 Adults and Seizure-free with no auras | Minimum of 2 years NR
children

ECRI(39) 2003 Adults and Seizure-free with auras Minimum of 2 years Between 37 and 57%
children

ECRI(39) 2003 Adults and Seizure-free with or Minimum of 2 years Between 0% and 79%
children without auras

The Economic Burden of Epilepsy

The economic burden of epilepsy on the U.S. economy is significant. According to Begley et al.,
the lifetime cost of epilepsy for an estimated 181,000 people with onset in 1995 was projected at
$11.1 billion, with an estimated $12.5 billion annual cost for approximately 2.3 million prevalent
cases.(54) Indirect expenditures comprised 70 percent to 85 percent of total costs with a large
proportion of the costs related to productivity. Although intractable epilepsy cases (epilepsy in
which seizures continue despite AED therapy) represent only 25 percent of the total disease
prevalence, people with intractable epilepsy account for 79 percent of the total lifetime costs. Per
capita direct medical expenditures totaled $9,593 for people with epilepsy, with indirect medical
expenditures being approximately $51,662.

Epilepsy and Driving Regulations

The unpredictable nature of epileptic seizures and their consequences (sudden loss of
consciousness, postural support, and bodily control) clearly presents a potential risk for a motor
vehicle crash among individuals with the disorder, should a seizure occur while driving. In
recognition of the potential risk to public safety, federal and state laws in the United States
require that, at a minimum, epileptic seizures be ‘controlled’ for the individual with epilepsy to
operate a motor vehicle. As would be expected, current rules and regulations for CMV drivers
are far stricter.
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Current United States Federal Regulatory and Medical Advisory Criteria for
CMV Operators

FMCSA Regulations, found in 49 Code of Federal Regulations (CFR) 301 through 399, cover
businesses that operate CM Vs in interstate commerce. FMCSA regulations that pertain to fitness
to drive a commercial vehicle are found in 49 CFR 391 Subpart E. Only motor carriers engaged
purely in intrastate commerce are not directly subject to these regulations. However, intrastate
motor carriers are subject to State regulations, which must be identical to, or compatible with, the
Federal regulations in order for States to receive motor carrier safety grants from FMCSA. States
have the option of exempting CMVs with a gross vehicle weight rating of less than 26,001 Ib.

49 CFR 391 Subpart E—Physical Qualifications and Examinations
49 CFR 391 Subpart E states the following:

(a) A person shall not drive a commercial motor vehicle unless he/she is physically qualified
to do so and, except as provided in §391.67, has on his/her person the original, or a
photographic copy, of a medical examiner's certificate that he/she is physically qualified to
drive a commercial motor vehicle.

(b)(8) Has no established medical history or clinical diagnosis of epilepsy or any other
condition which is likely to cause loss of consciousness or any loss of ability to control a
commercial motor vehicle;

Epilepsy is a chronic functional disease characterized by seizures or episodes that occur without
warning, resulting in loss of voluntary control which may lead to loss of consciousness and/or
seizures. Therefore, the following drivers cannot be qualified:

(1) a driver who has a medical history of epilepsy;
(2) a driver who has a current clinical diagnosis of epilepsy; or
(3) a driver who is taking antiseizure medication.

If an individual has had a sudden episode of a non-epileptic seizure or loss of consciousness of
unknown cause which did not require antiseizure medication, the decision as to whether that
person's condition will likely cause the loss of consciousness or loss of ability to control a
commercial motor vehicle is made on an individual basis by the medical examiner in
consultation with the treating physician. Before certification is considered, it is suggested that a
6-month waiting period elapse from the time of the episode. Following the waiting period, it is
suggested that the individual have a complete neurological examination. If the results of the
examination are negative and antiseizure medication is not required, then the driver may be
qualified.

In those individual cases where a driver had a seizure or an episode of loss of consciousness that
resulted from a known medical condition (e.g., drug reaction, high temperature, acute infectious
disease, dehydration, or acute metabolic disturbance), certification should be deferred until the
driver has fully recovered from that condition, has no existing residual complications, and is not
taking antiseizure medication.

Drivers with a history of epilepsy/seizures who are off antiseizure medication and who have been
seizure-free for 10 years may be qualified to operate a CMV in interstate commerce. Interstate
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drivers with a history of a single unprovoked seizure may be qualified to drive a CMV in
interstate commerce if seizure-free and off antiseizure medication for a 5-year period or more.

More extensive information on this topic is available at the Conference on Neurological
Disorders and Commercial Drivers at: http://www.fmcsa.dot.gov/rulesregs/medreports.htm

Current State Regulatory Criteria for CMV Drivers

As stated at the beginning of Current Federal Regulatory and Medical Advisory Criteria for
CMYV Operators section, motor carriers engaged purely in intrastate commerce are not directly
subject to FMCSRs, found in 49 CFR 301 through 399 regulations. State regulations for
intrastate motor carriers must be identical to, or compatible with the Federal regulations in order
for States to receive motor carrier safety grants from FMCSA.(55)

Information on regulations pertaining to intrastate CMV drivers and epilepsy on a State-by-State
basis were not identified by our searches. However, state-by-state regulations pertaining to
drivers of private motor vehicles were identified. Table 12 outlines the regulations and practices
of U.S. states for driving and epilepsy in 2001. As shown by the table and Figure 2, there are
wide disparities in driving requirements for individuals with epilepsy across the United States.
Overall, 23 states have flexible driving restrictions for individuals with epilepsy.

Table 12. Driving and Epilepsy: Regulations and Practices of U.S. States*
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D
Alabama 6 No An_nuaIIy for 5 yrs. from last No Yes No
seizure
Alaska 6 No Individual No Yes Yes
Arizona 3 Nogtgrnal, aura, and AED Individual No Yes No
revision
Arkansas 12 No Individual No Yes Yes
Calfornia 3,6, 012 Noctumal, breakihrough, and | . 4 ) Yes | Yes | Yes
AED revision
Colorado None No Individual No Yes No
Connecticut 3 No Individual No Yes Yes
District of Columbia | 12 Nogturnal,‘AED revision, and 1 (until seizure-free for 5 yr) No Yes Yes
solitary seizure
Delaware None No Individual Yes Yes No
Florida 24* Nocturnal (must supply EEG) Individual No Yes No
Georgia 12 First seizure and nocturnal Individual No Yes No
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Hawaii None No Individual No Yes Yes
Idaho None MD recommendation 1 (or semi-annually) No Yes No
lllinois None No Individual No Yes No
Indiana None No Individual No Yes Yes
lowa 6 Nocturnal 6 mo. then at every renewal No Yes No
Kansas 6 Nocturnal and solitary seizure 1 (until 3 yr seizure-free) No Yes No
Kentucky 3 No 1 No Yes No
Louisiana 6 AED revision Individual No No No
Maine 3 Seizure “breakthrough” Individual No Yes No
Maryland 3 AED revision Individual No Yes Yes
Massachusetts 6* MAB recommendation Individual No Yes Yes
Michigan 6 AED revision Individual No Yes No
Minnesota 6 Acute IlIIness, AED revision, and Every 6 mo. until 1 yr. seizure- No Yes No
first seizure free
Mississippi 12 No Individual No No No
Missouri 6 MD recommendation Individual No No No
Montana None No No (MVA may require) No Yes No
Nebraska 3 No No No Yes Yes
Nevada 3 MD recommendation 1 (for 3 yr) Yes Yes Yes
New Hampshire 12" MD recommendation No No Yes Yes
New Jersey 12 Neurologic MAB Every 6 mo for 2 yr Yes Yes Yes
recommendation
New Mexico 12* Nocturnal Individual No Yes No
New York 12¢ AED revisions or MD Individual No Yes No
recommendation
North Carolina 6-12 Nocturnal, auras, and AED 1 No Yes No
revision
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North Dakota 6* No 1 (atleast 3 yr) No Yes No
Ohio None No 6 and 12 mos, then annually No Yes No
Oklahoma 12 Nocturnal MVA determines Yes Yes No
Oregon 6 Nocturnal,lauras, AED revision, Individual Yes Yes Yes
and acute illness
Pennsylvania 6 Nocturnal, auras, AED revision, Individual No Yes No
and acute illness
Rhode Island None MAB recommendation Yes No Yes No
South Carolina 6 No 6 mo, then 3 yr annually No Yes No
South Dakota 12* No Every 6 mo. until seizure-free No Yes Yes
Tennessee 6 No At discretion of MAB No Yes Yes
Texas 6 AED revision 1 No Yes No
Utah 3* Yes 6 mo until seizure-free 1 yr No Yes No
Vermont None No Individual Yes Yes Yes
Virginia 6 Noctumal, aura, AED revision, | i ) No Yes No
and acute illness
Washington 6 MD recommendation Individual No Yes Yes
West Virginia 12 Noctunal, aura, AED revision, | . i ) No Yes No
and acute illness
Wisconsin 3 No 6 mo for 2 yr No Yes No
Wyoming 3 Nocturnal 1 No Yes Yes

Adapted from Krauss et al.(56)

*Seizure-free restriction frequently adjusted by MVA MAB and treating physicians

tMitigating factors considered in permitting some patients to drive despite less than minimum seizure-free period: auras, nocturnal seizures only seizure
breakthrough during physician-directed AED change, and solitary or first seizure.
tNo = physicians legally immune or indemnified; yes = physician possibly liable for driving recommendation

MVA: motor vehicle agency; AED antiepileptic drugs; MAB: Medical Advisory Board
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Figure 2. Minimum Seizure-Free Period Requirements for Driving a Private Motor

Number of U.S. States

Vehicle from U.S. States

3 6

6to012

12 24
Minimum seizure free period before being eligible to drive (months)

None

Current Regulatory and Medical Advisory Criteria from other Countries

Regulatory standards and guidance pertaining to cardiovascular disease and commercial motor
vehicle driving in Australia, Canada, and the United Kingdom are presented in Table 13.

Table 13. Regulatory and Medical Advisory Criteria from other Countries

Condition

Australia

Canada

UK

Single provoked or
unprovoked seizure

license are NOT met:

due to any cause.

include limited
and/or restricted use):
o |[fthe person has had

avoided reliably; and

year; and

The criteria for an unconditional
o |[fthe person has had a seizure

A conditional license may be granted
by the Driver Licensing Authority
taking into account the opinion of a
specialist in epilepsy and the size and
condition of the vehicle, the duties to
be performed and the hours to be
worked (with conditions that may

asingle

provoked seizure event; and
o Provocative factors can be

o Has been seizure free for one

o Takes no anti-epileptic

Neurologic assessment, including
EEG (awake and asleep) and
appropriate imaging must be
performed

If no epilepsy diagnosis, resume
professional driving if seizure free for
12 months

Following a first unprovoked seizure,
drivers must demonstrate 10 years
freedom from further seizures, without
anticonvulsant medication in that time.
Following a solitary seizure associated
with either alcohol or substance
misuse or prescribed medication, a 5
year period free of further seizures,
without anticonvulsant medication in
that time, is required. If there are
recurrent seizures, the epilepsy
regulations apply.
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Condition

Australia

Canada

UK

medication; and

o The EEG shows no epileptiform
activity.

OR
Taking into account the size and
condition of the vehicle, the duties to
be performed and the hours to be
worked (with conditions including
limited and/or restricted use):

o If the person has had a single
provoked seizure event; and

o Provocative factors can be
avoided reliably; and

o Has been seizure free for one
year; and

o Takes no anti-epileptic
medication; and

o The EEG shows no epileptiform
activity.

=2 unprovoked seizures or
diagnosed with epilepsy
following single unprovoked
seizure

The criteria for an unconditional
license are NOT met:

o |[fthe person has epilepsy.

A conditional license may be granted
by the Driver Licensing Authority
taking into account the opinion of a
specialist in epilepsy (who may
recommend variation of the seizure-
free periods in exceptional
circumstances), and the nature of the
driving task, and subject to periodic
review:

o |If the person has a past history
of febrile seizures or of benign
childhood epilepsy; and

o Does not take anti-epileptic
medication; and

o The EEG shows no epileptiform
activity.
OR

e |If the person has a past history
of a single seizure event; or of
seizures occurring only under
provocative circumstances that
can be avoided reliably; and

e Has been seizure free for five
years; and

o Takes no anti-epileptic
medication; and

o The EEG shows no epileptiform
activity awake.

o Ifthe person has epilepsy and is
taking anti-epileptic medication;
and

o Maintains at least annual review
and compliance; and

o Has been seizure free for five
years; and

o Has had no more than three
seizures in the preceding ten

Individual qualifies if they have been
seizure free for at least 5 years
(Recommendations for individual
patients may differ on an exceptional
basis.)

Regulations require a driver to remain
free of epileptic attacks for at least 10
years without anticonvulsant
medication in that time.
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years; and

o The EEG shows no epileptiform
activity.

Taking into account the size and
condition of the vehicle, the duties to
be performed and the hours to be
worked (with conditions including
limited and/or restricted use):

o |[fthe person has epilepsy and is
taking anti-epileptic medication;
and

o Maintains periodic review and
compliance; and

o Has been seizure free for five
years; and

o The EEG shows no epileptiform
activity.

After surgery to prevent
epileptic seizures

A conditional license may be granted
by the Driver Licensing Authority
taking into account the opinion of a
specialist in epilepsy (who may
recommend variation of the seizure-
free periods in exceptional
circumstances), and the nature of the
driving task, and subject to periodic
review:

o |[fthe person has epilepsy and
has had surgical treatment; and

o Maintains at least annual review;
and

o Has been seizure free for five
years; and

o The EEG shows no epileptiform
activity.

An individual qualifies if 5 years
seizure free (Recommendations for
individual patients may differ on an
exceptional basis).

Not specifically addressed

Seizures only in asleep or
immediately on wakening

Not specifically addressed

An individual qualifies if 5 years
seizure free (Recommendations for
individual patients may differ on an
exceptional basis).

Not specifically addressed

Initial withdrawal or change
in AED

Withdrawal of medication is not
compatible with continued driving of
commercial vehicles.

An individual cannot drive for 6
months from the time medication is
discontinued or changed.

If seizures occur, general epilepsy
rules apply

If an epileptic seizure does occur, the
patient/driver will need to satisfy
driving license legislation before
resuming driving and will need to be
counseled accordingly. The UK
Secretary of State's Honorary Medical
Advisory Panel on Driving and
Disorders of the Nervous System
recommends that patients should be
warned of the risk they run, both of
losing their driving license and also of
having a seizure which could result in
aroad fraffic accident. The Panel
advises that patients should be
advised not to drive from
commencement of the period of
withdrawal and thereafter for a period
of 6 months after cessation of
treatment.

If seizures recur after
withdrawal or change

Not specifically addressed

Resume driving if seizure free for 6
months (Recommendations for
individual patients may differ on an
exceptional basis.)

Not specifically addressed
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Long-term withdrawal and
discontinuation of
medication

Not specifically addressed

An individual qualifies if seizure free
off medication for 5 years with no
epileptiform activity within previous 6
months on waking and sleep EEG

Not specifically addressed

Auras (simple partial
seizures)

Not specifically addressed

Individual may drive if:

o Seizures remain benign for at
least 3 years

o No generalized seizures
o Neurologist approves

o Noimpairment in level of
consciousness or cognition

o No head or eye deviation with
seizures

Not specifically addressed

Alcohol-withdrawal induced
seizures

Not specifically addressed

An individual qualifies if:
o Remain alcohol free and seizure
free for 6 months
o Complete a recognized
rehabilitation program for
substance dependence

o Compliant with treatment

Not specifically addressed

Post-traumatic seizures
(single, not epilepsy)

Not specifically addressed

Same as for single, unprovoked
seizure

Not specifically addressed

Juvenile myoclonic epilepsy
(Janz syndrome)

Not specifically addressed

No driving of any class of vehicle
unless taking appropriate anti-seizure
medication

Not specifically addressed

Injury or neurological
disorder known to be a risk
factor for seizure or epilepsy

Not specifically addressed

Not specifically addressed

In all cases where a “liability to
epileptic seizures” either primary or
secondary has been diagnosed the
specific epilepsy regulation for this
group must apply.

The only exception to this is for a
seizure occurring immediately at the
time of the acute head injury or
intracranial surgery, and not thereafter
and/or where no liability to seizure has
been demonstrated.

Following head injury or intracranial
surgery, the epilepsy risk must fall to
2% per annum or less before returning
to vocational driving.

Medical Fitness Standards and Guidelines for Individuals Performing
Transportation Safety in the United States

In this section we summarize the current medical fitness standards and guidelines for individuals
performing other forms of transportation safety in the United States.

Aeronautics and Space

Federal Aviation Authority (FAA) regulations that pertain to neurological disorders consist of
the following articles (available at the US government website:

http://ecfr.gpoaccess.gov/cgi/t/text/text-

1dx?c=ecfr&sid=cf5516738c4b80532a175b61 1 bfefd0d&ren=div5&view=text&node=14:2.0.1.1.

S5&idno=14) :
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Applicant History - Item 18. Medical History
1. Neurological disorders; epilepsy, seizures, stroke, paralysis, etc.

The applicant should provide history and treatment, pertinent medical records, current status
report and medication. The Examiner should obtain details about such a history and report the
results. An established diagnosis of epilepsy, a transient loss of control of nervous system
function(s), or a disturbance of consciousness is a basis for denial no matter how remote the
history. Like all other conditions of aeromedical concern, the history surrounding the event is
crucial. Certification is possible if a satisfactory explanation can be established.

Exam Techniques and Criteria for Qualification.

Item 46. Neurologic Code of Federal Regulations

Title 14: Aeronautics and Space

PART 67—MEDICAL STANDARDS AND CERTIFICATION

Subpart B—First-Class Airman (Commercial Pilots, Airline Transport Pilots) Medical
Certificate

67.109 Neurologic.
Neurologic standards for a first-class airman medical certificate are:
(a) No established medical history or clinical diagnosis of any of the following:
(1) Epilepsy;
(2) A disturbance of consciousness without satisfactory medical explanation of the cause; or

(3) A transient loss of control of nervous system function(s) without satisfactory medical
explanation of the cause.

(b) No other seizure disorder, disturbance of consciousness, or neurologic condition that the
Federal Air Surgeon, based on the case history and appropriate, qualified medical judgment
relating to the condition involved, finds—

(1) Makes the person unable to safely perform the duties or exercise the privileges of the
airman certificate applied for or held; or

(2) May reasonably be expected, for the maximum duration of the airman medical certificate
applied for or held, to make the person unable to perform those duties or exercise those
privileges.

The medical standards and certification for Subpart B — First Class Airman are identical for the
following categories noted by the FAA

Subpart C—Second-Class Airman (Commercial, non-airline duties such as crop dusters, charter
pilots and corporate pilots) Medical Certificate (§ 67.209 Neurologic)

Subpart D—Third-Class Airman (Private pilots only) Medical Certificate (§ 67.309 Neurologic)

Examination Techniques:-Item 46. Neurologic

A neurologic evaluation should consist of a thorough review of the applicant's history prior to the
neurological examination. The Examiner should specifically inquire concerning a history of
weakness or paralysis, disturbance of sensation, loss of coordination, or loss of bowel or bladder
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control. Certain laboratory studies, such as scans and imaging procedures of the head or spine,
electroencephalograms, or spinal paracentesis may suggest significant medical history. The
Examiner should note conditions identified in Item 60 on the application with facts, such as
dates, frequency, and severity of occurrence.

A history of simple headaches without sequela is not disqualifying. Some require only temporary
disqualification during periods when the headaches are likely to occur or require treatment. Other
types of headaches may preclude certification by the Examiner and require special evaluation
and consideration (e.g., migraine and cluster headaches).

One or two episodes of dizziness or even fainting may not be disqualifying. For example,
dizziness upon suddenly arising when ill is not a true dysfunction. Likewise, the orthostatic faint
associated with moderate anemia is no threat to aviation safety as long as the individual is
temporarily disqualified until the anemia is corrected.

An unexplained disturbance of consciousness is disqualifying under the medical standards.
Because a disturbance of consciousness may be expected to be totally incapacitating, individuals
with such histories pose a high risk to safety and must be denied or deferred by the Examiner. If
the cause of the disturbance is explained and a loss of consciousness is not likely to recur, then
medical certification may be possible.

The basic neurological examination consists of an examination of the 12 cranial nerves, motor
strength, superficial reflexes, deep tendon reflexes, sensation, coordination, mental status, and
includes the Babinski reflex and Romberg sign. The Examiner should be aware of any
asymmetry in responses because this may be evidence of mild or early abnormalities. The
Examiner should evaluate the visual field by direct confrontation or, preferably, by one of the
perimetry procedures, especially if there is a suggestion of neurological deficiency.

Application Review
Item 60. Comments on History and Findings

Comments on all positive history or medical examination findings must be reported by Item
Number. Item 60 provides the Examiner an opportunity to report observations and/or findings
that are not asked for on the application form. Concern about the applicant's behavior, abnormal
situations arising during the examination, unusual findings, unreported history, and other
information thought germane to aviation safety should be reported in

Item 60. The Examiner should record name, dosage, frequency, and purpose for all currently
used medications.

If possible, all ancillary reports such as consultations, electrocardiograms (ECGs), x-ray release
forms, and hospital or other treatment records should be attached. If the delay for those items
would exceed 14 days, the Examiner should forward all available data to the Aerospace Medical
Certification Division (AMCD), with a note specifying what additional information is being
prepared for submission at a later date.

If there are no significant medical history items or abnormal physical findings, the Examiner
should indicate this by checking the appropriate block.
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Aerospace Medical Dispositions:-Item 46. Neurologic

A history or the presence of any neurological condition or disease that potentially may
incapacitate an individual should be regarded as initially disqualifying. Issuance of a medical
certificate to an applicant in such cases should be denied or defer, pending further evaluation. A
convalescence period following illness or injury may be advisable to permit adequate
stabilization of an individual's condition and to reduce the risk of an adverse event. Applications
from individuals with potentially disqualifying conditions should be forwarded to the AMCD.

Processing such applications can be expedited by including hospital records, consultation
reports, and appropriate laboratory and imaging studies, if available. Symptoms or disturbances
that are secondary to the underlying condition and that may be acutely incapacitating include
pain, weakness, vertigo or in coordination, seizures or a disturbance of consciousness, visual
disturbance, or mental confusion. Chronic conditions may be incompatible with safety in aircraft
operation because of long-term unpredictability, severe neurologic deficit, or psychological
impairment.
The most common conditions of aeromedical significance and course of action that should be
taken by the medical examiner are presented below:

e Cerebrovascular Disease (including the brain stem)

e Demyelinating Disease

e Extrapyramidal, Hereditary, and Degenerative Diseases of the Nervous System

e Headaches

e Hydrocephalus and Shunts

e Infections of the Nervous System

e Neurologic Conditions

e Other Conditions

e Presence of any neurological condition or disease that potentially may incapacitate an

individual

e Spasticity, Weakness, or Paralysis of the Extremities

e Vertigo or Disequilibrium
Medical certificates must not be issued to an applicant with medical conditions that require
deferral, or for any condition not listed that may result in sudden or subtle incapacitation without

consulting the AMCD or the Regional Flight Surgeon (RFS). Medical documentation must be
submitted for any condition in order to support an issuance of an airman medical certificate.

Merchant Mariners

Federal regulatory guidelines (not standards) for merchant mariners regarding neurological
disorders consist of the following articles administered by the US Department of Transportation
(http://www.uscg.mil/hg/g-m/nvic/2_98/n2-98.pdf):

Title 46, Parts 10, 12, and 13 of the regulatory guidelines require individuals to be physically
qualified to hold certain merchant mariner’s licenses and documents. With the exception of
visual acuity and color vision these regulatory requirements are not specified. Potentially
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disqualifying neurologic conditions for deck officers, engineer officers, pilots, and original or
renewal of Merchant Mariner Document (MMD) (except for entry level ratings) consist of:

e Any convulsive disorder resulting in an altered state of consciousness regardless of

control by medication requires further evaluation.

¢ Any condition with seriously limited balance or coordination (e.g. Parkinson’s disease,

chorea, Méniere’s disease)

e Neurosyphilis
e Narcolepsy
e Senility

e Somnambulism

Railroads

With the exception of federally regulated examinations for vision, color vision, and hearing, US
railroads have discretion as to the content, frequency, and extent of their medical screening
programs. A review of the current approaches used by representative Class I, short line/regional
and commuter railroads reveal no specific medical guidelines addressing neurological
conditions. In addition, not all of these railways required self-reporting of medical conditions or
medication use. Table 14 provides information on the companies included in the review:

Table 14. Railway Companies Requiring Self-Reporting of Medication Use

Railway Self-Reporting Required Self-Reporting of Medication
(Y/N/Not Reported) Use Required (Y/N/Not Reported)

Burlington Northern Santa Fe Railway Y NR

CSX Transportation NR Y

Kansas City Southern N Y

Norfolk Southern Y Y - Depending on position

Union Pacific Y N

Metro-North Railroad Y Y

NJ Transit N Y

Belt Railway of Chicago N Y - Part of a Drug Test Policy

Florida East Coast Railway N Y

Montana Rail Link Y - Only if results in lost work time Y - Part of a Drug Test Policy

Rail America NR N

Holding Company (fictional name) N Y - Only if taking part in Drug Screening Test

A 1998 FRA Safety Advisory, Safe Use of Prescription and Over-the-Counter Drugs, 63 Federal
Regulation 71334 (1998) recommends that railroads use the same guidelines when considering
the use of prescription or over-the-counter medication as would be used when reviewing

controlled substances.
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Methods

The Methods section provides a synopsis of how we identified and analyzed information for the
report. The section briefly covers the key questions addressed, literature searches performed, the
criteria used including studies, evaluation of study quality, assessment of the strength of the
evidence base for each key question, and the methods used for abstracting and analyzing
available data. Specific details of literature searches, study quality assessment, statistical
approaches used, etc. are documented in appendices.

Key Questions

This evidence report addresses six key questions. These key questions, which were developed by
FMCSA in collaboration with ECRI, are listed below:

Key Question 1: Are individuals with seizure disorders (epilepsy) at an increased risk for a
motor vehicle crash when compared to comparable individuals who do not have seizure
disorder?

Key Question 2: What is the relationship between seizure recurrence likelihood and the time
since last seizure among individuals who are on AED treatment and are apparently seizure
free?

Key Question 3: What is the relationship between seizure recurrence likelihood and the time
since last seizure among individuals who have undergone surgery and are apparently seizure
free?

Key Question 4. What is the relationship between seizure recurrence likelihood and the time
since last seizure among individuals who have experienced a single unprovoked seizure?

Key Question 5: What is the relationship between treatment compliance (as measured by drug
serum levels) and treatment effectiveness?

Key Question 6: What are the chronic® effects of an AED on surrogate markers of driver safety
among individuals with recurrent seizure disorders? Surrogate markers of driver safety consist
of the following:

c¢) Driving performance (simulated or closed course)

d) Cognitive and psychomotor function

Identification of Evidence Bases

The individual evidence bases for each of the six key questions addressed in this evidence report
were identified using the multistaged process captured by the algorithm presented in Figure 3.
The first stage of this process consists of a comprehensive search of the literature. The second
stage of the process consists of the examination of abstracts of identified studies in order to
determine which articles will be retrieved. The final stage of the process consists of the selection
of the actual articles that will be included in the evidence base.

4>2 weeks treatment
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Figure 3. Evidence Base Identification Algorithm
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One characteristic of a good evidence report is a systematic and comprehensive search for
information. Such searches distinguish systematic reviews from traditional literature reviews
which use a less rigorous approach to identifying and obtaining literature thereby allowing a
reviewer to include only articles that agree with a particular perspective and to ignore articles
that do not. Our approach precludes this potential reviewer bias because we obtain and include
articles according to explicitly determined a priori criteria. Details of the search strategies used

in this report are presented in Appendix A.
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Electronic Searches
We performed comprehensive searches of the electronic databases listed in Table 15.

Table 15. Electronic Databases Searched

Name of database Date limits Platform/provider
glll'i\égHHLeg?tﬁTﬁfg‘;jr'e”)dex to Nursing and Through February 5th 2007 ovID

Cochrane Library Through February 5th 2007 www.thecochranelibrary.com
Embase (Excerpta Medica) Through February 5th 2007 OovID

Medline Through February 5th 2007 OovID

PubMed (Pre Medline) Through February 5th 2007 www.pubmed.gov

TRIS Oqline (Trgnsportation Research Through February 5th 2007 http://trisonline.bts.gov/search.cfm
nformation Service Database)

PsycINFO Through February 5th 2007

glr:;er?ns:;‘s:gﬁ“&"g'cfj)'de"”e Through February 5th 2007

i-l:?/l\t;l Technology Assessment Database Through February 5th 2007

Manual Searches

We reviewed journals and supplements maintained in ECRI’s collections of more than 1,000
periodicals. Non-journal publications and conference proceedings from professional
organizations, private agencies, and government agencies were also screened. In addition, we
examined the reference lists of all obtained articles with the aim of identifying relevant reports
not identified by our electronic searches. In order to retrieve additional relevant information, we
also performed hand searches of the “gray literature.” Gray literature consists of reports, studies,
articles, and monographs produced by federal and local government agencies, private
organizations, educational facilities, consulting firms, and corporations. These latter documents
do not appear in the peer-reviewed journal literature.

Retrieval Criteria

Retrieval criteria were used to determine whether a full-length version of an article identified by
our searches should be ordered. Decisions pertaining to whether a full-length article should be
retrieved are usually based on a review of available abstracts. For this project, retrieval criteria
were determined a priori in conjunction with FMCSA. The retrieval criteria are presented in
Appendix B.

If an article did not meet the retrieval criteria for this evidence report, the full-length version of
the article was not obtained. If it was unclear whether a potentially relevant article met our
retrieval criteria (e.g. no abstract was available for evaluation), the full-length version of that
article would be obtained.
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Inclusion and Exclusion Criteria

Each retrieved article was read in full by an ECRI analyst who determined whether that article
met a set of predetermined, question specific, inclusion criteria. As was the case for the retrieval
criteria, the inclusion and inclusion criteria for this evidence report were determined a priori in
conjunction with FMCSA. These inclusion and exclusion criteria are presented in Appendix C.

If on reading an article it was found not to meet the question specific inclusion criteria listed in
Appendix C, the article was excluded from the analysis. Each excluded article, along with the
reason(s) for its exclusion, are presented in Appendix D.

