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Norsk sammendrag

Helhetlig forebyggende epilepsibehandling dreier seg bade om medikamentell behandling og
kartlegging av anfallsutlesende faktorer hos den enkelte pasient. Anfall oppstar ofte etter at
pasienter er utsatt for flere samtidige og pafelgende faktorer som er avhengig av hverandre og
forsterker hverandre.

Denne studien kartlegger anfallsutlosende arsaker hos pasienter innlagt ved Avdeling for
nevrologi og klinisk nevrofysiologi, St. Olavs Hospital, fra juli 2006 til februar 2010, hvor
funnene er beskrevet i tre artikler.

I den forste artikkelen ser vi pA mengden koffein inntatt for anfall ssammenlignet med inntak i
anfallsfri periode. Dyrestudier har vist at store doser koffein kan forarsake epileptiske anfall
og en rekke kasuistikker beskriver anfall etter hayt koffeininntak. Det har derfor hersket
usikkerhet om hvilke rdd man skal gi mennesker med epilepsi i forhold til kaffedrikking. Vi
fant at det ikke hadde vert endringer i koffeininntak i forkant av anfallene.

Det er kjent at svikt i medikamentinntak er en vanlig arsak til tap av anfallskontroll hos
mennesker med epilepsi, men det har vert vanskelig a kartlegge omfanget. I den andre
artikkelen brukes serumkonsentrasjonsmalinger hvor man sammenligner konsentrasjon/dose
ratio ved anfall med medisinfastende malinger i en anfallsfri periode. Det viser seg at med
denne metoden pévises en sikker eller sannsynlig svikt i inntaket for anfall hos 39%. Det mé
legges mer vekt pa & hjelpe pasientene til et regelmessig medikamentinntak.

Den tredje artikkelen ser pa sammenhengen mellom sevn og epileptiske anfall. Mange
epilepsipasienter rapporterer at lite sevn kan utlgse anfall, men sevnmangel er ofte assosiert
med en rekke andre anfallsutlosende faktorer. Vi fant at sevnmangel er en uavhengig
anfallsutlesende faktor nar man kontrollerer for variabler som alkoholinntak, depresjon/angst,

stress og medikamenter.

Candidatus medicinae Christian Samsonsen
Institutt for nevromedisin og bevegelsesvitenskap, Norges teknisk-naturvitenskapelige

universitet (NTNU)

Hovedveileder: Eylert Brodtkorb, NTNU; biveileder: Geir Brathen, NTNU
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Definitions

Seizure (Fisher et al., 2005)

A transient occurrence of signs and/or symptoms due to abnormal excessive or synchronous

neuronal activity in the brain.

Epilepsy — conceptual definition (Fisher et al., 2005)

Epilepsy is a disorder of the brain characterized by an enduring predisposition to generate
epileptic seizures and by the neurobiologic, cognitive, psychological, and social consequences
of this condition. The definition of epilepsy requires the occurrence of at least one epileptic

seizure.
Epilepsy — practical/operational definition (Fisher et al., 2014)
Epilepsy is a disease of the brain defined by any of the following conditions
1. At least two unprovoked (or reflex) seizures occurring >24 h apart
2. One unprovoked (or reflex) seizure and a probability of further seizures similar to

the general recurrence risk (at least 60%) after two unprovoked seizures, occurring

over the next 10 years

3. Diagnosis of an epilepsy syndrome

Epilepsy is considered to be resolved for individuals who had an age-dependent epilepsy

syndrome but are now past the applicable age or those who have remained seizure-free for the

last 10 years, with no seizure medicines for the last 5 years.



Summary

In the comprehensive management of epilepsy, both preventive pharmacological treatment
and awareness of possible seizure precipitating factors are important. The true cause of
seizure generation is often hard to disentangle, as triggers often are obscure and occur in
concert. This dissertation examines possible seizure precipitants in patients admitted to
Department of Neurology and Clinical Neurophysiology, St Olav’s Hospital, Trondheim
University Hospital, July 2006-February 2010, soon after a seizure.

The results from the study are presented in three papers.

In paper I, preictal caffeine intake was compared to consumption in a seizure free period as
animal models and case reports have suggested caffeine to contribute to seizure development.
Dietary caffeine intake 24h prior to the seizure was not different compared to habitual intake
or compared to intake in a seizure free period. Therefore, caffeine does not seem to be a

common seizure precipitant in a clinical setting, and patients should be accordingly advised.

Non-adherence persists as a major obstacle to optimal epilepsy treatment, but its magnitude
has been difficult to determine. In paper II, patients with epilepsy acutely admitted for
seizures were included, and concentration/dose ratios of AEDs at admission were compared
with the patient’s own steady-state, drug-fasting control values. Non-adherence was seen in
39%, and was more common in younger patients. Many patients seem to be unaware of
missed drug intake. AED serum concentrations should be part of the emergency care. Efforts

to improve treatment adherence is an important part of comprehensive epilepsy management.

Sleep-time in the 24h prior to the seizure was assessed in paper 111, and was found to be lower
when compared to follow-up. Anxiety and depression did not correlate with differences in
sleep time, but the interaction between alcohol and sleep was high. However, sleep loss stood

out as an independent trigger.

This study demonstrates that epileptic seizures usually seem to be precipitated by a

combination of clinical factors.
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1. Introduction to study

1.1 Background

The broader management of epilepsy comprises more than prescribing pills and counting
seizures. Health professionals often exclusively focus on the medical aspects of the disorder.
Less awareness has been given to the multifaceted and reciprocal impact of epilepsy on
everyday life and that of lifestyle factors on the occurrence of seizures. Comprehensive
epilepsy service has for many years been a focus of scientific interest to the Epilepsy
Research Group at St. Olav’s Hospital. Seizure precipitating factors have received particular
attention. In 2001 Geir Brathen wrote his thesis about alcohol-related seizures (Brathen,
2001). Later, research nurse Grethe Helde led a randomized controlled trial on the effect of a
structured educational program for patients with uncontrolled epilepsy (Helde et al., 2003 and
2005). In this context, the included patients were interviewed about seizure precipitating
factors. This part of the study became the topic of a medical student thesis in 2005 (Vedeld,
2005). Table 1 gives an overview of the most commonly reported seizure precipitants in 113

patients with uncontrolled seizures.

Table 1. Frequency of seizure precipitants in 113 patients (Vedeld, 2005)

Precipitant Reported Selectable in

spontaneously questionnaire
Lack of sleep 22% 66%
Stress 61% 54%
Forgotten AED 4% 40%
Alcohol 12% 37%
Disturbance in sleep pattern 1% 35%
Physical activity 7% 20%
Menstruation 4% 18%
Light 5% 17%
Computer use 1% 12%
Fever 1% 5%

11



However, many questions remained unanswered. The exact role of various seizure-provoking
factors is difficult to decipher as many of them occur in combination and receive little
attention from the patients themselves. Knowledge on these issues is still insufficient.
Inadequate information about the disorder and poor professional support has been common.
Accordingly, the importance of providing appropriate education and counseling to people
with chronic disorders and their relatives is now recognized through legislation in Norway.
There has been an incentive to focus more on self-management issues in people with

uncontrolled epilepsy (Helde et al., 2003 and 2005; Helmers et al., 2017).

In the present thesis we selected three life-style factors with potential seizure inducing effects
that previously have been insufficiently explored: caffeine ingestion, non-adherence to

treatment and sleep loss.

1.2 General concepts

Normal brain neuronal activity occurs in a nonsynchronous manner with groups of neurons
inhibited and excited sequentially. An epileptic seizure is a transient occurrence of signs or
symptoms due to abnormal and excessive neuronal activity in the brain, whereas epilepsy is a
chronic neurological disorder characterized by repeated unprovoked seizures (Fisher et al.,
2005). Unprovoked seizures should be distinguished from acute symptomatic seizures, which
occur in close temporal relationship with acute structural, inflammatory, toxic or metabolic
insults to the brain, including drug or alcohol intoxication and withdrawal (Beghi et al., 2010).
The term “situation-related seizures” has fallen into discredit, as it is a vague concept (Beghi
et al., 2010). It includes seizures associated with transient extraordinary non-lesional
precipitating factors, comprising strong psychological strain, sleep deprivation and drug and
alcohol effects, often in combination. In milder forms, these events may merely occur as
occasional daily life stressors, which may contribute to the generation of seizures in the
context of epilepsy (Ferlisi and Shorvon, 2014; Nakken et al., 2005). Thus, the borders
between unprovoked and provoked seizures are sometimes blurred and may be difficult to

evaluate in clinical practice.

Moreover, epileptic seizures are referred to as reflex if they are objectively and consistently

modulated, precipitated or inhibited by a specific stimulus that almost immediately results in a

12



seizure (Koepp et al., 2016), in contrast to reactive or situation-related if they occur in
association with non-specific triggers (Blume, 2001). The type of reflex epilepsy is named
after the stimulus necessary to provoke a seizure. Typically, the lateral sensorimotor- and
visual cortex is involved, e.g.: primary reading epilepsy, photosensitive occipital lobe
epilepsy, other visual-sensitive epilepsies, and startle epilepsy (Berg et al., 2010; Engel,
2001). Auditory provoked seizures may take the form of telephone-induced seizures
(Michelucci et al., 2004) or speech-induced seizures in LGI1-related autosomal dominant

temporal lobe epilepsy (ADTLE) (Brodtkorb et al., 2005).

A number of mechanisms play directly or indirectly upon the crucial balance of excitation and
inhibition within the central nervous system. In the classic study by Aird, circumstances that
temporarily lower the seizure threshold were called seizure-inducing factors, while stimuli
that are capable of precipitating a seizure, were referred to as seizure-triggering factors (Aird,
1983). Together, they are called seizure precipitants. The ILAE Glossary of Descriptive
Terminology defines a provocative factor as a transient and sporadic endogenous or
exogenous element capable of augmenting seizure incidence in persons with chronic epilepsy
and evoking seizures in susceptible individuals without epilepsy (Blume et al., 2001).
Burdette (1992) describes seizure precipitating factors in a more every-day language as “those
circumstances that precede the onset of an epileptic attack and are considered by both patient
and neurologist to be a possible explanation for why the seizure happened when it did, and not
earlier or later”. This means that the patients may have a perception of what initiates a seizure.
Patients with epilepsy often try to find a connection between their seizures and external or
internal events that give them a feeling of predictability (Spatt et al., 1998). However, in a
clinical setting, the true nature of seizure precipitation is often hard to disentangle with
certainty. Precipitants are sometimes ill defined and frequently within physiological limits.
Nevertheless, in people with epilepsy, patterns where seizures are more likely to occur can
sometimes be identified. Acute symptomatic, reflex, provoked and precipitated seizures may

be seen as a continuum towards the seemingly spontaneous seizure.

Lack of sleep, alterations in sleep rhythm, abrupt awakening, non-adherence to prescribed
drug regimens, alcohol, stress, fever, menstruation and physical activity, are all examples of
reported precipitants (Table 1) (Nakken et al., 2005; Tan et al., 2005). These factors, however,

often occur in concert, and may have different impact according to the type of epilepsy or
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epileptic syndrome involved (Frucht et al., 2000). In some patients, the use of medications
may induce seizures by a direct neurotoxic effect (Kumlien and Lundberg, 2010), whereas
seizures due to alcohol- and benzodiazepine abstinence are also common (Stimmel and
Dopheide, 1996). Several recreational drugs and stimulants, even intake of energy drinks

containing caffeine, are believed to induce seizures (Bonhila and Li, 2004).

Awareness of these factors is probably an underestimated part of the self-management of
epilepsy (Nakken et al., 2005), and information about the principles of prophylactic drug
treatment, as well as the knowledge of potential seizure precipitating factors, is important. In
the study by Aird, 43 % of patients reported benefit from increased awareness on precipitants,
in 17% it was thought to have substantial impact on seizure control (Aird, 1983). On the other
hand, it seems to be a common problem that patients often are aware of possible seizure

precipitants, while believing that the precipitants are unavoidable (da Silva Sousa, 2005).