Evaluation of Quality of Evidence

Rather than focus on the quality of the individual studies that comprise an evidence base, our
approach to assessing the quality of evidence focused on the overall body of the available
evidence that was used to draw an evidence-based conclusion.(57) Using this approach, which is
described briefly in Appendix E, we took into account not only the quality of the individual
studies that comprise the evidence base for each key question, we will also consider the interplay
between the quality, quantity, robustness, and consistency of the overall body of evidence.

Our approach to assessing the strength of the body of evidence makes a clear distinction between
a qualitative conclusion (e.g. Individuals with epilepsy are at increased risk for a motor vehicle
accident) and a quantitative conclusion (e.g. When compared to individuals without epilepsy, the
relative risk for a motor vehicle crash among individuals with epilepsy who require AEDs is 1.47
(95 percent CI: 1.03—1.74; P<0.005). As shown in Table 16, we will assign a separate strength of
evidence rating to each of type of conclusion. Evidence underpinning a qualitative conclusion
will be rated according to its strength, and evidence underpinning quantitative conclusions will
be rated according to the stability of the effect size estimate that is calculated.

Table 16.  Strength of Evidence Ratings for Qualitative and Quantitative Conclusions

Strength of
Evidence Interpretation

Qualitative Conclusion

Strong Evidence supporting the qualitative conclusion is convincing. It is highly unlikely that new evidence will lead to a change in this
conclusion.

Moderate Evidence supporting the qualitative conclusion is somewhat convincing. There is a small chance that new evidence will overturn or
strengthen our conclusion. ECRI recommends regular monitoring of the relevant literature for moderate-strength conclusions.

Acceptable Although some evidence exists to support the qualitative conclusion, this evidence is tentative and perishable. There is a reasonable
chance that new evidence will either overturn or strengthen our conclusions. ECRI recommends frequent monitoring of the relevant
literature.

Unacceptable Although some evidence exists, the evidence is insufficient to warrant drawing an evidence-based conclusion. ECRI recommends

frequent monitoring of the relevant literature.

Quantitative Conclusion

High The estimate of treatment effect in the conclusion is stable. It is highly unlikely that the magnitude of this estimate will change
substantially as a result of the publication of new evidence.

Moderate The estimate of treatment effect the conclusion is somewnhat stable. There is a small chance that the magnitude of this estimate will
change substantially as a result of the publication of new evidence. ECRI recommends regular monitoring of the relevant literature.

Low The estimate of treatment effect included in the conclusion is likely to be unstable. There is a reasonable chance that the magnitude of
this estimate will change substantially as a result of the publication of new evidence. ECRI recommends frequent monitoring of the
relevant literature.
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Strength of
Evidence Interpretation
Unstable Estimates of the treatment effect are too unstable to allow a quantitative conclusion to be drawn at this time. ECRI recommends

frequent monitoring of the relevant literature.

The definitions presented in the table above are intuitive. Qualitative conclusions that are
supported by strong evidence are less likely to be overturned by the publication of new data than
conclusions supported by weak evidence. Likewise, quantitative effect size estimates that
deemed to be stable are more unlikely to change significantly with the publication of new data
than are unstable effect size estimates.

Methodological Issues Specific to the Study of Epilepsy

There are a number of methodological issues that must be considered in a systematic review of
epilepsy studies. In 1993 the Commission on Epidemiology and Prognosis, International League
Against Epilepsy published a set of guidelines for the epidemiological study of epilepsy which
highlighted many of the problems which will be mentioned in the sections pertaining to each of
the key questions addressed in this report:

“.published results are often discordant, even in simple descriptive studies, because of
lack of agreement regarding the most basic concepts. Definitions of epilepsy, seizures,
and independent variables often are not elaborated. The classification of seizures
(Commission, 1981) and epileptic syndromes (Commission 1989) proposed by the
International League Against Epilepsy are either not used or are used incorrectly.
Analysis of risk factors is also a source of confusion, and basic epidemiologic measures
are frequently misstated ... lack of standardized definitions, differences in methods of
case ascertainment, diagnostic accuracy, and seizure classification impede meaningful
comparison.”(58)

Vermeulen and Aldenkamp noted that the comparison between studies on epilepsy was
complicated by population heterogeneity, including mixed populations of children and adults;
mixed populations of the newly diagnosed and chronic AED users; the wide variety of
assessment tools used to establish the effects of AED use; and choice of study design which
implicitly looked for large treatment effects.(59) These criticisms were echoed in a review by
Dodrill, where he noted that observed problems such as selection bias, the impact of seizure on
performance, and lack of appropriate statistical power could all affect the findings of a study.(60)

Additional challenges to the study of epilepsy include heterogeneity between types of seizures
experienced in the population of interest (generalized seizures vs. partial complex seizures),
seizure frequency, lack of agreement on nomenclature and definitions (i.e. remission and
recurrence/relapse), mixing of etiologies (the combined use of data from individuals with
provoked seizures and unprovoked seizures), and the mixing of individuals with controlled
epilepsy and those with refractory epilepsy in the same base population.
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Statistical Methods

The set of analytic techniques used in this report is extensive (Appendix B). In summary,
random- and fixed-effects meta-analyses were used to pool data from different
studies.(1,3,3,4,4,5,61,62) Important differences in the findings of different studies
(heterogeneity) were identified using the Q-statistic and I°.(6,7,7,8,8,61,63-65) Whenever
appropriate, heterogeneity was explored using meta-regression techniques.(66-68) Sensitivity
analyses, aimed at testing the robustness of our findings, were performed using cumulative fixed-
and random-effects meta-analyses.(9-11,69-72) The presence of publication bias was tested for
using the “trim and fill” method.(12-14,73) All meta-analyses in this Evidence Report were
performed using Comprehensive Meta-Analysis software.(12-14)

We calculated several different estimates of effect. The choice of effect size estimate depended
on the purpose of the studies we assessed, their design, and whether reported outcome data were
continuous or dichotomous. Between-group differences in outcome measured using continuous
data were analyzed in their original metric (if all included studies reported on the same outcome
using the same metric) or data were standardized into a common metric known as the
standardized mean difference (SMD). Dichotomous data were analyzed using the rate ratio (RR)
or the odds ratio (OR). The formulae for these effect sizes and their variance are presented in
Table 17. If means and standard deviations were not available for continuous data, every effort
was made to determine an estimate of treatment effect from reported statistics (e.g., t-values, f-
values) or from p-values using methods described in detail elsewhere.(74)

Table 17.  Effect Size Estimates Used in Evidence Report and their Variance

Effect size Formula (Effect size) Formula (Variance)
(}’lm - 1)(STG)2 + (ncc B 1)(SCG)2 [ 1 1 }
WMD M M [\/ Niot Neg — 2 N " N
ﬂTG _//l('G SMDZ
SMD W) # e Wgeo) | | 2 Ttees
[\/(nh’ )(ZI()'FJI;GZL—OZ )(S(G)ZJ N6 Nee Z(nTG + nCG)

Where: y7, = mean (treatment group); 7, = mean (control group); S76° standard deviation (treatment group); §' - =
G cG

standard deviation (control group); Nre™ enrollees (treatment group); Heo™ enrollees (control group)

1 1
Event Rat q In| —+
vent Rate A‘i‘b |:a a+b:|

Where: a = number of individuals in cohort experiencing an event; b = number of individuals in cohort who did not
experience an event

[ 1 1
RR (incidence) lnLl + A }
CVD control
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Effect size Formula (Effect size) Formula (Variance)
Where: a = number of individuals with CVD who crashed; ptcvo = rate denominator (CVD grp); b = number of
individuals without CVD who crashed; pteontrol = rate denominator (control grp)
a
b (adj 1 1 1 1
OR =|— —F—+—+—
c be a b ¢ d
d
1 1 1 1
RR atce 5 —+ +—+
a a+c b b+d
b+d

Where: a = number of individuals with CVD who crashed; b = number of individuals without CVD who crashed;
¢ = number of individuals with CVD who did not crash; d = number of individuals without CVD who did not crash.

CVD = cardiovascular disease; RR = rate ratio; OR = Odds Ratio; RR = rate ratio; SMD = standardized mean difference; WMD = weighted mean difference

If means and standard deviations were not available for continuous data, every effort was made
to determine an estimate of treatment effect from reported statistics (e.g., t-values, f-values) or
from p-values using methods described in detail elsewhere.(74)

Time-to-event (survival) data were pooled using non-linear regression techniques. This method
is similar to that utilized by Shore et al. who combined survival curves from 24 studies by
assuming that the survival curves reported by each study took the form of an exponential decay
curve.(75) A simulation study of this method found that this method produced “reasonably
accurate” summary survival curves.(76) The method used in this evidence report differs from
that used by Shore in that we did not simply assume that the survival data extracted from the
included studies was best described by an exponential decay function. Rather, we determined the
function that best fit data extracted from each included study by fitting mathematical models
based on several plausible probability distributions (exponential, Weibull, etc). We then tested
the goodness of fit of the resulting survival functions to the available data and chose the model
that best described these data. Relevant parameters that described each resulting mathematical
function (and their 95 percent confidence intervals) were then pooled as described above.

49



FMCSA Evidence Report: Seizure Disorders and Commercial Motor Vehicle Driver Safety 11/30/2007

Synthesis of Results

This section summarizes the findings of our analyses for each of the five key questions that we
addressed.

Key Question 1: Are individuals with epilepsy at increased risk for a
motor vehicle crash when compared to comparable individuals who
do not have epilepsy?

Introduction

The unpredictable nature of epileptic seizures and their consequences (sudden loss of
consciousness, postural support, and bodily control) presents a potential risk for a motor vehicle
crash among individuals with the disorder, should a seizure occur while driving. While there is
no doubt that experiencing a seizure while driving can result in a crash,’ evidence demonstrating
that crash rates among the population of individuals with epilepsy are higher than expected
among individuals who do not have the disorder is not so clear cut. Several reviews of the
literature have noted that the available literature on the risk for a motor vehicle crash associated
with epilepsy is inconsistent.(77-82,83)

To date, no review of the literature has attempted to formally assess the available evidence
quantitatively using the methodology of systematic review and meta-analysis. In addressing Key
Question 1, we use these methods with the aim of empirically determining whether individuals
with epilepsy are at a higher risk for a crash than individuals who do not have the disorder and, if
such an increased risk is observed, to quantify the magnitude of this excess risk.

Identification of Evidence Base

The identification of the evidence base for Key Question 1 is summarized in Figure 9. Our
searches’ identified a total of 126 articles that appeared to be relevant to this key question.
Following application of the retrieval criteria’ for this question, 51 full-length articles were
retrieved and read in full. Of these 51 retrieved articles, nine articles were found to meet the
inclusion criteria® for Key Question 1. Table D-1 of Appendix D lists the 42 articles that were
retrieved but then excluded and provides rationale for their exclusion. Table 30 lists the nine
articles that met the inclusion criteria for Key Question 1.

5 Numerous examples of seizure related accidents exist.
6 See Appendix A for search strategies

7 See Appendix B for retrieval criteria

8 See Appendix C for inclusion criteria
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Figure 4. Development of Evidence Base for Key Question 1

Articles identified by
searches (k=126)

Full-length articles
retrieved (k=43)

Articles not retrieved
(k=83)

A

Evidence base (k=9)

Table 18. Evidence Base for Key Question 1

Full-length articles
excluded (k=34): See
Appendix D

Reference Year Study Location Country
Sheth et al.(84) 2004 Entire USA USA
Vernon et al.(85) 2002 State of Utah USA
Lings(86) 2001 Odense Denmark
Taylor et al.(87) 1996 Nationwide UK
Hansotia et al.(88) 1991 Wisconsin USA
Popkin and Waller(89) 1989 North Carolina USA
Davis et al.(90) 1973 Oklahoma USA
Crancer and McMurray(91) | 1968 Washington USA
Waller(92) 1965 California USA

Evidence Base

This subsection provides a brief description of the main attributes of the nine studies that

11/30/2007

comprise the evidence base for Key Question 1. Here we discuss information pertaining to the
quality of the included studies and the generalizability of each study’s findings to drivers of
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commercial vehicles. Detailed information on the design, conduct and findings of each of the
included studies is presented in the Study Summary Tables of Appendix G.

Characteristics of Included Studies

The primary characteristics of the nine included studies that address Key Question 1 are
presented in Table 19.

Table 19. Key Study Design Characteristics of Studies that Address Key Question 1
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Sheth et 2004 | Case-control Estimated 1,000,535 | Individuals with a primary NR No Difference in fatal | No
al.(84) (retrospective) | individuals with an or secondary ICD-9 crash rate
estimated diagnosis of epilepsy
196,183,333 (codes 345 to 345.9) or
individuals in total syncope (code 780.3)t
population*
Vernon et 2002 | Case-control 2,739 individuals Epilepsy or other episodic NR No Difference in No
al.(85) (retrospective) with epilepsyt with conditions including crash rate
2,739 individuals syncope, cataplexy,
without epilepsy narcolepsy, hypoglycemia,
matched for age, and episodic vertigo that
sex, and place of interferes with functiont
residence
Lings(86) 2001 | Case-control 159 individuals with Individuals with a primary NR No Difference in No
(retrospective) | epilepsy compared or secondary ICD-8 crash rate
with 559 individuals diagnosis of epilepsy
without epilepsy
matched for age,
sex, place of
residence, and
exposure period
Taylor et 1996 | Case-control 16,958 drivers with Seizures (1 or more)t NR Yes Difference in Yes
al.(87) (retrospective) | epilepsy compared crash rate
with 8888 individuals
without epilepsy.
Data adjusted for
differences in age,
sex, driving
experience, and
mileage driven
Hansotia et 1991 | Case-control 241 individuals with Individuals with a primary Generalized: 82.8% No Difference in No
al.(88) (retrospective) | epilepsy compared or secondary ICD-9-CM Simple partial: 17.2% crash rate
with 30,420 diagnosis of epilepsy . 0
individuals without | (codes 345 to 345.9) Complex ﬂ’)ama" 21.1%
epilepsy Other: 0.8%
Popkin and 1989 | Case-control 112 individuals with NR. However, all Focal motor or No Difference in No
Waller(89) (retrospective) | epilepsy compared individuals were receiving | Jacksonian seizure: crash rate
with an unknown treatment for epilepsy from | 3.6%
number of the North Carolina Division | Temporal or
individuals without of Health Services psychomotor seizure:
epilepsy 21.4%
Generalized: 57.1%
Other: 17.8%
Davis etal(90) | 1973 | Case-control 77 individuals with NR NR No Difference in No
epilepsy compared
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(retrospective) | with 1,651,245 crash rate
individuals without
epilepsy matched for
age and sex
Crancer and 1968 | Case-control 1,169 individuals NR NR No Difference in No
McMurray(91) (retrospective) | With epilepsy crash rate
compared with
Waller(92) 1965 | Case-control 580 individuals with History of episodes of loss | NR Yes Difference in Yes
(retrospective | epilepsy compared of consciousness or of crash rate
with conscious control because
of an intracranial lesion
other than a lesion of a
cerebral blood vessel.

“Crash estimates calculated using a prevalence estimate for epilepsy of 5.1/1,000 from National Center for Health Statistics and Census data for adults 18 years
and older
tGroup contains additional individuals who do not meet the typical definition of epilepsy;

Sheth et al.(84) analyzed Multiple-Cause of Mortality data files for 1995-97 to determine the
number of seizure-related and non-seizure related crash fatalities in the United States per year.
These data files were compiled from U.S. death certificates provided by the National Center for
Health Statistics (NCHS) division of the Centers for Disease Control and Prevention (CDC) and
included demographics, geographic information, and classification codes (from the International
Classification of Disease, Ninth Revision [ICD-9]) presenting the underlying cause of death as
well as any other conditions listed on the death certificate as “other significant conditions.” The
maximum number of conditions allowed for these data files was 20. Mortality data were coded in
two ways: the entity axis format and the record axis format. The entity axis format provided a
separate code for each disease listed, and whether it was an underlying cause of death or a
contributory condition. The record axis format used linkage rules to combine listings of related
conditions on the death certificate. Sheth et al. used the entity axis to determine the number of
driving crash fatalities in which epilepsy and seizures were listed as primary contributing causes.

Using this information, Sheth and colleagues determined the numbers of fatal driver crashes per
year associated with seizures and compared this with the number of fatal driver crashes not
associated with any medical conditions. The ICD-9 codes used to screen for these conditions
were as follows: (810.0 to 829.9 fatal road traffic crashes) epilepsy (345.0 to 345.9), and
convulsions (780.3). The investigators calculated seizure-specific crash rates by comparing the
number of fatal crashes associated with seizures with the expected annual prevalence of the
disorder, which was estimated to be 1,000,535 individuals for the population aged > 18 years.

Vernon et al.(85) reported on a retrospective case-control study in which they compared crash
rates experienced by drivers licensed with a medical condition with age, sex, and location
matched controls. Medical conditions examined included the following:

1. Diabetes mellitus and other metabolic conditions
2. Cardiovascular conditions
3. Pulmonary conditions
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Neurological conditions

Epilepsy and other episodic conditions
Learning/memory/communications
Psychiatric or emotional conditions
Alcohol and other drugs

A S AN

Visual acuity

10. Musculoskeletal abnormalities/chronic medical debilities
11. Functional motor ability

12. Hearing

Separate comparisons were made for each medical condition and for drivers reporting medical
conditions licensed with full driving privileges, and those with restricted driving privileges (e.g.
restrictions related to speed, area and time of day). The study population consisted of all drivers
licensed in the state of Utah who self-reported a medical condition on their driver license
application over the 5-year period 1992-1996. Control drivers were individuals without a
medical condition who were chosen from the entire population of drivers licensed in Utah for the
same period. Information on driver license status, participation in the Utah medical conditions
program, citations, involvement in crashes, and death certificate data were obtained from the
relevant state agencies. Probabilistic linkage methodology was used to link the records in these
disparate databases for eventual analysis. Rates of citation, crashes and at-fault crashes,
expressed as events per 10,000 license days, were calculated separately for program drivers and
their corresponding control groups for each medical condition category and restriction status.
These data were used to determine an estimate of relative risk (RR) and 95% confidence
intervals.

Lings et al.(86) compared the crash rates per 1,000 person years for 159 drivers diagnosed with
epilepsy (ICD-8) with 559 controls, individually matched for age, gender, place of residence,
and exposure period. Exposure period was defined as the period of time following the diagnosis
of epilepsy that each included individual held a driving license. This should not be confused with
the typical measures of exposure used in crash risk studies (miles driven per year, the type of
roads driven on, etc.) Lings et al. argued that this method was selected because the question of
mileage is complex, with individuals with epilepsy potentially driving less than healthy drivers
because of self-regulation or as a consequence of decreased employment activity. This self-
regulation may thereby produce fewer crashes than others even if their mileage crash risk were
great. The primary outcome of interest in the study of Lings et al.(86) was treatment at an
emergency room following a motor vehicle crash as a car driver. Thus, their study does not take
into account minor crashes or crashes that involve only material damage.

Taylor et al.(87) attempted to estimate the risks of motor vehicle crashes over a three-year period
among drivers with a history of single seizures or epilepsy and compare them with the risks in a
cohort of drivers from the general population. Enrollees consisted of 16,958 drivers with a
history of seizures (recurrent or single) and 8,888 non-epileptic drivers who all responded to a
questionnaire. Drivers were asked to complete questions regarding demographics details,
information about their driving history, and if they had been involved in a crash as a driver over
the previous three years. Drivers with epilepsy were also asked to complete questions regarding
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the history of their seizures, information about their prescribed medications, and whether their
seizures had ever resulted in a crash.

Hansotia and Broste(88) assessed the effect of epilepsy and diabetes mellitus on motor vehicle
crashes (for data pertaining to diabetes mellitus and crash risk see the previous FMCSA
Evidence Report, “Diabetes Mellitus and CMV Driver Safety”). Specifically the authors studied
the crash rate per 1,000 person-years of licensed driving (standardized for age) over a four-year
period (1985-1988) among 30,420 drivers. Participants were drivers aged 16-90 who had been
recruited from the city and surrounding areas of Marshfield, WI. The 434 drivers with epilepsy
were identified through the use of computerized ICD-9-CM diagnostic codes for epilepsy (345 to
345.9). Controls were active drivers who had no diagnostic code of epilepsy. Like several of the
studies described above, this study did not adjust for exposure (i.e. number of miles driven, etc.).
The authors noted that participants with epilepsy had numerous other medical conditions
including strokes, dementia, clinical depression and other psychiatric disorders, but did not
provide the prevalence of these comorbid conditions. No attempt was made to control for the
presence of these conditions or several other important related factors such as: years since
disease onset; disease severity; or disease treatment type in this study.

Popkin and Waller(89) examined the driving records of 112 drivers who utilized any one of six
North Carolina Division of Health Services’ clinics for the treatment of epilepsy during 1981—
1982. Of those undergoing treatment at the clinics, 29 (26 percent) were known to the DMV to
have epilepsy. Crash data from these 112 drivers was obtained from records held by the DMV
and a crash incidence rate was determined. This crash rate was then compared with the expected
crash rate for a population of individuals of selected from a “general population.” The study
investigators provide no details of this control group and it is unclear whether any attempt was
made to match individuals with controls across any of the parameters normally considered to be
important (age, sex, driving exposure, etc.). It seems that the control group was created as part of
a previous study. However, we have been unable to obtain a copy of the article cited by Popkin
and Waller that they report describes the creation and characteristics of this control group.

Davis et al.(90) examined the driving records of all individuals with medically restricted license
who were granted drivers licenses after being reviewed by the Oklahoma Medical Advisory
Committee (OMAC) in 1969. The authors recorded the number of crashes and moving violations
accumulated during 1970 and compared these rates with those obtained from age and sex
controls selected from Oklahoma’s 1,651,245 licensed drivers. Accidents were considered to be
single or multiple motor vehicle crashes in which the subject was the driver of a motor vehicle.
All crashes in which the medically restricted person was a driver were included in the study. No
attempt was made to control for exposure to risk in this study.

Crancer and McMurray(91) compared the driving records of Washington's medically restricted
drivers with the driving records of all Washington motorists. Included among the motorists with
medical restrictions were 1,169 drivers. Accident and violation rates for drivers with and without
epilepsy license restrictions were compared. Comparisons were performed between gender and
age groups. The record of each driver and the number of accidents accumulated during the period
from Jan. 1961 to Oct. 1, 1967 was determined. Problems associated with the design of this study
include the fact that an unknown number of drivers may not report medical conditions that will
lead to medical restrictions being imposed and that exposure to risk was not controlled for.
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Waller(92) assessed the driving records of 447 individuals with epilepsy who were known to the
California Department of Motor Vehicles. Waller defined epilepsy as being a history of episodes
of loss of consciousness or of conscious control because of an intracranial lesion other than a
lesion of a cerebral blood vessel. For both samples, relevant information was obtained, through
direct interviews or written questionnaires, regarding age, sex, marital status, occupation, and
number of miles driven annually. An important limitations associated with this study is the fact
that the sample of individuals with epilepsy was comprised only of those individuals known to
the California Department of Motor Vehicles. It would be naive to assume that this sample
represents a true cross-section of individuals who are driving with epilepsy because many
individuals may not report their condition to the authorities.

Quality of Evidence Base

Our assessment of the quality of the studies that comprise the evidence base for Key Question 1
is summarized in Table 20. Our analysis found that the quality of all of the included studies
varied from moderate to low.

Table 20. Quality of the studies that Assess Key Question 1

Reference Year Quality Scale Used Quality Score Quality
Sheth et al.(84) 2004 Revised Newcastle-Ottawa Scale 54 Low
Vernon et al.(85) 2002 Revised Newcastle-Ottawa Scale 9.2 Moderate
Lings(86) 2001 Revised Newcastle-Ottawa Scale 6.9 Low
Taylor et al.(87) 1996 Revised Newcastle-Ottawa Scale 5.2 Low
Hansotia et al.(88) 1991 Revised Newcastle-Ottawa Scale 54 Low
Popkin and Waller*(89) 1989 Revised Newcastle-Ottawa Scale 3.8 Extremely Low
Davis et al.(90) 1973 Revised Newcastle-Ottawa Scale 6.5 Low
Crancer and McMurray(91) 1968 Revised Newcastle-Ottawa Scale 6.2 Low
Waller(92) 1965 Revised Newcastle-Ottawa Scale 7.7 Low

*Excluded from further consideration (see text)

One of the included studies, Popkin and Waller, was found to be particularly poorly described.
As a consequence, assessment of its quality using the Newcastle-Ottawa Scale concluded that the
study was of extremely low quality. Consequently, this study was excluded from further
consideration in the present evidence report.

The quality of the remaining eight studies ranged from moderate to low. This is consistent with
the fact that all of the included studies utilized a case-control study design. By definition such a
study design is always retrospective. Individuals with a specific disorder (cases), in this case
epilepsy, are identified and information about the number of crashes experienced over some
predefined period in the past is obtained. A group of individuals matched for several variables
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(controls) is then identified and crash rates compared. Other important factors that potentially
diminish the robustness of the findings of the case controls included in the present evidence base
include the following:

0 Selection bias — although cases and controls are usually matched for several variables (age,
sex, etc.), comparability of the individuals in the two groups cannot be guaranteed. In the
present study several important variables were not matched. For example, of the eight studies
included in the evidence base for Key Question 1, only two studies attempted to match cases
and controls for the annual mileage driven.(92,93) Therefore, one cannot be sure that
differences in crash rate experienced by cases and controls were the consequence of the
difference in disease state; they may simply be the result of a systematic difference in
exposure to risk (more miles driven per year, the greater the exposure to risk).

O Misclassification bias — the results from many of the earlier included studies tended to be
based on crash data retrospectively obtained from official government records while those
from later years tend to be based on data obtained from self-reports. Both these methods of
data collection subject a study to the potential for misclassification bias (individuals with a
disorder being misclassified as not having the disorder or individuals who have crashed being
classified as not having crashed). Data collected from government records will not
necessarily provide reliable information on individual health status. This is because in many
cases, individuals must report their health status to the authorities. It is known that many
individuals with health disorders that will lead to restrictions on their driving license will not
notify the authorities of their condition. Likewise, data collected from self reports relies on
the honesty of individuals. In this case, individuals may be reluctant to provide accurate
information on their health state and their driving record. Even assuming that all individuals
are honest, the accuracy of these data must also be viewed cautiously because they rely on
recollections of an individual which may not be accurate (sometimes called, “hindsight
bias™).

Generalizability of Evidence Base to Target Population

The purpose of this subsection is to provide details of the extent to which the individuals enrolled
in the studies that address Key Question 1 are similar to CMV drivers in the United States.
Important characteristics of the individuals included in the studies that address Key Question 1
are presented in Table 21. The generalizability of the findings of the included studies to CMV
drivers is unclear. Not surprisingly, none of the included studies examined crash risk among
individuals who held a current commercial driver’s license. Exposure to risk is far lower among
non-commercial vehicle drivers. This limits the value of the available data. Also, women tend to
be overrepresented in studies of crash risk among drivers with private motor vehicle driver
licenses and comorbidities tend to be underrepresented.
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Table 21. Generalizability of Studies that Address Key Question 1
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Sheth et al.(84) 2004 | 1,000,535 | NR NR NR NR NR NR Unclear
Vernon etal.(85) | 2002 | 2,739 NR NR NR NR NR Two groups: Unclear
restricted and
unrestricted
Lings(86) 2001 | 159 NR 54.7 0.0 Males madn: NR 0% Unclear
38.8
Females mdn:
35.9
Taylor et al.(87) 1996 | 16,958 NR 54.0 NR Mdn: 38 Mdn: 6,000 100% Unclear
miles per year
Hansotia et 1991 | 241 NR 57.7 0.0 434 NR NR Unclear
al.(88)
Davis et al(90) 1973 | 77 NR 69.8 NR NR NR 100% Unclear
Crancer and 1968 | 1,169 NR NR NR NR NR 100% Unclear
McMurray(91)
Waller(92) 1965 | 447 NR 73.8 NR Males: 36.7 Males: 8,700 100% Unclear
Females: 39.8 | Miles per year
Females:
5,400 miles
per year

*Number of individuals that comprise the denominator in risk calculations was estimated for the entire U.S. population (see text)

Findings

The findings of each of the eight studies (Median Quality Score = 6.4: Low) that address Key
Question 1 are presented in detail in Appendix G. All eight presented data on the ratio of crashes
experienced by a group of individuals with epilepsy compared with a group of individuals who
did not have the disorder. Relevant data extracted from these studies are presented in Table 22
and graphically in Figure 5.