The principal goal in the management of seizure disorders is to avoid further seizures. The
comprehensive approach can be divided into pharmacological and non-pharmacological

options and should be tailored to the individual patient.

This thesis aims to examine the unsettled role of caffeine consumption, non-adherence to
recommended AED regimens by means of therapeutic drug monitoring (TDM), as well as the
complex interaction between sleep, stress, depression, anxiety and alcohol as seizure

precipitants in a clinical setting.

1.3 Caffeine

Caffeine is widely used as a stimulant and has complex pharmacological actions. Modern
energy drinks containing high amounts of caffeine and typically other additives, such as
taurine, herbal supplements, vitamins and guarana, may compound the stimulant effects of
caffeine (Mattson, 2013). Animal models (Chu, 1981; Cutrufo, 1992; Gomes et al., 1999) and
case reports suggest that excessive caffeine intake may precipitate seizures (Bonhila and Li,
2004; Calabro et al., 2012; Cleary et al., 2012; Haller et al., 2005; Iyadurai and Chung, 2007,
Kaufman and Sachdeo, 2003; Mortelmans et al., 2008; Roggla and Moser, 2007; Trabulo et

al., 2011). Caffeine binds to presynaptic adenosine receptors, but unlike adenosine, the final

14



breakdown product of adenosine triphosphate, which slows down neuronal firing when the
cells run low on energy, caffeine allows continued neuronal stimulation (Ferre et al., 1991;
Fredholm and Dunwiddie, 1988). In other words, adenosine’s protective action is antagonized
by caffeine. In vulnerable networks, this is theoretically thought to contribute to the cascade
of events leading to a seizure. Caffeine has for a long time been used as therapy for apnea in
prematurity; safety in terms of possible seizure induction is not conclusive so far (Aranda et
al., 1977). However, theophylline, commonly used in treatment of pulmonary diseases, binds
to the adenosine receptor in a similar manner as caffeine, and is a well-known seizure

precipitant (Zwillich et al., 1976).

Interestingly, the use of adenosine as an anticonvulsant is currently in early stages of
development as a potential AED (Bialer et al., 2017). Adenosine seems to affect mechanisms

important to prevent epileptogenesis (Williams-Karnesky et al., 2013).

However, whether dietary caffeine intake is involved in seizure precipitation in a clinical
setting, is controversial. Unclear recommendations have so far been given based on animal
studies and the few available case reports suggesting seizure-inducing effects of excessive
intake of new energy drinks containing caffeine. Hence, we wished to assess whether a

fluctuating intake of dietary caffeine might contribute to the generation of seizures.

1.4 Non-adherence

Prophylactic pharmacological treatment of epilepsy is mainly focused on preventing the
pathological hypersynchronised activation of neurons by using antiepileptic drugs (AEDs) to
modulate excitatory and inhibitory functions in the brain, thus effectively raising the threshold
for seizures. Stable concentrations of AEDs are necessary in order to prevent seizures from
occuring. However, “drugs don’t work in patients who don’t take them” (Osterberg and
Blaschke, 2005). The term adherence has replaced compliance in the meaning of the
implementation, i.e. the initiation and execution of an agreed medical treatment (Brodtkorb et
al., 2016). Non-adherence to AED treatment is a major obstacle for successful outcome in
epilepsy (Cramer et al., 2002; WHO, 2003). Knowledge of, and the extent of non-adherence,
has not been given the attention needed (Commission on Antiepileptic Drugs ILAE, 1993;

Tomson, 1995).
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Non-adherence causes an increase in the number and severity of seizures, emergency
department visits and hospitalizations. It reduces quality of life for the patients and results in
higher healthcare cost (Davis et al., 2008; Ettinger et al., 2009; Faught et al., 2009; WHO,
2003). Thus, adequate patient education on the principles of prophylactic treatment is a
fundamental part of the comprehensive management of seizure disorders (Cramer and Russel,
1988; Faught, 2012; Garnett, 2000; Helde et al., 2005; Paschal et al., 2008; Smithson et al.,
2012).

The causes of suboptimal AED treatment may be complex and difficult to recognize (Hao et
al., 2013). Non-adherence may be intentional or non-intentional. It may be related to the
healthcare system, to the condition itself, to therapy, or to socio-economic- and patient-related
factors. AED treatment is preventive, and when seizure-free, people with epilepsy are often
not reminded of the need for drug treatment (Loiseau, 1998). Side-effects, and fear of side-
effects, may cause reluctance to follow the prescribed regimen. Increase of AED doses are
often made after seizures without taking non-adherence into consideration. Specht and
colleagues studied adherence in young patients with epilepsy and emphasized that TDM
immediately after a seizure is a useful tool to assess non-adherence (Specht et al., 2003), in
order to avoid excessive AED dosing. Increasing the dose on false premises may accentuate

side-effects and lead to poor adherence.

Recently, the International League against Epilepsy (ILAE) defined drug-resistant epilepsy as
uncontrolled seizures in spite of adequate trials of at least two tolerated, appropriately chosen
and appropriately used AED schedules (Kwan et al., 2010). Hence, non-adherence was
acknowledged, but not further addressed. Uncontrolled epilepsy is not necessarily the same as
drug-resistant epilepsy. Appropriate use is often taken for granted, but missed AED intake as
a cause of pseudo-resistant epilepsy is probably underestimated (Brodtkorb et al., 2016). The
extent of the problem has been difficult to assess (WHO, 2003).

Several different methods of measuring adherence are available. They can be subjective or
objective, and have direct or indirect approaches. All have advantages and limitations. Patient
self-reports and questionnaires rely on the patient’s own perception of adherence, whereas pill

counts and prescription refill rates are objective, but indirect, as they do not necessarily reflect
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intake (Faught, 2012; Paschal et al., 2008; Smithson et al., 2012; WHO, 2003;). Therapeutic
drug monitoring (TDM) is direct and objective, part of the routine in many countries and easy
to understand. However, shortcomings are costs, pharmacokinetic variability, interactions,
diurnal variation and the need for control values. Combined methods are probably useful, and
may enhance the recognition of non-adherence, but the true extent of the problem has been
left obscure. By comparing serum concentrations of AEDs in the emergency room at
admission for acute seizures and controlling for routine values, we wished to assess the

magnitude of this problem in people with uncontrolled seizures admitted to our hospital.

1.5 Sleep, alcohol, stress, anxiety, depression

Sleep loss, alterations in sleep rhythm and abrupt awakening is frequently reported as a
seizure precipitant by patients (Frucht et al., 2000; Nakken et al., 2005). However, lack of
sleep is closely intertwined with a range of possible confounding factors, including alcohol,
stress and mood. There are still no conclusive clinical data showing to what extent and
magnitude each of these factors trigger seizures. (Aird, 1983; Antebi and Bird, 1993; Ferlisi
and Shorvon, 2014; Gunderson et al., 1973; Lawn et al., 2014; Méndez and Radtke, 2001;
Spector et al., 2000; Tan et al., 2005; Wassenaar et al., 2014). Although sleep deprivation has
been found to activate epileptiform EEG in several studies (Fountain et al., 1998), it has been
debated whether isolated sleep loss promotes seizures (Malow, 2004). In a much cited study
on patients with uncontrolled focal seizures who underwent long-term EEG monitoring, sleep
deprived subjects did not demonstrate increased seizure frequency compared to those who had
slept normally. It was suggested that in an inpatient situation free of the stress of everyday

life, sleep deprivation does not significantly affect seizure frequency (Malow et al., 2002).

Alcohol is a major seizure precipitant by itself (Brathen et al., 1999), which has been known
since the times of Hippocrates (Brathen et al., 2005). The pathophysiological mechanisms of
alcohol induced seizures are not yet fully understood as the effect of alcohol on the central
nervous system is complex, and affect several systems of neurotransmitters, most notably the
GABA-/ and glutamate systems (Faingold et al., 1998, Jesse et al., 2016). In patients with a
first-time seizure, alcohol appeared to be a contributing factor in more than 30% of
admissions (Brathen et al., 1999). Awareness of seizures due to alcohol withdrawal is

important, as prophylactic AED treatment is usually not indicated in these patients.
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Specifically, the association between alcohol misuse and epilepsy is a substantial problem that
needs more clinical and scientific attention. In a recent Norwegian population-based registry
study based on ICD-10 codes in specialist care, alcohol use disorder was present in 5.7%
among people diagnosed with epilepsy, compared to 1.3% in patients without epilepsy
(Bakken et al., 2014). The comprehensive management of these comorbid individuals is a
multidisciplinary challenge. It includes careful counselling and information about the seizure

precipitating effects of alcohol, particularly the concurrent withdrawal of alcohol and AEDs.

Lin and colleagues reviewed the occurrence of psychiatric comorbidity in epilepsy that add
further burden to these patients (Lin et al., 2012). Bidirectional relationships are well
established between epilepsy and depression (Ettinger et al., 2004, Ottman et al., 2011), and
epilepsy and anxiety (Ottman et al., 2011; Tellez-Zenteno et al., 2007), whereas the
connection to bipolar disease is less convincing. Living with epilepsy has obvious
implications on mental health in many patients. One study examined the effect of stress on the
risk of having seizures, where high stress levels were associated with more frequent seizures
for most participants. However, some of the patients might have been stressed due to the
occurrence of seizures itself (Temkin and Davis, 1984). Additionally, perceived stress and its
association to sleep loss have not been studied thoroughly in terms of seizure precipitation.
Nevertheless, countermeasures to lower the level of stress seem to reduce seizure frequency in
some patients (Aird and Gordon, 1993; Dahl et al., 1992; Frucht et al., 2000; Loiseau, 1997,
Spector et al., 2000).

As shown in Table 1, lack of sleep crowns the list of self-reported seizure precipitants (Frucht
et al., 2000; Nakken et al., 2005). It is frequently associated with other clinical circumstances
mentioned above. We wished to find out whether sleep loss is an independent seizure

provoking factor.
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2. Aims of study

The overall aim of the study was to examine the occurrence of potentially seizure-
precipitating factors in patients hospitalized after a seizure.
The specific aims for each individual paper were as follows:

Paper I

To study the role of caffeine as a seizure precipitant in a clinical setting.
Paper 11

To study the role of nonadherence to pharmacological treatment as a precipitant of seizures
by means of therapeutic drug monitoring (TDM) and to explore the clinical characteristics of

patients affected by this problem.
Paper 111

To study the sleep related circumstances that may facilitate the generation of an epileptic
seizure. Specifically, we wished to assess whether lack of sleep is an independent seizure-

provoking factor in a clinical setting.
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3. Methods

3.1 Material

In this observational, prospective study, we included consecutive, adult patients (age >16)
who were hospitalized soon after a seizure at the Department of Neurology and Clinical
Neurophysiology, St Olav’s Hospital, Trondheim University Hospital, Norway, between July
2006 and February 2010.

Gender, age, date and weekday of the seizure, marital-, living- (with or without companions)

and occupational status were recorded, together with medical comorbidity.

Various data given in paragraphs 3.2-3.10 were recorded.

A follow-up interview by telephone was performed at least four weeks after seizure admission
at a time when there had been no seizure for >3days. The follow-up interview covered the

same weekdays as in the admission interview of each patient.

The following elements of the admission interview were repeated: a sleep record, alcohol
use, as well as the history of medications used during the last week and the caffeine
consumption during the last 24 h. Repeated admissions were used in the statistical analyses in

paper I and II, whereas only the first admission was used in paper IIL.

The number of patients included, excluded and lost to follow up in the various studies, are

given in Figure 1.
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3.2 Seizure and epilepsy classification

Seizures and epilepsies were categorized according to classifications by the International
League Against Epilepsy (ILAE) at the time of the studies (Berg et al., 2010, Thurman et al.,
2011). Focal onset seizures were defined as seizures with localized clinical onset and/or focal
findings in brain imaging and EEG. Tonic-clonic seizures were considered generalized in
onset when occurring in the context of generalized epilepsy syndromes and/or associated with
generalized epileptiform EEG discharges, or if EEG and imaging was normal and no focal

onset was presented by history.

3.3 Caffeine

Patients were asked to estimate their caffeine intake during the last 24 hours prior to the
seizure, as well as their habitual 24 h caffeine consumption. Interviews took place at a time
when the patients were clinically considered to be cognitively restored after the seizure. A
follow-up interview was performed at least four weeks later. The caffeine consumption was
recorded on the same day of the week and at a time when no seizure had occurred within the

last 24 hours. The patients served as their own controls.

Beverages containing caffeine (coffee, tea, colas) were recorded as standard units defined as
one cup of coffee, two cups of tea or three caffeinated soft-drinks, according to their different

caffeine contents (Heckman et al., 2010).

The caffeine intake was roughly categorized into four groups: 1) no caffeine, (2) low
consumption (<3 units), 3) moderate consumption (>3 - <6 units), and 4) high consumption

(>6 units).

3.4 Adherence

On admission, blood was drawn from the patients for TDM of relevant AEDs. Blood analyses
were performed with routine in-house methods. Time of last AED intake and time for blood
sampling, as well as concomitant medications were recorded. Concentration/dose (C/D) ratios

were calculated. Each patient served as his/her own control. Steady-state, drug-fasting, control
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C/D ratios were obtained at scheduled outpatient appointments and controlled for co-
medication. The first post-discharge value was preferred; if not available, the last value prior

to admission was used.

Non-adherence was defined as probable when the C/D ratio at admission was 50 to 75% of
the control C/D ratio, and as definite when it was less than 50%. Patients using multiple
AEDs were assessed according to the drug with the lowest C/D ratio. The medical records

were reviewed for information on the patients' own history of recent adherence.

3.5 Sleep

Total sleep-time during the last 24 h prior to the seizure was recorded in a sleep diary by the
interviewer. The time of seizure occurrence, as well as its relation to sleep and awakening,
was also recorded. Seizure-related sleep deprivation was defined as total sleep time <50%

during the last 24h prior to admission compared to follow-up.

3.6 Alcohol

Alcohol use was assessed by the Alcohol Use Disorders Identification Test (AUDIT). The
AUDIT was developed by the WHO as a simple method of screening for excessive drinking;

to determine if a person may be at risk of alcohol abuse (Saunders et al., 1993).

The daily number of alcohol units consumed was recorded for each of the six days prior to the
seizure. A standard alcohol unit was defined according to the Norwegian Directorate of
Health as 12-15 g of pure alcohol representing the amount of alcohol in a small bottle of beer,

a glass of wine or a small liquor drink (Merland, 2005).

3.7 Other medications/drugs

Prescription- and illegal drugs ingested during the last week were recorded to identify agents

that might influence the seizure threshold.

3.8 Anxiety and depression
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The Hospital Anxiety and Depression Scale (HADS) (Zigmond and Snaith, 1983) was applied

during the admission interview and anxiety and depression subscale-scores were calculated.

HADS is commonly used by doctors to determine the levels of anxiety and depression that a
patient is experiencing. The HADS is a fourteen-item scale that generates ordinal data. Seven
of the items relate to anxiety; the other seven relate to depression. Every item on the
questionnaire is scored from 0-3. A cut-off point of 8/21 for both anxiety and depression is

most often used (Bjelland et al., 2002).

3.9 Visual analogue scale

Patients were also asked to score the perceived role of various precipitants for the present
seizure on a visual analogue scale (VAS) 100mm in length with scores ranging from 0 to 100

accordingly.

VAS is a psychometric response scale which can be used in questionnaires (Huskisson, 1974).
It is a measurement instrument for subjective characteristics or attitudes that cannot be
directly measured. When responding to a VAS item, respondents specify their level of
agreement to a statement by indicating a position along a continuous line between two end-

points.

The patient’s own evaluation of common seizure precipitants, including stress, physical
activity, lack of sleep, irregular rhythm, alcohol, photostimulation, TV/screenplay,
menstruation, fever and others, was marked on the scale. The precipitants chosen were the
most frequently reported in previous studies (Nakken et al., 2005; Vedeld, 2005). Only

perceived stress from the VAS was included for the present thesis.

3.10 Epilepsy knowledge (not included in the present papers)

Patients were asked to complete the 34-item medical knowledge sub-scale of the Epilepsy
Knowledge Profile — General (Jarvie et al., 1993). The questionnaire has been translated into

Norwegian. Correct answers are given one point, wrong answers zero point. The maximum
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total score is 34.

3.11 Statistics

IBM Statistical Package for the Social Sciences (SPSS) versions 17-23 and Excel were used

for statistical analysis.

A p value <0.05 was considered statistically significant. A p value <0.01 was considered

highly significant.

Paper 1:

Statistical analyses were performed using Wilcoxon’s signed-ranks test.

Paper 2:

Fisher’s exact test was used for statistical analysis.

Paper 3:

Paired Student’s t-test and two-group Student’s t-test was used for determination of the

significance of crude differences.

Categorical 2x2 data were assessed with Fisher exact test or paired McNemar’s test for

symmetry.

Pearson correlation was used for exploring associations between main outcome variables and

background variables.

A supplementary repeated measures ANOVA model was created in order to control for the

effects of AED and alcohol consumption change.

3.12 Ethics

The study was approved by the Regional Committee for Medical and Health Research Ethics
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(approval number 420061611). Participants taking part in the interviews gave their informed
written consent. The Regional Committee for Medical and Health Research Ethics (reference
2009/1672-2), approved serum concentrations drawn from all patients to be studied in this

project, without consent being given.
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4. Results — overview of papers

Paper 1:

Samsonsen C, Brathen G, Reimers A, Helde G, Brodtkorb E. Is dietary caffeine involved in
seizure precipitation? Epilepsy Behav. 2013; 28:147-50.

Caffeine acts as a central nervous stimulant by blocking A1 and A2A adenosine receptors. Its
effect on seizures is complex. Animal studies and case reports indicate that acute caffeine
exposure may induce seizures, whereas chronic exposure might have an opposite effect. We

wished to study the role of caffeine as a seizure precipitant in a clinical setting.

Patients acutely hospitalized for seizures (n=174) were asked for their consumption of
caffeinated beverages 24 h prior to admission as well as their habitual caffeine intake. 24-h
caffeine consumption was also recorded in a later telephone interview on a seizure free day
(n=154). Thus, the patients served as their own controls. Categorized data were analysed

using the Wilcoxon’s signed-ranks test.

No difference was found between the 24-h intake of caffeine prior to the seizure and the
habitual consumption (p=0.37), or the consumption on a seizure free day (p=0.13).

We concluded that dietary caffeine does not appear to be a common seizure precipitant.

Paper 2:

Samsonsen C, Reimers A, Brathen G, Helde G, Brodtkorb E. Nonadherence to treatment
causing acute hospitalizations in people with epilepsy: an observational, prospective study.

Epilepsia. 2014; 55:125-8.
Poor adherence to treatment with AED persists as a major obstacle to optimal epilepsy care.

We aimed to assess the clinical relevance of this problem by means of TDM, and to

investigate the clinical characteristics of patients prone to AED non-adherence.
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Consecutive patients with epilepsy acutely admitted to hospital for seizures were included.
Non-adherence was defined as having a serum concentration/dose ratio at admission of <75 %

of the patient’s own control value (probable non-adherence: 50-75%; definite: <50%).

A large proportion of patients (39%) was non-adherent to AED treatment (definitely: 24%;
probably: 15%). Non-adherence was more common in patients with generalized seizures
compared to those with focal onset seizures (p=0.021), and in patients <30 years compared to

older patients (p=0.006).

We concluded that non-adherence is a common cause of seizure breakthrough in patients with
epilepsy, particularly in adolescents and young adults, and in those with generalized
epilepsies. Prompt measurements of AED serum concentrations should be available as part of
the emergency care for patients acutely hospitalized for seizures to permit this issue to be

thoroughly addressed prior to discharge.

Paper 3:

Samsonsen C, Sand T, Brathen G, Helde G, Brodtkorb E. The impact of sleep loss on the
facilitation of seizures: A prospective case-crossover study. Epilepsy Res. 2016; 127:260-266.

The relationship between sleep and seizures is intricate. The aim of this study was to assess

whether sleep loss is an independent seizure precipitant in a clinical setting.

In this prospective, observational cross-over study, 179 consecutive hospital admissions for
epileptic seizures were included. A semi-structured interview regarding several seizure
precipitants was performed. The sleep pattern prior to the seizure, as well as alcohol, caffeine
and drug use, were recorded. The same interview was repeated by telephone covering the
same weekday at a time when there had been no recent seizure. The Hospital Anxiety and
Depression Scale (HADS) and a visual analogue scale for perceived stress was applied at

admission. Student t test, Fisher exact test and ANOVA were used for statistical analyses.

Complete data for analysis were retrieved in 144 patients. Sleep time during the 24 h prior to

28



the seizure was lower compared to follow-up (p<0.0005). Cafteine consumption and use of
relevant non-AEDs were not different. HADS and stress scores at admission did not correlate
with sleep time difference. ANOVA considering sleep time, alcohol consumption and AED
use could be applied to 120 patients. In this model, sleep time difference remained significant
(p=0.008). The interaction with alcohol intake was high, but not significant when controlled

for high consumption (> average 2 units per day during 6 days).

Epileptic seizures are often precipitated by a combination of various clinical factors, but sleep

loss stands out as an independent seizure trigger.
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5. Discussion

5.1 Main findings of the thesis

This thesis explores the significance of potential seizure precipitating factors and attempts to

assess the circumstances and settings in which they occur.

Increased dietary caffeine did not appear to be associated with increased occurrence of
seizures, in spite of the fact that ingestion of caffeine-containing beverages may often be

associated with lack of sleep.

By means of TDM we have demonstrated that non-adherence to AED treatment is a major
cause of pseudo drug-resistant epilepsy, particularly in young adults. Non-adherence was even
present in many patients who were not aware of missed drug intake, as well as in patients with

intellectual disability receiving their drugs from caregivers.

The relationship between sleep and seizures is intricate. Sleep-time was significantly lower
prior to a seizure than at follow-up, but the interaction between sleep loss and alcohol use was

high. Nevertheless, sleep loss appears to be an independent seizure trigger.

Seizure precipitants are often multiple and combined. Awareness of these factors and their
interactions are important. However, fear of seizure-inducing situations causes concerns and
restrictions in the lives of people with seizure disorders. Advice and interventions should not

be based on myths and beliefs.

5.2 The burden of the enduring susceptibility of having seizures

Epilepsy is a disorder of the brain characterized by an enduring predisposition to generate
seizures and by the neurobiological, cognitive, psychological and social consequences of the
disorder (Fisher et al., 2005). The prevalence of epilepsy increases in children and adolescents
reaching a plateau level during the age between 20 and 30 years (Syvertsen et al., 2015).
Crucial elements in the management of this disorder is the balance between wanted and
unwanted effects of the treatment, as well as the balance between avoidance of seizure

precipitating factors and the risk related to seizures. These aspects are particularly important
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in the young patient moving towards an independent life. In general, chronic disorders and
their treatment may have negative implications for peer relationships and evoke a feeling of
being different, for which adolescents may be more susceptible than older patients (Kyngés,

2000).

Patients with epilepsy may suffer from stigma, exclusion, restrictions, overprotection and
isolation. Poor seizure control may in particular have deleterious consequences in young
people, as it frequently affects educational performance and social adjustment. The enduring
potential for seizure recurrence may not only have an impact on the patients, but also on their
families. Hence, the burden of having epilepsy is now included as part of the conceptual
definition of the condition (Fisher et al., 2005), thus underscoring the need for comprehensive

and multiprofessional management of epilepsy.

Seizure precipitation by lifestyle factors is very common in the young age group, conceivably
due to immature attitudes. Young patients are especially prone to stimulant and illegal drug
use, as well as uncontrolled use of alcohol and irregular sleep rhythm (Leach et al., 2012).
This particularly pertains to juvenile myoclonic epilepsy (Syvertsen et al., 2014). In this
common electroclinical syndrome, lifestyle is an extremely important part of the treatment,

which should be thoroughly discussed with the patient (Crespel et al., 2013).