Table 22. Crash Risk in Drivers with Epilepsy compared to Drivers without Epilepsy
Crash Rate Data Bottom Line
Reference Year e Crash Rate Evidence of
Group Reported Crash Rate controlled for? Ratio* P= increased
’ (95% ClI) Crash Risk?
C 8.6 fatal crashes per 100,000
ases S
individuals per year 0.38
Sheth etal.(84) | 2004 None 04710 0.83 0.016 No
22 4 fatal crashes per 100,000 (01710 0.83)
Controls | %"
individuals per year
Vernon et 2.69 crashes per 10,000 license Age, sex, place of 1.73
al.(85) 2002 | Cases days — non-restricted group residence (1.58 to 1.90) <0001 ves
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Crash Rate Data Bottom Line
Reference Year Factors Crash Rate Evidence of
Group Reported Crash Rate controlled for? Ratio* P= increased
’ (95% ClI) Crash Risk?
1.55 crashes per 10,000 license
Controls )
days — non-restricted group
C 2.67 crashes per 10,000 license
ases ;
days - restricted group Age, sex, place of 1.47
. <0.001 Yes
1.81 crashes per 10,000 license residence (1.06 t0 2.03)
Controls )
days - restricted group
Cases 94 crashes per 1,000 person years | Age, sex, place of 701
Lings(86) 2001 residence, (248 t'o 26.13) 0.004 Yes
Controls 1.34 crashes per 1,000 person exposure period : :
years
Cases 3614 crashes among 16,958 »
individuals over 3 years Age, sex, driving 0.91
Taylor et al.(87) 1996 experience, : 0.002 No
2068 crashers among 8888 mileage (0.86 10 0.97)
Controls | : " g
individuals over 3 years
Hansofi et Cases 0.0685 crashes per person-year 133
ansotia e .
al,(88) 1991 Age (10010 1.73) 0.041 Yes
Controls | 0.0515 crashes per person-year
Cases 18.2 crashes per 100 drivers per
Davisetal(90) | 1973 yeer None 2:56 0033 Yes
vis etal(90) , (1.08 10 6.10) :
Controls | 7.1 crashes per 100 drivers per year
c 41.44 crashes per 100 drivers per
Crancer and %S| 575 years 1.33
1968 Age ; 0.227 No
McMurray(91) 31.06 crashes per 100 drivers per g (0.84t02.12)
Controls
5.75 years
Cases 16.0 crashes per 1,000,000 miles 105
Waller(92) 1965 Age, mileage (142 io 333) 0.016 Yes
Controls | 8.2 crashes per 1,000,000 miles

*Calculated by ECRI. Effect size estimates >1.0 indicate that individuals with seizure disorders are at increased risk for a motor vehicle accident when compared
to individuals without the disorder
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Figure 5. Forest Plot of Data Presented in Table 22
Study name Statistics for each study Rate ratio and 95% CI

Rate Lower Upper
ratio limit  limit Z-Value p-Value

Sheth 0.380 0.173 0.834 -2.412 0.016 —a—
Vernon 1.730 1.578 1.897 11.650 0.000 =
Lings 7.010 1.885 26.065 2.906 0.004 —
Taylor 0.910 0.857 0.967 -3.061 0.002 L |
Hansotia 1.330 1.011 1.749 2.039 0.041 -
Davis 2560 1.077 6.084 2.128 0.033 —a—
Crancer and McMurray 1.330 0.837 2.113 1.208 0.227 1
Waller 1.950 1.131 3.362 2402 0.016 —a—
0.01 0.1 1 10 100

Reduced Riskincreased Risk

It is clear from Table 22 and Figure 5 that the findings of the eight included studies are
inconsistent. Five included studies found an increased risk associated with epilepsy (Vernon,
Lings, Hansotia, Davies, and Waller), one included study found no evidence of an increased
crash risk (Crancer and Murray) and two included studies found that crash risk was reduced
among individuals with epilepsy (Sheth, Taylor). A formal assessment of these data for
quantitative consistency (homogeneity testing) found that the findings of the eight studies were
not comparable (Q=59.59, P<0.0001; I°=88.25). Consequently we were precluded from
combining crash rate ratio data from these studies in a fixed-effects meta-analysis in order to
obtain a single estimate of the crash risk associated with epilepsy.

In an attempt to explain the heterogeneity we performed a series of univariate meta-regression
analyses, as the development of multivariate models was precluded by the small size of the
evidence base. The covariates considered in these analyses, which were chosen a priori, and the
findings of each regression analysis are presented in Table 23.

Table 23. Findings of Univariate Meta-regression Analyses (unrestricted maximum

likelihood models)
Covariate Coefficient | 95% CI P= Coefficient | Residual Model Total Tau?
significant?
Study level covariates
Q=9.77, Q=7.56857, | Q=17.33675
Fatal crashes only -1.38 -2.3610-0.39 | 0.00594 | Yes P=0.13476 P=0.00594 P=0.01535 0.07169
" Q=11.58, Q=0.15618, | Q=11.73725,
Mileage matched? -0.16 -0.39100.62 0.69269 | No P=0.07199 P=0.07199 P=0.10945 0.18097
Q=11.30792, | Q=1.12228 Q=12.43020
’) - ’ ’ i)
Age matched? 0.48 0.41101.37 0.28943 | No P=0.07931 P=028943 P=008727 0.16068
Q=10.52934, | Q=0.29916 Q=10.82850
0 ] , ) )
Sex matched? 0.21 0.55t0 0.98 0.58441 | No P=0.10406 P=589441 P=0.14628 0.21215
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Covariate Coefficient | 95% CI P= Coefficient | Residual Model Total Tau?
significant?
Exposure period Q=10.64708, | Q=0.04672, Q=10.69335,
matched? 0.10 08110101 | 082969 | No P=009992 | P=0.82069 | P=0.15257 | 01730
. . Q=11.86094, | Q=1.05427, | Q=12.91520,
Years since publication 0.01 -0.01t00.03 0.30453 | No P=0.06514 P=0.30453 P=0.07420 0.14799
Q=11.58107, | Q=0.15618 Q=11.73725
| ? - - ’ ) s
Self-reported outcome? 0.16 0.92 10 0.62 0.69269 | No P=0.07199 P=0.69269 P=0.10954 0.18097
i Q=10.34161, | Q=0.54678, | Q=10.88839,
Study Quality 0.21 -0.34100.75 0.45964 | No P=0.06611 P=0 45964 P=009189 0.05621
Patient level covariates
Mean age NC NC NC NC NC NC NC NC
% male NC NC NC NC NC NC NC NC
% CMV drivers NC NC NC NC NC NC NC NC
Mean duration of epilepsy | NC NC NC NC NC NC NC NC
% with medically NC NC NC NC NC NC NC NC
restricted licenses
Mean # of AEDs NC NC NC NC NC NC NC NC
o -
% with comorbid NC NC NC NC NC NC NC NC
conditions

NC=not calculated because necessary data was not reported by all included studies

Our meta-regression analyses found that only one of the covariates examined was significantly
correlated with outcome; this covariate being whether the study evaluated fatal crashes only. If
the impact of the study of Sheth et al. (the only study to have evaluated the difference in fatal
crash rates among individuals with epilepsy and a comparison of individuals without epilepsy)
on the estimated crash rate ratio is controlled for, one finds that the estimated crash risk ratio for
an individual with epilepsy is estimated to be 1.51 (95 percent CI: 1.40 to 1.63).

Unfortunately, even though our analyses found that inclusion of the study of Sheth et al. in the
evidence base had a significant impact on outcome, adjusting for its presence did not eliminate
heterogeneity (adjusted Q=47.832, P<0.0001; adjusted I’=87.456). This unexplained quantitative
inconsistency in these data precludes one from determining a single estimate of the increased risk
for a crash for an individual with epilepsy when compared to comparable individuals who do not
have the disorder.

Pooling of data from the included studies (with Sheth et al. excluded’) using a random effects
meta-analysis found that on average, individuals with epilepsy are significantly more likely
(somewhere between 13 percent and 116 percent more likely) to experience a crash than
comparable individuals who do not have the disorder (Figure 6). This finding is robust (see
Appendix H).

9 |f data from Sheth et al. is included in analysis an increased crash risk is still observed (risk for a crash is between 0% and 95%).
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Figure 6. Random Effects Meta-Analysis of Crash Rate Risk Data

Study name Statistics for each study Rate ratio and 95% CI
Rate Lower Upper
ratio limit  limit Z-Value p-Value
Vernon 1.730 1.578 1.897 11.650 0.000 L
Lings 7.010 1.885 26.065 2.906 0.004 —_—
Taylor 0.910 0.761 1.088 -1.034 0.301 -
Hansotia 1.330 1.011 1.749 2.039 0.041 -
Davis 2560 1.077 6.084 2.128 0.033 ——
Crancer and McMurray 1.330 0.837 2.113 1.208 0.227 1=
Waller 1.950 1.131 3.362 2402 0.016 —a—
1.565 1.133 2.161 2.720 0.007 -
0.01 0.1 1 10 100

Reduced risk Increased risk

Additional Information on Risk Factors for Crash among Individuals with Epilepsy

Krauss et al.(94) conducted a retrospective case-control study aimed at identifying risk factors
for a motor vehicle crash due to seizures. Specifically, the authors compared 50 drivers with
epilepsy who had a motor vehicle crash which could be attributed to a seizure (cases) with 50
drivers with epilepsy who had not had a motor vehicle crash which could be attributed to a
seizure (controls). Case and control participants were recruited from the same epilepsy clinic and
were matched for gender and age. Participants were excluded if their epilepsy was in remission
due to AED treatment during the study year or if they had had epilepsy surgery during the study
year. Participants were also excluded if they crashed during their first seizure because the authors
would be unable to collect clinical information regarding AED compliance, seizure-free
intervals, and number of seizure related crashes. The following clinical characteristics and
driving histories of case and control participants were collected using a self-report questionnaire:
demographic data; seizure information; treatment factors; driving history; crash variables; and
regulatory factors.

Krauss and colleagues reported that the following factors were most strongly associated with
reduced odds for crashing:

e Long seizure intervals (12 months or longer and 6 months or longer) appeared to be
associated with a reduced risk for a seizure-related crash (OR: 0.075; C1 0.012 — 0.47;
OR: 0.147, C1 0.031-0.691, respectively).

e Drivers with reliable auras (i.e., where drivers reported always having auras at the start of
seizures) were found to be a reduced risk for a seizure related crash (OR: 0.077). The
study investigators noted, however, that some drivers who experienced auras did crash.
This appeared to be the consequence of the fact that the individual concerned either
continued to drive despite the aura or were unable to stop driving before the seizure
progressed because the aura was too brief in duration.
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e Drivers who switched or reduced the dose of their AEDs were found to be at lower risk
for crash (OR: 0.111). This is surprising because the risk for a seizure is thought to
increase during drug switching or tapering. Krauss suggested that this finding may be the
consequence of the drivers having fewer seizures when their AEDs were consolidated
(reduced from several to one) or switched.

e Drivers who had few crashes in the past were found to be at a significantly reduced risk
for experiencing a seizure-related crash (OR: 0.465).

Other findings noted by Krauss et al. were that 25 percent of drivers had more than one seizure-
related crash, 20 percent had just missed an AED dose prior to their crash, 4.6 times as many
men experienced seizure related crashes compared to women, and that 54 percent of drivers who
crashed were driving illegally with seizure free intervals shorter than legally permitted. The
authors concluded that seizure free intervals, the presence of reliable auras, AED therapy
modifications, and a history of non-seizure induced crashes should be considered when advising
individuals with epilepsy about driving.

Taylor et al.(87) found no evidence supporting the contention that taking AEDs increased the
risks of any form of crash in a population of drivers with a history of epilepsy (OR: 0.97, CI
0.87-1.07). Taylor et al. also reported that the absence of seizures over a three year period
appeared to halve the risk of serious injury or fatal crashes (OR: 0.56, CI 0.32-0.96). It was also
concluded that the crash rates for individuals with epilepsy are no greater than the general
population after adjusting for age, gender, driving experience and mileage. An important
limitation of this study involved the combination of participants who had experienced a single
seizure with those who had a history or diagnosis of epilepsy. As noted previously, epilepsy is
only diagnosed after two or more seizures; therefore the non-significant findings of the study
may be attributable to the fact that some participants in the epilepsy group would not actually
have a diagnosis of epilepsy. In addition, although the authors made adjustments for important
factors such as age, gender and driver exposure, they did not specify whether participants in
either group were screened for other comorbid medical conditions.

Gastaut and Zitkin(95) attempted to determine the risk of motor vehicle crashes posed by various
seizure types when they occur during driving. Of 400 drivers with epilepsy approached by the
study investigators, 133 admitted to having had one or more seizures at the wheel. Of these, 82
were able to describe or have a witness describe the seizure in enough detail for it to be
classified. These 82 drivers experienced a total of 109 identified seizures at the wheel, with 60 of
these seizures leading to a crash. The most common seizure types to be associated with a crash
were complex partial seizures without aura, secondarily generalized seizures, and generalized
tonic clonic seizures. The seizure types least likely to be associated with a crash were simple
partial seizures, complex partial seizures with aura, absence seizures, and myoclonic seizures.

Section Summary

Individuals with epilepsy are more likely (between 1.13 and 2.16 times) to experience a
motor vehicle crash than comparable individuals who do not have the disorder (Strength of
Evidence: Moderate).

0 Because of unexplained heterogeneity, one cannot determine a single precise estimate of
the magnitude of this increased risk (Stability of Point Estimate: Unacceptable).
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Eight included studies (Median Quality = Low) addressed Key Question 1. All eight studies
presented data on the ratio of crashes experienced by a group of individuals with epilepsy as
compared to a group of individuals who did not have the disorder. Analysis of crash data
from the included studies found these data to be inconsistent (0=59.59, P<0.0001;
I’=88.25). Five included studies found an increased risk associated with epilepsy, one
included study found no evidence of an increased crash risk and two included studies found
that crash risk was reduced among individuals with epilepsy.

Meta-regression analyses found that one of 11 covariates examined was significantly
correlated with outcome, this covariate being whether the study evaluated fatal crashes only.
However, this single variable regression model is not sufficient to explain a sufficiently large
degree of heterogeneity for us to present a single estimate of the crash rate ratio. Pooling
data from the included studies while controlling for the impact of reporting on fatal crashes
only using a random effects model found that on average, individuals with epilepsy are more
likely (somewhere between 1.13 and 2.13 times) to experience a motor vehicle crash than
comparable individuals who do not have the disorder.

Key Question 2: What is the relationship between seizure recurrence
likelihood and the time since last seizure among individuals who are
on AED treatment and are apparently seizure free?

Introduction

Standard treatments for epilepsy include the use of antiepileptic medications (AEDs) and
surgery. Both treatment options aim at suppressing seizures and/or epileptiform activity and
reducing the severity of the seizures.(96) The National Institute of Neurological Disorders and
Stroke (NINDS) have estimated that approximately 80 percent of individuals diagnosed with
epilepsy will achieve “successful” seizure control with AEDs or surgery.(24)

AED Treatment for Epilepsy

Antiepileptic drugs work primarily by altering ion channel and neurotransmitter system
functions. AEDs cannot be considered as providing a ‘cure’ for epilepsy; rather, they serve to
maximize seizure control by either enhancing inhibitory processes or opposing excitatory
processes in the brain.(16,97) Ideally, an individual who has been newly diagnosed with epilepsy
will begin treatment with a single AED (monotherapy). If seizures continue, new seizures
develop or intolerable adverse events occur, monotherapy with a different AED will be tried. If
this is unsuccessful and seizures continue, addition of another AED (duotherapy) or several
AEDs (polytherapy) is usually considered.

Effectiveness of AEDs

There are a wide variety of pharmacotherapeutics available for the treatment of epilepsy (see
Table 7 in the Background section). The ‘traditional” antiepileptic drugs (those developed before
1993) — phenytoin, phenobarbital, primidone, carbamazepine, and valproate — used to treat
seizure disorders have the benefit of proven efficacy, lower cost, and familiarity among
physicians.(20,98) However, these antiepileptic drugs are also associated with intolerable
adverse effects such as transient leukopenia (carbamazepine), osteomalacia (phenytoin) weight
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gain (valproate), and a potential for drug interactions, and individuals using these medications
may be more prone to experiencing recurrent seizures.(20,99) The ‘newer’ antiepileptic drugs
(those developed after 1993) — felbamate, gabapentin, lamotrigine, topiramate, tiagabine,
levetiracetam, oxcarbazepine, and zonisamide — have the benefit of fewer drug interactions than
the traditional AEDs, a broader spectrum treatment activity, and fewer adverse events.(20)

The aim of AED therapy is the rapid control of seizure activity with a minimum of adverse
effects in order to maintain a normal lifestyle.(100) Ideally, seizure control is provided through
monotherapy (the use of a single AED), to reduce the likelihood of drug interactions and adverse
effects: with this understanding in mind, nearly 70 percent of individuals receiving AEDs are
managed via monotherapy.(101) In newly diagnosed individuals who began AED therapy, Kwan
and Brodie found that approximately 64 percent entered terminal remission of at least one
year.(97) A review of adult epilepsy by Duncan et al. found that 60 percent to 70 percent of all
individuals achieved effective seizure control while using AED therapy: this figure closely
matches those found in a review by Sander, which stated that one year remission rates varied
between 58 percent and 95 percent, with most studies reporting rates between 65 percent and 80
percent.(96,102) Similar figures may be found in single studies by Cockerell et al. (54 percent
remission within one year of AED treatment inception), and Annegers (probability of 5 seizure-
free years remission within 10 years of AED inception, 65 percent).(103,104) Looking at these
studies and reviews overall, seizure-free rates for individuals using AED therapy fell between 58
percent and 95 percent, with most falling between 65 percent and 75 percent. Ultimately,
methodological issues such as mixing of populations with different seizure etiologies and seizure
types make determining the remission rates associated with AED related treatment difficult to
determine, as the most accurate remission rates would be most likely to be produced by studies
of individuals with the same type of epilepsy, or the same etiology.

Seizure Recurrence Among Individuals on AEDs

Some individuals who achieve remission from seizures while on AEDs will experience seizure
recurrence. Several factors have been identified which are predictive of seizure recurrence
among individuals who achieve seizure freedom while on AEDs (Table 24 and Table 25). The
most important of these factors appear to be the number of years of remission (the longer the
seizure-free period, the lower the risk for seizure recurrence type of seizure), the number of
antiepileptic drugs utilized (monotherapy, duotherapy, or polytherapy with the latter two being
associated with a greater risk for recurrence), the response to AED therapy (did the individual
had a positive response to the first AED of choice, or were other AED therapies attempted after
failure of the initial AED to control seizures), seizure type (juvenile myoclonic epilepsy, partial
seizures, including complex and those with secondary generalization), seizure frequency prior to
beginning AED treatment (higher seizure frequencies are associated with an increased risk for
seizure recurrence), and electroencephalogram (EEG) abnormalities (a lack of abnormalities
appears to be associated with an decreased risk for seizure recurrence) (Figure 7).
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Table 24.  Factors Associated with Seizure Recurrence
Reference Year | Study Size and Followup | Study Design | Prospective or Population Characteristics Prognostic Factor Examined Results
Retrospective
Aktekin et al.(105) 2006 | Atotal of 54 patients were | Cohort study Prospective Seizure-free group AED withdrawal Affecting Risk of Relapse:
g'nm"et('j in tthe AED Age: 38.43 £ 17.35 Age at onset of epilepsy o Age at onset of epilepsy
iscontinuation process. . . I ) L
There were 4 dropouts. Gender: 11 (M), 10 (F) Duration of active disease o Duration of active disease
One patient died due to a Age at onset: 26 £ 17.9 Age Not Related to Risk of Relapse
heart attack. Duration of active disease Gender o Age
(months): 104.67 + 63.85 History of perinatal anoxia or febrile o Gender
Relapsed grou selzgresl . o History of perinatal anoxia or
Age: 39.39 + 13.68 Family history of epilepsy febrile seizures
Gender: 11 (M), 17 (F) Mental retardation « Fanmily history of epilepsy
Age atonset: 17.4 £ 13.3 History of status epilepticus o Mental retardation
Duration of active disease Number and type of AEDs ) I
(months): 237.56 + 130.94 o History of status epilepticus
o Number and type of AEDs
Sillanpaa and 2006 | 148 children with epilepsy Cohort study Prospective Not Reported AED withdrawal AED withdrawal :
Schmidt(106) who were followed for o Reslts in relapse in 30% of
more than 9 years from the patients.
onset of their epilepsy . . )
(mean + SD =37 + 7.1 No ewdgnce that AED wﬁhdrawa is
— responsible for the poor prognosis for
years, median = 40 years, .
_ treatment of seizure recurrence.
range = 11 - 42 years)
Kalita et al.(107) 2005 | 120 patients with epilepsy | Cohort study Prospective Gender: 86 (M), 34 (F) Number of AEDs Seizure Remission:
Mean age: 26.8 years (range, 13- | Seizure type o A majority of individuals with
71 years) Seizure frequency epilepsy have seizure remission on

Mean pretreatment seizure
frequency: 6.2 (range, 2 — 40)

Mean duration of epilepsy: 2.9

years (range, 0.3 - 9 years)

62 patients had partial seizure, 47
generalized and 11 had multiple

types of seizures.

Neurological deficit
Electroencephalogram (EEG)

monotherapy
Some on duotherapy

No seizure remission can be
achieved on adding more than 2
drugs.

One year seizure remission

Significantly related to type and
frequency of seizure

Presence or absence of
neurological or EEG abnormalities.

Poor Remission:

Cryptogenic epilepsy
More than one seizure per month
Neurological deficit
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Reference Year | Study Size and Followup | Study Design | Prospective or Population Characteristics Prognostic Factor Examined Results
Retrospective
e EEG abnormalities
Cardoso et al.(108) 2003 | Ninety-four patients were Randomized Prospective Gender: 50 (M), 44 (F) Low AED dose Leaving seizure free patients on low AED
followed up: 45 were controlled trial Median age when withdrawal was Gender dose did not reduce the risk for seizure
assigned to complete initiated: 30.3 years (range, 15 - Seizure type recurrence.
(Group 1) AED withdrawal 76 years) - Correlation with post-AED withdrawal risk
- Total number of seizures :
and 49 to partial (Group 2) ; ; : of seizure recurrence
. Median age at epilepsy onset: 16.9 . I
AED withdrawal. The Neurological examination ) .
) years (range, 0.1 - 62 years) o Number of seizures prior to control
follow-up period was 24 . . . . CT scan
months. Median active epileptic duration: Electroencenhaloaram (EEG o >10 seizures before achieving
10.7 years (range, 0.1 - 40 years) ) phalogram (EEG) control presented a risk 2.72 times
Seizure control period before Age at epilepsy onset greater than those who presented
withdrawal: 64 patients (2 - 3 Active epilepsy duration up to 10 seizures.
years), 17 patients (3 - 4 years), Number of AEDs
and 13 patients (> 4 years) Maximal previous seizure
frequency
Previous AED withdrawal
Age at AED withdrawal
Etiology
Family history of seizures
Years of seizure control
Type of AED
Specchio etal.(109) | 2002 | 330 epilepsy patients who | Cohort study Prospective Treatment withdrawn Age Risk of Relapse
were seizure fre(_a for at Age (y): Gender o Withdrawal of AED: 2.9 times that
least 2 years while on <15 n=238 Education of patients continuing treatment.
stable monotherapy. 225 ' _ i Fac fecting the risk of rel
patients were withdrawn 15-34,n=158 AED withdrawal * Factors affecting the risk of relapse
from AEDs and 105 35-54,n=22 Duration of epilepsy duration of active disease
continued AED treatment. >54n=7 Number of years of remission o Number of years of remission while
Gender: 103 (M), 122 (F) Psychiatric disorder on treatment. o .
Treatment continued Seizure type * Abnomal psychiatric findings.
. The risk of relapse also varied markedly
Age (v) according to the epilepsy syndrome
<15,n=4 '
15-34,n=77
35-54,n=18
>54,n=6
Gender: 42 (M), 63 (F)
Kwan and 2000 | The study included 525 Cohort study Prospective Gender: 259 (M), 266 (F) Number of seizures before Refractory Epilepsy
Brodie(101) consecutive unselected 470 patients had never received inception of AED therapy o Individuals who experience

children, adolescents, and
adults in whom epilepsy
was diagnosed and

antiepileptic-drug therapy
Median duration of follow-up: 5
years (range, 2 - 16)

Known or probable cerebral
structural abnormality

Response to AED therapy

multiple seizures before inception
of AED therapy individuals who
have an inadequate response to
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Reference Year | Study Size and Followup | Study Design | Prospective or Population Characteristics Prognostic Factor Examined Results
Retrospective
antiepileptic-drug therapy Median age at referral: 29 years (monotherapy vs. polytherapy) initial treatment with AEDs
was begun. (range, 9 - 93) Response to AED therapy (early or | Early response to AED therapy confers a
Median age at epilepsy onset: 26 late) favorable prognosis
years (range, <1-92) Response to first AED Good response to first AED administered
confers a favorable prognosis
Lossius et al.(110) 1999 | 669 patients with Cohort study Prospective Gender: 338 (M), 331 (F) Neurologic deficit Predictors for recurrence of seizures
confirmed epilepsy were Age; mean (SD): 44 (12) Number of AEDs used (univariate)
divided into 2 groups: () Seizure free (%): 484 (73) CT-scan findings * Age above 50 years
no seizures during the )
previous year (n = 485) El.ectroencephalogram (EEG) o Known etiology
and (2) seizures during the Etiology o Use of two or more AEDs.
previous year (n = 184) Gender Predictors for recurrence of seizures
Age (multivariate)
Comorbidity o Age > 50 years
o Polytherapy
Chadwick etal.(111) | 1996 | 409 patients who Randomized Prospective Not Reported Psychiatric disorder Long Term Remission
experienced a seizure controlled trial Neonatal seizures The longer the total seizure-free period
slow AED discontinuation Less than 1 AED at randomization | Risk of Recu.rren.ce _ .
(n = 245) or continued Seizures after initiation of AED * Experiencing seizures while
AED treatment (n = 164) treatment receiving AED treatment
Total seizure-free period o Experiencing partial seizures at
Partial seizures at recurrence _ fecurrence o
Myoclonic seizures at recurrence Little difference between individuals who:
AEDs ever reduced o Continued with AED use
Po”cy at recurrence o Were still reCeiVing therapy at
recurrence, and had no change in
treatment post-recurrence
o Individuals who were randomized
to slow AED withdrawal, were not
receiving therapy at recurrence,
and who subsequently restarted
treatment
Multiple seizures during followup
o 20% of individuals randomized to
continue AED treatment
o 32% of individuals randomized to
slow AED withdrawal
Quality Standards 1996 | 17 total studies (N =2,957) | Systematic Studies on Not Reported Gender Predictors of remission
Subcommittee of the review children

American Academy

8 studies on children (N =

5 prospective, 3

Age of onset

o Longer duration of seizure control
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Reference Year | Study Size and Followup | Study Design | Prospective or Population Characteristics Prognostic Factor Examined Results
Retrospective
of Neurology(112) 1,377) retrospective Seizure type with AEDs, the better the

9 studies on adults (N = Studies on adults Etiology prognosis.

1,580) 1 randomized Neurologic examination/I.Q. Evidence presented in the 17 studies
controlled trial, 3 Duration of seizure freedom on suggests that although their recurrence
prospective, 5 AEDS risk rates differ, both children and adults
retrospective Treatment redi patients meeting the following profile

reatment regimen have the greatest chance for successful
Age at relapse drug withdrawal:
Electroencephalogram (EEG) e Seizure-free 2 to 5 years on AEDs
(mean 3.5 years);
o Single type of partial or
generalized seizure;
o Normal neurological examination
and normal 1.Q.;
o EEG normalized with treatment.
Cockerell etal.(103) | 1995 | Remission was analyzed in | Cohort study Prospective Not Reported Age There was no discemible effect of seizure
those patients who were Gender type or age at onset of seizures on
cIassﬁlgd after§ moqths Seizure type remission

as having definite epilepsy )

(n = 564) or possible Age at onset of seizures

epilepsy (n = 228).

Nakazawa et 1995 | 43 patients with epilepsy in | Cohort study Prospective Mean age at seizure onset: 16.9 + | Total number of seizures Not a risk factor for recurrence
al.(113) whom AEDs were 14.8 (range, 1.5 - 63.7) years Frequency of seizures o The severity of epilepsy judged by
withdrawn completely Mean age at initial treatment: 18.2 | psychiatric disorder the total number and frequency of
e sge s 005 | SIS Prsenc of syt
(199 ; i o Presence of neuropsychiatric
14.9 (range, 2.5 — 67.6) years Duration of epilepsy complications
. Electroencephalogram (EEG) o )
Mean age at disappearance of  Combination of different types of
eplleptlc diSCharge: 23.7+14.8 seizures
(range, 8.5 - 68.5) years o Duration of epilepsy from the
Mean age at cgmmencement of seizure onset to the last seizure
g%se r7e7dgctlon. 258 £ 15.5 (range, Normal EEG was considered to be an
0-77.0) years ) important prerequisite for a good
Mean age at AED withdrawal: 28.1 prognosis.
+15.3 (range, 9.8 — 78.3) years
Berg and 1994 | 25 total studies (N = 5,354) | Meta-analysis | Not Applicable Not Reported Age at onset of epilepsy Risk of post-AED withdrawal relapse was
Shinnar(114) Childhood- vs. adolescent- Underlying etiology higher when (compared to childhood-

onset epilepsy: 17 studies
(N=4,383)

Childhood- vs. adult-onset
epilepsy: 7 studies (N =
1,911)

Electroencephalogram (EEG)

onset epilepsy)
o Adolescent-onset epilepsy
o Adult-onset epilepsy
Associated with risk of relapse
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Reference Year | Study Size and Followup | Study Design | Prospective or Population Characteristics Prognostic Factor Examined Results
Retrospective
Remote symptomatic vs. o Remote symptomatic seizures
idiopathic e Abnormal EEG
(nonsymptomatic)
seizures: 14 studies (N =
3,395)
Electroencephalogram: 15
studies (N = 3,849)
Mukasa et al.(115) 1994 | 36 patients with epilepsy Cohort study Prospective Gender: 19 (M), 17 (F) Seizure frequency Interval from the last seizure to the time
who were withdrawn from Mean age at treatment termination: | Neurological and mental of starting drug reduction shorter for the
AEDs 17.7 (range, 2.6 - 50) years complications relapsed group than for non-relapsed
Age at seizure onset group.
Age at initial treatment
Age at a new referral to clinic
Age at last seizure
Age at EEG normalization
Age at start of AED reduction
Age at AED termination
Interval from the start of AED
reduction to discontinuation of
AEDs
MRC Antiepileptic 1993 | 1,013 patients randomized | Randomized Prospective Continued use of AEDs Gender Factors that increased the risk of
Drug Withdrawal to either continued use of controlled trial Gender: 49% (M), 51% (F) Age seizures recurring included:
Study Group(116) AEDs (n = 510) or slow Median age at entry to trial: 26 (16, | Mental retardation « 16 years or older
withdrawal (n = 503) 39) years Trauma o Taking more than one AED
Median age at onset: 13 (6, 21) Psychiatric disorder o Experiencing seizures after starting

years
Median duration of epilepsy: 5 (1.3,
11.7) years

Median period seizure free: 3.2
(2.4,5.8) years

Median duration of AED treatment:
7.9 (3.5, 16.6) years

Slow withdrawal

Gender: 49% (M), 51% (F)

Median age at entry to trial: 27 (17,
42) years

Median age at onset: 14 (7, 24)
years

Median duration of epilepsy: 4.4
(0.8, 11.7) years

Family history of epilepsy
Neonatal seizures

Febrile seizures

Age at first seizure
Seizures only on awakening
Seizures only while asleep
Seizure type

Absence of seizures

Status

Previous attempt to withdrawal
from AED

Number of AEDs
Seizures after AED treatment
Period free from seizures

AED treatment

o History of primary or secondarily
generalized tonic-clonic seizures

o History of myoclonic seizures
o Abnormal EEG.
Decrease in seizure recurrence risk:
o Increasing time without seizures.
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Reference Year | Study Size and Followup | Study Design | Prospective or Population Characteristics Prognostic Factor Examined Results
Retrospective
Median period seizure free: 3.4 Duration of epilepsy
(2.3,5.7) years Duration of AED treatment
Median duration of AED treatment: | E|ectroencephalogram (EEG)
7.1(3.3,15.4) years
Tanaka et al.(117) 1992 | 334 patients with epilepsy Cohort study Prospective Gender: 164 (M), 170 (F) Gender No significant differences in
who had received AED Mean age: 37.4 (range, 20 — 65) Age e Gender
therapy for at least 8 years years Duration of epilepsy o Presentage
Idiopathic (nonsymptomatic) Duration of treatment o Age at onset
generalized epilepsy (IGE) Etiolo ) .
occurred in 65 patients, ) 9y * Duration of epilepsy
symptomatic generalized epilepsy | Seizure type e Duration of treatment
(SGE) in 24, temporal lobe Seizure frequency ° Symptomatic eti0|ogy
epilepsy (TLE) in 120, partial Age at onset . : :
epilepsy other than the temporal Type of epilepsy ¢ Hls.tory of febr'.lé co.nvulsmn
lobe form (NTLE) in 99 and other | ) * Epilepsy classification
epilepsies (UNC) in 26. ) i ) o Type of seizure
History of febrile convulsion ) )
) o Maximum seizure frequency
CT abnormality CTab it
L]
Electroencephalogram (EEG) a. normatty
o Slowing of EEG background
activity
o EEG improvement during
treatment.
More patients with nonrecurring than
recurring seizures received AED
monotherapy.
MRC Antiepileptic 1991 | 1,013 patients randomized | Randomized Prospective Continued use of AEDs Gender Factors influencing recurrence include:
Drug Withdrawal to either continued use of | controlled trial Gender: 49% (M), 51% (F) Age « Polytherapy at randomization
Study Group(118) AEDS (n= 510_) or slow Median age at entry to trial: 26 (16, | Mental retardation e History of either primary or
withdrawal (n = 503) 39) years Trauma secondarily Generalized tonic
u .
Median age at onset: 13 (6, 21) Psychiatric disorder clonic seizures
years Family history of epilepsy * Period free of seizures at
Median duration of epilepsy: 5 (1.3, randomization.

11.7) years

Median period seizure free: 3.2
(2.4,5.8) years

Median duration of AED treatment:
7.9 (3.5, 16.6) years

Slow withdrawal

Gender: 49% (M), 51% (F)

Median age at entry to trial: 27 (17,
42) years

Neonatal seizures

Febrile seizures

Age at first seizure
Seizures only on awakening
Seizures only while asleep
Seizure type

Absence of seizures

Previous attempt to withdrawal
from AED

Factors that might also be important

o History of neonatal seizures, of
myoclonic seizures, and of “never-
generalized” partial seizures

o Occurrence of seizures after
initiation of AED treatment

o Duration of AED treatment
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Reference Year | Study Size and Followup | Study Design | Prospective or Population Characteristics Prognostic Factor Examined Results
Retrospective
Median age at onset: 14 (7, 24) Number of AEDs
years Seizures after AED treatment
Median duration of epilepsy: 4.4 Period free from seizures
(08, 11.7) years Duration of epilepsy
Median period seizure free: 3.4 Duration of AED treatment
(2.3,5.7) years
Median duration of AED treatment: Electroencephalogram (EEG)
7.1 (3.3, 15.4) years

Callaghan etal.(119) | 1988 | The authors discontinued Randomized Prospective Gender: 40 (M), 52 (F) Gender Significant factors for relapse:

AED treatment in 92 controlled trial Mean age: 24 years Age o Duration of treatment
g?gzinztjr\g:gﬁr?: bzee(r;;:tsae Mean duration of follow-up after Duration of epilepsy o Seizure type

g <y withdrawal: 26 (range, 6 - 62) Duration of treatment i
of treatment with a single months o Number of drugs required for
drug. All the patients had Electroencephalogram (EEG) seizure control
epilepsy that had been Seizure type o Number of seizures before the
previously been untreated, AED treatment achievement of control
and had been randomly ) oot
assigned to receive Seizure frequency o EEG classification
carbamazepine, phenytoin,
or sodium valproate.

Beghi et al.(120) 1988 | 270 individuals with an Cohort Study Prospective Gender: 160 (M), 143 (F) Gender Significant factors for relapse:
average length of f0"0W'U_P Mean age: 19 years (range: 2 - 81) | Age e Number of seizures prior to
geln‘igOZOA months (range: Mean duration of follow-up: 20.4 Number of seizures prior to treatment

~40 months) months (range: 2 — 40 months) treatment e Number of seizures
Type of seizures
Number of seizures
Duration of disease
Risk factors (family history of
epilepsy, neonatal convulsions,
etc.)
Etiologic factors
Neurologic exam
EEG epileptiform abnormal

Annegers etal.(104) | 1979 | 457 patients, of which 328 | Cohort study Prospective Not Reported Etiology of seizures Prognosis for remission of epilepsy is
were followed at least 10 Seizure type poor in:
years and 141 at least 20 Age at diagnosis o Patients with associated neurologic
years Gender dysfunction identified from birth.

Prognosis for remission of epilepsy is
less favorable with:

o Partial complex seizures
o Adult-onset epilepsy
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Reference Year | Study Size and Followup | Study Design | Prospective or Population Characteristics Prognostic Factor Examined Results
Retrospective

Eventual Remission Prospects better in:
o Patients with idiopathic
(nonsymptomatic) seizures
o Survivors of postnatally acquired
epilepsy
Highest probability of remission among:
o Individuals with generalized-onset
seizures diagnosed before 10
years of age.
There is little difference in prospect for
remission between males and females.

The likelihood of relapse increased with
advance in age at diagnosis.

Table 25. Independent Risk Factors for Seizure Recurrence or Relapse Examined by Study

Risk Factors
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Reference Year

Aktekin et al.(105) 2006 1 1
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Kwan and Brodie(101) 2000
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Lossius et al.(110) 1999 Vi [ A
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Risk Factors
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Risk Factors

Duration of AED therapy

Trauma

Number of seizures

Age at relapse

Response to AED therapy

Psychiatric disorder

Years of remission

Education

Etiology

CT scan

Electroencephalogram

Seizure frequency

Seizure type

Type of AEDS

Number of AEDs

Status epilepticus

Neurological deficit

Family history of epilepsy

History of perinatal or
febrile seizures

Gender

Age

Duration of epilepsy

AED withdrawal

Age at onset of epilepsy

1

Year

?efelrence .
otal —ve correlations

relationship between this factor and seizure recurrence was assessed by study

Positive correlation observed

\/
T
1

Negative correlation observed
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Figure 7. Factors Assessed and their Association with Seizure Recurrence
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Potential risk factor for recurrence

Rationale for Key Question

As stated previously, time since last seizure appears to be inversely related to the risk for seizure
recurrence in individuals treated with AEDs. The longer an individual remains seizure free while
on an AED, the less likely it is that that individual will experience seizure recurrence. This risk
factor is clearly recognized as being important by those concerned with road safety. This is
evidenced by the fact that most current regulations and guidelines pertaining to the fitness of an
individual who has experienced a seizure to be reissued with a driving permit consider the time
since last seizure; often this is the only factor taken into consideration.

The purpose of this section of the report is to attempt to quantify the relationship between time
since last seizure and the likelihood that a seizure will occur within the following year in
individuals who are being treated successfully with an AED (as evidenced by being declared
“seizure free”). Such information will allow FMCSA to make informed decisions about the risk
that an individual who has been seizure free for a given period represents to him- or herself and
other road users.

Identification of Evidence Base

The primary objective of this section of the evidence report is to systematically review the
evidence pertaining to the relationship between seizure recurrence likelihood and the time since
last seizure among individuals who are currently on AED treatment and apparently seizure free.
Our ultimate aim, should the available data allow it, is to develop a quantitative model describing
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this relationship that will allow FMCSA to estimate the likelihood that an individual who has
been seizure free for a certain period of time will experience seizure recurrence within the near
future (1 year).

In attempting to meet the aims of this section, we searched for studies of any design that
presented data on seizure recurrence as a function of time since last seizure (time-to-event data)
obtained from individuals who were receiving AEDs. Our decision to consider studies regardless
of their design was motivated by an awareness that relevant time-to-seizure recurrence data
obtained from seizure free individuals on AED therapy may be difficult to identify.

The pathway by which the evidence base for Key Question 2 was determined is summarized in
Figure 9. Our searches (Appendix A) identified a total of 251 articles that appeared to be relevant
to this key question. Following application of the retrieval criteria for this question (Appendix
B), 55 full-length articles were retrieved and read in full. Of these 55 retrieved articles, none of
the articles were found to meet the inclusion criteria for this question (Appendix C). Table D 2
Appendix D lists the 55 articles that were retrieved but then excluded and provides rationale for
their exclusion.

Figure 8. Development of Evidence Base for Key Question 2

Articles identified by
searches (k=251)

Articles not retrieved
(k=196)

'y

A

Full-length articles
retrieved (k=55)

Full-length articles
excluded (k=55): See
Appendix D

4

A

Evidence base (k=0)

None of the studies examined for inclusion in the evidence base for Key Question 2 reported
time since last seizure as an index event, meaning that all the studies had to be excluded. The
majority of retrieved studies (k=16) that were excluded were designed to investigate the impact
of drug withdrawal on seizure recurrence, meaning that the individuals being observed were no
longer using AED therapy.'® The next largest group of studies comprised newly diagnosed

10 Determining whether a relationship exists between AED withdrawal and risk of seizure recurrence is beyond the scope of the current report,
but will be investigated in a separate evidence report on seizures disorders to appear later.
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individuals who were beginning AED therapy to achieve seizure freedom (k=3), meaning that
they had not yet experienced established seizure control. Two (k=2) studies included mixed
populations of individuals who had withdrawn, were in the process of withdrawing, or were still
utilizing AED therapy. Both of these studies used as inclusion criteria a minimum number of
seizure-free years, meaning that the time since last seizure was not included in the evidence
examined. One study (k = 1) contained a model which was too specific for inclusion in the
evidence base. Another paper (k = 1) comprised a meta-analysis of seizure-prevention trials, and
could not be included in the evidence base. The remainder of the excluded studies (k = 32) noted
in Figure 8 were retrieved as background and reference documents. Therefore, no studies met the
inclusion criteria for Key Question 2.

Evidence Base
No studies met the inclusion criteria for Key Question 2.

Findings
Because no studies identified by our searches met the inclusion criteria for Key Question 2, we

cannot quantify the relationship between seizure recurrence and time since last seizure in
individual with seizures disorder who were seizure free while receiving AED therapy.

Existing models

Currently there are no models available which aim to predict the likelihood of seizure recurrence
solely for seizure-free individuals using AED therapy. However, a prognostic index for seizure
recurrence related to AED therapy (continuous or withdrawn) has been developed by Chadwick
et al.(116) This index is based on the results from the Medical Research Council Antiepileptic
Drug Withdrawal Study Group (MRC) research and takes into consideration a number of
specific factors which the MRC group recognized as appearing to influence the degree of risk of
seizure recurrence, including: electro-clinical syndrome (i.e. benign rolandic epilepsy; juvenile
myoclonic epilepsy), age at onset of disease, underlying etiology of disease, EEG, severity of
epilepsy, and influence of individual medications. The original prognostic index described by
Chadwick was recently expanded to create two models.(121) This update was made to
accommodate the special considerations required for prediction of seizure recurrence for
individuals presenting with first seizures and early epilepsy. These models appear in Table 26,
Table 27, Table 28 and Table 29. For each model, the lower the final score, the lower the
probability of seizure recurrence for the individual being assessed.

It should be noted that these models have yet (as of February 2007) to be validated by further
research, and the use of these models to predict seizure recurrence should be viewed with
appropriate caution.
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Table 26. Prognostic model for prediction of seizure recurrence for first seizure and early

epilepsy*
Seizure (number) Score
One seizure at presentation 0
Two seizures at presentation +1
Three or more seizures at presentation +2
Add if any present

. Neurological disorder / deficit,

. learning disability +1

e developmental delay
Abnormal EEG 1
Risk Classification Group for Seizure Recurrence Add results of column to derive Final Score

*To obtain a final score (maximum=4) one simply adds the scores. If the total score is 0, then the risk for seizure recurrence is considered to be “low.” If the total
score is 1, the risk for seizure recurrence is assumed to be “Medium.” If the score is >1 then the risk for recurrence is assumed to be “high.” Having determined
the risk stratification for an individual one now determines the probability for seizure recurrence at 1 year and 3 years in the future using Table 27.

Table 27. Probability for Seizure Recurrence by Risk Group (as Proposed by
Chadwick)

Treatment Allocation by Risk of Seizure Probability of Seizure by 1 year Probability of Seizure by 3 years
Recurrence

Medium risk of Seizure Recurrence

Start immediate AED treatment 0.23 0.34
Delay AED treatment 0.34 0.48
High Risk of Seizure Recurrence

Start immediate AED treatment 0.35 0.46
Delay AED treatment 057 0.67

Table 28. Factors for the calculation of a prognostic index for seizure recurrence by 1 and
2 years following continued treatment or slow withdrawal of antiepileptic drugs, in patients
with a minimum remission of seizures lasting for 2 years while on treatment*

Factor Value to be added
to the Score

1.Starting score for all patients -175

Age > 16 years 45

Taking more than 1 AED 50

Seizures occurring after the start of treatment 35

History of any tonic-clonic seizure (generalized or partial in 35

onset)

History of myoclonic seizures 50

EEG while in remission

Not Done 15

Abnormal 20

Duration of seizure-free period 200/D

(years)=D

2.Total Score is represented by: T

3.Exponentiate

TM00 (Z = e ™00) z
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*To obtain a final score, add together the scores in rows beginning with the ‘starting scores for all patients’ and continuing through the row beginning with
‘duration of seizure-free period (years) = D’ to achieve the total score (T). Factor this score as directed in Step 3 to obtain a z score. Having determined the risk
stratification for the individual, one now determines the probability for seizure recurrence at 1 and 2 years in the future using Table 29.

Table 29. Probability for Seizure Recurrence in Patients Seizure Free for 2 yrs

Treatment allocation Probability of Seizure Recurrence By Probability of Seizure Recurrence By 2
1 year years

On continued treatment 1-0.892 1-0.792

On slow withdrawal of treatment 1-0.692 1-0.602

Section Summary

Because no studies met the inclusion criteria for Key Question 2, we are precluded from
developing models for predicting the likelihood that an individual who has been seizure
free for a specific period of time will experience seizure recurrence in the near future.

1t is established that the cumulative probability that an individual will remain seizure free
diminishes as a function of time since last seizure. The purpose of this section of the evidence
report was to attempt to model this relationship with the aim of providing a means with which
one can determine the likelihood that seizures will reoccur in the near future (following year)
among individuals with epilepsy who have been successfully treated (remained seizure free) with
AED:s.

None of the studies identified by our searches fulfilled all the inclusion criteria for this key
question. No identified study that included seizure free individuals currently undergoing
treatment with an AED treatment reported time since last seizure as an index event. All studies
used as an index either: a) time of entry at study, b) time since beginning or accomplishing AED
withdrawal (withdrawal studies); c) time since beginning AED therapy (efficacy studies), d) the
minimum time seizure free as inclusion criteria, meaning that individuals in the study had
varying amounts of seizure free time, none of which were recorded separately.

Key Question 3: What is the relationship between seizure recurrence
likelihood and the time since last seizure among individuals who have
undergone surgery and are apparently seizure free?

Introduction

As stated in the Background section of this report, the goal of epilepsy surgery is either to define
and resect an area of epileptogenesis or disrupt the spread of seizure activity in order to reduce
the likelihood of seizures or prevent certain seizure types. For the purposes of FMCSA, only
those surgical procedures that have been shown to lead to remission from seizures are of interest.
Individuals who undergo palliative treatment will continue to have seizures, albeit at a reduced
rate, and they will not be considered for a commercial driver’s license.

Although approximately two thirds of individuals who undergo the most common types of
surgery for epilepsy become seizure free a significant proportion of these individuals will
experience seizure recurrence. Several studies have noted that the likelihood of an individual
experiencing seizure recurrence following surgery decreases as a function of increasing time
since last seizure.(122-127) In other words, an individual who has been seizure free for five
years is less likely to experience seizure recurrence in the near future than an individual who has
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only been seizure free for one year. In this section of the Evidence Report we identified studies
that attempted to quantify this relationship with the aim of developing a model (or models) that
would predict the probability that an individual who has been seizure free for any given period of
time will experience seizure recurrence within the following year.

Identification of Evidence Base

The identification of the evidence base for Key Question 3 is summarized in Figure 9. Our
searches (Appendix A) identified a total of 227 articles that appeared to be relevant to this key
question. Following application of the retrieval criteria (Appendix B) for this question, 35 full-
length articles were retrieved and read in full. Of these 35 retrieved articles, 12 articles were
found to meet the inclusion criteria (Appendix C) for Key Question 3. Table D-3 of Appendix D
lists the 23 articles that were retrieved but then excluded and provides rationale for their
exclusion. Table 30 lists the 12 articles that met the inclusion criteria for Key Question 3.

Figure 9. Development of Evidence Base for Key Question 3

Articles identified by
searches (k=227)

Articles not retrieved
(k=192)

Full-length articles
retrieved (k=35)

Full-length articles
excluded (k=23): See
Appendix D

4

4

Evidence base (k=12)

Table 30. Evidence Base for Key Question 3

Reference Year Study Location Country
Jeha et al.(128) 2006 Cleveland, Ohio USA
Kelly et al.(129) 2005 Bethesda, Maryland USA
Spencer et al.(126) 2005 “i\:v'\lll-lii\r::r;,og"r;,\ms Angeles CA; Philadelphia, PA; New York, NY; Bronx, USA
Mclntosh et al.(130) 2004 Melbourne, Victoria Australia
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Reference Year Study Location Country
Yoon et al.(131) 2003 New Haven, CT USA
Jutila et al.(132) 2002 Kuopio Finland
Foldvary et al.(124) 2000 Durham, NC USA
Salanova et al.(123) 1999 Indianapolis. Indiana USA
Eliashiv et al.(133) 1997 Los Angeles, CA USA
Soetal.(122) 1997 Rochester, MN USA
Luders et al.(134) 1994 Cleveland, Ohio USA
Rougier et al.(135) 1992 Bordeaux France

Evidence Base

11/30/2007

This subsection provides a brief description of the key attributes of the 12 studies that comprise
the evidence base for Key Question 3. Here we discuss pertinent information pertaining to the
quality of the included studies and the generalizability of each study’s findings to drivers of
commercial vehicles. Detailed information pertinent to this section that has been extracted from
included studies is presented in the Study Summary Tables that can be found in Appendix G.

Characteristics of Included Studies

The primary characteristics of the 12 included studies that address Key Question 3 are presented
in Table 31. All twelve studies were case series in which data on seizure status, recorded over a
period of several years, was analyzed using typical survival (time-to-event) analysis techniques.
Data on seizure status was usually drawn retrospectively from medical records (only one study
was prospective). Sometimes this information was supplemented by telephone interviews of the
patient or a close family member.
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Table 31. Key Study Design Characteristics of Studies that Address Key Question 3
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Jeha et 2006 | Case No 371 1990 to 2001 Clinic visits or phone calls Hazard modeling to predict time to Yes No No Mn: 5.5 yrs
al.(128) Series first seizure recurrence Rng: 1o 14.4 yrs
Kelly et 2005 | Case No 56 1966 to 1974 Telephone interviews were conducted Time to event data plotted using No Yes. No Mn: 29.9 yrs
al.(129) Series with patients, family members, and Kaplan-Meier curves. Can be SD:4.9yrs
occasionally patients’ neurologists. obtained
Written questionnaires were sent to from KM
each patient. curve
Spencer et 2005 | Case Yes 339 1996 to 2001 Information on preoperative historical Bivariate analyses were performed No No No Mdn: 4.6 yrs
al.(126) Series factors was obtained from medical with Chi-squared tests and tests for Rng: 2to 7.3 yrs
record review and from patient trend when appropriate.
interview at baseline. Proportional hazards analysis used
Post.surgica”y’ patients were called to estimate bivariate rate ratios.
every 3 months to ascertain seizure Some findings displayed as Kaplan
frequency. Mesier curves.
For multivariate analysis, authors
used a proportional hazards model.
Mclntosh et 2004 | Case No 325 1978 to 1998 Hospital notes. Follow-up conducted bi- | Time to event data plotted using No Yes. No Mn: 9.6 yrs
al.(130) Series annually by telephone for patients who | Kaplan-Meier curves. Multivariate Can be SD:4.2yrs
had not had contact with Austin Health regression performed using Cox obtained
in the previous 2 years. proportional hazard models. from KM
Patients treated prior to 1986 who had curve
not remained patients at Austin Health
contacted by telephone, and seizure
history since last follow-up reviewed.
Yoon et 2003 | Case No 175 1972 to 1992 Data abstracted from medical records t-tests to analyze continuous No Yes. No Mn: 8.4 yrs
al.(131) Series When follow-up data within the last variables. Chi-squared test to Can be
year was unavailable in the charts examine categorical variables. obtained
authors attempted to locate and Time-to-event data plotted using from KM
interview patients by telephone. Kaplan-Meier curves. Multivariate curve
regression performed using Cox
proportional hazard models.
Jutila et 2002 | Case No 140 1988 to 1999 Medical records Data analyzed using c2 test for Yes No No Mn: 5.4 yrs
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also produced that took into
consideration fact that individuals
can become seizure free again
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al.(132) Series comparisons between patient SD: 2.6 yrs
groups, and with life tables.
Foldvary et 2000 | Case No 79 1962 to 1984 Medical records and by telephone Time to event data plotted using No Yes. No Mn: 14 years
al.(124) Series interview with patient or family member | Kaplan-Meier curves. Can be Rng: 2.1 t0 31.6
if possible obtained yrs
from KM
curve
Salanova et 1999 | Case No 145 1984 to 1995 Medical records Time to event data plotted using Yes No No Mn: 5.6 yrs
al.(123) Series “actuarial” curves. Rng: 2 to 12 yrs
Eliashiv et 1997 | Case No 60 1963 to 1992 Medical records and by telephone Time to event data plotted using No No No Mn: 8.4 yrs
al.(133) Series interview with patient or family member | Kaplan-Meier curves. Different Rng: 1o 30 yrs
if possible curves compared using log-rank test
Soetal.(122) 1997 | Case No 184 1988 to 1991 Medical records Change from last time point Yes No No Mn: NR
Series assessed using t-tests. Rng:NRto 5.7
yrs
Luders et 1994 | Case No 71 NR Medical records Data analyzed using c2 test for Yes No No > 2 years
al.(134) Series comparisons between patient
groups
Rougier et 1992 | Case Not 100 1980 to 1990 Not clear Time to event data plotted using Yes No No NR
al.(135) Series clear “actuarial” curves. Markov Models

“Crash estimates calculated using a prevalence estimate for epilepsy of 5.1/1,000 from National Center for Health Statistics and Census data for adults 18 years and older
tGroup contains additional individuals who do not meet the typical definition of epilepsy

Mdn=Median; Mn=Mean; Rng=Range; SD=Standard deviation;
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Quality of Included Studies

The findings of our assessment of the quality of these studies are presented in Table 32. Our
assessment of the quality of the studies that comprise the present evidence base found that the
overall quality of the included studies was low (Median Quality Score=6.25; Quality=Low).
Aside from poor reporting which made evaluation of study quality difficult in many cases, the
primary reasons for the low quality scores was due to the fact that all studies were case-series
(single arm observational studies), and that data was collected retrospectively in 11 of the twelve
studies.

Table 32. Quality of the studies that Assess Key Question 3

Reference Year Quality Scale Used Quality Score | Quality
Jeha et al.(128) 2006 ECRI Quality Scale X:: Case-series-time-to-event studies 6.1 Low
Kelly et al.(129) 2005 ECRI Quality Scale X:: Case-series-time-to-event studies 43 Low
Spencer et al.(126) 2005 ECRI Quality Scale X:: Case-series-time-to-event studies 8.2 Moderate
Mclntosh et al.(130) 2004 ECRI Quality Scale X:: Case-series-time-to-event studies 5.7 Low
Yoon et al.(131) 2003 ECRI Quality Scale X:: Case-series-time-to-event studies 6.4 Low
Jutila et al.(132) 2002 ECRI Quality Scale X:: Case-series-time-to-event studies 6.4 Low
Foldvary et al.(124) 2000 ECRI Quality Scale X:: Case-series-time-to-event studies 75 Low
Salanova et al.(123) 1999 ECRI Quality Scale X:: Case-series-time-to-event studies 75 Low
Eliashiv et al.(133) 1997 ECRI Quality Scale X:: Case-series-time-to-event studies 6.8 Low
Soetal.(122) 1997 ECRI Quality Scale X:: Case-series-time-to-event studies 5.2 Low
Luders et al.(134) 1994 ECRI Quality Scale X:: Case-series-time-to-event studies 5.9 Low
Rougier et al.(135) 1992 ECRI Quality Scale X:: Case-series-time-to-event studies 5.9 Low

From the perspective of one who wishes to pool time-to-seizure recurrence data from the
included studies with the aim of developing a model that will predict seizure recurrence given a
specific seizure free period, the incomplete reporting of these data severely affects the
methodologies that are available. For example, information on censoring was not presented in a
single article (though in a few cases one can estimate this from information on the number of
patients at risk at a particular time point). Other information such as median event time, hazard
rate, hazard function, etc that would allow for the pooling of time-to-event data across studies
using standard techniques were also rarely presented.
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Generalizability of Evidence to Target Population

The purpose of this subsection is to provide details of the extent to which the individuals enrolled
in the studies that address Key Question 3 are similar to CMV drivers in the United States.
Important characteristics of the individuals included in the studies that address Key Question 3
are presented in Table 33.

Given current regulations pertaining to driving a CMV and epilepsy, it is unlikely that the
individuals enrolled in any of the included studies are representative of individuals who drive
this class of vehicle. Having said this, the purpose of this question is to determine whether
individuals with epilepsy who have undergone surgical treatment might be considered for a CDL
by virtue of having an acceptably low seizure risk. From this standpoint, the generalizability of
outcome data from the 12 included studies to individuals who wish to apply for a commercial
motor vehicle is unclear.

When compared to the CMV driver population, which are predominantly 35 to 45 year old
males, younger individuals and females are overrepresented in the included studies.

All of the included studies were designed to assess the long-term effectiveness and safety of
surgery for medically intractable localized epilepsy. The majority of included studies examined
the long-term effectiveness of temporal lobectomy; three included studies evaluated the
effectiveness of other surgical procedures in addition to temporal lobectomy.(126,131,135) Other
procedures assessed by these studies included frontal, occipital, and parietal lobectomies. As a
consequence, the findings of our analysis are generalizable only to individuals who become
seizure free following one of these procedures.

The ideal outcome from surgery for epilepsy is that an individual will achieve seizure freedom
even after AED withdrawal. It is common practice among many centers to attempt AED
withdrawal following a post-surgical seizure free period of 2-years. While some individuals
enrolled in all 12 studies were withdrawn from AEDs during the follow up, most investigators
did not report on the proportion of enrollees in which AED withdrawal was attempted. This
presents an important limitation to our analysis because withdrawal from antiseizure medication
appears to be a significant risk factor for seizure recurrence.(127,130) Consequently, one would
expect that differences across studies in the proportion of individuals in whom AED withdrawal
was attempted may result in important between studies differences in seizure recurrence rates
(heterogeneity).
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Table 33. Generalizability of Studies that Address Key Question 3
Reference Year |Type(s) of epilepsy |Duration of Minimum % Male | Type of Surgery Ageinyrs |% withdrawn | Driving % with % CMV Generalizability
epilepsy seizure free from AEDs exposure medically drivers to target
period restricted population
licenses?
Jehaetal.(128) (2006 |[Medically refractory ~ [NR NR NR Selective amygdalohippocampectomy (n=52) [NR 20.8 NR NR NR Unclear
TLE Removal of mesial structures, temporal tip,
and parahippocampal and inferior temporal
gyri (n=266)
Neocortical resection (n=53)
Kelly et al.(129) [2005 Medically refractory [Left temporal: 20.1 |NR NR Temporal lobectomy (n=48) Mn (SD): 32.4INR NR NR NR Unclear
TLE (9.7) years Left temporal (n=22) (11.5) (left
Right temporal: 16.5 Right temporal (n=26) temporal)
(7.6) years Mn (SD): 25.9
(7.1) (right
temporal)
Spencer et 2005  |Localization-related Mesial temporal lobe| 2 years NR Mesial temporal lobe resection (n=297) Mesial NR NR NR NR Unclear
al.(126) epilepsy resection Resections in neocortical regions (n=42)  [temporal lobe
<5yrs,n=15 resection
5-9 yrs, n=36 12-19, n=22
10-14 yrs, n=43 20-29, n=50
15-19 yrs, n=39 30-39, n=101
=20 yrs, n=164 40-49, n=81
Resections in =50, n=43
neocortical regions Resections in
NR neocortical
regions
NR
Mclntosh et 2004 |Medically refractory NR NR NR Anterior temporal lobectomy (n=325) NR 31% NR NR NR Unclear
al.(130) TLE Right-sided surgery (n=145)
Yoon etal.(131) |2003 [Medically intractable | <20 yrs, n=108 1 year 52 Right-sided surgery (n=78) 3-12,n=2 NR NR NR NR Unclear
localized epilepsy 20-30 yrs, n=42 Lobe resected 13-19, n=34
> 30 yrs, n=20 Temporal only (n=140) 20-29, n=67
Temporal plus (n=7) =30, n=71
Frontal only (n=12)
Frontal plus (n=1)
Parietal only (n=5)
Parietal plus (n=3)
Occipital only (n=7)
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Reference Year |Type(s) of epilepsy |Duration of Minimum % Male | Type of Surgery Ageinyrs |% withdrawn | Driving % with % CMV Generalizability
epilepsy seizure free from AEDs exposure medically drivers to target
period restricted population
licenses?
Jutila et al.(132) ]2002 [Medically refractory Median: 19 (range, |NR 52 Anterior temporal resection and Mdn: 32 NR NR NR NR Unclear
TLE (n=140) 2-47) years amygdalohippocampectomy alone (n=113)  |(rng, 14-54)
Unilateral temporal lobe Anterior temporal resection and
epilepsy (n=103) amygdalohippocampectomy combined with
lesionectomy (n=9)
Selective amygdalohippocampectomy (n=18)
Salanova et 1999  |Medically refractory Mean: 19.7 (range, |NR NR Most individuals underwent en bloc temporal |Mn: 30.4 18% NR NR NR Unclear
al.(123) TLE 1—45) years lobectomy by the same neurosurgeon, (rng, 8-53)
including the lateral and mesial temporal
structures, and a few had lesionectomy and
resection of the epileptogenic zone.
Soetal.(122) 1997  |Medically Intractable  |Median: 19.5 years [NR 453 Anterior temporal lobectomy with Mdn: 31 NR NR NR NR Unclear
complex partial amygdalohippocampectomy
epilepsy Allindividuals underwent the same technique
for resection of the lateral temporal cortex
and the mesial temporal structures, which
included the amygdala, the hippocampus and
the parahippocampal gyrus.
Eliashiv et 1997  |Medically refractory Mean: 13 years NR 45 All individuals underwent uniform en bloc NR NR NR NR NR Unclear
al.(133) TLE temporal lobe resection. This procedure
included resection of the lateral neocortex
(approximately 4.5 cm in the dominant
hemisphere and 6 cm in the nondominant
hemisphere) and mesial cortex, including 3
cm of the hippocampus. Forty-one patients
had surgery on the right hemisphere and 19
On the left.
Foldvary et 2000 |Medically refractory Mean (SD): 12.9 NR 57 Temporal lobectomy Mn: 23.9 35% NR NR NR Unclear
al.(124) TLE (8.5) years Left temporal resections were performed in [ (SD: 9)
57% of individuals.
Luders et al.(134)| 1994  |Medically refractory NR NR 62 Right temporal resection (n=28) NR NR NR NR NR Unclear
TLE Left temporal resection (n=29)
Extratemporal resection (n=11)
Rougier et 1992 | Temporal (n=76), Mean: 13 (range, 2- [INR 59 Seventy-six temporal lobe epileptics had Mn: 29 NR NR NR NR Unclear
al.(135) frontal (n=23), and 40) years cortical resection ranging from lobectomy (rng, 3-59)
parietal (n=1) lobe (n=50) to amygdalohippocampectomy
epilepsies (n=23). Resection was limited to the
posterolateral temporal cortex in 3 cases.
Frontal lobe epilepsies (n=23), 9 lobectomies
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Reference Year |Type(s) of epilepsy |Duration of Minimum % Male | Type of Surgery Ageinyrs |% withdrawn | Driving % with % CMV Generalizability
epilepsy seizure free from AEDs exposure medically drivers to target
period restricted population
licenses?

and 14 more restricted cortical resections
were performed (5 in the pre-frontal region; 3
in the supplementary motor area; 3 in the
pre-motor area; and 3 in the orbitofrontal
area). One cortical resection concerned the
parietal opercular convolutions in the non-
dominant hemisphere.