5.3 The impact of caffeine on seizure control

Currently, an increasing number of admissions to hospitals are thought to be related to the
intake of energy drinks containing large amounts of caffeine (Mattson, 2013). A range of case
reports have been published, exclusively in young people (up to age 28 years) (Calabro et al.,
2011; Iyadurai and Chung, 2007; Roggla and Moser, 2007; Trabulo et al., 2011).
Confounders, particularly psychosocial circumstances, including sleep loss and the intake of
other seizure-inducing agents should generally receive ample attention in such anecdotal
reports. Limited caffeine consumption has been advised for people with epilepsy by some
authors (Kasteleijn-Nolst Trenité et al., 2013; Kaufman et al., 2003), but evidence-based
clinical findings supporting such recommendations are lacking. Hence, undocumented

restrictions should be avoided.
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Even though caffeine is commonly used as a stimulant to restore alertness after sleep
deprivation, the amount of pre-ictal dietary caffeine was not increased in our study, thus
indicating that caffeine is not a common contributor to the events leading to a seizure.
However, none of the patients included in Paper I had used energy drinks. The question
concerning the role of caffeine in large doses combined with various additives commonly
used in these beverages is thus left unanswered. Individuals without prior daily exposure to
caffeine might be more vulnerable to a possible seizure-inducing effect of excessive ingestion
(Boison, 2011; Jacobson et al., 1996). As a digression in this context, life-long caffeine
consumption is thought to protect against neurological conditions like cognitive decline,
stroke, and Alzheimer’s and Parkinson’s disease. It should therefore not without reason be

discouraged as part of a healthy balanced diet (Nehlig, 2016).

5.4 Treatment adherence

We detected non-adherence to AEDs in a very large proportion of patients with epilepsy
admitted to hospital for seizures. That the highest proportion of 46% definite and probable
non-adherent patients was found in the cohort under 30 years is particularly worrying, but the
predominance in young people is perhaps not very surprising. We believe that the number of
patients identified in the present hospital-based findings merely represent the “tip of the
iceberg” of this problem, as only a part of patients with established epilepsy are admitted to

hospital when a seizure occurs.

The study on seizure precipitants performed as a student thesis in patients with uncontrolled
seizures in our outpatient clinic (Vedeld, 2005) provided intriguing findings (Table 1). The
patients were first asked to write down factors that they believed could precipitate seizures.
Only 4 % spontaneously reported missed drug intake, whereas it was reported in as many as
40% when ticked in a questionnaire. This discrepancy prompts the need to increase the

awareness of this problem among the patients.

When patients themselves suspect missed drug intake as the cause of seizures, they may be
less inclined to seek emergency care. On the other hand, patients with non-adherence may
suffer from more severe or multiple seizures, resulting in acute admission. In a study in young

adults, generalized tonic-clonic seizures occurred more often than other seizure types when

32



the relapse was caused by noncompliance (Specht et al., 2003). We have recently also studied
non-adherence in status epilepticus (Lie et al., 2015) using TDM. In this retrospective study,
38% of admissions for status epilepticus in patients with epilepsy had serum
concentration/dose ratios <75% of a drug fasting control value, indicating missed drug intake
(Lie et al., 2015). In line with these findings, current guidelines for the management of status
epilepticus recommend that patients on prophylactic treatment should receive a bolus dose of
their AEDs as part of the initial treatment (Brophy et al., 2012). Status epilepticus related to
non-adherence is usually treatment responsive, but may still be critical in patients with
comorbidities and multihandicaps (Lie et al., 2015). Among recurrent episodes of status

epilepticus, AED withdrawal has been identified as the leading cause (Tsetsou et al., 2015).

Moreover, non-adherence appeared to be more prevalent among admissions of patients with
generalized epilepsies compared to those with focal epilepsies. In juvenile myoclonic
epilepsy low medication adherence has specifically been pointed out as a very important

cause of pseudo-drug resistance (Crespel et al., 2013).

Even if there was a trend towards better adherence among patients with intellectual disability,
it is noteworthy that 12% of admissions in this group was associated with definite non-
adherence. Being residents of sheltered housing with supervised drug ingestion, the causes of
missed doses may be different from independently living people with epilepsy, e.g.
swallowing dysfunction or behavioural problems. High awareness of adherence must continue
even in this group. Non-educated assistant carers may sometimes be poorly informed about
the principles of prophylactic AED treatment. The present findings highlight the importance

of training and supervision of all health care professionals who are in charge of these patients.

Complex regimens have always been thought to be troublesome. Although some authors
report a significantly better degree of adherence in patients on monotherapy (Bryant and
Ereshefsky, 1981; Specht et al., 2003), we found no difference between monotherapy and
polytherapy (Cramer et al., 2002; Sweileh et al., 2011). Easy-to-follow medication regimens
and few adverse effects are considered important factors for good adherence (Faught, 2012).
On the other hand, patients on polytherapy more frequently have uncontrolled epilepsy, and
may therefore have more focus on following strict medication routines. They are also more

likely to be seen regularly at outpatient clinics where concerns can be dealt with.
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As a whole, we found no difference in treatment adherence between patients on monotherapy
compared to those on polytherapy. However, patients using levetiracetam was identified as
having lower adherence compared to those using valproate, carbamazepine and lamotrigine
(p=<0.001). Interestingly, definite non-adherence was present in 63% (17 of 27 patients) of
admissions with levetiracetam in polytherapy. In these 17 admissions, 19 of 20 C/D ratios of
AEDs combined with levetiracetam were also consistent with non-adherence. Our findings
suggest that patients treated with levetiracetam had a higher rate of non-adherence, as defined
in this study, compared to other commonly used AEDs. This is probably caused by its short
plasma half-life (6-8 h). In polytherapy, non-adherence was determined by the drug with the
lowest C/D ratio; thus levetiracetam appears to be a more sensitive indicator of irregular

intake than many other AEDs.

The pharmacokinetic variability of serum concentrations between and within patients is well
known and frequently discussed (Johannessen Landmark et al., 2012). Our definition of non-
adherence (C/D ratio on admission <75% compared to drug fasting control) was used to
reduce the impact of this phenomenon. Importantly, the control values could of course vary as
well. In the most extreme scenario where all C/D ratios on admission are at their lowest (e.g.
75% of average ratio) and all controls at their highest (125% of average ratio), the ratio will

still be 0.6. As presented in our study, 24% of all patients had a ratio <0.5.

Rapid identification of non-adherence is essential. Prompt measurements of AED serum
concentrations should be part of the emergency care for patients acutely hospitalized for
seizures to permit this issue to be thoroughly addressed prior to discharge. Dose increase on

false premises will certainly not improve adherence.

5.5 Sleep loss, alcohol and associated seizure precipitants

Our study elucidates the role of sleep loss as a seizure precipitant in a clinical setting. As with
non-adherence, young people seem to be especially at risk of lack of sleep prior to seizures.
However, the various seizure precipitants complicating to sleep deprivation seems to be
particularly difficult to decipher. Sleep deprivation and alcohol are intertwined in late night

party settings, with the implication that when seizures occur after sleep loss, the role of
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alcohol should be explored as well and vice versa. The alcohol withdrawal seizure is a
symptom mainly occurring primarily during the early phase of withdrawal, which is also
characterized by insomnia, restlessness and autonomic symptoms. However, seizures may
occur in the absence of other signs of the alcohol withdrawal syndrome, which often rather
occur in the postictal phase. More than 90% of seizures emerge within 48h of cessation of
prolonged drinking. More than half of the individuals present with repeated seizures, and in
up to 5% they may progress to status epilepticus. More than 50% of withdrawal seizures are
associated with concurrent risk factors such as prior epilepsy, structural brain lesions or use of

other drugs (Jesse et al, 2016).

Subjects with established epilepsy may have a much lower threshold for the seizure-inducing
effect of alcohol. It may usually occur on the day after alcohol intake, often after “binge”
drinking (Kasteleijn-Nolst Trenité et al., 2013), but frequently outside the setting of alcohol
abuse and the alcohol withdrawal syndrome. Surprisingly, this common, practical problem is
insufficiently explored. Only one randomized clinical trial (Hoppener et al., 1983) has
addressed this particular issue; an intake of one to three drinks each containing approximately
10 g of ethanol twice a week in an inpatient setting did not alone increase seizure
susceptibility in treated patients with predominantly focal epilepsy. Alcohol sensitivity may
vary among epileptic disorders. Genetic generalized epilepsies, particularly juvenile
myoclonic epilepsy, seem to be more vulnerable to alcohol and sleep deprivation, particularly

the combination of the two factors (Pedersen and Petersen, 1998).

Poor sleep, as well as alcohol use, is also associated with psychosocial adverse events and
psychiatric disorders. These interactions may also be complicated and difficult to sort out. It
should be borne in mind that the relationship between epilepsy and psychiatric disease may be
bidirectional; psychiatric disease may precede the onset of epilepsy and vice versa.
Furthermore, a range of neuroactive drugs may lower the seizure threshold, particularly
antipsychotics (Bakken et al., 2014; Kanner and Hesdorffer, 2012; Kumlien and Lundberg,
2010).

It has been stated that “happiness is a very powerful anticonvulsant” (Fenwick, 1990); the
opposite may be true for unhappiness. Nevertheless, in our study we found no association

between sleep loss and depression or anxiety as measured by the HADS score or with
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perceived stress according to the visual analogue scale. Conceivably, the reason might be that
these factors partly were outweighed by party or other merry social settings in young people
or possibly by a weakness of the instruments. Bjelland identified a cut-off point of 8/21 for
both anxiety and depression, giving a specificity of 0.78 and a sensitivity of 0.9 for anxiety
and a specificity of 0.79 and a sensitivity of 0.83 for depression (Bjelland et al., 2002).
Although no significant difference in HADS anxiety was found comparing the sleep deprived
to those with adequate sleep in our study; the mean score was fairly high in both groups (7.95
and 6.86 respectively). The score is at least partly likely to be influenced by a recent seizure.
Nevertheless, appropriate attention to sleep patterns in epilepsy patients with psychiatric
comorbidity should be given. Psychiatric diseases are often associated with episodic

emotional stress, sleep disturbances, resignation and disregard of life-style recommendations.

The independent role of sleep loss as a seizure trigger has been debated (Malow et al., 2002),
but we found evidence for poor sleep hygiene being an independent seizure-precipitating
factor. This enhances the understanding and awareness of the intricate role of sleep in the
cascade of events that leads to a seizure and may improve patient care. The finding
corroborates that people with epilepsy, in particular those with brittle seizure control, should

be advised to avoid sleep deprivation.

5.6 Additional seizure precipitants to be considered

As underscored in the preceding discussion on sleep loss, seizure precipitants often occur in
combination forming multifaceted clinical circumstances that should be analysed in detail. It
is worth mentioning that the impact of photostimulation is often complex (Shoja et al., 2007).
Computer games often extend into the nights with a sense of excitement, stress and sleep
deprivation. Energy drinks may be blamed, sometimes unwarranted (Fisher et al., 2005;
Loiseau, 1997; Piccioli et al., 2005; Singh et al., 2001). In clinical studies, 3-17% of patients
report photostimulation as a precipitant (Frucht et al., 2000; Hayden et al., 1992; Spatt et al.,
1998; Spector et al., 2000). Young people with genetic generalized epilepsies such as juvenile
myoclonic epilepsy and other photosensitive epilepsies, including Jeavon’s syndrome
(Panayiotopoulos, 2010), are particularly vulnerable to these situations. These settings may
also be associated with non-adherence to AEDs. Furthermore, physical activity, fatigue,

changes in sleep and mental stress are important cofactors to consider. (Ferlisi and Shorvon,
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2014; McKee and Privitera, 2017; Nakken, 1999).

Of course, the well-established concept of catamenial epilepsy should be considered.
Menstruation may be associated with a range of ill-defined symptoms that may aggravate

other seizure triggers (Foldvary-Schaefer and Falcone, 2003).

Finally, although intercurrent illnesses often alter sleep pattern, increases stress and
sometimes make the patients reluctant to take their AEDs, fever may by itself cause seizures
(Dubé et al., 2005). Febrile seizures rarely occur outside young childhood, but may persist in

SCN1A-related epilepsies (Camfield and Camfield, 2015).

5.7 Methodological considerations

In addition to the methodological considerations discussed in papers I-111, this study does
have some generally relevant methodological limitations. Only patients able to cooperate well
completed the interview and the questionnaires with a risk of losing important patient groups
including the intellectually disabled, patients with dementia, aphasia, or other severe
comorbid medical conditions. This was done by careful clinical judgement, however, not
without risk of selection bias. All patients were nevertheless included in the assessment of
non-adherence. Fortunately, promising new methods to facilitate the inclusion of patients with

intellectual disability in similar studies have recently been suggested (Illingworth et al., 2015).

The time to complete restoration after a seizure is hard to estimate with certainty in individual
patients. The level of cognitive function does indeed vary, both habitually and postictally, and
a more systematic approach with the use of a tool like the Mini Mental Status Examination
(Folstein et al., 1975) could possibly have identified patients susceptible of giving inaccurate

data.

Furthermore, questionnaires like ours tend to be associated with an increased number of false
positives,as patients may want to seek an explanation for why the seizures occurred when they
did. Patient awareness and knowledge of possible precipitants is important, as especially
spontaneous seizures may have more severe vocational restrictions and consequences for

driving. However, in a study with 37 selectable precipitants, only 53% of the sample reported
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seizure precipitants (Nakken et al., 2005), in contrast to other studies with recognized
precipitants in 62-91% of included patients (Frucht et al., 2000; Millett et al., 1997; Spatt et
al., 1998; Spector et al., 2000). Whether the interview is done in proximity of a seizure or in a

seizure free period might influence on the reporting of precipitants.

Unfortunately, complete data were not retrieved for all patients. However, the follow-up of
88-92% of included subjects is within the recommendation of more than 80% (Guyatt et al.,

2011). In this regard, the data presented are assumed to be valid.

Another important issue is the prodromal phenomenon. It is defined as “a preictal subjective
or objective preictal clinical alteration (e.g., ill-localized sensation or agitation) that heralds
the onset of an epileptic seizure, but does not take part of it” (Blume et al., 2001). These
sensations may be difficult to differentiate from a seizure precipitant for both patients and
proxies. It may be associated with a range of unspecific symptoms, including stress, anxiety,
irritability, nausea, poor sleep or depressed mood as a signal of an emerging seizure. It may
last for hours or days and maybe even weeks, in contrast to the aura which usually is a
shortlasting subjective ictal phenomenon that immediately precedes the seizure or occurs
alone as a sensory seizure (Blume et al., 2001). Rarely, a more prolonged aura may take place
(aura continua), as a form of focal status epilepticus (Proposal for revised clinical and

electroencephalo-graphic classification of epileptic seizures 1981).

To date, the prodromal phenomenon per se has not convincingly been associated with
abnormal electroencephalographic activity. However, in a Danish study, three of six patients
had EEG changes corresponding to nonconvulsive status epilepticus during symptoms
considered to represent a prodromal phase (Alving and Beniczky, 2013). One could only
speculate whether some reported seizure precipitants in fact rather represent prodromes or
prolonged auras. Nevertheless, a small study by Maiwald questions the predictive value of
prodromes and the specificity of their occurrence in the preictal period (Maiwald et al., 2011).
To make it even harder to decipher, the patients’ ability to predict seizures could of course
also be based on their knowledge of circumstances which increase the probability of a
subsequent seizure, without being a prodrome. Last, but not least, a prodromal phase may
promote other precipitants, for instance lack of sleep, and thereby initiate a vicious circle.

There are obvious difficulties in distinguishing prodromes from life-style irregularities that
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can be controlled by the patients themselves. In Paper 111, we have been unable to control for

this potential confounder.

Studies trying to identify various seizure triggers have predominantly been performed in
outpatient clinics (Antebi and Bird, 1993; Ferlisi and Shorvon, 2014; Nakken et al., 2005;
Spector et al., 2000; Wassenaar et al., 2014;) or in selected groups of patients (da Silva Sousa
et al., 2005; Fang et al., 2008) partly with seizure remission. It is a strength that the present
study was performed in patients with uncontrolled seizures and in close proximity of an acute
seizure event. Obviously, the circumstances preceding a seizure are best remembered in the
immediate period after a seizure when cognitive function is restored. Questionnaire studies in
outpatients may to a higher degree be influenced by recall bias, myths and acquired
knowledge of general aspects of epilepsy, which do not always relate to thepatients’ own
specific disorder. In interview studies, the patients may have an additional inclination to
present themselves as responsible and reliable people, and might thus possibly have a
tendency to ignore regrettable and self-inflicted situations that have led to seizure

breakthrough in the past.

5.8 Suggestions for future research

We believe that future studies on seizure precipitating factors should focus on acute seizure
events in uncontrolled epilepsy rather than questionnaires in routine outpatients who may

have been seizure free for a long time.

Case reports on the seizure inducing effect of excessive caffeine intake in the form of energy
drinks are not yet convincing due to the common occurrence of many other associated factors
with potential contribution. Case series suggesting that these drinks alone may precipitate

seizures are warranted.

More scientific attention should be given to the various causes of poor adherence. The clinical
heterogeneity of poor medication behavior is vast. Barriers based on attitudes and perceptions:
doubts about the need for AEDs, concerns about adverse effects and practical factors
influencing medication taking have been emphasized recently (Chapman et al., 2014 and

2015; Pakpour et al., 2015). Accordingly, the management should focus on the individual
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non-adherence pattern, tailoring the intervention to the patient profile (Blaschke et al., 2012;
Eatock and Baker, 2007). The role of depression seems to be especially important to
investigate further; in a recent study, adherence correlated with mood rather than with
objective memory measures (McAuley et al., 2015). One could only speculate whether two
different groups exist; one happy, careless party-related group and one unhappy, anxious

group with psychosocial problems, lack of sleep and adherence resignation.

We have demonstrated that sleep loss alone may precipitate GTCs, but the role of sleep
deprivation in order to facilitate the occurrence of focal non-motor seizures is less clear

(Malow et al.2002; Malow, 2004) and should be further investigated.

Alcohol consumption in people with epilepsy varies a lot, as do the recommendations patients
receive. How much alcohol is safe in people with active epilepsy? Follow-up studies after
intervention on modifiable triggers like alcohol and sleep, with particular focus in idiopathic
generalized epilepsy, are interesting areas for the further development of self-management

epilepsy programs (Helmers et al., 2017).
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6. Conclusions

The studies presented in this thesis emphasize the need for careful history taking to identify
exogenous as well as endogenous seizure precipitants in order to enhance self-management

support in seizure disorders.

Basic science investigations and anecdotal clinical reports suggest that caffeine might
contribute to seizure generation, but our findings do not support the idea that increased dictary

caffeine is a common seizure facilitator. Undue restrictions should be avoided.

Poor medication-taking behaviour is a common cause of breakthrough seizures, particularly in
young adults with epilepsy. The need for adherence support should be considered for all
individuals when uncontrolled seizures occur in spite of appropriately optimized AED

regimens.

Sleep loss is an independent seizure trigger when other relevant seizure precipitants also are
considered. The impact of alcohol on sleep and seizures is particularly difficult to sort out.

Insights in these aspects may improve patient care.

The cascade of events leading to a seizure is complex. A practical strategy to prevent seizures
should include the discussion of relevant precipitants with each individual patient, and to
tailor interventions accordingly. Sufficient knowledge on seizure facilitation and appropriate
communication with the patients are key elements in the comprehensive personalized

management of epilepsy.
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7. Epilogue

Some think a flap of a butterfly wing is enough to alter the course of the weather (Lorentz,
1963). Likewise, seizure precipitants often occur in combination forming multifaceted clinical
circumstances that push the patient closer to a seizure, until finally the smallest factor not
even thought of, is decisive. This is a fundamental and philosophical challenge when

interpreting the results of the present thesis.
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8. Erratum

In paper I, paragraph 3.2, 20 patients are reported lost to follow-up. Correctly, 12 patients
were lost to follow-up and 8 patients lost due to missing data as illustrated in Figure 1, page
22.
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Caffeine acts as a central nervous stimulant by blocking A1 and A2A adenosine receptors. Its effect on seizures is
complex. Animal studies and case reports indicate that acute caffeine exposure may induce seizures, whereas
chronic exposure might have an opposite effect. Patients acutely hospitalized for seizures (n = 174) were
asked for their consumption of caffeinated beverages 24 h prior to admission as well as their habitual caffeine
intake. Twenty-four-hour caffeine consumption was also recorded in a later telephone interview on a seizure-
free day (n = 154). Thus, the patients served as their own controls. Categorized data were analyzed using the
Wilcoxon's signed-ranks test.

No difference was found between the intake of caffeine 24 h prior to the seizure and the habitual consump-
tion (p = 0.37) or the consumption on a seizure-free day (p = 0.13).

Thus, caffeine does not appear to be a common seizure precipitant.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Epilepsy is defined by recurrent seizures on a background of an en-
during predisposition to seizures, presumed to be triggered by various
precipitants, sometimes ill-defined and usually within physiological
limits. Awareness of these factors is probably an underestimated part
of the self-management of epilepsy [1].

Caffeine is the most commonly consumed central nervous system
stimulant in Western society. Scandinavian countries top the world-
wide list of caffeine consumption with around 400 mg of caffeine
per person per day [2]. Caffeine has complex pharmacological actions.
The main biological effects are mediated by blocking of the A1 and
A2A adenosine receptors in the brain [3,4]. Adenosine is the final
breakdown product of adenosine triphosphate (ATP). When the neu-
ron is short of energy, adenosine is released from the postsynaptic cell
and connects to receptors on the presynaptic membrane to slow
down neuronal firing. Caffeine binds to the adenosine receptor but
does not inhibit neurotransmitter release, and it therefore has an ex-
citatory effect by allowing continued neuronal stimulation.

Animal studies indicate that caffeine may induce seizures [5-7].
Acute caffeine exposure has also been shown to diminish the seizure-
protective effects of various antiepileptic drugs in electroshock- and
pentylenetetrazole-induced convulsions in animal models [8-14]. Fur-
thermore, several case reports suggest that excessive caffeine intake
may precipitate seizures in some patients with epilepsy [15-23].

* Corresponding author at: Department of Neurology and Clinical Neurophysiology,
St. Olav's University Hospital, 7006 Trondheim, Norway. Fax: +47 72575774.
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Caffeine-containing energy drinks have also been associated with
new-onset seizures [19]. However, caffeine intake is so common that
it may not be thought of in relation to seizures. In a large questionnaire
study among people with epilepsy, caffeine consumption was not among
the most frequently reported seizure precipitants, even though dietary
factors were explicitly asked for [1].

The association between seizures and caffeine is complex. Acute and
chronic exposure may have different effects [24,25]. In this study, we
wanted to investigate the role of caffeine as a seizure precipitant in a
clinical setting.

2. Methods

Unselected patients acutely hospitalized with epileptic seizures were
included in this observational study. In patients considered to be able to
cooperate, a semistructured interview including the pattern of caffeine
consumption was performed. The patients were asked to estimate
their caffeine intake during the last 24 h prior to the seizure, as well as
their habitual 24 h caffeine consumption (Interview I). Interviews took
place at a time when the patients were clinically considered to be cogni-
tively restored after the seizure. A follow-up interview (Interview II)
was performed at least 4 weeks later. The caffeine consumption was
recorded on the same day of the week and at a time when no seizure
had occurred within the last 24 h. The patients served as their own
controls.