Mdn=median; Mn=mean; NR=not reported; rng=range; SD=standard deviation; TLE=temporal lobe epilepsy; yrs=years
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Findings

Data on the cumulative probability for seizure recurrence extracted from the 12 included studies
are presented in Table 34.

Table 34. Cumulative Probability of Seizure Recurrence

Followup time (Years)

Reference Year | Type of Surgery Ié\a’::tm ark
1 2 3 4 5 6 7 8 9 10 | 15 | 20
:f?fzgt) 2006 | Temporal lobectomy Surgery - 0.24 - - 0.34 - - 0.42 - 047 -
;e(ll1y2<;t) 2005 | Temporallobectomy | 1year | 0.00 | 033 | 048 | 052 | 0.58 063 | 067 | 067
Spencer et Temporal lobectomy
alp( 126) 2005 | orother neocortical 2 years - 0.00 0.13 0.23 0.30 - - - - - -
' resections
21?'1”3‘8?“ ® | 2004 | Temporallobectomy | Sugery | 029 | 045 | - | - |os2 | - | - | - | - |05 |06 | -
Yoon et Temporal, frontal,
2003 | parietal or occipital 1 year 0.00 0.1 0.16 - 0.27 - - - - 0.43 -
al.(131)
lobectomy
;}J?E;)t 2002 | Temporal lobectomy | fyear | 000 | 034 | 042 | 046 | 050 | - | 055 | - | - -
Sla('?gg;’a ® | 1999 | Temporallobectomy | Surgery | 031 | 034 | 037 | 037 | 037 | 037 | 040 | 042 | 042 | 042 -

Soetal.(122) | 1997 | Temporal lobectomy Surgery 035 | 034 | 035 | 035 | 041 - - - -

El“asg‘; ® | 1997 | Temporal lobectomy | Surgery | 0.02 | 0.04 | 040 | 044 | 0.18 | 02 | 02 | 02 | 022 | 024 -
Zl"('?;jgy ® | 2000 | Temporallobectomy | Surgery | 037 | 047 | - | - |o48 | - |o0s0 | - | - [os0 | - | -
Luders et 1994 | Temporal lobectomy Surgery 025 | 0.34 - - - - - - - - -

al.(134) ' '

Rougier et Temporal or frontal

al (1%5) 1992 | or parietal or Surgery 038 | 045 | 050 | 053 | 055 | 0.58 - - - - -

occipital lobectomy

From an examination of Table 34, it is apparent that the cumulative probability that an individual
who is seizure free following surgery for focal epilepsy will experience seizure recurrence
increases as a function of time. Also apparent from the table is that the incremental probability
(the probability for seizure recurrence during a finite period in the future) decreases as a function
of increasing seizure free period. In other words, the longer one is seizure free, the lower the risk
for experiencing seizure recurrence in the near future.
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Below we report on our synthesis of data presented in Table 34 with the aim of developing a
model which describes the relationship between the likelihood of experiencing seizure
recurrence and seizure free period. Such a model, should it be successfully developed and tested,
will be useful to FMCSA and its medical examiners because it will allow predictions to be made
about the likelihood that an individual who has been seizure free following surgery for a specific
period, will experience seizure recurrence in the near future.

Protocol Used in Analysis of Data Presented in Table 34

As mentioned in the Methods section, we addressed Key Question 3 by attempting to determine a
summary time-to-event (survival) function from relevant data extracted from 12 included studies.
In brief, survival data were pooled using non-linear regression. The survival function for each
individual study was fit by a mathematical model based on one of several possible probability
distributions (exponential, Weibull, etc). All that is required by the technique is that the
proportion of seizure free individuals at a number of time points be known. The protocol used to
analyze the time-to-event data extracted from the 12 included studies is presented below:

1. Data were examined to identify the distribution from which they originate

2. Individual survival curves were fit to data from each included study using the appropriate
distribution

3. A hazard function (A) and its 95% confidence intervals were derived for each study from
its survival curve

4. The hazard functions for each study were combined meta-analytically using a random
effects model in order to determine an average hazard function that summarizes the data
from all 12 studies

5. An average survival function was derived from the average hazard function

6. The summary survival function was used to investigate the likelihood that an individual
who had been seizure free for a particular period will experience seizure recurrence in the
following year.

The Survival Function and its Derivatives

The object of the primary interest in addressing Key Question 3 is the survival function. The
survival function is conventionally denoted S(?) and is defined as follows:

S(t) =Pr(T > 1)

where, t is time (in this case time since last seizure), T is the time of an event (in this case seizure
recurrence), and "Pr" stands for probability. Usually one assumes that the probability of an event
not occurring prior to time 0 is 1 (S/0] = 1), although the probability could be less than 1 if there
is the possibility of immediate seizure recurrence. A feature of the survival function is that it
must be non-increasing: S(u) < S(t) if u > t. This is important because it expresses the notion that
the time-to-an event can only become less probable as time increases. Thus, the use of a survival
curve to describe the relationship between the probability for seizure recurrence as a function of
the time since last seizure is valid only if the probability for seizure recurrence reduces as a
function of the time since last seizure. In other words, by fitting a survival curve to the data

91



FMCSA Evidence Report: Seizure Disorders and Commercial Motor Vehicle Driver Safety 11/30/2007

collected as part of Key Question 3, one implicitly assumes that the longer the time since last
seizure, the less likely seizure recurrence becomes.

The survival probability is usually assumed to approach zero as time increases without bound,
1.e., S(t) — 0 as t — . However, when used to describe the relationship between seizure
recurrence and the time since last seizure, it is possible that some individuals will be cured by
surgery and never experience a seizure again. Consequently, rather than approach 0, the survival
probability will approach a plateau that is >0 as time increases without bound, i.e., S(¢) —
Plateau as t — oo.

Several related quantities are defined in terms of the survival function. These are the cumulative
distribution function (¥/t/), the hazard function (%/¢/) and the cumulative hazard function (A(t)).

By convention, F(t) is defined as the compliment of the survival function:
F(t) = Pr(T < t) = 1 — S(t)

and the derivative of F(?) (i.e., the density function of the cumulative distribution) is
conventionally denoted as f(?):

d
t)=—FI(t)
f |l( E d f |: Fy
The hazard function (1), is defined as the event rate at time t conditional on survival until time t
or later:

fHydt  S'(t)adt

Sty S(1)

The hazard function can alternatively be represented in terms of the cumulative hazard function,
conventionally denoted A:

A(t) = —log 8(t)

AMt)dt =Pr(t<T <t+dt|T >1t) =

So,
d S'(¢)
Eﬂﬂ——gﬁi—ﬂﬂ

A(?) 1s typically called the cumulative hazard function because the preceding definitions together
imply

Tt
Mﬂ:fﬂm@
0
which is the "accumulation" of the hazard over time.

Survival distributions

Survival models are constructed by choosing a basic survival distribution. The choice of survival
distribution one chooses expresses some particular information about the relation of time (and
any exogenous variables) to the event of interest (seizure recurrence). It is natural to choose a
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statistical distribution which is non-negative since survival times are non-negative. The most
common distributions used for survival modeling are the exponential'', gaussian, and log-normal
distributions (Table 35).

Table 35. Formulae for Exponential, Weibull and Log Normal Distributions

Exponential (special case of Weibull) g~ t/A
Weibull p—(t/A)*
Lognormal % (1 — Exf [m_y%])

The survival data extracted from the 12 included studies that addressed Key Question 3 most
likely come from one of these distributions. The first stage of our analysis was to determine
which of these distributions best fits our data.

Determination of Distribution that Best Describes Available Survival Curves

The Exponential Distribution

The simplest distribution from which survival data originate is the exponential distribution. The

cumulative distribution, survivorship, and hazard functions for this distribution are presented in
Table 36.

Table 36. Formulae for Cumulative Distribution, Survival, and Hazard Functions

Function Formula

Cumulative Distribution Function F(t) —1— e—/u (20
Survival Function S(t) — e—/lt >0
Hazard Function h(t) =1 >0

As shown above, the exponential distribution is characterized by a single parameter, the constant
hazard rate, A. In the context of this report, a high A indicates that the chances of experiencing
seizure recurrence are high and a long seizure free period is unlikely. A low A on the other hand
indicates that the chance of experiencing seizure recurrence is low and that a long seizure free
period is to be expected. It is important to note that the hazard rate underpinning this survival
data remains constant as a function of time. That is, the risk for seizure recurrence follows a
purely random pattern.

To test whether the survival data reported by the studies included in the evidence base for
Question 3 have an exponential distribution, we fitted the natural log of S(z) for each data set
against follow up time with a linear regression model (Figure 10) and tested the goodness of fit

" Note that the exponential distribution is a special case of the Weibull distribution
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of the model (Table 37). These analyses found that the survival curves for all 12 included studies
appeared to be well fit by a survival curve that is described by an exponential distribution.
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Figure 10. LnS(t) as a Function of Time
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Table 37. Test of Assumption that S(t) Drawn from Exponential Distribution (LnS(t) as a Function of Time)

11/30/2007

Best-fit values Jeha Kelly Spencer Mcintosh Yoon Jutila Salanova So Eliashiv Foldvary Luders Rougier
Slope -0.05861 -0.04412 -0.07609 -0.03172 -0.05673 -0.1101 -0.03415 -0.07974 -0.02267 -0.03956 -0.2078 -0.1504
(SD) (0.008619) | (0.01523) (0.01809) (0.002160) | (0.002090) | (0.01862) (0.007097) | (0.03000) (0.002029) | (0.03292) (0.04614) (0.03297)
Y-intercept when X=0.0 -0.08088 -0.4025 0.06160 -0.02273 -0.006961 -0.1261 -0.2656 -0.1708 -0.03545 -0.3352 -0.02664 -0.1893
(SD) (0.05355) (0.1355) (0.05944) (0.01818) (0.01098) (0.07713) (0.05019) (0.09082) (0.01669) (0.1678) (0.05957) (0.09982)
X-intercept when Y=0.0 -1.3800 -9.1240 0.8095 -0.7164 -0.1227 -1.1460 -1.7770 -2.1420 -1.5640 -8.4720 -0.1282 -1.2590
1/slope -17.0600 -22.6700 -13.1400 -31.5200 -17.6300 -9.0850 -29.2800 -12.5400 -44.1100 -25.2800 -4.8130 -6.6490
95% Confidence Intervals
Slope -0.08603to | -0.08328to0 | -0.1337 to -0.03860to | -0.06338to | -0.1617 to -0.04977to | -0.1630to -0.02705t0 | -0.1443to -0.7941to -0.2419to -
-0.03118 -0.004958 -0.01854 -0.02485 -0.05008 -0.05839 -0.01853 0.003536 -0.01829 0.06518 0.3786 0.05887
Y-intercept when X=0.0 -0.2513to -0.7509 to -0.1276 to -0.08056 to | -0.04190to | -0.3402to -0.3761 to -0.4229 to -0.07149t0 | -0.8692to -0.7836 to -0.4664 to
0.08951 -0.05414 0.2508 0.03511 0.02798 0.08801 -0.1551 0.08136 0.0005937 | 0.1989 0.7303 0.08782
X-intercept when Y=0.0 -7.461to0 -132.0to -5.895 to -3.089 to -0.8139to -5.496 to -19.62 to -3.814to -7.330to
1.124 -0.7461 2.190 0.9548 0.4537 0.5769 -3.224 0.02249 0.3923
Goodness of Fit
r? 0.9391 0.6266 0.8550 0.9863 0.9959 0.8973 0.6780 0.6385 0.9057 0.3250 0.9530 0.8388
Sy.x 0.0711 0.2537 0.0696 0.0264 0.0159 0.1011 0.0958 0.1255 0.0339 0.2658 0.0653 0.1379
Is slope significantly non-zero?
F 46.2400 8.3900 17.7000 215.7000 736.9000 34.9500 23.1600 7.0660 124.9000 1.4440 20.2700 20.8100
DFn, DFd 1,3 1,5 1,3 1,3 1,3 1,4 1,11 1,4 1,13 1,3 1,1 1,4
P value 0.0065 0.0339 0.0245 0.0007 0.0001 0.0041 0.0005 0.0565 <0.0001 0.3156 0.1391 0.0103
Deviation from zero? Sig Sig Sig Sig Sig Sig Sig NSig Sig NSig NSig Sig
Deviation from Model (Runs test)
Points above line 3.0000 3.0000 2.0000 3.0000 4.0000 2.0000 5.0000 3.0000 6.0000 2.0000 2.0000 3.0000
Points below line 2.0000 4.0000 3.0000 2.0000 1.0000 4.0000 8.0000 3.0000 9.0000 3.0000 1.0000 3.0000
Number of runs 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
P value (runs test) 0.5000 0.2000 0.5000 0.5000 1.0000 0.4000 0.0101 0.3000 0.0030 0.5000 1.0000 0.3000
Significantly nonlinear? NSig NSig NSig NSig NSig NSig Sig NSig Sig NSig NSig NSig
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The Weibull Distribution

The Weibull distribution is a generalization of the exponential distribution. Unlike the
exponential distribution, however, the Weibull distribution does not assume a constant hazard
rate. The Weibull distribution is characterized by two parameters; the shape parameter (y) and a
scaler (A). The cumulative distribution, survivorship, and hazard functions for this distribution
are presented in Table 38.

Table 38. Formulae for Cumulative Distribution, Survival, and Hazard Functions

Function Formula

F(l‘)=1—e_ﬂ~ty t=0

Cumulative Distribution Function

Survival Function

S(l)=e_ﬂ'ty t=0

h(o) =2y (dy)" {20

Hazard Function

To test whether the survival data reported by the studies included in the evidence base for
Question 3 have a gaussian distribution we tested the goodness of fit of the model (Table 39).
These analyses found that the survival curves for 10 of the 12 included studies could be fit by a
survival curve described by a gaussian distribution.

Which Model Best Fits Data?

Although it is clear that the survival curves from the 12 included studies can all be described by a
function drawn from an exponential distribution, whereas only 10 of the 12 can be fit by a
Weibull distribution in cases where both models fit the data, it is not clear which model provides
the best fit. To determine this we used the “comparison of fits” function from the software
package, “GraphPad Prism 4.” This analysis, the results of which are presented in Table 40,
found that the exponential distribution provided the best fit. Consequently, we continued our
analysis using functions derived using the exponential distribution. The survival function (S/z/ as
a function of t) based on the exponential distribution for each of the 12 included studies is
presented in Figure 11.
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Table 39. Test of Assumption that that S(t) Drawn from Weibull Distribution
Best-fit values Jeha Kelly Spencer Mcintosh Yoon Jutila Salanova So Eliashiv Foldvary Luders Rougier
AREA 95188.00 103061.00 4948.00 57767.00 53739.00 17250.00 913.20 700.70 7222.00 Not Fitted Not Fitted 7117.00
SD 58.36 24.65 24.88 102.80 56.10 26.32 54.92 24.98 110.30 18.11
MEAN -211.10 -94.91 -71.66 -338.70 -193.00 -88.31 -113.30 -56.42 -283.10 -58.26
AREA 22060000.00 19710000.00 | 359437.00 5195000.00 6121000.00 1634000.00 | 44765.00 77095.00 388226.00 937048.00
SD 942.80 280.90 179.70 756.10 478.30 193.90 480.60 427.40 760.00 199.90
MEAN 6956.00 2252.00 1084.00 5083.00 3378.00 1341.00 2076.00 2005.00 3986.00 1331.00
95% Confidence Intervals
-94820000 to -62620000 to -4562000to | -22290000to | -26290000 to -5183000to | -98820 to -244600 to -838700 to -2975000 to
AREA 9.501e+007 6.282e+007 4.572e+006 | 2.241e+007 2.639e+007 5.217e+006 | 100650 246018 853166 2.989e+006
-3998t0 4115 | -869.2t0 -2258 to -3151to -2002t0 2114 | -590.6 to -1016 to -1335to -1546 to -617.8to
SD 918.5 2308 3356 643.2 1126 1385 1766 654.1
-30140 to -7260t0 7070 | -13840to -22210 to -14730 to -4356 to -4738 to -6437 to -8969 to -4293 to
MEAN 29722 13698 21533 14344 4180 4511 6324 8403 4176
Goodness of Fit
Degrees of Freedom 2.0000 3.0000 1.0000 2.0000 2.0000 3.0000 10.0000 3.0000 12.0000 3.0000
R? 0.9250 0.7414 0.9927 0.9851 0.9754 0.9095 0.6149 0.6352 0.9072 0.8241
Absolute Sum of Squares 0.0104 0.0692 0.0004 0.0014 0.0027 0.0179 0.0665 0.0404 0.0108 0.0391
Sy.x 0.0720 0.1519 0.0192 0.0268 0.0364 0.0772 0.0815 0.1160 0.0300 0.1141
Runs test
Points above curve 3.0000 2.0000 2.0000 2.0000 2.0000 3.0000 6.0000 3.0000 6.0000 3.0000
Points below curve 2.0000 4.0000 2.0000 3.0000 3.0000 3.0000 7.0000 3.0000 9.0000 3.0000
Number of runs 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
P value (runs test) 0.5000 0.4000 0.6667 0.5000 0.5000 0.3000 0.0076 0.3000 0.0030 0.3000
Deviation from Model NSig NSig NSig NSig NSig NSig Significant NSig Significant NSig
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Table 40. Comparison of Curve Fits
Jeha Kelly Spencer Mclintosh Yoon Jutila Salanova So Eliashiv Foldvary Luders Rougie

Model 1 Gaussian Gaussian Gaussian Gaussian Gaussian Gaussian Gaussian Gaussian Gaussian Not fitted Not fitted Gaussian
Model 2 Exponential Exponential Exponential Exponential Exponential Exponential Exponential Exponential Exponential Exponential Exponential | Exponential
P value Not Necessary | Not Necessary | Not Necessary | NotNecessary | NotNecessary | Not Necessary | Not Necessary | NotNecessary | NotNecessary | NA NA Not
Conclusion (alpha | Models have Models have Models have Models have Models have Models have Models have Models have Models have Models have
=0.05) the same DF the same DF the same DF the same DF the same DF the same DF the same DF the same DF the same DF the same DF
Preferred model Exponential Exponential Exponential Exponential Exponential Exponential Exponential Exponential Exponential Exponential

NA Not Applicable
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Figure 11. Survival Functions for 12 Included Studies Fit Using Exponential Distribution
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Meta-Analysis of Hazard Function Parameters

Effect Size Estimates

As discussed above, the hazard function for a survival curve with an exponential distribution is
described by a single parameter, the constant hazard rate (A). In order to model a summary
survival curve, the hazard rate and its 95 percent confidence intervals for each included study
was determined (Table 41). A hazard rate could not be determined for one of the 12 included
studies (Luders et al.(134)) because too few data points were available for a curve to be fitted.

Table 41. Hazard Function Estimates and 95% Confidence Intervals for Included

Studies

P & P (2] = =< < o (7] m oy - P

g e o 3 S o @ S o ES &) @ 2

> (] (7] - & < g < 2 ® =

g | B 2| e | F | 2| 2|0 s | 3| 2 | 2

2 | g Py 2 |5 | B | e

A 029 | 072 | 030 |009 |[017 | 044 | 102 |[212 | 016 | 154 | NC | 1.03
Lower95%Cl | 000 | 051 | 004 | 005 | 003 [035 |051 |000 | 011 |022 |NC | 039
Upper 95% Cl 058 | 093 | 056 | 013 |031 | 053 | 153 |424 | 021 |28 |NC | 167

NC=Not calculated

Heterogeneity Tests

The data presented in Table 41 were tested for heterogeneity using both the Q-test and I*. Both
tests found these data to be heterogeneous (Q=137.27, P<0.0001; I’=92.72). Consequently, these
data could not be combined in a fixed effects meta-analysis because they did not meet the
assumption that data from the included studies were homogeneous.

Exploration of Heterogeneity

We explored heterogeneity using meta-regression as described in the Methods section of this
evidence report. Because of the small number of studies included in the evidence base for this
question we were precluded from developing meta-regression models that utilized more than one
covariate. Covariates considered in our analyses, which are presented in Table 42, were all
identified a priori as potential contributors to heterogeneity. None of the covariates that could be
assessed were found to independently have a significant impact on the risk rate, A (Table 43).
This should not be construed as meaning that the covariates listed below are unrelated to the risk
rate. This is because the value of our analysis is limited by the fact that so little information
pertaining to the covariates of interest were reported. For example, AED withdrawal following
successful surgery is considered to be a potential risk factor for seizure recurrence.(127,130)
Consequently, one would expect that differences among included studies in the proportion of
seizure-free individuals who underwent AED withdrawal may be an important source of
heterogeneity. Since few of the studies reported on the number of individuals who underwent
drug withdrawal during follow up, it was not possible to determine the impact that this
potentially influential covariate had on outcome.
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Table 42. Covariates Considered in Univariate Meta-Regression Analyses
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*Not included in meta-analyses so these data are not needed for meta-regression analyses.
NR=Not reported
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Table 43. Findings of Univariate Meta-regression Analyses (unrestricted maximum
likelihood models)

Covariate Coefficient | 95% CI P= Coefficient | Residual Model Total Tau?
significant?

Study level covariates

Prospective? 0.18 -0.47100.83 0.5849 No 14.55423 0.29845 14.85267 0.08569
Multicenter? 0.18 -0.47100.83 0.5849 No 14.55423 0.29845 14.85267 0.08569
Min seizure free period -0.15615 -0.45t00.14 0.30276 | No 14.31580 1.06199 15.37778 0.08033
Study quality score 0.03 -0.18t00.23 0.79666 | No 14.50846 0.06640 14.57486 0.05893

Patient level covariates

% patients treated with

femporal lobectomy? -0.00 -0.03 10 0.02 0.88933 | No 14.83790 0.01937 14.85726 0.08564

Pooling of Hazard Rate Data using a Random-Effects Model

Because we could not explain the observed heterogeneity across the hazard rates determined for
each included study, we pooled these data using a random-effects model. Such a model allows
the incorporation of heterogeneity into the summary estimate of the hazard rate and its
confidence intervals. The result of this meta-analysis is presented in Figure 12. The random-
effects summary hazard rate was found to be 0.39 (95 percent CI: 0.26 to 0.53).

Figure 12. Random Effects Meta-Analysis of Hazard Rate (1) Data

Study name Statistics for each study A fean and 95% CI
Standard Lower Upper
Mean error  Variance limit limit Z-Value p-Value
Jeha 0.291 0.126 0.016 0.043 0.539 2.300 0.021 -
Kelly 0.720 0.092 0.008 0.540 0.900 7.850 0.000 -
Spencer 0.300 0.113 0.013 0.078 0.522 2.646 0.008 -
Mcintosh ~ 0.090 0.018 0.000 0.055 0.125 5.102 0.000
Yoon 0.170 0.061 0.004 0.050 0.290 2.788 0.005 L
Jutila 0.440 0.039 0.002 0.363 0.517 11.193 0.000 L]
Salanova  1.020 0.223 0.050 0.583 1.457 4.579 0.000 —
So 2.120 0.926 0.857 0.305 3.935 2.290 0.022
Eliashiv 0.160 0.022 0.000 0.118 0.202 7.383 0.000 =
Foldvary 1.540 0.577 0.332 0410 2.670 2.671 0.008 —_—
Rougier 1.030 0.280 0.078 0.482 1.578 3.682 0.000 —_—
0.396 0.068 0.005 0.263 0.528 5.852 0.000 -

-4.00 -2.00 0.00 2.00 4.00

Construction of the Summary Survival Function

In order to simulate a summary survival curve from the random effects summary hazard rate
estimate presented above, one must determine the constraints that apply. In this instance, it is
clear that S(#) will not decay to zero as t approaches infinity. Rather, for each included study, S(z)
reaches a plateau (Figure 11) at some value >0. Because the plateau differs from study to study
(Table 44) it is necessary to determine a summary estimate of S(z) for each study at its plateau
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and then pool these data using random-effects meta-analysis in order to obtain an “average”
plateau. The result of this analysis is presented in Figure 13.

Table 44. Plateau and 95% CI for Included Studies
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Plateau 0.52 0.38 0.49 0.49 0.46 0.43 0.58 0.63 0.70 0.52 NC 0.45

Lower 95 % CI 034 | 033 |02 |03 |023 |039 | 055 | 058 |066 | 044 | NC 0.37
Upper 95% ClI 0.71 043 | 079 | 060 | 069 | 047 | 061 068 | 074 | 060 | NC 0.53

Figure 13. Determination of Lower Constraint (Plateau) for Simulated Summary Survival

Curve
Study name Statistics for each study Plateau and 95% CI
Standard Lower Upper

Mean error  Variance limit limit Z-Value p-Value
Jeha 0.520 0.082 0.007 0.360 0.680 6.358 0.000 —
Kelly 0.380 0.022 0.000 0.337 0.423 17.192 0.000 -
Spencer 0.490 0.130 0.017 0.234 0.746 3.757 0.000 s
Mclntosh 0.490 0.049 0.002 0.395 0.585 10.077 0.000 -
Yoon 0.460 0.102 0.010 0.261 0.659 4.524 0.000 —
Jutila 0.430 0.018 0.000 0.395 0.465 24.318 0.000 -
Salanova  0.580 0.013 0.000 0.554 0.606 43.735 0.000 L]
So 0.630 0.022 0.000 0.587 0.673 28.503 0.000 -
Eliashiv 0.700 0.018 0.000 0.665 0.735 39.588 0.000 -
Foldvary 0.520 0.035 0.001 0.451 0.589 14.704 0.000
Rougier 0.450 0.035 0.001 0.381 0.519 12.725 0.000

0.518 0.038 0.001 0.444 0.592 13.773 0.000

-1.00 -0.50 0.00 0.50 1.00

Having determined a summary estimate for the plateau and the hazard rate, we next generated a
summary survival curve. This simulated summary survival curve is presented in Figure 14.
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Figure 14. Summary S(t) and 95% Confidence Interval
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Probability of Seizure Recurrence in Next Year given Prespecified Seizure Free Period

20

The Austroads guidelines (see Background section) suggest that an annual seizure risk of 20
percent—50 percent for private license holders and 1 percent—2 percent for commercial drivers
are acceptable levels for an individual to drive. Consequently, we used the summary survival
curve constructed above (Figure 14) to determine a conservative estimate of the likelihood that a
surgically treated individual will experience seizure recurrence within the following year given
that they have been seizure free for a specified period of time (Table 45). These data which are
shown graphically in Figure 15 suggest that individuals who have been seizure free for at least

eight years following surgery have an annual risk for seizure recurrence of <2 percent.

Individuals who have been seizure free for at least 10 years following surgery have an annual
risk for seizure recurrence of <I percent.