Beverages containing caffeine (coffee, tea, and colas) were recorded
as standard units defined as one cup of coffee, two cups of tea, or three
caffeinated soft drinks, according to their different caffeine contents
[26].
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The caffeine intake was roughly categorized into four groups:
(1) no caffeine, (2) low consumption (<3 units), (3) moderate con-
sumption (>3-<6 units), and (4) high consumption (>6 units).

Seizures and epilepsies were categorized according to the revised
2010 classification of the International League Against Epilepsy [27].

Statistical analyses were performed using Wilcoxon's signed-ranks
test.

The study was approved by the regional ethics committee, and all
participants gave their informed written consent.

3. Results
3.1. Demographics and seizure characteristics

A total of 174 patients (mean age: 42.6 years, 57% males) with ep-
ileptic seizures were included in the study. Focal onset seizures were
present in 102 patients, 62 had generalized seizures, and the seizure
type could not be classified in 10.

Established epilepsy was present in 63 patients (36.2%), whereas
new-onset epilepsy was diagnosed in 58 patients (33.3%). Genetic
(idiopathic) generalized epilepsies were recognized in 22 patients
(juvenile myoclonic epilepsy: 3, epilepsy with generalized tonic—clonic
seizures only: 14, and various absence epilepsies: 5). Epilepsy with focal
seizure onset was diagnosed in 89 patients, whereas the type of epilep-
sy could not be determined in 10 patients.

Twenty-one patients were considered to have alcohol-related sei-
zures, whereas 32 had other sporadic or single seizures.

Of the 174 patients, 147 reported coffee as their main source of
caffeine, whereas 17 reported soft drinks and 5 patients, exclusively
tea. Some patients used a combination of caffeinated beverages.

3.2. Interviews

The median time from the seizure to Interview I was 23 h (range:
3-73 h). Of the 174 included patients, 154 were available for Interview
Il (median: 15 weeks after admission, range: 5-233 weeks). A total of
20 patients were lost to follow-up, ten of whom could not be inter-
viewed a second time because of poor medical condition or death.

3.3. Caffeine consumption

Table 1 shows the reported caffeine consumption during the 24 h
preceding the seizure and the estimated habitual daily intake (Inter-
view I) as well as the consumption on a seizure-free day. Twenty-one
patients had a high caffeine intake (>6 units) 24 h prior to the seizure.
Twenty of them participated in Interview II. Nine of them also had a
high intake (>6 units) at follow-up (Interview II), whereas 11 had a
lower intake, and one reported no caffeine intake.

Table 2 shows the percentage distribution of the differences be-
tween the various 24-h caffeine consumptions: habitual consumption,
prior to seizure (Interview I), and at follow-up on a seizure-free day
(Interview II). It shows that 63% of the patients had kept their habitual
caffeine intake during the 24 h prior the seizure, whereas 15% had a

Table 1
Distribution of 24-h caffeine consumption in patients with an epileptic seizure.
Interview I Interview II
(n = 174) (n = 154)
Caffeine consumption Prior to Habitual, Seizure-free
category seizure, n (%) n (%) day, n (%)
None 47 (27.0) 29 (16.7) 26 (16.9)
Low (<3 units) 56 (32.2) 82 (47.1) 61 (39.6)
Moderate (>3-<6 units) 50 (28.7) 41 (23.6) 43 (27.9)
High (>6 units) 21 (12.1) 22 (12.6) 24 (15.6)

Table 2
Changes in 24-h caffeine consumption.

Change in intake Habitual vs. prior to Follow-up vs. prior to

category seizure (n = 174), n (%) seizure (n = 154), n (%)
Down three 2(1.1) 6 (3.9)

Down two 4(2.3) 6(3.9)

Down one 32 (18.4) 35(22.7)

Unchanged 110 (63.2) 72 (46.8)

Up one 18 (10.3) 28 (18.2)

Up two 7 (4) 6(3.9)

Up three 1(0.6) 1(0.6)

higher and 22% had a lower intake. Intake changes exceeding one cate-
gory occurred in 8% only. One patient reported no habitual intake but
had ingested more than six units 24 h prior to the seizure.

Comparison of the caffeine consumption on the day of the seizure
and on the follow-up day shows that 72 patients (47%) kept an un-
changed intake; 16 of them were habitual nonconsumers both before
and after the seizure. However, 56 patients reported use of caffeine in
both situations; a higher intake prior to the seizure was reported by
23%, whereas 31% had a lower intake compared to follow-up.

The average consumption 24 h prior to the seizure was not higher
than the reported average habitual consumption (p = 0.37) nor was
it higher than the consumption on a seizure-free day (p = 0.13). The
reported average habitual intake and the intake on a seizure-free day
were similar (p = 0.23).

In the 121 patients diagnosed with epilepsy, the trend of less caf-
feine ingestion prior to the seizures was stronger compared to the
habitual intake (p = 0.073). In the small subgroup with recognized
genetic (idiopathic) epilepsies, it was even statistically significant
(p = 0.019).

4. Discussion

In seizures perceived as spontaneous, trigger factors are vague or ob-
scure. Various subthreshold factors may, in concert, lead to abnormal
and hypersynchronous seizure activity in neuronal networks [28]. The
role of caffeine has received little clinical attention in this context. We
wished to investigate whether fluctuations in the consumption of caf-
feinated beverages might represent an overlooked seizure-precipitating
factor. However, there was not even a trend towards increased intake
prior to a seizure in this study, in spite of the fact that caffeine intake ob-
viously may be associated with several other well-known seizure pre-
cipitants. Caffeine may cause impaired sleep and emotional tension.
Conversely, stress, exhaustion, and fatigue may lead to increased caf-
feine intake. Caffeine is regularly used to restore alertness after lack of
sleep. Alcohol consumption is also common in these settings.

Indeed, more patients (22%) had consumed less caffeine than ha-
bitually right before the seizure, whereas only 15% had increased
their consumption. Even when asked on a seizure-free day after hos-
pitalization, 31% of the patients reported higher caffeine consumption
than on the day of the seizure, and only 23% reported a lower intake.
One could speculate whether drowsiness resulting from reduced caf-
feine stimulation might contribute to seizure precipitation. However,
only few patients had made substantial changes in their caffeine in-
take prior to the seizure. Surprisingly, in the subgroup of patients
with genetic (idiopathic) epilepsies, the drop in caffeine intake prior
to the seizures reached statistical significance. However, the number
of patients was small, and the caffeine consumption may have been
reduced by various other seizure-associated circumstances interfer-
ing with daily routines on the day of the attack. Anyhow, the findings
corroborate that increased dietary caffeine intake is not a significant
seizure precipitant in these patients.

Our results are not in conflict with previous studies showing that
acute inhibition of adenosine receptors by caffeine may induce sei-
zures, as chronic caffeine exposure has been suggested to have an
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inverse effect. Long-term exposure to adenosine receptor antagonists
may resemble the acute effects of adenosine receptor agonists. The
mechanism behind this phenomenon is only partly understood. A de-
creased neuronal excitability caused by complex interactions leading
to downregulation of adenosine receptors has been suggested [24,25].
Rats that received caffeine in their drinking water developed tolerance to
the stimulatory effect of a challenge with caffeine. This tolerance was as-
sociated with altered striatal gene expression [29]. According to the the-
ory of effect inversion, drops in caffeine levels could contribute to seizure
generation by this mechanism in chronically caffeine-exposed individ-
uals, as the clinical effects of tolerance rapidly abate within a few days
after the discontinuation of caffeine [30]. In a recent survey on dietary
risks for developing seizures or epilepsy, long-term caffeine intake
did not represent a predisposing factor. In fact, high caffeine intake
(=400 mg/day) was rather associated with a mild trend towards a
lower risk [31].

In our material, there was no difference in the proportion of patients
without habitual caffeine intake who ingested caffeine prior to the sei-
zure (four of 29 patients) compared to caffeine users who denied intake
on the day of the seizure (22 of 145 patients). Unfortunately, in the pub-
lished cases of seizures associated with high caffeine intake, habitual
caffeine intake was only rarely reported [15-23]. Several of these pa-
tients were teenagers, who possibly might drink less coffee or tea on a
daily basis than adults. These cases have, nevertheless, led some authors
to suggest that people with epilepsy should avoid caffeinated beverages
in general [15]. Our findings do not support these recommendations. A
rise in daily dietary caffeine consumption does not seem to have a neg-
ative impact on seizure control. However, it is reasonable to suggest
that extreme and acute caffeine intake should be avoided, particularly
in caffeine-naive individuals, and care should be taken to avoid sleep
pattern disruption due to the stimulant effect. When counseling people
with epilepsy on the use of caffeine, the balance between a positive ef-
fect on daytime vigilance and a negative effect on nighttime rest should
be given attention.

There are some obvious limitations to this study. The recall of the
exact caffeine ingestion in the preictal period might have been impaired
by some degree of postictal obtundation. However, the interviews were
postponed until the patients appeared cognitively restored by careful
clinical judgment. Furthermore, we endeavored to control for this con-
founder by comparing the reported habitual consumption with the
reported intake on the same day of the week at a later occasion when
no seizure had occurred (Interview II).

Moreover, our categorization of consumption was rather rough, but
amore detailed specification was not found to be relevant in this clinical
situation. We mainly wished to detect the larger changes in caffeine in-
take. Also, the caffeine content of caffeinated beverages differs consider-
ably, even from one cup of coffee to another [32], and most patients in
this study appeared to stick to their established brand preferences.
Coffee was the predominating caffeine source, and no patient used the
recently introduced energy drinks. While it is true that the caffeine con-
tent might have differed considerably in the respective “units”, each
patient served as his/her own control. It should be mentioned that var-
iations in the type of caffeinated beverages may be less pronounced in
Norway than in many other countries. In 1995 (no newer data avail-
able), more than 90% of the caffeine consumption in Norway was esti-
mated to come from coffee [2].

Caffeine blood levels would certainly constitute a more exact
method of assessing the immediate caffeine exposure. However, blood
levels were not found to be meaningful in this study because of the
short time to peak concentration and the short half-life of caffeine
(peak caffeine plasma levels are reached within 30-75 min after inges-
tion, and the half-life is 4-5 h but may increase with high intake levels)
[32]. Moreover, the time between the seizure and admission varied
widely.

To our knowledge, this is the first systematic clinical study exam-
ining caffeine consumption as a potential seizure trigger. Our findings

do not support the idea that increased dietary caffeine is a common
contributor to the cascade of factors leading to a seizure.
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SUMMARY

The aim was to assess the clinical relevance of antiepileptic drug (AED) nonadherence
by means of therapeutic drug concentration monitoring (TDM). Two hundred eighty-
two consecutive patients with epilepsy acutely admitted to hospital for seizures were
included. Nonadherence was defined as having a serum concentration/dose ratio at
admission of <75% of the patient’s own control value (probable nonadherence: 50-75%;
definite: <50%). Nonadherence was identified in 39% of patients (definite 24%; probable
15%). It was significantly more common in patients with generalized seizures com-
pared to those with focal onset seizures, and in patients <30 years compared to older
patients. When specifically asked, 44% of nonadherent patients claimed regular intake.
Nonadherence is a major cause of seizure breakthrough in patients with epilepsy, par-
ticularly in young adults. Many patients seem to be unaware of missed drug intake.
Prompt measurements of AED serum concentrations should be available as part of
the emergency care for patients acutely hospitalized for seizures to permit this issue
to be thoroughly addressed prior to discharge.

KEY WORDS: Adherence, Therapeutic drug monitoring, Seizure.

St.Olav’s University
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Missed antiepileptic drug (AED) intake persists as a
major obstacle to optimal epilepsy care, but the extent of the
problem has been difficult to assess.! Various methods have
been used to study adherence to long-term drug therapies,
including patient self-reports, pill counts, prescription refill
rates, and electronic bottle tops.H‘ Nevertheless, therapeu-
tic drug concentration monitoring (TDM) stands out as the
best indicator of adherence to AED treatment.' Although
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methodologic and interpretation problems as well as costs
constitute disadvantages, TDM is objective, commonly
used, and well understood by clinicians. However, rather
few studies have used TDM to study nonadherence in
patients with epilepsy, and they have been limited primarily
to specific settings in selected materials.>™®

This study aimed to investigate the role of AED nonad-
herence as a precipitant of seizures by means of TDM and to
explore the clinical characteristics of patients prone to this
problem.