Table 45. Conservative Estimate of Probability for Experiencing Seizure Recurrence in
Year following a Seizure Free Period >1 year

Seizure free Time Period S(t1)-S(t2)/dt | S(t1)-S(t2)/dt | S(t1)-S(t2)/dt | Conservative
period (Yrs) (Yrs) (Lower CL) (Curve) (Upper CL) Estimate
1 1t02 0.101995 0.156961 0.194033 0.194033
2 2103 0.078565 0.105848 0.114437 0.114437
3 3to4 0.060517 0.071379 0.067493 0.071379
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Seizure free Time Period S(t1)-S(t2)/dt S(t1)-S(t2)/dt S(t1)-S(t2)/dt | Conservative

period (Yrs) (Yrs) (Lower CL) (Curve) (Upper CL) Estimate
4 4105 0.046615 0.048135 0.039806 0.048135
5 5t06 0.035907 0.032460 0.023477 0.035907
6 6to7 0.027658 0.021889 0.013846 0.027658
7 7108 0.021305 0.014761 0.008166 0.021305
8 8109 0.016411 0.009954 0.004816 0.016411
9 9t0 10 0.012641 0.006713 0.002841 0.012641
10 10to 11 0.009737 0.004527 0.001675 0.009737
1 11t0 12 0.007500 0.003053 0.000988 0.007500
12 12t0 13 0.005777 0.002059 0.000583 0.005777
13 13to0 14 0.004450 0.001388 0.000344 0.004450
14 14t0 15 0.003428 0.000936 0.000203 0.003428
15 15t0 16 0.002640 0.000631 0.000120 0.002640
16 16t0 17 0.002034 0.000426 0.000070 0.002034
17 17t0 18 0.001567 0.000287 0.000042 0.001567
18 180 19 0.001207 0.000194 0.000024 0.001207
19 19 to 20 0.000930 0.000131 0.000015 0.000930
20 20to 21 0.000716 0.000088 0.000008 0.000716

11/30/2007

Figure 15. Annual Risk for Experiencing Seizure Recurrence Following a Seizure Free
Period of >1 year
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This figure shows that the annual seizure recurrence risk falls below the acceptable risk for commercial motor vehicle drivers in Australia after a seizure free
period of 8 years. If stricter criteria were used, such as a 1% seizure recurrence risk, one would not permit an individual with epilepsy to drive a commercial
vehicle until they have been seizure free following surgery for at least 10 years.

Other Risk Factors for Seizure Recurrence

Although there is an inverse relationship between time since surgery and the probability for
seizure recurrence, a number of further “modifying” factors have also been identified. These
factors will have an impact on the accuracy of the seizure recurrence probabilities presented
above. Additional factors that have been assessed and found to be predictive of seizure
recurrence among “‘seizure-free” individuals are seizure presented in Table 46. The reader should
note that there is little agreement at this time as to which factors comprise the best predictors of
seizure recurrence among individuals who were considered seizure free following surgery.
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Table 46. Risk Factors for Seizure Recurrence following Surgery

11/30/2007

Reference

Year

Type of
surgery

Definition of
Seizure Free

Method used to identify risk factors

Risk factors considered

Significant Risk Factors

Spencer et
al.(126)

2005

Temporal
lobectomy or
other
neocortical
resections

Seizure free
with or without
aura 22 yrs

Bivariate analyses were performed with Chi-

square tests and tests for trend when appropriate.

In addition, proportional hazards analysis used to
estimate bivariate rate ratios (RR) for each factor
with respect to both of the outcomes, 2-year
remission and relapse after 2-year remission. For
multivariate analysis, authors used a proportional
hazards model.

Seizure variables

o (lassification

e Frequency

o Severity
Chronologic variables
o Duration of epilepsy
e Age at onset of epilepsy
o Age at study entry
Demographic variables
o Sex

e Race

o Cognitive function
o Education

o Employment
Other variables

o MRI with focal abnormal features unilateral or
bilateral hippocampal atrophy on qualitative
interpretation, with or without signal change

e |ctal and interictal EEG localization from scalp
and intracranial recordings

Postoperative variables
o Results of pathology report

e Interval to seizure remission (counted from
day of hospital discharge)

o Presence of auras in post operative seizure-
free patients

o Interval to seizure remission (Individuals who
entered remission slowest more likely to
relapse)

Kim et al.(127)

2005

Temporal
lobectomy

Seizure-free
with no auras
21yr

Comparison of recurrence rate among those who
underwent AED withdrawal (20/60) and those
who did not (1/6)

e AED withdrawal*

o Duration on AED from onset of a seizure-free
state to time of withdrawal

o |Immediate or delayed remission

o AED withdrawal*

o Duration on AED from onset of a seizure-free
state to time of withdrawal
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Reference

Year

Type of
surgery

Definition of
Seizure Free

Method used to identify risk factors

Risk factors considered

Significant Risk Factors

Mcintosh et
al.(130)

2004

Temporal
lobectomy

Seizure free
with or without
aura=2 yrs

Univariate and Multivariate Cox proportional
hazards regression modeling

o AED withdrawal*

o Pathology

o Age at disease onset

o Duration of disease

o Age at surgery

o Preoperative generalized seizure

o No risk factors significant

Burneo et
al.(136)

2005

Temporal
lobectomy

Engel | at 1
year

Univariate and Multivariate logistic regression

e Race

o Age at surgery

o Duration of disease

o History of febrile seizures
o Lateralization of foci

e Handedness

o Left lateralization of seizure foci
o African-American Race

Stavem et
al.(137)

2004

Temporal
lobectomy

Engel |, 22 yrs

Logistic regression analysis

o Gender

o Age at surgery

o Age at onset of seizures

o Duration of disease

o Etiology

o Generalized vs not generalized seizures
o Seizure frequency Intelligence quotient
o |ctal EEG findings

¢ MRIfindings

e SPECT findings

o Side of resection

o Extent of the resection

Focal pathology in preoperative MRI
Extent hippocampal resection

Yoon et
al.(131)

2003

Temporal
lobectomy

Seizure free,
21yr

Univariate and Multivariate Cox proportional
hazards regression modeling. Univariate and
Multivariate logistic regression

e Gender

o Age at surgery

o Age at onset of seizures
o Duration of disease

o Etiology

o Side of resection

Univariate

o Age at surgery

o Duration of disease
o Pathology
Multivariate

o Duration of disease
o Normal pathology

Jutila et
al.(132)

2002

Temporal
Lobectomy

Seizure free

Logistic regression analysis

o History of (complex) febrile seizures
e Age at onset of disease

e Duration of disease

o Etiology of epilepsy (MRI)

o Onset of epilepsy before the age of five years

o Hippocampal atrophy with or without temporal
cortical atrophy on qualitative MRI

o Other unilateral structural lesions of the
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Reference Year | Type of Definition of Method used to identify risk factors Risk factors considered Significant Risk Factors
surgery Seizure Free
o Preoperative seizure frequency temporal lobe on qualitative MRI
e Seizure type predominance o Focal seizures with ictal impairment of
o Type of operation consciousness
o Focalictal EEG as a predominant seizure
type
Salanova et 2002 | Temporal Engel I, 1yr Comparison of group of seizure free individuals o Age at surgery o No risk factors significant
al.(138) lobectomy and individuals with seizure recurrence o Duration of disease
o Side of resection
Killpatrick et 1999 | Temporal Engel | Comparison of group of seizure free individuals e % patients with a history of febrile seizures e No risk factors significant
al.(139) lobectomy and individuals with seizure recurrence o Mean age at febrile convulsions
Significant differences in factors across two o
groups tested using Mann-Whitney U-test *  owomen
o % left temporal lobectomy
e Mean age of onset of non-febrile seizures
e Mean age at surgery
o Duration of epilepsy
o Number of patients with greater than weekly
seizures
o Number of pts with history of secondary
generalized seizures
o Frequency of secondary generalized seizures
in previous 5 years
Eliashiv et 1997 | Temporal Engel | Kaplan Meir curves for subgroups compared o Age at surgery e Lesion pathology
al.(133) lobectomy using log-rank test o Duration of disease o Duration of disease
e Lesion pathology e Psychological adjustment
e Psychological adjustment
o Risk factors for epilepsy
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Section Summary

The longer the time that has elapsed since the occurrence of the last seizure in an individual
who has undergone surgery for focal epilepsy (primarily temporal lobectomy), the lower
the risk for seizure recurrence in the following year (Strength of Evidence: Acceptable).

O The average annual risk for experiencing seizure recurrence among individuals who
have undergone surgery for focal epilepsy and have remained seizure free for >8
years is less than 2% (Stability of Estimate: Low).

O The average annual risk for experiencing seizure recurrence among individuals who
have undergone surgery for focal epilepsy and have remained seizure free for >10
years is less than 1% (Stability of Estimate: Low).

12 studies (Median Quality Score=6.25: Low) met the inclusion criteria for Key Question 3.
All twelve studies were case series in which data on seizure status, recorded over a period of
several years, was analyzed using typical survival (time-to-event) analysis techniques. Data on
seizure status was usually drawn retrospectively from medical records (only one study was
prospective). Sometimes this information was supplemented by telephone interviews of the
patient or a close family member.

All of the included studies were designed to assess the long-term effectiveness and safety of
surgery for medically intractable localized epilepsy. The majority of included studies examined
the long-term effectiveness of temporal lobectomy, three included studies evaluated the
effectiveness of other surgical procedures in addition to temporal lobectomy. Other procedures
assessed by these studies included frontal, occipital, and parietal lobectomies. As a
consequence, the findings of our analysis are generalizable only to individuals who become
seizure free following one of these procedures.

A summary time-to-event (survival) function was determined from relevant data extracted from
the 12 included studies using curve fitting software. Time-to-event data from each study was
well fit using a non-linear regression model in which the underlying probability distribution
was exponential. The hazard function for a survival curve with an exponential probability
distribution is described by a single constant, the hazard rate. In order to model a summary
time-to-event curve, the hazard rate and its 95 percent confidence intervals determined for
each included study. A hazard rate could not be determined for one of the 12 studies because
too few data points were available for a curve to be reliably fitted.

Heterogeneity testing of the hazard rate data from the 11 remaining studies were found to be
heterogeneous (0=137.27, P<0.0001; F=92.72). This heterogeneity was explored using mixed
effects maximum-likelihood meta-regression. Because of the small number of studies included
in the evidence base for this question we were precluded from developing meta-regression
models that utilized more than one covariate. None of the covariates that could be assessed
were found to independently have a significant impact on the risk rate, 1.

Because the observed heterogeneity across the hazard rates could not be explained we pooled
these hazard rate data using a random-effects model which incorporated the heterogeneity into
the summary estimate of the hazard rate and its confidence intervals. The random-effects
summary hazard rate was found to be 0.39 (95 percent CI: 0.26 to 0.53).
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The summary hazard rate and its 95 percent confidence intervals were used to construct a
summary time-to-event curve which in turn was used to determine a conservative estimate of
the likelihood that a surgically treated individual will experience seizure recurrence within the
following year given that they have been seizure free for a specified period of time.

According to guidelines from Austroads (see Background section) an annual seizure risk of 20
percent—50 percent for private license holders and 1 percent-2 percent for commercial drivers
are considered acceptable risk levels for allowing an individual to drive. The findings of our
model suggest that individuals who have been seizure free for at least eight years following
surgery have an annual risk for seizure recurrence of <2 percent. Individuals who have been
seizure free for at least 10 years following surgery have an annual risk for seizure recurrence
of <I percent.

Key Question 4: What is the relationship between seizure recurrence
likelihood and the time since last seizure among individuals who have
experienced a single unprovoked seizure?

Introduction

Unprovoked seizures are defined as seizures that occur without an identified proximate
precipitant.(140) They are further classified into remote symptomatic seizures (associated with a
known neurological injury or syndrome, but without the acute precipitating event or insult which
initiates the seizure activity) or idiopathic/cryptogenic seizures(the cause does not appear to be
related to a recognized insult to the central nervous system or other condition).(141,142)

Approximately 5 percent of the population will experience at least one unprovoked seizure
during their lifetime.(143,144) The risk of experiencing a first unprovoked seizure appears to
increase with age: Kotsopoulos et al. estimated that the annual incidence of unprovoked seizures
was 25 per 100,000 people among those aged 24-44; 51 per 100,000 people among those aged
45-64; and 120 per 100,000 people among those aged 65 or older.(145) Some individuals who
have an unprovoked first seizure will eventually go on to have additional seizures and be
diagnosed with epilepsy, a chronic condition characterized by multiple recurrent unprovoked
seizures.(18,144)

Risk Factors for Seizure Recurrence and Driver Safety

The risk of seizure recurrence poses a potential danger, particularly in individuals involved in
certain occupations like driving and operating dangerous machinery.(146) Therefore, it is
important to have an estimate of the risk of relapse and to identify individuals who are at higher
risk of recurrence. Reported risk factors for seizure recurrence include the following: an
underlying neurological abnormality (remote symptomatic etiology), presence of epileptiform
activity on EEG, focal neurological findings, tumors or other progressive lesions and family
history of seizure.(141,147)

Rationale for Key Question

Current FMCSA recommendations suggest that an individual who has had a single unprovoked
seizure without seizure recurrence for at least 5 years and who is not taking an AED may be
considered fit to drive a CMV. This recommendation takes into account the contention that the
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annual risk for seizure recurrence is acceptably low after this period of time in this specific
population. In this section we identify studies that have directly measured the time-to-seizure
recurrence in groups of individuals who have experienced a single unprovoked seizure in order
to quantify the relationship between seizure-free period and seizure recurrence likelihood.

Identification of Evidence Base

The identification of the evidence base for Key Question 4 is summarized in Figure 16. Our
searches (Appendix A) identified a total of 197 articles that appeared to be relevant to this key
question. Following application of the retrieval criteria (Appendix B) for this question, 43 full-
length articles were retrieved and read in full. Of these 43 articles, four met the inclusion criteria
(Appendix C) for Key Question 4. Table D-4 of Appendix D lists the 39 articles that were
retrieved but then excluded and provides rationale for their exclusion. Table 30 lists the four
articles that met the inclusion criteria for Key Question 4.

Figure 16. Development of Evidence Base for Key Question 4

Articles identified by
searches (k=197)

Articles not retrieved
(k=154)

Full-length articles
retrieved (k=43)

Full-length articles
excluded (k=39): See
Appendix D

A

Evidence base (k=5)

Table 47. Evidence Base for Key Question 4

Reference Year | Study Location Country

Kollar et al.(148) 2006 | Comenius University Slovak Republic
Gilad et al.(143) 1996 | Edith Wolfson Medical Center Israel

van Donselaar et al.(149) 1991 | University Hospital, Rotterdam The Netherlands
Hopkins et al.(144) 1988 | St. Bartholomew’s Hospital, London United Kingdom
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Evidence Base

This subsection provides a brief description of the key attributes of the four studies that comprise
the evidence base for this key question. Here we discuss pertinent information pertaining to the
quality of the included studies and the generalizability of each study’s findings to drivers of
commercial vehicles.

Characteristics of Included Studies

The primary characteristics of the four included studies that address Key Question 4 are
presented in Table 48. The four studies were published between 1988 and 2006, and enrolled a
total of 777 individuals. Three studies were prospective. The remaining study was both
prospective and retrospective. Two studies began monitoring patients very soon after the single
seizure. In the remaining two studies, some time had elapsed (e.g., 10 days) between the single
seizure and the start of patient monitoring. The maximum length of follow-up ranged from two
to seven years.

Each study attempted to verify two critical aspects: 1) that this was the patients first-ever seizure,
and 2) that the seizure was unprovoked. All four studies stated explicitly that the intent was to
assess the risk of recurrence in patients who had a single unprovoked single seizure. Details of
each study's verification methods appear in Table 49. In three studies (Glad et al., van Donselaar
et al. and Hopkins et al), the diagnosis was made based on the medical history, the observations
of eyewitnesses, the neurological examination and the findings from the family history. A
complete description of the first seizure was provided and previous events were explored. In
Kollar et al., information was collected from clinical documentation and completed patient
histories. Blood tests were performed to screen for medical disorders that may be linked to
seizures in three of the included studies. Additional diagnostic procedures used to support the
clinical examination included EEG, CT and MRI: an EEG was obtained for most of the patients
in all 4 included studies, CT scanning was performed in three of the studies, and MRI was
mentioned in only one study.(143)

Table 48. Key Study Design Characteristics of Studies that Address Key Question 4

Reference Year | Design Population source N= Time between seizure and Follow-up time
referral
Kollar et al.(148) 2006 | Prospective and University hospital 30 None; study reported individual 3to 7 years
retrospective ages at time of seizure, and also
seizure recurrences from that
time point
Gilad et al.(143) 1996 | Prospective Outpatient clinic 87 Less than 24 hours Up to 36 months or until
recurrence of 2d seizure
Van Donselaaret | 1991 | Prospective University and 165 Less than 24 hours: 51% 1to 2 years
al.(150) general hospitals 1-14 days: 35%
14-90 days: 14%
Hopkins et 1988 | Prospective Specialty clinical 408 Less than one week: 25% Up to 4 years
al.(144) referrals 1 wk-1 mo: 25%
1 mo-2 mo: 26%
2 mo-?: 24%
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Table 49. Case Ascertainment Methods in Studies that Address Key Question 4
Reference Year | Single seizure Unprovoked seizure
Kollar et al.(148) 2006 | Information collected from clinical documentation and from Investigators evaluated patient history of febrile seizures,
completely filled out forms of patient history. family history of epilepsy, neurological status, type of
convulsion, EEG findings
Gilad et al.(143) 1996 | A diagnostic was based on the description of the reported All patients examined by 3 neurologists. Detailed family
attack by observers and on the findings from the family history was evaluated. Biochemical analysis,
history, and was classified clinically according the echocardiography, EEG, CT and MRI were performed for
International Classification of Epilepsy (1989). every patient.
Exclusion criteria: Exclusion criteria:
o Patients with history of partial seizures o Seizure induced by alcohol or other drugs or toxic
o Patients presenting with status epilepticus substances; including metabolic disorder
o Progressive neurological disease
o New or old infarction of the brain
o Intracerebral bleeding
e Brain tumors
o Vascular malformations confirmed by in medical history
or neurological imaging
Van Donselaaret | 1991 | The diagnosis was based on the description of the episode All patients evaluated by 3 neurologists before admission.
al.(150) according to prespecified diagnostic criteria, the medical Patients were admitted if it appeared to be no clinical cause
history , and the neurological examination. for seizure.
Exclusion criteria: Patients with seizures that may have been induced by sleep
o Patients who had seizures other than febrile convulsion deprivation or stress were included. (Patients who had
in the past experienced extreme conditions such as not sleeping for
o Patients presenting with status epilepticus. several days were excludgd). _
o Patients that may have experienced a seizure lasting glOOd saTspZIes were obtained for all patients and CT was
longer than 30 minutes. one on 162 patients
Standard EEG was done on 151 patients. All EEGs were
read by one neurologist who had no access to the clinical
information (blinded); rated as normal, showing epileptic
discharges or showing other abnormalities.
Hopkins et 1988 | Neurologist obtained descriptions of first seizure at the initial Neurologist obtained relevant medical information such as
al.(144) neurological consultation. family history of febrile convulsions or seizures, history of

Exclusion criteria:

o Medical history revealed first seizure was not the first
(absence in childhood)

o Patients who had more than one seizure in 24 hours

o Patients who had their second seizure after referral but
before attending the neurological outpatient clinic

previous head injury.

EEG, CT, Hematological and biochemical screening tests
were performed.

EEGs were coded by clinical neurophysiologist at referring
center and sometimes by the authors.

Anoxic seizures were excluded.

Investigators made no attempt to exclude seizures provoked
by alcohol or its withdrawal.

Quality of Included Studies

The findings of our assessment of the quality of these studies are presented in Table 50. Our
assessment of the quality of the studies that comprise the present evidence base found the quality
of one study to be moderate, and three studies to be low. Therefore, the overall quality of the

evidence base was low (Median Quality Score: 6.72, Quality = Low). The primary reasons for
the low quality were: less than 85 percent of patients completing the study to the longest time

point (three studies); patient monitoring began more the one week after the single seizure (two
studies); only one study reported that patients were monitored proactively for seizure recurrence;
no report regarding whether consecutive patients were enrolled (two studies); no report regarding
whether the inclusion/exclusion criteria were established a priori (two studies); and lack of
reporting of funding source (two studies).
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Table 50. Quality of the Studies that Address Key Question 4

Reference Year Quality Scale Used %l::}lly Quality
Kollar et al.(148) | 2006 ECRI Quality Assessment Instrument X: Case-Series (time-to-event) 5.6 Low
Gilad et al.(143) 1996 ECRI Quality Assessment Instrument X: Case-Series (time-to-event) 8.3 Moderate
;/Ié(q 5D0c;nse|aar et 1991 ECRI Quality Assessment Instrument X: Case-Series (time-to-event) 6.1 Low
;o(qt("z)s et 1988 ECRI Quality Assessment Instrument X: Case-Series (time-to-event) 6.7 Low

Generalizability of Evidence to Target Population

The purpose of this subsection is to provide details of the extent to which the individuals enrolled
in the studies that address Key Question 4 are similar to CMV drivers in the United States.
Important characteristics of the individuals included in the studies that address Key Question 4
are presented in Table 51.

The generalizability of the individuals enrolled in the four included studies to CMV drivers is
unclear. None of the studies included information about the occupation or the driving experience
of the participants, making it difficult to generalize on the basis of employment or driving
exposure. Other factors that may limit the generalizability of the findings of the four studies to
the target population include the following: 1) The proportion of women in the included studies
is higher than the prevalence of female CMV drivers; and 2) Some of the individuals enrolled in
these studies were very young. However, CMV drivers in the United States tend to be older (over
40 years of age) and often have a number of medical conditions.
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Table 51. Individuals in Studies that Address Key Question 4
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Kollar et al.(148) 2006 | Patients dispensary of the 1st NR 30 39 Generalized: 50% | Idiopathic/ 47% 53% NR NR Unknown
Department of Neurology, Rng: 19-81 Partial: 50% Cryptogenic: 27%
Comenius University and Late
Faculty hospital in Slovakia :
symptomatic:
73%
Gilad et al.(143) 1996 | Age: between 18 and 50 Partial seizures, 87 Treated group: Generalized NR 52% 48% NR NR Unknown
ye?rsiipa:ielr)ts ssetn in Seizure induced by alcohol or 301213 tonic-clonic:
outpatient clinic between other drugs or by metabolic - | 100%
1985 and 1990 that disorders e
egpelger;(iﬁd a smgIT ep(;leptlc Status epilepticus, o
? ac Io ) etgeneraéze progressive neurological
onlc-cto?lc Wﬁha”h ial disease, new and old
pr.ﬁ?enzi 'r?n a f? ?ﬁpl a infraction of the brain,
tht mk ours after the intracerebral bleeding, brain
attack. tumor, vascular malformation
Van Donselaaret | 1991 | All patients = 15 years with a Patients who had had a 165 38 Majority: Idiopathic 15% 59% NR NR Unknown
al.(150) presumed idiopathic seizure other than febrile (range 15-85) generalized
untreated first seizure referred | convulsions in the past, Partial: 3 pts
to the hospital between 1986 patients presenting with a
and 1988. Patients with status epilepticus, pts
seizures that may have been experiencing extreme
induced by sleep deprivation conditions such as not
or stress were included sleeping for several days.
Hopkins et 1988 | All patients History of previous seizures, 408 NR Generalized Idiopathic 15% NR NR NR Unknown
al.(144) (inpatients, outpatients, diagnosed neurological tonic-clonic:
private patients) > 16 years disease, more than one 97.5%
referred with a first seizure seizure in 24h, anoxic Partial: 2.2 %
seizures
Other: 0.3%

NR=not reported
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Findings
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All four studies reported a survival curve or provided sufficient information for calculation of the
survival curve. Relevant data extracted from these studies is presented in Table 52.

Table 5S2. Time-to-Seizure Recurrence Following a Single Unprovoked Seizure

RO, e || 6 12 18 24 30 36 42 48 54 60
months | months | months | months | months | months | months | months | months | months

Kollar et

al (148 2006 | 1.00 | 77.00 70.00 69.16 68.32 67.48 66.50 66.50 66.50 63.75 61

Giladetal(143) | 1996 | 1.00 | 91.23 78.08 60.93 5098 | 4893 | 43.88 . - -

Van Donselaar | 991 | 400 | 8700 | 6800 | 6500 | 6200 . . .

etal.(150)

:"8‘;‘2)3 ot 1988 | 100 | 7800 | 6500 | 5700 | 5600 | 51.00 | 51.00 | 51.00 51 -

Using the methodology described in the previous section, we fit nonlinear models to the data

extracted from each study. As was the case above, time-to-seizure recurrence data from each

study was best fit using a non-linear regression model in which the underlying probability
distribution was exponential. These resulting curves are presented in Figure 17.

Figure 17. Fitted Survival Curve Data for Key Question 4
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Meta-Analysis of Hazard Function Parameters

Effect Size Estimates

11/30/2007

In order to model a summary survival curve, the hazard rate and its 95% confidence intervals for
each included study was determined (Table 53).

Table 53. Hazard Function Estimates and 95% Confidence Intervals for Included Studies

Kollar et al.(148) Gilad et al.(143) Van Donselaar et al.(150) Hopkins et al.(144)
Iy 0.117800 0.034070 0.08304 0.104700
Lower 95 % ClI 0.081700 0.009975 0.02987 0.093970
Upper 95% ClI 0.154000 0.058170 0.13620 0.115500

NC=Not calculated

Heterogeneity Tests

The data presented in Table 53 were tested for heterogeneity using both the Q-test and I*. Both
tests found these data to be heterogeneous (Q=29.38, P<0.0001; [’=89.79). Consequently, these
data could not be combined in a fixed-effects meta-analysis because they did not meet the
assumption that data from the included studies were homogeneous.

Heterogeneity Tests

Due to the small evidence base, we did not attempt to explain this heterogeneity via meta-
regression. Instead, we pooled the hazard rate data using a random-effects model meta-analysis
(Figure 18) and constructed a summary time-to-event curve using the methodology described
above. This curve, which utilized a hazard rate estimate of 0.085 (95% CI: 0.044 to 0.126), is
presented in Figure 19.

Figure 18. Meta-Analysis of Hazard Rate Constant Data from Non-Linear Curve Fits

Study name Point estimate and 95% CI

Statistics for each study

Point  Lower Upper
estimate  limit limit p-Value
Hopkins 0.105 0.094 0.115 0.000 i
Gilad 0.034 0.010 0.058 0.006 -
Kollar 0.118 0.082 0.154  0.000 ——
van Donselaar 0.083 0.030 0.136  0.002 —
0.085 0.044 0.126 0.000 ——

-0.25 -0.13 0.00 0.13 0.25

Having determined a summary estimate for the plateau and the hazard rate, we next generated a
summary survival curve. This simulated summary survival curve is presented in Figure 19.
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Figure 19. Summary Survival Curve for Key Question 4
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As stated in the previous section, the Austroads guidelines suggest that an annual seizure risk of
1 percent—2 percent is acceptable to allow an individual to drive a commercial motor vehicle.
Consequently, we used the summary survival curve constructed above (Figure 19) to determine a
conservative estimate of the likelihood that an individual who has experienced a single
unprovoked seizure will experience seizure recurrence within the following year given that they
have been seizure free for a specified period of time. These data, which are shown graphically in
Figure 20, suggest that individuals who have been seizure free for at least four years have an
annual risk for seizure recurrence risk of <2 percent. A paucity of longer-term follow up data
precludes one from determining the seizure free period required before the annual risk for seizure
recurrence is <1 percent.
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Figure 20. Annual Risk for Experiencing Seizure Recurrence Following a Given Seizure
Free Period
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While Figure 20 provides some preliminary estimates of the risk for seizure recurrence following
a specific period of seizure freedom, we caution the reader that we consider these estimates to be
extremely unstable. Our lack of confidence in the stability of the estimates provided stems
primarily from the fact that the evidence base from which our model was developed is
particularly small and follow up times for which seizure recurrence data was reported was short.

Other Potential Risk Factors For Seizure Recurrence

Other factors may also be associated with increased recurrence risk (Table 54). Three
associations were observed in more than one study:

e No immediate use of AEDs. The use of AEDs immediately after the single seizure is
associated with a lower recurrence risk.

¢ Nighttime seizure. If the single seizure occurred at night during sleep, recurrence risk is
higher than with a daytime first seizure. One possible explanation is that patients with
seizures occurring during sleep may have had previous unrecognized seizures, which might
cause a greater likelihood of recurrence.(147)

e Time between seizure and referral to specialist. A greater lag time has been found to predict
a lesser risk of seizure recurrence.

Results for other factors have been mixed (age, EEG, AEDs, time of day). Some factors have
consistently shown no association with recurrence risk (family history, sex, and seizure type). All
other factors in the table were investigated in only one of the four studies.
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Table 54. Other Factors that May Increase Seizure Recurrence Risk

| Kollar(148) | Gilad(143) | Van Donselaar(150) | Hopkins(144)
General individual characteristics
Age No association NR Younger age No association
Family history No association NR No association No association
Sex No association NR No association NR
Seizure-related characteristics
Febrile seizures No association NR NR NR
Seizure type No association NR NR No association
Structural cerebral lesion No association NR NR NR
Tongue bite NR NR Positive history NR
Diagnostic test results
Abnormal neurological exam No association NR NR NR
CT NR NR NR Tumor on CT
EEG No association No association Epileptic discharges on No association

EEG
Other factors
Anti-epileptic drugs (AEDs) No immediate treatment | No immediate treatment | NR No association
Provocative circumstances NR NR No association NR
Time of day No association NR Nighttime seizures Nighttime seizures
Time between seizure and referral to NR NR >1 day but <2 weeks <8 weeks between seizure
specialist between seizure and and referral
referral

NR - Study did not investigate the association between this factor and seizure recurrence
Note: If a study reported a statistically significant association, then the table entry describes the direction of association. For example, the entry “Younger age”
means that younger individuals had a greater risk of seizure recurrence than other individuals.

Section Summary

The longer the time that has elapsed since the occurrence of a single unprovoked seizure,
the lower the risk for seizure recurrence in the near future (Strength of Evidence:

Acceptable).

0 The annual risk for experiencing seizure recurrence among individuals who have
experienced a single unprovoked seizure and who have remained seizure free for >4
years is less than 2 (Stability of Estimate: Low).

Key Question 4 focused on a specific population of individuals who had experienced one
unprovoked seizure in their lives. A key concern to those involved in road safety is the risk for
seizure recurrence following such a seizure. Consequently, we searched for studies of that
evaluated the risk for seizure recurrence following an individual’s first unprovoked seizure.

Four studies (Median Quality: Low) met the inclusion criteria for Key Question 4. All four
studies were case-series in which a group of individuals were followed after the advent of a
single unprovoked seizure until seizure recurrence occurred. The time-to-event data observed in
these four studies was limited in the length of follow up with only one included study following
individuals for more than five years.
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A summary time-to-event (survival) function was determined from relevant data extracted from
the four included studies using curve fitting software. Time-to-event data from each study was
well fit using a non-linear regression model in which the underlying probability distribution was
exponential. The hazard function for a survival curve with an exponential probability
distribution is described by a single constant, the hazard rate. In order to model a summary
time-to-event curve, the hazard rate and its 95 percent confidence intervals determined for each
included study.

Heterogeneity testing of the hazard rate data from the four included studies were found to be
heterogeneous (0=29.38, P<0.0001; '=89.79). This heterogeneity was explored using mixed
effects maximum-likelihood meta-regression. Because of the small number of studies included in
the evidence base for this question we were precluded from developing any meta-regression
models. Consequently, we pooled these hazard rate data using a random-effects model which
incorporated the heterogeneity into the summary estimate of the hazard rate and its confidence
intervals. The random-effects summary hazard rate was found to be 0.09 (95 percent CI: 0.04 to
0.13).

The summary hazard rate and its 95 percent confidence intervals were used to construct a
summary time-to-event curve which in turn was used to determine a conservative estimate of the
likelihood that a surgically treated individual will experience seizure recurrence within the
following year given that they have been seizure free for a specified period of time. The findings
of our model suggest that individuals who have been seizure free for at least four years following
a single unprovoked seizure have an annual risk for seizure recurrence of <2 percent.

Key Question 5: What is the relationship between treatment
compliance (as measured by drug serum levels) and treatment
effectiveness?

Introduction

The standard of care for most individuals with epilepsy is medication therapy aimed at reducing
or eliminating the frequency of seizures. Because individuals with the disorder may be required
to use AEDs for extended periods of time, compliance (and resulting seizure control) is a
particularly important issue to address. Estimates of medication compliance among individuals
with epilepsy range from a low of 20 percent to a high of 75 percent.(151,151) In addition to
safety concerns associated with reduced seizure control, monetary costs must be considered.
Garnett reports that the average cost of treatment for an uncontrolled individual with epilepsy
who has frequent seizures is $138,602 versus $4,272 for a person with controlled disease (in
1990 dollars).(152)

Noncompliance with AED treatment comes in many forms, including: not taking the correct
dosage (too much or too little); not taking medication at the correct time of day; not taking the
medication for the entire prescribed period; self-regulating the medication or taking it only when
an individual thinks it is needed; or taking other medications that have been proscribed by the
treating physician because they may interact with the AED.(151)

Studying medication compliance is not a straightforward endeavor, in part because definitions of
compliance and non-compliance vary widely in the literature. Some researchers treat compliance
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and non-compliance as two discreet categories, while others examine compliance and non-
compliance as a continuum Another approach utilized is the examination of outside influences
on compliance such as limited access to medication.(151) Garnett(152) has recommended using
the term adherence over compliance, suggesting that the former term is more inclusive by
making the individual with epilepsy more visible in the decision-making process. The latter term,
according to Garnett invokes images of the physician as parent, with the patient/child merely
following orders.

Reasons for non-compliance

There are many reasons for medication non-compliance among epileptic patients. Some of these
issues are addressed in this section of the report.

Cost

Anti-epileptic medications are costly, which can be prohibitive for individuals with a limited
income, who are self-employed, or who lack health insurance.(153-156)

Difficulty following dosage regimen/frequent dosing schedule

Anti-epileptic therapy regimens can be complicated to follow: medications may need to be taken
several times a day; medications may need to be scheduled to avoid the potential for drug
interactions; use of other medications (whether prescribed or over the counter) must also be
carefully monitored to avoid drug interaction. Noncompliance due to memory impairment
associated with age(155) or the disorder is not unknown: Garnett reports that even among those
individuals who want to be compliant, non-compliance may result from forgetfulness brought on
by their uncontrolled seizures.(152)

Adherence to AED use is inversely associated with the number of times a day an individual has
to take the drug.(152,154) Garnett suggests physicians use “adherence cues” such as reminding
patients to take morning medication when they brush their teeth or purchasing a daily pill holder
to increase compliance.(152)

Side Effects

Both the ‘traditional’ (pre-1993) and ‘new’ AEDs have side effects: sedation; ataxia (partial or
total loss of coordinated movement) and nausea are common AED associated adverse events,
along with cosmetic effects such as weight gain, hirsutism and gingival hyperplasia.(151)

Among older adults with epilepsy who participated in a quality of life study, 64 percent reported
that medication side effects reduced their quality of life.(153) For more information on common
side effects of AEDs, see the “Background” section above.

Poor patient education/comprehension of the disease

Long et al. found that 30 percent of individuals who participated in disorder knowledge study
believed epilepsy was a mental disorder or a contagious disease.(157) Garnett found that some
individuals who were currently seizure free believe that medication was no longer
necessary.(152)
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Denial of Illness

As with any disorder, some individuals with epilepsy have been demonstrated to be in denial
about their medical condition.(152)

Lack of Support Systems

Factors such as a good support system in the home and feeling a part of the decision-making
process in their treatment plan have been found in the literature to be associated with increased
compliance in individuals with epilepsy.(151,152,154)

Incidence and Prevalence of Patients on AEDS in the United States

For a detailed discussion on how many individuals with epilepsy in the United States are
currently prescribed at least one AED, see the “Background” section above..

Methods for measuring compliance and non-compliance

Compliance has been assessed using a variety of methods; both non-invasive and invasive.
Below we consider several of these methods and explain why we chose to consider only those
studies that measured AED treatment compliance using serum drug level testing.

Non-invasive methods for measuring AED treatment compliance

Researchers measure medication compliance and non-compliance in a number of ways. The
simplest and least expensive method is self-report, which is usually ascertained by interview or
questionnaire. While some researchers have found that there is agreement between self-reported
and other more objective measures of compliance, self-reports are considered unreliable because
evidence suggests that some patients tend to overestimate their degree of
compliance.(154,156,158,159) For example, in a systematic review of medication adherence for
a whole spectrum of disorders, Krueger et al. found that self-report overestimated compliance by
between 130 percent-200 percent when compared with more objective biochemical measures and
pill counts.(160)

Another method for measuring compliance involves the monitoring of prescription refill
histories. Physicians interested in estimating an individual’s compliance with their medication
regimen may ascertain how frequently the prescription was refilled and the number of days
between refills. However, the compliance of patients who possess free samples of the drug or
who lose or share pills is impossible to determine: consequently, prescription monitoring is not
generally considered an accurate method by which one can measure compliance.(151)

Compliance can also be assessed by counting the remaining number of pills and comparing that
result with the number of pills that should be present given good compliance. As with self-
reporting measures, there are a variety of methods by which the pill count may be altered,
including misplacing the bottle, removing pills prior to an office visit, or taking a double dose of
medication following a missed dosage.(151,161)

To assist compliance ascertainment, some individuals utilize the Medication Event Monitoring
System (MEMS). MEMS are computerized pill bottles that have the ability to record the date and
time that the bottle was opened, allowing a physician to track when and how frequently the
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individual is taking their medications. This method is not without flaws, as an individual using
AEDs may simply open the bottle, but not ingest the drug.(151)

Because of the problems associated with self-reporting and pill counting as means for measuring
compliance, other methods are required. Non-invasive methods such as acquiring saliva, urine,
or hair samples to determine the concentration of a particular drug in the individual’s body.(162-
164) Of these non-invasive methods, hair sampling appears to be the most useful, in that it can
provide information about serum drug levels over an extended period. According to Williams,
drugs enter the hair via passive diffusion, become sequestered and are then encapsulated in the
hair shaft. The hair emerges above the scalp and becomes available for analysis, thus allowing
determination of drug compliance at any particular time.(164) Hair sampling is not without
drawbacks: it is not able to detect minor changes in compliance but, instead, only erratic or total
noncompliance;(164,165) and the analysis it requires is complex and interpretation can be
influenced by factors such as hair color, washing frequency, ethnic origin and chemical
treatments.(165)

Both hair and saliva samples are said to agree well with trough plasma concentrations.(162,164)
None of the articles reviewed commented on agreement rates between urine AED levels and
blood serum concentrations.

Invasive methods for measuring AED treatment compliance

The most objective and widely accepted method for measuring compliance to a drug treatment
regimen is to examine the level of the drug in the blood and determine whether that level falls
within an expected therapeutic range. Ideally, within person, across time comparisons can be
obtained to identify fluctuations in AED levels that are indicative of changes in
compliance.(151,164) While more objective than self-reports, this method is not without its
drawbacks, as detailed below.

1. With rapidly cleared medications, individuals can feign compliance by taking the
medication in the days just before the blood draw, causing the test to demonstrate
adequate drug concentrations.(151,161) However, if the medication being measured has
a long half-life, the investigator will be provided with information on the preceding
week or longer, giving a more accurate picture of the individual’s medication taking
behavior.(161)

2. Physicians must be mindful of such factors as time from last dosage, metabolism and age,
as each of these variables affects serum concentration levels.(151) For example, if the
person with epilepsy has a fever, they will eliminate the AED faster and show a lower
serum concentration, which could mistakenly be interpreted as non-compliance.(16)

3. Physicians must also be aware of the other medications their patients are taking. For
example, antacids have been found to decrease the absorption of phenytoin;(152) while
the addition of another AED can affect concentrations of previously prescribed AEDs,
or change the pharmacokinetic properties of one or both AED, as has been seen with a
topiramate / phenytoin polytherapy.(16,166)

The comparison of blood levels across individuals may be a problematic approach, as natural
variations in the concentration of the drug of interest occur from person to person. Similarly,
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comparisons being made via drug serum level testing at different time points within the same
person, may not serve to detect accurate dosing patterns.(167)

In addition, the concept of the “therapeutic range” is a broad generalization, with individuals
requiring, and/or tolerating different medications at different dosage levels, depending on factors
unique to that individual(16) While sub-therapeutic readings can indicate non-compliance, they
may also suggest inadequate prescribing by the treating physician or simply be a reflective of a
high sensitivity to the drug of interest.(168)

Because of the issues above, many researchers consider the variation in serum levels present
across several (23) serum samples taken on different occasions; this measure of compliance
being called the “coefficient of variation” (CV). At this time, however, CVs have only been
established for carbamazepine, phenytoin, and valproic acid.(169) A CV of less than 20 percent
for phenytoin and less than 25 percent for carbamazepine and valproic acid is considered an
indicators of good compliance to treatment.(151,167)

Evidence Base Identification

We searched for studies of any design with a minimum of 10 subjects per arm that reported on
both seizure frequency and compliance as measured by drug serum levels. The evidence-base
development pathway for Key Question 5 is presented in Figure 21. Our searches identified a
total of 847 articles. Of these, 126 articles appeared to be directly relevant to this key question
and were retrieved. Many of the articles were drug trials that assessed the efficacy and
tolerability of various AEDs or evaluating the effects of adding or withdrawing a medication.
While many of these trials did measure drug serum concentrations and retention rates (how long
a patient stayed on the drug, regardless of whether they went off the medication on their own or
because the physician advised a change), they rarely reported on patient compliance.

Consequently, only five of the 126 retrieved articles met the inclusion criteria for this key
question (Table 55). Table D-5 of Appendix D lists the 121 articles that were retrieved but then
excluded and provides the reason for their exclusion. Detailed information pertinent to this
section that has been extracted from the included studies is presented in Study Summary Tables
that can be found in Appendix G.
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Figure 21. Evidence Base Development Process

Articles identified by
searches (k=847)

Articles not retrieved
(k=721)

Full-length articles
retrieved (k=126)

Full-length articles
excluded (k=121): See
Appendix D

A

Evidence base (k=5)

Table S5. Evidence Base for Medication Compliance and Seizure

Primary Reference Year | Study Location Country
Kemp et al.(170) 2007 | Leeds UK
Krauss et al.(94) 1999 | Maryland USA
Dilorio et al.(171) 1991 | Georgia USA
Peterson et al(172) 1984 | Hobart Australia
Z\I’_?;‘;‘g)maker o 1980 | South Carolina USA

Evidence Base

This subsection provides a brief description of the key attributes of the five included studies
which reported information that provides insight into the relationship between AED treatment
compliance (as measured by drug serum levels) and seizure frequency. Applicable information
pertaining to study quality and the generalizability of each included study to drivers of CMVs is
discussed later in the next sub-section of the evidence report. Detailed information pertinent to
this section that has been extracted from the included studies is presented in Study Summary
Tables that can be found in Appendix G.

The key attributes of each of the five included studies that address Key Question 5 are presented
in Table 56. As per the inclusion criteria for this question, all five studies measured compliance
with drug serum level and reported on seizure frequency. The five included studies utilized the
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following designs: randomized controlled trial (k=2); case-control study (k=2); and cohort study
(k=1).

All five included studies were small, with sample sizes ranging from 30 to 64. Study populations
for all but Krauss et al. were made up of individuals with epilepsy who attended outpatient
hospitals or specialist clinics. The cases included in the study of Krauss et al. differed from the
other four included studies in that they consisted of individuals with epilepsy who had
experienced a seizure-related crash. The control group in this study consisted of a matched group
of individuals with epilepsy who did not crash who were identified through a review of medical
charts from tertiary or primary care centers.

The main purpose of the Krauss et al. study was to determine the risk factors (including
compliance) associated with a seizure-related crash. Both the Kemp et al. and Dilorio et al.
studies main goal was to assess how factors such as individual beliefs about health affected
compliance with AEDs. The Peterson et al. trial attempted to evaluate if compliance educational
materials and compliance improvement strategies actually increased compliance rates, while the
Wannamaker et al. trial investigated the effect of more frequent clinic visits on medication
compliance and the role of the non-physician in providing healthcare to individuals with
epilepsy.

Krauss et al. measured compliance using blood serum levels from patient records for 12 months
prior to either the crash (for those individuals experiencing a crash), or 12 months prior to study
inclusion for the non-crash subjects. He also reported on seizure frequency for the crash and non-
crash groups, based on self report and medical record data. While the purpose of the study was
not to investigate the relationship between seizure frequency and adherence, both of these
variables were considered in relation to the risk of having a seizure-related crash. The remaining
four studies directly examined the relationship between seizure rates and compliance. The
retrospective cohort studies divided individuals with epilepsy into compliant and non-compliant
groups and compared the seizure rates in each group. Dilorio et al. used an average serum level
to categorize her subjects’ compliance; Kemp et al. graded individuals with epilepsy on a 5 point
scale from poor to excellent adherence and, then, based on the mean adherence score in the
sample, divided subjects into high (above the mean) or low (below the mean) adherers.

Peterson et al. categorized his subjects as within, above or below the therapeutic range for their
given AED using chart data covering the period from six months prior to study initiation to the
six month follow-up visit. Compliance rates for the compliance education group versus the no
compliance intervention subjects were compared, and the median number of seizures pre- and
post study were examined. Wannamaker et al. classified individuals as good, fair, poor or none
in terms of average baseline and follow-up AED levels, using generally accepted therapeutic
ranges as a guide for these categories. Baseline AED level was established from chart notes
covering the period of 6 to 12 months preceding the study. For the baseline AED level, he took
the mean AED level from subjects’ chart notes for the six to Follow-up constituted the averaged
AED levels for the entire six month study period, including the first and second half of the study
periods. In addition, Wannamaker et al. calculated an average seizure frequency for similar time
frames pre and post-study initiation.
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Table 56. Study Design Characteristics of Studies that Address Key Question S — Medication Compliance and Seizure Control

Reference Year | Size | Study Prospective or Aim of study Study population Method used to measure Method used to measure seizure
(N=) | design Retrospective compliance
Kemp et 2007 | 37 Cohort Retrospective Determine the influence of beliefs Individuals with diagnosis of 5 point rating scale used to Self report on time since last
al.(170) about epilepsy, beliefs about epilepsy recruited from a local categorize level of compliance: 5 seizure.
medication and a range of variables | epilepsy outpatient clinic. excellent adherence, 4 good, 2-3
on drug adherence. incomplete/partial adherence, 1
poor adherence. Ratings were cross
checked by two of the authors; also
categorized as low (<3.9) or high
(>3.9) on adherence.
Krauss et 1999 | 100 Case Retrospective To determine risk factors associated | 50 individuals with epilepsy with AED levels taken from patient charts | Self-report and record review. For
al.(94) control with motor vehicle crashes. driving crashes during seizure for 12 months prior to crash or, for crash related seizure and other
compared with 50 individuals with controls, the 12 month period seizures.
epilepsy who drove but did not have | beginning in mid-1996. Data on self-
crashes. report compliance was also
Crash subjects identified from chart | 9athered.
review of three Maryland hospital-
based outpatient epilepsy clinics.
Controls selected by alphabetical
review from two tertiary and one
primary referral populations.
Dilorio et 1991 | 64 Cohort Retrospective To explore cognitive-perceptual Subjects recruited from outpatient Individuals categorized as compliant | Self report of number of seizures in
al.(171) factors discussed in the compliance | epilepsy clinic of a public hospital or non-compliant based on average | last year and number of weeks

literature (uncertainty in illness,
health conception, and social
support) but not yet examined in
patients with epilepsy.

serving low socioeconomic status
patients.

of serum blood draws taken day of
study entry and all readings in three
months prior to study entry. Values
in therapeutic range were
considered compliant and values
30% or more below therapeutic
range indicated non-compliance.
Nurses and Physicians also
subjectively classified individuals as
compliant or noncompliant. Only
subjects with 100% congruence
between objective and subjective
measures were included in the
study.

since last seizure.
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Reference Year | Size | Study Prospective or Aim of study Study population Method used to measure Method used to measure seizure
(N=) | design Retrospective compliance
Peterson et 1984 | 53 RCT Prospective To determine if a combination of Consecutive adult and teenage Serum levels considered in Median number of seizures during 6
al.(172) easy to implement and inexpensive | outpatients with epilepsy therapeutic range were phenytoin months preceding study intervention
strategies can improve medication responsible for administering their 40-80; carbamazepine 20-40; (baseline) and at follow-up was
compliance. own medication and who possessed | sodium valproate 300-600. calculated.
a hospital pharmacy book. Plasma levels were examined in
27 individuals randomly allocated to | three ways: categorized as below,
receive compliance counseling, pill within or above therapeutic levels;
holder, seizure diary, prescription, plasma levels by dose and absolute
and appointment reminders. plasma levels.
Remaining 26 individuals allocated
to a no intervention control group
Wannamaker 1980 | 30 RCT Prospective To determine the effect of more Subjects were recruited from an Baseline serum levels in the six to Seizure was measured by self
etal.(173) frequent clinic visits on compliance outpatient seizure unit within a 12 months preceding the study were | report. Seizure frequency was

and the role of the non-physician in
managing individuals with epilepsy.

hospital. All but two were adults. All
were individuals with epilepsy on a
stable drug regimen for six months
or more. Thirty individuals were
randomized to receive either
treatment by a neurologist (N=14) or
by a clinical pharmacist (N=16).

averaged. For follow-up, AED
plasma levels were averaged for the
first three months, the last three
months and all six months of the
study period combined. Each
average was assigned a ranking of
good, fair, poor or none based on
“generally accepted” therapeutic
ranges. Ranking status for AEDs
were: Carbamazepine >4.0ug/ ml
good,3.9-2.5 ug/ml fair, 2.4-1.5
ug/ml poor, <1.5 ug/ml none;
Phenobarbital >15.0 ug/ ml good,
14.9-10.0 ug/ml fair, 9.9-5.0 ug/ml
poor, <5.0 ug/ml none; Phenytoin
>10.0 good, 9.9-5.0 ug/ml fair, 4.9-
2.0 ug/ml poor, <2.0 ug/ml none. An
improvement in compliance was
defined as a shift upward by one
rank. It had to occur in the last three
months of the study period or had to
be sustained throughout the entire
six months.

averaged for the six months
preceding the study and for the six
months following study initiation.
Seizure status was considered
improved if there was a 50% or
greater reduction in frequency.
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Quality of the Evidence

The results of our analysis of the overall quality of the evidence base for Key Question 5 are
presented in Table 57. Our assessment found that the quality of the included studies ranged from
low to moderate. Although two of the five studies were randomized controlled trials, there were
methodological problems with both studies that reduced their quality scores. In the Peterson et al.
study, the two groups used were not comparable at baseline on some important patient
characteristics such as baseline AED levels and median number of seizures, suggesting
randomization failure. The Wannamaker et al. trial did not report key pieces of information such
as important baseline characteristics of the two study groups or the group to which individuals
who required dosage changes during the study were assigned.

Differences in the compliance education intervention group and the no intervention group make
interpretation of the Peterson et al. study difficult. For example, the two groups in this study
started out unequal, with the no intervention group having a lower, though not statistically
significantly lower, median seizure rate compared with the compliance education group. At
follow up, the compliance education group had a median seizure rate that was slightly less than
that of the no intervention subjects. However, it is unclear if the compliance education group
experienced a drop in seizure rates over the course of the study because the intervention provided
was effective or if they were merely recruited into the study at a point in time when they
happened to be at a high phase and would have experienced a decline without any intervention at
all.

Case-control and cohort studies are susceptible to bias, meaning that even a perfectly designed
and executed case-control study cannot be graded as high quality. While those conducting case
control trials may be able to control for subject characteristics likely to affect the outcome of
interest, the relationship between the research outcome being studied and all subject
characteristics cannot be known. Only randomization is able to control for these unknown
confounders. Similarly, in cohort studies there is no way of knowing how the groups being
compared differ and how this may affect the study results.

Table 57. Quality of Studies of Medication Compliance and Seizure Control

Reference | Year | Quality Scale Used | Quality Score | Quality

RCT of compliance education material versus no educational material

Peterson et ECRI Assessment Tool for Controlled Interventional

al.(172) 1984 Studies that have Independent Groups 67 Moderate
Wannamaker et 1980 ECRI Assessment Tool for Controlled Interventional 59 Moderate
al.(173) Studies that have Independent Groups '

Cohort Studies

Revised Newcastle-Ottawa Quality Assessment Scale

Kemp etal.(170) | 2007 Cohort Studies 6.15 Low

Dilorio et al.(171) | 1991 Revised Newcastle-Ottawa Quality Assessment Scale 558 Low
Cohort Studies

Case Control Study

Krauss et al.(94) 1999 Revised Newcastle-Ottawa Quality Assessment Scale 788 Low

Case Control Studies
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Generalizability of Evidence to Target Population

Table 58 presents information on patient characteristics for each of the five included studies.
None of the studies that comprise the evidence base for Key Question 5 specifically included
information about the occupations of the participants. Given this, and the heterogeneity of the
populations represented in the included studies, one is precluded from making a definitive
statement about the generalizability of the evidence to the target population of interest to
FMCSA (CMV drivers).

Krauss et al.’s study of seizure-related crashes included a sample of epileptic drivers that was
predominantly male (82 percent for crashes and sex matched controls)In the remaining four
studies, between 37.5 percent and 58 percent of subjects were male. Krauss et al. also matched
on age (within three years). The average age of Krauss et al’s crash cases was 38.5 years (range:
21-70 years) and for non crash cases 39.8 years (range 18—73 years). Dilorio et al.’s compliant
subjects were 35.56+£11.26 years on average while her noncompliant subjects were 36.56+13.68
years of age (Range: 17-79, Mean age: 40.77). The median ages of Peterson et al.’s compliance
education and no compliance education groups were 28 (range: 18—64) and 35 (range: 19-74),
respectively. Wannamaker et al’s neurologist- and pharmacist-treated groups were 26 (range:
14-50) and 29 (range: 15-52) years of age on average, respectively. Each group was made up of
adults with epilepsy, plus one minor, fourteen years of age.

Only the Kemp et al. study reported on age of onset of epilepsy. Kemp et al.’s subjects
developed epilepsy at 25.86 years (range 0—77), on average.

Neither Krauss et al., or Dilorio et al. reported which AEDs were used by the individuals in the
study. Kemp et al.’s reported that individuals in the study were using lamotrigine or a
polytherapy of lamotrigine and low dose phenobarbitol. Percentages for monotherapy versus
polytherapy were not reported. Peterson et al.’s groups contained monotherapy and polytherapy,
although percentages for each group were not provided. Overall, the compliance group utilized
phenytoin, carbamazepine, valproate, and ‘other AED’. The non-compliance group Of the
individuals in Peterson et al.’s compliance education group utilized phenytoin, carbamazepine,
valproate, and ‘other AEDs’. Wannamaker et al. presented combined AED data for both groups,
with three patients(10 percent) receiving phenytoin, one (3.3 percent) receiving phenobarbitol,
and one (3.3 percent) receiving primidone. The remaining subjects utilized polytherapy,
including carbamazepine, acetazolamide, clonazepam, clorazepate, dipotassium,
dextroamphetamine, ethosuximide and methylphenidate.

Like Peterson et al., neither the Krauss et al. nor Kemp et al. studies reported information on
polytherapy use by their subjects. Dilorio et al. reported the mean number of AEDs being taken
by the compliant patients in her sample was 1.49+.56 compared with 1.44+.51 among
noncompliers. In the Wannamaker et al. study 83.3 percent (25 out of 30 subjects) or utilized

polytherapy.

Krauss et al.’s subjects suffered primarily from CPS (52 percent of both crashes and non-
crashes). The next most common form of seizure among Krauss et al’s subjects was GTCSs at 36
percent of both groups: secondary generalized seizures occurring in 26 percent of the crash group
and 24 percent of the non crash group; and simple partial seizures occurring in 12 percent and 20
percent of his subjects, respectively. It should be kept in mind for all of the studies that a single
individual could report experiencing multiple types of seizures. Kemp et al. did not report any
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information on the type of epilepsy suffered by his research subjects. In Dilorio et al.’s study, 18
percent of compliant subjects reported experiencing generalized seizures, 44 percent partial with
generalized, 2 percent simple partial and 36 percent complex partial. Among Dilorio et al.’s
noncompliers, 32 percent reported generalized, 24 percent partial with generalized, 44 percent
complex partial and no patients reported simple partial seizures. Unlike Krauss et al.” subjects,
participants in the Dilorio study were not able to report multiple answers to this question.
Peterson et al.’s subjects, too, were categorized by a single seizure type only. Among study
participants receiving compliance education, 52 percent suffered from GTCSs, 19 percent partial
with secondary generalization, 15 percent complex partial, and 15 percent experienced other
types of seizures. In the no education group, 65 percent had GTCSs, 12 percent partial with
secondary generalization, 15 percent complex partial and 8 percent had another type.
Wannamaker et al. did not report on type of seizure.

Krauss et al., Peterson et al., and Wannamaker et al. did not provide information on their
subjects’ duration of epilepsy. Kemp et al. reports that his sample had had epilepsy for an
average of 14.51 years (range 1 — 63 years duration). Dilorio et al. reports that her compliant
subjects had epilepsy for 18.69+11.97 years versus 13.40+£10.83 years for non compliant
patients.

None of the five studies reported on comorbidities or the percent of their sample that was made
up of CMV drivers. Therefore, the generalizability of these five studies’ results to CMV drivers
is unknown.

134



FMCSA Evidence Report: Seizure Disorders and Commercial Motor Vehicle Driver Safety

Table 58. Patient Characteristics

11/30/2007

Study Group n= % Age Age at onset AED % patients on Type of epilepsy Duration of | Co- % CMV | Generalizability
male of epilepsy polytherapy epilepsy morbidities | drivers | to CMV drivers
(yrs)
Cohort Studies
Kemp et Compliers 37 514 Mn =40.77 Mn = 25.86 Lamotrigine or | NR NR Mn = 14.51 NR NR Unknown
al.(170) and non Rng =17-79 Rng =0-77 Lamotrigine Rng = 1-63
compliers and
Phenobarbital
100%
Dilorio et compliant 39 54 Mn = 35.56 NR NR Mn # of drugs= Generalized 18% Mn =18.69 NR NR Unknown
al.(171) SD=11.26 1.49 Partial with generalized 44% | (SD)=11.97
(SD) = .56 Simple partial 2%
Complex partial 36%
non- 25 48 Mn = 36.56 NR NR Mn#ofdrugs = | Generalized 32% Mn =13.40 NR NR Unknown
compliant SD=13.68 1.44 Partial with generalized 24% | (SD) = 10.83
(SD) = .51 Simple partial 0%
Complex partial 44%
Case Control Study
Krauss et crashed 50 82 Mn = 38.5 NR NR NR GTCSs 36% NR NR NR Unknown
al.(94) Rng = 21-70 Secondary generalized 26%
Simple partial 12%
Complex partial 52%
did not crash | 50 82 Mn =39.8 NR NR NR GTCSs 36% NR NR NR Unknown
Rng = 18-73 Secondary generalized 24%
Simple partial 20%
Complex partial 52%
RCT of compliance educational material versus no educational material
Peterson et with 27 56 Mdn =28 NR Phenytoin NR GTCSs 52% NR NR NR Unknown
al.(172) compliance Rng = 18-64 74% Partial with secondary
education carbamazepin generalization 19%
0,
255 % Complex partial 15%
odium o
valproate 30% Other 1%
Other 11%
no 26 58 Mdn = 35 NR Phenytoin NR GTCSs 65% NR NR NR Unknown
compliance Rng = 19-74 89% Partial with secondary
education Carbamazepin generalization 12%
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Study Group n= % Age Age at onset AED % patients on Type of epilepsy Duration of | Co- % CMV | Generalizability
male of epilepsy polytherapy epilepsy morbidities | drivers | to CMV drivers
(yrs)
e 19% Complex partial 15%
Sodium Other 8%
valproate 19%
Other 19%
Wannamaker 14 50 Mn = NR Three 83.3 NR NR NR NR NR Unknown
etal.(173) 26 phenytoin, one
Rng = phenobarbitol,
14-50 one primidone,
25 polytherapy
16 375 | Mn= NR NR NR NR NR NR Unknown
29
Rng =
14-52
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Findings

The findings of the five studies that addressed Key Question 5 are presented in Table 59. Of
these five studies, two addressed the question directly. A further three studies addressed the
question tangentially. One of these latter studies is of particular importance because it addresses
the larger issue of whether non-compliance with an AED regimen has an impact on crash risk.