METHODS

Consecutive patients (age >16) treated for epilepsy and
acutely hospitalized for single or serial seizures were during
44 months included in this observational, prospective study
at St. Olavs University Hospital, Trondheim, Norway.

On admission, blood was drawn from the patients for
TDM of relevant AEDs. Time of last AED intake and time
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for blood sampling, as well as concomitant medications
were recorded. Concentration/dose (C/D) ratios were calcu-
lated. Each patient served as his or her own control. Steady-
state, drug-fasting, control C/D ratios were obtained at
scheduled outpatient appointments and controlled for come-
dication. The first postdischarge value was preferred (taken
after at least five half-lives, steady state); if not available,
the last routine value prior to admission was used. AED
serum concentrations were determined by routine methods
of the Department of Clinical Pharmacology, St. Olavs Uni-
versity Hospital, Trondheim. Valproate, carbamazepine,
and phenytoin were analyzed by immunologic methods on a
Roche Cobas Integra 400 autoanalyzer (Roche Diagnostics
Norway AS, Oslo, Norway). The remaining AEDs were
analyzed on an Agilent MSD 1100 LC-MS system (Agilent,
Palo Alto, CA, U.S.A.).

Nonadherence was defined as probable when the C/D
ratio at admission was 50-75% of the control C/D ratio, and
as definite when it was <50%. Patients using multiple AEDs
were assessed according to the drug with the lowest C/D
ratio. The medical records were reviewed for information
on the patients’ own history of recent adherence.

Fisher’s exact test was used for statistical analysis. The
study was approved by the Regional Committee for Medical
and Health Research Ethics.

RESULTS

A total of 306 admissions of 225 patients (mean age
49.5 years, range 16-91; 62% male) were available for
recruitment (Fig. 1). Demographic details and seizure char-
acteristics are shown in Table 1. An applicable control C/D
ratio after discharge was available in 229 cases. In a further
53, a value prior to admission was used, resulting in a total
of 282 comparable cases. The remaining 24 patients were
excluded due to missing control values. Multiple admis-
sions due to nonadherence (C/D ratio <75% of control)
occurred in nine of the patients (twice in seven, three times
in one, and six times in one). A total of 14 different AEDs
were used in the 282 comparable cases. Monotherapy was

All admissions (n=413)

Admissions available for Admissions excluded*
recruitment (n=306) (n=107)
I

I I 1
C/D ratio after discharge C/D ratio before No control sample
(n=229) admission only (n=53) available (n=24)

Admissions included in
study (n=282)
Figure 1.

Overview of seizure admissions in patients using antiepileptic drugs.
*Serum concentrations not available/sampling time unknown
(n = 93); nonepileptic seizures (n = 14).
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used in 149 admissions and polytherapy in 133 (two AEDs
in 84, three in 37, and four in 12).

Nonadherence was revealed in 39% of all admissions,
definite in 24% and probable in 15% (Table 1).

Almost 37% of admissions in patients <30 years were
definitely nonadherent, compared to 27% aged 30-60, and
10% in patients >60. The differences between the age
groups were significant, and even highly significant for the
youngest patients compared to the oldest. In addition, non-
adherence was significantly more prevalent in admissions
of patients with generalized seizures compared to those with
focal-onset seizures (Table 1).

There was no difference in nonadherence when compar-
ing gender, patients living alone to those living with com-
panions, or patients on monotherapy to those on
polytherapy, but it was less common in association with
intellectual disability (Table 1). Among the most com-
monly used AEDs (valproate, carbamazepine, lamotrigine,
and levetiracetam), nonadherence values were most fre-
quently found for levetiracetam. No differences were found
when comparing the other AEDs (data not shown).

Unfortunately, the history of recent drug adherence was
not addressed in the medical records of all patients. How-
ever, 40 patients reported missed intake, whereas 66 denied
it. TDM confirmed nonadherence in 68% reporting it and in
44% refuting it. In the remaining 176, current drug intake
was uncertain or not specifically commented upon.

Di1SCUSSION

This study is the first to demonstrate the extent of non-
adherence by means of TDM in consecutive patients admit-
ted to hospital for acute seizures. Nearly 40% had C/D ratios
that were consistent with missed AED intake. A previous
study using TDM demonstrated nonadherence in a slightly
higher proportion of young adults who themselves
requested postictal blood sampling in a special setting when
attending a rehabilitation program.® Among long-term ther-
apies, epilepsy treatment is associated with several unique
aspects.” When in remission, patients may question the need
for persistent treatment, whereas uncontrolled seizures may
induce hopelessness and resignation. On the other hand,
many people with epilepsy may have a particularly strong
incentive to comply with prophylactic therapy, as treatment
failure may have dramatic consequences, including driving
and vocational restrictions.

Our study confirms young adult age as an important risk
factor for nonadherence.” Coping difficulties, immature
attitudes, and irregular lifestyle with use of alcohol may be
related factors that need clinical attention.

This study also demonstrated that nonadherence was sig-
nificantly more prevalent among admissions of patients
with generalized epilepsies compared to those with focal
epilepsies. Similar results were obtained by a recent study
where children with generalized epilepsy were more likely



127

Antiepileptic Drug Nonadherence

Table |I. Treatment adherence in 282 seizure admissions
Total Definite nonadherence Probable nonadherence Adequate adherence
n (%) (<50%) n (%) (50-75%) n (%) (>75%) n (%) p-Value
Demographics
All 282 (100) 67 (24) 42(15) 173 (61)
Male 174 (62) 43 (25) 25 (14) 106 (61) n.s
Female 108 (38) 24(22) 17 (16) 67 (62)
Age <30 years 46 (16) 17 (37) 49 25 (54) 0.004
Age 30-60 years 157 (56) 42 (27) 22(14) 93 (59) 0.0017
Age >60 years 79 (28) 8(10) 16 (20) 55 (70)
Living alone 59 (21) 17 (29) 8(14) 34(58) ns
Living with companions 223(79) 50(22) 34(15) 139 (62)
Intellectual disability 50(18) 6(12) 11(22) 33 (66) 0.048
No intellectual disability 232(82) 61 (26) 31(13) 140 (60)
Seizure characteristics”
Generalized® 30(1) 13 (43) 4(13) 13 (43) 0.029¢
Focal 241 (85) 50 (21) 38(16) 153 (63)
Unclassified 11 (4) 4(36) 0(0) 7 (64)
AED treatment
Monotherapy 149 (53) 33(22) 25(17) 91 (6l) n.s
Polytherapy 133 (47) 34(26) 17 (13) 82(62)
n.s., non significant.
“Comparing age <30 to age >60.
bSingle convulsive seizures 256, convulsive status epilepticus 5, nonconvulsive seizures 21.
“Juvenile myoclonic epilepsy, 7; epilepsy with generalized tonic—clonic seizures only, |18; various absence epilepsies, 5.
Comparing generalized to focal seizures.

to be classified as nonadherent than those with focal
epilepsy.® Patients with generalized epilepsy might be more
vulnerable to the effect of nonadherence. As these patients
are usually well controlled, seizure breakthrough may more
commonly result in hospitalization. Although nonadherence
was less common in patients with intellectual disability and
supervised drug ingestion, it was also identified as a consid-
erable problem in this group.

Although monotherapy has been associated with a higher
degree of adherence,®'%'? we found no difference com-
pared to polytherapy. Easy-to-follow medication regimens
and few adverse effects are considered important factors for
good adherence.’ On the other hand, patients taking poly-
therapy more frequently have uncontrolled epilepsy, and
may therefore have more focus on following strict medica-
tion routines. They are also more likely to be seen regularly
at outpatient clinics where concerns can be dealt with. The
shorter plasma half-life of levetiracetam was probably caus-
ing this drug to be more frequently associated with nonad-
herence than other commonly used AEDs.

A strength of this study is that all patients hospitalized for
epileptic seizures in the present catchment area are admitted
to one single neurologic department affiliated with one sin-
gle pharmacologic laboratory. It is common practice in
Norway that all patients treated for epilepsy are followed by
trough, steady-state TDM of all AEDs available for analy-
sis. Furthermore, all patients with epilepsy admitted for sei-
zure breakthrough to our hospital routinely have immediate
blood sampling for TDM in the emergency department.

Nevertheless, an important limitation to the study is that
these procedures sometimes may fail. Conceivably, patients
suspected of nonadherence could be more likely to have had
TDM than others.

Overconsumption of AEDs as a form of nonadherence
has also recently received attention.” Along with the
occurrence of so-called “white-coat adherence” prior to
scheduled visits,' this phenomenon may represent limita-
tions to the validity of the control TDM value. However,
the compatibility between dose and serum concentration
had been evaluated by a clinical pharmacologist for all
analyses.

The reasons for nonadherence are multiple and include
costs, poor knowledge, forgetfulness, and side effects3;
these factors should be discussed with the patients. In a
global perspective, we believe that the extent of this
problem is even larger than presented here. In Norway,
epilepsy is generally treated at a specialist level, expenses
for epilepsy treatment are reimbursed, and education and
information to people with chronic disorders are war-
ranted by legislation. When specifically asked for recent
treatment adherence, >40% of obviously nonadherent
patients claimed regular drug intake. Many seem to be
unaware of missed doses, indicating the need for pill dis-
pensers and reminding/educational interventions,'* as well
as the value of routine TDM at admission of patients
referred for acute seizures. Rapid identification of nonad-
herence is essential. Dose increase on false premises will
certainly not improve adherence.

Epilepsia, 55(11):e125-e128,2014
doi: 10.1111/epi.12801
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CONCLUSION

Nonadherence is a common cause of breakthrough
seizures in patients with epilepsy, particularly in young
adults. Prompt measurement of AED serum concentrations
should be available as part of the emergency care for
patients acutely hospitalized for seizures. The usefulness of
this approach has been demonstrated. It permits nonadher-
ence to be disclosed and properly addressed prior to dis-
charge. Undue dose increase should be avoided. A clear
understanding of why a seizure has occurred is essential for
improving future seizure control. A persistent focus on the
importance of adequate adherence, including appropriate
information to the patients, is an essential part of the com-
prehensive management of epilepsy.
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Purpose: The relationship between sleep and seizures is intricate. The aim of this study was to assess
whether sleep loss is an independent seizure precipitant in a clinical setting.

Methods: In this prospective, observational cross-over study, 179 consecutive hospital admissions for
epileptic seizures were included. A semi-structured interview regarding several seizure precipitants was
performed. The sleep pattern prior to the seizure, as well as alcohol, caffeine and drug use, were recorded.
The interview was repeated by telephone covering the same weekday at a time when there had been

Is<leeyeml;ords4 no recent seizure. The Hospital Anxiety and Depression Scale (HADS) and a visual analogue scale for
Seizures perceived stress were applied at admission. Student’s t-test, Fisher exact test and ANOVA were used for
Alcohol statistical analyses.