Krauss et al. found that the one-third of patients in both the crash and no crash group were
noncompliant with AEDs. This finding suggests that noncompliance has little, if any impact on
crash risk. The investigators found that the single factor most strongly associated with crash was
a short seizure free interval. Krauss reported that risk of a crash was significantly reduced among
individuals who had been seizure free for at least 12 months. Surprisingly, seizure frequency was
found to be a less reliable risk factor for experiencing a crash. This may be explained by the
statistical methods used in the Krauss et al study. The investigators conducted a multivariate
analysis to see which factors were most closely related to crash. In multivariate analysis, the
influence of each variable on the outcome of interest is examined while all of the other variables
in the equation are held constant, so that the effect of each individual factor can be estimated.
While the crash cases had significantly more seizures than the non-crash cases at baseline, when
only patients with similar frequency of seizures were compared, an extended seizure free interval
was more important.

The second study to address Key Question 5 (Peterson et al.) was conducted to determine the
effectiveness of an AED compliance education program. In a randomized controlled trial,
Peterson et al. compared the percentage of patients who received compliance education with that
among individuals who did not receive the program. Outcomes assessed at 6 months follow up
included AED plasma levels and median seizure frequency. The study investigators found at
follow up there was a significant difference between the two study groups in compliance with a
higher proportion of individuals who received compliance education having AED serum levels
that fell within the therapeutic range. This group also demonstrated a concurrent, significant
decline in seizure frequency. In contrast, individuals who did not receive compliance education
did not become more compliant nor did they experience reductions in seizures over time. This
finding provides some indirect evidence to suggest that compliance and seizure frequency are
closely related with increased compliance leading to reductions in seizure frequency.

Like Peterson et al., the Wannamaker et al. trial was interested in the effectiveness of an
intervention for increasing medication compliance: specifically, they studied the impact of more
frequent clinic visits and treatment by non-physicians on compliance with AEDs.(173) They
compared compliance with medication before and after the increase in clinic visit frequency and
compliance rates for those treated by neurologists and clinical pharmacists. In terms of our Key
Question, they found that following an increase in clinic visits, 11 study participants showed
improvement in AED compliance, two showed a decline, and eight experienced a reduction in
seizures. However, only one subject showed improvement in both compliance and seizure
frequency. Unlike Peterson et al, Wannamaker et al.’s results suggest that increased compliance
may not lead to greater seizure control.

The remaining two studies that addressed Key Question 5 did so directly.(170,171) Kemp et al.
found a significant relationship between serum AED level and the number of days since last
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seizure (r = 0.39, p < 0.05).(170) In addition, when these investigators stratified individuals into
compliers and non-compliers they found that the time since last seizure was significantly shorter
among poor compliers than among patients with good compliance. Dilorio et al. however, did
not identify a relationship between compliers and noncompliers either in terms of number of
seizures experienced in the last year or number of weeks since last seizure.(171)
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Table 59. Findings
Study | n | Groups Length of Follow-up #s compared Statistic used Relationship of compliance to seizure
Cohort Studies
Kemp et al.(170) 22 Compliant Data gathered in one NR Mann Whitney U = 62.5 p < 0.01, also presented | Patients with low adherence scores had
15 Non-compliant day, asked about mean correlation coefficient =0.39 p <0.05 for significantly less time since last seizure relative

time since last seizure
(days)

adherence and time since last seizure in days.

to high compliers.

Dilorio et al.(171) 39 Compliant Data on seizure # of seizures in the last year t-test, t=NR; P=NS No relationship between compliance and
gathered in one day, Mn = 23.44 seizure.
used average serum, (SD) = 36.64
no info on from how . .
long ago, data # weeks since last seizure
collection lasted six Mn =14.59
months. (SD)=24.28
25 Non-compliant # of seizures in the last year
Mn =13.36
(SD) =19.99
# weeks since last seizure
Mn =10.80
(SD) = 23.07
Case Control Study
Krauss et al.(94) 50 Crashes 12 months preceding Seizure frequency, average per Wilcoxon signed rank test for seizure frequency, | Patients who crashed had significantly higher
the crash month z=-2.62, two-tailed p =0.009 seizure frequencies than non crash cases, but in
Mn 2.6 terms of risk factors for a crash, seizure
Rng = 0-60 :‘rrﬁgrlte;cy was not as important as seizure free
l/o?:nc;)f"r;ttlents dlassified as non- Because approximately one-third of both groups
had episodes of AED noncompliance during the
50 Non Crashes 12 months beginning in | Seizure frequency, average per study year, there was no increase in the odds of
mid-1996 month crashing associated with AED noncompliance.
Mn 0.6
Rng = 0-6
1/3 of patients classified as non-
compliant
Randomized Controlled Trial
Peterson et 27 Compliance 12 month period, 6 # seizures in 6 months prior to For AED levels, Stuart Maxwell chi-square The compliance education group was more
al(172) Education months preceding intervention =13.78, p<.005 for pre- versus post-intervention compliant following education while the no

study entry through 6
month follow-up

Mdn =6
Rng = 0-55

in education group
For AED levels, Stuart Maxwell chi-square =1.0,

education group did not become more compliant
over time. The education group also
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Study

Groups

Length of Follow-up

#s compared

Statistic used

Relationship of compliance to seizure

26

No Compliance
Education

# seizures at follow up
Mdn=25

Pre- intervention

54% of AED levels below
therapeutic range
Post-intervention

12% of AED levels below
therapeutic range

# seizures in 6 months prior to
intervention

Mdn =4

Rng = 0-51

# seizures at follow up
Mdn=3.5

Pre- intervention

45% of AED levels below
therapeutic range
Post-intervention

52% of AED levels below
therapeutic range

education group

For seizure, Wilcoxon T p<.01 for pre versus
post intervention for compliance education group
and Wilcoxon T for no education group was
p>0.1.

after receiving the educational intervention, while
the no education group did not experience a
drop in seizures over time.

Wannamaker et
al.(173)

Neurologist
treated

Pharmacist
treated

Six to 12 months
preceding study and six
month study follow-up

Did not compare neurologist versus
pharmacist treated groups except to
state that there was no difference in
the degree of improvement of AEDs
between groups.

Overall, 10 pts improved on
compliance alone, eight on seizure
alone, and one on both.

No statistical tests performed, but did create
confidence intervals around study findings

“No correlation between increased AEDL and
reduction in seizure frequency.”
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Section Summary

Because of inconsistencies in the available evidence, one is precluded from drawing an
evidence-based conclusion pertaining to the strength of the relationship between
compliance and crash risk at this time.

Five studies met the inclusion criteria for Key Question Five (Median Quality: Low). Only one
of these included studies examined the relationship between compliance and crash. This case-
control study (Quality: Low) did not find evidence that non-compliance increased crash risk.
However, he did find that shorter seizure free intervals were associated with an increased crash
risk (see Key Question 1). The remaining four studies examined the relationship between
compliance and seizure frequency. Two of these studies were RCTs. These RCTs were designed
to examine the effectiveness of interventions aimed at improving compliance. The results of
these two studies are inconsistent. One of these RCTs (Quality: Moderate) found that compliance
education reduced seizure frequency which suggests that better compliance reduces seizure risk.
However, the other RCT (Quality: Moderate) did not find such a relationship.

The remaining two studies stratified a cohort of individuals with epilepsy who were on AED
therapy into two groups, compliers and non-compliers. Seizure frequency was then compared
between the two groups. Again the findings of these studies are inconsistent. One of these studies
(Quality: Low) found that seizure frequency was lower among compliers while the other study
(Quality: Low) did not.

Because of inconsistencies in the available evidence, one is precluded from drawing an evidence-
based conclusion pertaining to the strength of the relationship between compliance (as measured
using blood AED serum levels) and crash risk at this time. More data, preferably from studies
that have examined the relationship directly, is required before evidence-based conclusions
pertaining to the relationship.

Key Question 6: What are the chronic effects of an AED on surrogate
markers of driver safety among individuals with recurrent seizure
disorders? Surrogate markers of driver safety consist of the
following:

a. Driving performance (simulated or closed course)
b. Cognitive and psychomotor function

Background

Our analysis of Key Question 1 found that individuals with recurrent unprovoked seizures are at
an increased risk for motor vehicle crash when compared to comparable individuals who do not
have the disorder. In this section we attempt to determine the extent to which, chronic'> AED use
might contribute toward this increased crash risk.

12 Defined for this report as > 2 weeks
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It is conjectured that antiepileptic medications may have broad effects on cognitive (e.g.
memory) and psychomotor (e.g. reaction time, coordination, and tracking) abilities, with
different AEDs having different risks of cognitive and psychomotor impairment, different
therapeutic doses, titration rates, and/or blood serum levels having different risks of cognitive
and psychomotor impairment for the same AED, and the use of multiple AED therapies
(polytherapy) to affect seizure control being widely associated with an increase in cognitive
impairment.(166,174-177)

Measuring Driver-Related Cognitive and Psychomotor Function

Studies of cognitive (information processing, long and short-term memory, reasoning) and
psychomotor (simple reaction time, choice reaction time, coordination and tracking) skills(178)
hypothesized to be affected by AED treatment employ a wide variety of testing tools: in the
studies included in this report approximately 62 separate tests were used to measure cognitive
and psychomotor skills. A partial listing of these tests includes:

e Benton Visual Retention Test
e Finger Tapping Test

e Choice Reaction Time

e Simple Reaction Time

e Lafayette Grooved Pegboard

e Paired Words Test

e Stroop Color Word Test

e Rey Auditory Verbal Learning Test
e Performance on Line Test

e Symbol Digit Modalities Test
¢ Digit Symbol Substitution Test
e Ciritical Flicker Function

Recognizing that “no single test can be used to predict the effect of a drug on cognition or on the
diverse and complex skills involved in everyday tasks, such as driving a car,”(179) an effort was
made to identify the cognitive and psychomotor tests which might be most relevant to
assessments of driving skill. A survey of the literature in drug-related performance impairment
was conducted, and tests were chosen on the basis of their ability to fulfill the driving-related
cognitive domain criteria enumerated below.

According to Kay (Measuring Impairment: Validated Test Methods for Assessing Sedating
Medications, 2001),(180) sedation is “depression of brain functioning by a medication,
manifested by” the following:

e Sleepiness, drowsiness or fatigue

e Slowed brain activity
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e Reduced wakefulness

e Impaired performance

Using this definition of sedation, one can logically conclude that an investigation of the cognitive
(e.g. slowed brain activity) and psychomotor (e.g. impaired performance) effects of antiepileptic
medications on the central nervous system could be considered an attempt to document the
sedative effects of AEDs. Specific performance measures which evaluate the sedative effects of
medications include simulation, cognitive testing, and psychomotor testing. Critical cognitive
domains for demonstrating sedation include:

e Vigilance: the capacity to sustain attention under conditions of minimal arousal. These
tests “appear to be the most sensitive measures for detecting the sedation effects that may
contribute to accidents”(180)

¢ Divided attention: ability to perform simultaneous mental activities (also referred to as
‘dual tasking’)

e Working memory: the ability to hold information temporarily in the brain for purposes of
using the information in a calculation, or other mental activity

The list of tests used to identify cognitive and psychomotor functions underlying driving
performance according to the framework identified by Kay(180) were obtained through a survey
of the literature(180-188) and examination of methodology employed by a research center which
specializes in assessing the influence of psychopharmacological agents on driving performance
(University of Maastricht Psychology Lab).(189) Using the three domains as the framework, the
total list of cognitive and psychomotor tests employed by all included studies in this report (n =
52; see Appendix M for the total list) were examined and grouped under their respective
domains. The lists of cognitive and psychomotor tests from the literature/research center survey
and the included studies table were then compared. Those tests which did not agree between the
two lists were eliminated, to create a final list of 12 cognitive and psychomotor tests (listed
above).

A meta-analysis exploring the relationship between neuropsychological functioning and driving
ability in dementia by Reger et al.(190) categorized a series of neuropsychological tests into six
cognitive domains: mental status-general cognition; attention/concentration; visuospatial skills;
memory; executive function; and language. The meta-analysis concluded that driving ability
tended to decline as cognitive functioning declined.

The only tests discussed in Reger’s meta-analysis which demonstrated significant relationships
with on-road tests (tests actually performed in a vehicle) were in the visuospatial skills and
attention/concentration cognitive domains. Problems with on-road tests include high cost,
observer subjectivity, and inability to control real-world variables such as road conditions and
the behavior of other drivers. For non-road tests (which have the advantage of allowing more
control over conditions and variables), mental status/general cognition, visuospatial skills,
memory, and executive functions all demonstrated significant relationships.

The meta-analysis reported several limitations (all related to the primary studies utilized)
including variability in participant characteristics, data reporting, driving measures, and the
widely held assumption that driving tests are valid and reliable. Of special importance to this
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section is the acknowledgment of the wide variety of cognitive tests used in the studies included
in the meta-analysis: as many of the tests examine multiple cognitive domains and may test
different aspects of each domain, assembling them into broader categories may reduce only a
small part of the variability inherent in any effort to group somewhat different articles into a
single defined entity.

Keeping this acknowledgement in mind, the total list of 12 cognitive and psychomotor tests used
in the studies included in this report was compared to those tests included in Reger et al.’s six
cognitive domains. Ultimately it was found that the cognitive and psychomotor tests in centered
around the attention/concentration domain (k=3), the executive function domain (k=1) and the
memory domain (k=1). Comparing the list to Kay’s three domain criteria found that the
cognitive and psychomotor tests centered around the psychomotor domain (k=3) and vigilance
domain (k=2), with the remaining domains each having one example present: visual processing,
working memory, memory and cognition, and verbal memory. Areas of overlap between Kay’s
domains and Reger’s domains included attention/concentration (k=2), executive function (k=1),
and memory (k=1).

Findings of Previous Reviews

A number of recent reviews have discussed the potential effects of AEDs on the cognitive and
psychomotor function of individuals with recurrent seizure disorder.(174,175,191-198) Evidence
cited in these reviews provides evidence that the acute and chronic use of some AEDs does have
a deleterious impact on both cognitive and psychomotor function in some individuals. While
these reviews are valuable in helping to determine the potential effects of chronic AED use, they
are of limited value to FMCSA. For example, the vast majority of studies included in the reviews
are short-term studies that include a high proportion of children, a population that is clearly not
relevant to a report on the potential effects of AEDs on CMV drivers. Another factor is shared by
many of the articles included in the reviews cited above which limits their value in a review
aimed at a CMV driver population. This factor is that most studies were not designed to study the
effects of AEDs on aspects of cognitive and psychomotor function that are thought to be
pertinent to the task of driving.

Identification of Evidence Base

In attempting to address Key Question 6 we searched for trials that compared driving
performance (simulated or experimental) or cognitive and/or psychomotor function among
individuals with epilepsy treated with at least one AED and individuals who are not treated with
such drugs but who are otherwise comparable.

The identification of the evidence used in this section of the Evidence Report is presented in
Figure 22. Our searches' identified a total of 1849 articles that appeared relevant. Following
application of the retrieval criteria for this question, 496 full-length articles were retrieved and
read in full. Two of the 496 retrieved articles were found to meet our criteria for inclusion. Table
60 lists the two articles that met the inclusion criteria for Key Question 6. Table D-6 of Appendix
D lists the 494 articles that were retrieved but then excluded and provides the reason for their

13 See Appendix A for search strategies
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exclusion. A total of 340 articles included in the excluded studies table were used to provide

reference and background material for this section of the report.

Figure 22. Development of Evidence Base for Key Question 6

Articles identified by
searches (k=1849)

A

Full-length articles
retrieved (k=496)

Articles not retrieved
(k=1353)

A

Evidence base (k=2)

Table 60. Evidence Base for Key Question 6

Y

Full-length articles
excluded (k=494): See
Appendix D

Reference Year | Study Location Country
Engelberts et al.(199) 2002 | Heemstede Netherlands
Hessen et al.(200) 2006 | Oslo Norway

Evidence Base

This subsection provides a brief description of the key attributes of the two studies that met the
inclusion criteria for Key Question 6. Here we discuss relevant information pertaining to the
quality of the included studies and the generalizability of each study’s findings to drivers of
CMVs. Detailed information pertinent to this section that has been extracted from included
studies is presented in the Study Summary Tables that comprise Appendix G.

Characteristics of Included Studies

The primary characteristics of the two included studies that address Key Question 6 are

presented in Table 61. Neither included study examined the effects of chronic AED use on

cognitive and/or psychomotor function. Consequently, one cannot draw evidence-based

conclusions pertaining to the effects of these drugs, when used to treat individuals with epilepsy,
on driving performance.
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Table 61. Key Study Design Characteristics of Studies that Address Key Question 6

11/30/2007

Reference Year Research question Drug examined Study Design Follow-up Time Comparison Outcomes assessed
Engelberts et 2002 To investigate whether well- | Carbamazepine Non-randomized controlled No follow-up. Comparison 16 individuals with well- Rey Auditory Verbal
al.(199) controlled epilepsy patients trial involved a single day of controlled epilepsy Learning Test
with late age at onset and Blinding — Not Reported testing compared to 16 age, Stroop Test
long duration of epilepsy (NR) gender, and education-
who have been seizure-free Prospective matched healthy volunteers
for more than 2 years have (defined as individuals
impaired objective without epilepsy) on
neuropsychological neuropsychological
functioning. functioning.
Hessen et 2006 To assess the effect of Carbamazepine Randomized Controlled trial | 52 weeks or until seizure 79 patients without AED Simple Reaction Time
al.(200) discontinuation of AEDs in | Sodium valproate Blinding: Double-blind relapse withdrawal underwent Choice Reaction Time
pat|entt; receving Prospective cognitive testing Sequential Reaction Time
monotherapy on measures 71 patients randomized to i ot
of attention, reaction time, pIarF:ned AED withdrawal Language Discrimination

and speed of information
processing

(over a period of 12
weeks)underwent cognitive
testing

Degraded words distract
Response reversal
Form discrimination
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Hessen et al.(200) conducted a randomized, double-blind, placebo-controlled prospective study
to assess the effect of discontinuation of AED monotherapy on measures of attention, reaction
time, and speed of information processing. Specifically, 150 individuals who had been seizure
free for a minimum of two years on AED monotherapy discontinued the therapy, and then went
through a randomization process to either: 1) resume AED therapy or, 2) begin placebo
‘therapy.’ Participants were included in the study if they had a diagnosis of epilepsy (two
unprovoked seizures or more), were free of seizures for a minimum of two years, were using
AED monotherapy, were between the ages of 18 and 67, and had five years of seizure freedom if
prior discontinuation was unsuccessful. Participants were excluded from the study if they had
juvenile myoclonic epilepsy, polypharmacy, paroxysmal epileptiform activity with primarily
generalized epilepsy, two prior AED discontinuation attempts, were pregnant or seeking
pregnancy, mental retardation, progressive neurologic disease, other serious diseases that may
influence the health status of the patient in the study period, or co-medication (expect
postmenopausal hormone substitution), ASA, and thyroxin. The outcome measures used in this
study were scores in the following cognitive and psychomotor tests: simple reaction time (SRT),
choice reaction time (CRT), sequential reaction time, rapid language discrimination, visual
selective attention, response reversal and rapid visual screening, and form discrimination.

Engelberts et al.(199) conducted a non-randomized, controlled, prospective study to determine
whether individuals with well-controlled epilepsy with late age at onset and long duration of
epilepsy would have impaired objective neuropsychological functioning. Specifically, 16
individuals who had been seizure free for more than two years on AED monotherapy were
compared with 16 healthy, age-, gender-, and education-matched controls on measures of
cognitive and psychomotor functioning. Participants were included in the study if they had
partial epilepsy, utilized carbamazepine (CBZ) monotherapy, and were between 18 and 65 years
of age. Participants were excluded from the study if they presently used psychoactive drugs or
AEDs other than CBZ, had additional neurological or psychiatric disease, had severe perceptual
deficits, or had a history of head injury, status epilepticus, neurosurgery, or neuropsychological
evaluation within the last year. The outcomes measures used in this study were scores in the
following cognitive and psychomotor tests: Stroop Color-Word test (selective attention),
Auditory Verbal Learning Test (AVLT, verbal memory), and the Categoric Word Fluency Task
(Fluency, retrieval from semantic memory).

Quality of Evidence Base

The results of our assessment of the quality of the two studies that address Key Question 6 are
presented in Table 62. This assessment found that the quality of one study was high (Hessen et
al.) and the other study was of low quality (Engelberts et al.). The primary reason for moderate
quality was: failure to report funding sources (one study). The primary reasons for low quality
were lack of randomization and blinding (one study). Both of the studies were prospective.

Table 62. Quality of the studies that Assess Key Question 6

Quality

Reference Year Quality Scale Used (see Appendix F) Score

Quality

Engelberts et al.(199) 2002 ECRI Quality Scale |-Comparative Trials 5.0 Low
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Reference Year Quality Scale Used (see Appendix F) %l:;l:zy Quality
Hessen et al.(200) 2006 ECRI Quality Scale |-Comparative Trials 8.2 High

Generalizability of Evidence to Target Population

The purpose of this subsection is to provide details of the extent to which the individuals enrolled
in the studies that address Key Question 6 are similar to CMV drivers in the United States.
Important characteristics of the individuals included in the studies that address Key Question 6
are presented in Table 63.

The generalizability of the individuals enrolled in the two included studies to CMV drivers is
unclear. Neither of the studies included information about the occupation or the driving
experience of the participants, making it difficult to generalize on the basis of employment or
driving exposure. Other factors that may limit the generalizability of the findings of the two
studies to the target population includes the proportion of women in the included studies, which
is higher than the prevalence of female CMV drivers. Similarly, while the age of the participants
in the studies was over 18, the comparison may have limited generalizability as CMV drivers in
the United States tend to be older (over 40 years of age) and often have a number of
comorbidities such as cardiovascular disease and diabetes mellitus which were excluded in both
studies.

Table 63. Individuals Enrolled in Studies that Address Key Question 6b

2 =< = > o (N - =2 = o 2 ©
jul 2 @ o |® 2 o e < 3. =
=3 o E_ @ » @ =r @ « LA
8 =L 3 @ |z S 2 5
o) g 8§ |lm§g 2 ? (=
s g 185 | § 5 5
S = 23 8 3 =
32 g 8 py
3 =
= <
Carbamazepine Mean: 45.9 Simple partial seizures NR NR 67% | NR NR Unclear
(n=16) (SD:10.3) years | (n=2)
Complex partial seizures
(n=1)
Simple partial seizures
plus complex partial
seizures
(n=2)
Simple partial seizures
Engelberts et 2002 plus secondarily
al.(199) X ;
generalized seizures
(n=2)
Complex partial seizures
plus secondarily
generalized seizures
(n=9)
Control (no drug NR None NA NR NR NR NR Unclear
treatment group)
(n=16)
Hessen et Treatment Group Mean: 39.2 Epilepsy (not defined) NR NR 60% | NR NR Unclear
2006 | (n=71) (Range 19-65)
al.(200)
years
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Control Group Mean: 37.4 Epilepsy (not defined) NR NR 60% | NR NR Unclear
(n=79) (Range 18-66)
years
Findings

The findings of the two studies that met the inclusion criteria for Key Question 6 are presented in
Table 64. As noted above, neither included study provided data pertaining to indirect measures
of driving performance. Thus our findings are restricted to the effects of chronic effects of AEDs
on cognitive and psychomotor functions pertinent to the task of driving.

Table 64. Cognitive and Psychomotor Function Following AED Administration
Reference Year | Comparison Test and Findings Conclusion
Engelberts et | 2002 | Carbamazepine inindividuals | Rey Auditory Verbal Learning | Slower information processing was found for:
al.(199) with epilepsy Test e Stroop Test card | and Il
VS Trial: P = NS No problem with memory functioning was detected for:
Healthy controls Max: P =NS P Y 9 '
Delta: P = NS e Primary recall of new information
Total Recall: P = NS o Long-term memory consolidation
Delayed Recall: P = NS There was no evidence of difference in:
Stroop Test o Selective attention functioning
Card I: P < 0.008
Card II: P <0.003
Card Ill: P =NS
Interference: P = NS
Hessen et 2006 | AED discontinuation Simple RT The main finding of the study was that AED discontinuation of
al.(200) (carbamazepine or valproate) Dominant Hand major AEDs significantly improves performance on tests that
vs AED (carbamazepine or Patient: -2.75 require complex cognitive processing under time pressure, as in:
valproate) continuation Control: -13.38 o Divided attention
Nondominant Hand e Rapid language discrimination
g?)trfrr:)tl:' g%ss e Rapid form discrimination
Choice R'II' ' There were statistically significant improvements for the
Patient: -24.02 dlscontln.uatlon gr9up |r.1 the following tests:
Control: 4.07 o Choice Reaction Time
Sequential RT e Language discrimination
Patient: -9.28 o Form discrimination

Control: -17.69

Language discrimination
Patient; -17.44

There were no statistically significant improvements for the
discontinuation group in the following tests:
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Reference Year | Comparison Test and Findings Conclusion

Control: 6.99 o Simple Reaction Time
Simple RT2 e Response reversal
Patient: 1.94 o Degraded words with distraction

Control: 2.19 S fal o
Degraded Words distract ms * Sequential reaction ime

Patient: -14.11
Control: 9.92

Response reversal ms
Patient: -26.19

Control: -1.96

Form discrimination ms
Patient: -34.98

Control: 8.07

Simple RT 3

Patient: 12.89

Control: 0.15

Hessen et al. reported that “function improved significantly more” among individuals who
underwent AED discontinuation than among individuals who continued taking AEDs on three of
the six complex tests, including choice reaction time, rapid language discrimination, and form
discrimination. Rapid visual scanning was ‘significantly better’ in the discontinuation group
when compared to the continuation group (P = 0.0470, and in degraded words with distraction,
improvement in the discontinuation group was close to significant (P = 0.067). There was no
difference between groups in the test of sequential reaction time, or in any of the tests of simple
reaction time. The main finding of the study was that AED discontinuation ‘significantly
improves performance on tests that require complex cognitive processing under pressure, as in
divided attention, rapid language discrimination, and rapid form discrimination’. The authors
concluded that individuals with epilepsy who are seizure free might experience an improvement
in cognitive function with the discontinuation of AED therapy.

Engelberts et al. reported that while the ‘performance of the patients [individuals with epilepsy]
was slower than that of healthy controls,’ there was ‘no impairment in selective attention,
memory functioning, or executive functioning found.” These results contrasted with the findings
of a previous study conducted and discussed by Engelberts et al., where deficits were found in
each of these cognitive domains in individuals who experienced a maximum of one seizure a
month, without restrictions on age at onset or epilepsy duration. In comparing the findings of
these two studies, Engelberts et al. concluded that individuals with well-controlled epilepsy with
an age at onset > 18 years old, a long duration of epilepsy, and are seizure free are a distinct
category of individuals from those who experienced a maximum of one seizure a month, without
restrictions on age at onset or epilepsy duration.

Section Summary

Cognitive and psychomotor deficits have been demonstrated in studies of AED use in individuals
with epilepsy. However, FMCSA is interested in the relationship between AED use and
cognitive and psychomotor deficits in a specific group of individuals who might qualify for a
CMV driver’s license. This subgroup of individuals will be adults (I >18 year of age) with well
controlled epilepsy who have been seizure free for a minimum of 6 months. The findings of our
analysis of data from studies that enrolled such individuals and that evaluated the impact of
AEDs on indirect measures of driving ability are presented below:
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3. A paucity of data precludes one from drawing an evidence-based conclusion about the
effects of chronic AED treatment on driving performance as measured by a simulator.

None of the included studies identified by our searches provided data on the effects of
chronic AED use on the driving performance of individuals with epilepsy.

4. The chronic use of AEDs for the treatment of epilepsy appears to have a deleterious
impact on some (but not all) measures of cognitive and psychomotor function thought
to be related to driving ability (Strength of Evidence: Acceptable)

Two studies (Median Quality: Low) that enrolled a total of 182 individuals met the inclusion
criteria for Key Question 6. One study was a non-randomized controlled trial which
compared cognitive and psychomotor function in 16 adults with epilepsy who were on
chronic AED therapy with 16 individuals without epilepsy (Study Quality: Low ). The second
study (Study Quality:8.2: High ) was a randomized controlled trial which compared the
effect of discontinuation of chronic AED monotherapy on measures of attention, reaction
time, and speed of information processing in with that observed among a group of
individuals who remained on AED therapy.

The results of the first study demonstrated no difference between individuals with epilepsy
who were using AED therapy and individuals without epilepsy in the cognitive and
psychomotor domains of selective attention, memory functioning, or executive functioning.
Overall, the authors concluded that there were no objective impairments in the these
cognitive and psychomotor domains; however, a lower speed of information processing
affecting everyday life functioning was detected. Engelberts et al. concluded that individuals
with a) well-controlled epilepsy, b) age at onset >18 years old, and c) a long duration of
epilepsy, d) who are seizure free (a group analogous to the population of interest for the
purposes of the FMCSA) comprised a distinct subpopulation of individuals who did not
demonstrate cognitive or psychomotor deficits associated with chronic AED use. The authors
then compared these results with a previous study (which did not meet inclusion criteria and
was not included in the evidence base for this key question) which demonstrated cognitive
and psychomotor deficits in individuals with a maximum of one seizure per month (not
seizure free), without restrictions on age at onset or epilepsy duration. In addition, speed of
information processing results found in this study accorded with the results found in the
previous study mentioned by Engelberts.

The results of the second study demonstrated that the group of individuals who had been
seizure free for > 2 years and been randomized to discontinue AEDs use, experienced
improved performance on cognitive and psychomotor tests which required complex cognitive
processing under pressure, including divided attention, rapid language discrimination, and
rapid form discrimination when compared to the performance of these tests in individuals
who had been randomized to continue AED therapy. There was no difference detected
between the group of individuals who had undergone AED withdrawal and the group of
individuals who were randomized to continue AED therapy in tests of sequential reaction
time or simple reaction time. Qutcomes were similar when examining results of the cognitive
and psychomotor tests between individuals grouped by drug type (CBZ or VPA). The authors
go on to suggest that individuals with epilepsy who are seizure-free may experience
improved cognitive performance with AED discontinuation.
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Overall, the results of the included studies would indicate that there are cognitive and
psychomotor deficits associated with chronic AED use. Because there exist several
differences between the included studies such as: inclusion of healthy volunteers as a control
group; differences in drugs included in the studies, and differences in the cognitive and
psychomotor tests used, a direct comparison between the results of the studies could not be
made. Ultimately, the small size of the evidence base and its low quality precludes one from
drawing an evidence-based conclusion on effects of AED use on driving simulator related
cognitive and psychomotor function.
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