Seizure precipitants Results: Complete data for analysis were retrieved in 144 patients. The sleep-time during the 24 h prior
Epilepsy to the seizure was lower (7.3 h) compared to follow-up (8.3 h; p<0.0005). Caffeine consumption and use

Non-adherence
Antiepileptic drugs

of relevant non antiepileptic drugs (AED) were not different. HADS and stress scores at admission did
not correlate with sleep-time difference. In ANOVA, controlled for alcohol consumption and AED use, the
sleep-time difference remained significant (p =0.008). The interaction with alcohol intake was high, but
the sleep-time difference remained highly significant also for the non- and low-consumption (<2 units
per day) subgroup (n=121, 7.50h vs 8.42 h, p=0.001).
Conclusion: Epileptic seizures are often precipitated by a combination of various clinical factors, but sleep
loss stands out as an independent seizure trigger.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The interaction between seizures and sleep is complex and
reciprocal (Bazil, 2000; Ismayilova et al., 2015; Matos et al., 2010;
Nobili et al., 2014). Patients with epilepsy may be prone to both
daytime sleepiness and insomnia, as anti-epileptic drugs (AED),
sleep-related epileptiform EEG discharges and anxiety may influ-
ence sleep structure (Bazil, 2003, 2000; Frucht et al., 2000; Legros
and Bazil, 2003; Manni and Terzaghi, 2010; Méndez and Radtke,
2001; Quigg et al., 2016; Vendrame et al., 2013). Up to one third
of patients with epilepsy self-report lack of sleep as a seizure-
provoking factor (Frucht et al., 2000). Accordingly, several studies

* Corresponding author at: Department of Neurology and Clinical Neurophysiol-
ogy, St. Olav’s University Hospital, 7006 Trondheim, Norway.
E-mail address: christian.samsonsen@stolav.no (C. Samsonsen).

http://dx.doi.org/10.1016/j.eplepsyres.2016.09.014
0920-1211/© 2016 Elsevier B.V. All rights reserved.

suggest sleep deprivation as a seizure trigger (Aird, 1983; Antebi
and Bird, 1993; da Silva Sousa et al., 2005; Ferlisi and Shorvon,
2014; Frucht et al., 2000; Gunderson et al.,, 1973; Lawn et al,,
2014; Méndez and Radtke, 2001; Nakken et al., 2005; Spector et al.,
2000; Tan et al., 2005; Wassenaar et al., 2014). A study combin-
ing transcranial magnetic stimulation and EEG suggested that the
excitability of the human frontal cortex progressively increased
with time awake and decreased after sleep recovery (Huber et al.,
2013). Nevertheless, the clinical evidence for the effect of pro-
longed wakefulness on the seizure threshold is controversial. In
one study, sleep deprivation alone did not affect seizure frequency
during inpatient video-EEG monitoring (Malow et al., 2002). It has
been argued that lack of sleep rarely occurs in isolation, but is
usually associated with a range of confounding factors, such as
alcohol, drugs, caffeine and emotional stress (Cobabe et al., 2015;
Malow, 2004). The interaction between these various factors has
been poorly investigated.
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In particular, the relationship between seizures, sleep and alco-
hol is a complicated and much-debated issue (Ebrahim et al., 2015,
2013; Pressman et al., 2015). Seizures and sleep disturbances are
common during phases of active drinking and abstinence among
individuals with alcohol-use disorders, while the situation is differ-
ent after occasional alcohol intake because alcohol is a frequently
used tranquilizer and sleep inducer with probable effects upon the
seizure threshold in patients and susceptible individuals. Hence,
it is important to eliminate bias created by potential confounders
like alcohol when the relation between sleep loss and seizures are
studied.

The aim of this study was accordingly to disentangle the sleep-
related circumstances that may facilitate the generation of an
epileptic seizure. Specifically, we wished to assess whether lack
of sleep is an independent seizure-provoking factor in a clinical
setting.

2. Methods

Unselected patients acutely hospitalized with epileptic seizures
at St. Olav’s University Hospital, Trondheim, Norway, were included
in this prospective, observational case-crossover study. In patients
able to cooperate, a semi-structured interview took place at a time
when the patients were considered to be cognitively restored after
the seizure. Total sleep-time during the last 24 h prior to the seizure
was obtained by the interviewer in a sleep diary with half an hour
as the lowest unit.

Alcohol use was assessed by the Alcohol Use Disorders Identi-
fication Test (AUDIT) (Saunders et al.,, 1993) and the recording of
daily alcohol unit consumption during the five days prior to the
seizure day. A standard alcohol unit was defined according to the
Norwegian Directorate of Health as 12-15 g of pure alcohol repre-
senting the amount of alcohol in a small bottle of beer, a glass of
wine or a small liquor drink (Mgrland, 2005).

Drugs ingested during the last week were recorded to identify
agents which might influence the seizure threshold. Caffeine con-
sumption during the last 24 h prior to the seizure was also reported
in units and categorized (0-3) as no consumption, low (<3 units),
moderate (>3-< 6 units) and high (>6 units) (Samsonsen et al.,
2013).

Additionally, the Hospital Anxiety and Depression Scale (HADS)
(Zigmond and Snaith, 1983) was applied during the admission
interview and anxiety and depression subscale-scores were calcu-
lated. The patients were also asked to score the perceived role of
stress as a seizure precipitant for the present seizure on a visual
analogue scale (VAS).

All patients with epilepsy included in the study either used or
started with AEDs. In patients using AEDs at admission, serum con-
centrations were drawn in the emergency room and compared
with drug-fasting steady state controls. Definite non-adherence
was defined as a concentration/dose ratio on admission of 50% or
lower compared to the control ratio (Samsonsen et al., 2014).

A follow-up interview was performed by telephone at least four
weeks later at a time when there had been no seizure for>3 days.
The following elements of the admission interview were repeated:
a sleep record, alcohol consumption (five preceding days), as well
as the history of medications used during the last week and the
caffeine consumption during the last 24 h. The follow-up interview
covered the same weekdays as the admission interview. In patients
with repeated admissions, only the first admission was used in the
statistical analysis.

Seizure-related sleep deprivation was defined as total sleep-
time <50% during the last 24 h prior to admission compared to
follow-up. Seizures and epilepsies were categorized according to
current classifications by the International League Against Epilepsy

(ILAE) (Berg et al., 2010; Thurman et al., 2011). Focal onset seizures
were defined as seizures with localized clinical onset and/or focal
findings in brain imaging and EEG. Tonic-clonic seizures were con-
sidered generalized when occurring in the context of generalized
epilepsy syndromes and/or associated with generalized epilepti-
form EEG discharges, or if EEG and imaging was normal and no
focal onset was presented by history.

Statistical analyses were performed using SPSS version 22,
and the significance of observed crude differences determined
using paired Student’s t-test. Subgroup differences were assessed
with a two-group Student’s t-test. Categorical 2 x 2 data were
assessed with Fisher exact test or paired McNemar’s test for
symmetry. Pearson correlation was used to explore associa-
tions between main outcome variables and background variables
like anxiety and depression scores. In addition, a supplemen-
tary repeated measures ANOVA model was used to control
for the effects of AED and alcohol consumption change. The
dependent variable was total sleep-time during the 24h pre-
ceding the seizure and the paired control sleep-time recorded
similarly from the telephone interview data, i.e. for the 24h
prior to the same point in time. Since the alcohol unit vari-
able distribution summarized across the last five days (x=units)
was predictably skewed, the (x+b)y power transformation was
applied before the difference variable (alcohol consumption
before attack minus consumption before interview) was calcu-
lated in order to achieve a symmetrical near-Gaussian distribution
(y=—4,b=1), and subsequently entered as a covariate in the
ANOVA-model.

Regarding the first categorical variable, AED change, patients
with AED treatment onset after the present seizure admission were
scored as “1”, the others as “0”.

A p value <0.05 was considered statistically significant.

The study was approved by the regional ethics committee, and
all participants gave their informed written consent.

3. Results
3.1. Recruitment, demographics and non-AED medications

Interviews were performed in 179 consecutive admissions of a
total of 169 patients. The number of admissions excluded or lost
to follow-up is shown in Fig. 1. A follow-up interview was per-
formed in 152 patients, but due to insufficient sleep data, only 144
admissions were left for analysis. Demographic and clinical data
are reported in Table 1.

Non-AED medications with the potential to influence seizure
propensity were used in eight patients (benzodiazepines 7, tra-
madol 1). Doses were low or stable, and their effects were
considered negligible. In addition, the use of hypnotic drugs (pre-
dominantly alimemazine and zopiclone) is similar at admission and
follow-up (Table 1).

3.2. Seizure and epilepsy characteristics

The distribution of seizure types is shown in Table 1. Of the 144
patients, 99 had epilepsy; focal onset was present in 70 of the 99
with epilepsy. Previously established epilepsy was present in forty-
five, whereas 54 were diagnosed during hospitalization. Genetic
(idiopathic) generalized epilepsies were recognized in 29 (juve-
nile myoclonic epilepsy, 3; epilepsy with generalized tonic-clonic
seizures (GTCs) only, 22; various absence epilepsies, 4). In the 45
patients not diagnosed with epilepsy, alcohol withdrawal seizures
were presumed in 14 patients; 31 had GTCs of undetermined cause.
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Interview on admission (179 in 169 patients)

‘ Follow-up interview (n=152 patients) ’

T-test/Fisher exact
(n=144)

4|

ANOVA (n=118)

Fig. 1. Summary of patient recruitment.

262
Repeated admissions excluded (n=10),
Lost to follow-up (12 patients), Non —epileptic
attacks excluded (5 patients)
‘ Missing sleep-data (n=8)
Excluded for ANOVA: Non-adherence to AED
(n=16), new hypnotic prescriptions (n=8), missing
alcohol data (n=2).

Table 1

Demographics, seizure types and questionnaire scores obtained at admission; mean
(SD) or percentage (n=144%).

Age 40.4(16.8)
Males [n (%)] 85 (59%)
Focal seizures [n (%)] 82 (57%)
Generalized seizures [n (%)] 62 (43%)
AUDIT score, n=137 6.2 (6.2)
HADS anxiety score (0-21), n=139 7.0(4.2)
HADS depression score (0-21), n=139 3.9(3.6)
Perceived stress prior to seizure (VAS 0-100), n=128 41.4(34.0)

AUDIT, Alcohol use identification test; HADS, Hospital anxiety and depression scale;
VAS, visual analogue scale.
4 Complete data not available for all patients.

Table 2
Sleep, drug treatments, coffee and alcohol consumptions before seizure and follow-
up in all patients (n=144%).

Before Before p-value
seizure follow-up
Sleep-time last 24 h, mean (SD) 7.3(2.8) 8.3(2.0) <0.0005
AED users, n (%) 45(31) 99(69) <0.0005
Hypnotic users, n (%) 19(13) 12(8) 0.16
Coffee (categories), mean (SD) 1.3(1.0) 1.5(1.0) 0.06
Alcohol units last 5 days 5.2(11.5) 4.4(12.8) 0.47

(n=140), mean (SD)

AED, antiepileptic drug.
2 Complete data not available for all patients.
" p-value Paired Student’s t-test or McNemar’s symmetry chi-square.

3.3. Sleep duration

Average sleep-time during the last 24 h prior to the seizure
was 7.3 h (range 0-14.5h, 95% CI 6.82-7.74). Prior to the follow-
up interview, average sleep duration was significantly longer, 8.3 h
(range 1.5-17.5h,95% C18.02-8.67) (Table 2). Six patients reported

no sleep during the last 24 h preceding the seizure, none at follow-
up. Prior to the seizure 19 patients (13.2%) slept < 4 h, only two
(1.4%) at follow-up (1.5 and 3.5h) (p=0.0001).

Sleep duration was not significantly different in generalized and
focal onset seizures either prior to admission (p = 0.08) or at follow-
up (p=0.55).

Significant correlations between sleep-time differences
between seizure and follow-up, and HAD-scores (depression
or anxiety) and perceived stress were not found.

In patients with epilepsy, there were also no differences
between genetic generalized epilepsies (n=29) compared to those
with focal epilepsies (n=70) regarding sleep 24 h prior to the
seizure (7.22 h (SD 2.99) vs 7.74h (SD 2.52), p=0.39) or HAD scores
(10.7 (SD 6.29) vs 9.54 (SD=5.98), p=0.39).

3.4. Seizure-related sleep deprivation

Table 3 shows the relationship between sleep deprivation
(sleep-time prior to seizure <50% compared to follow-up) and clin-
ical characteristics. Sleep-deprived patients were younger (mean
30.4 years) than those without (mean 42.1 years, p=0.004). Gen-
eralized seizures tended to be more common than focal seizures
in sleep deprived patients p=0.05). The difference was not signifi-
cant (p=0.29) when sleep-deprived patients with evident genetic
generalized epilepsy syndromes (5 of 29) were compared to those
diagnosed with focal epilepsy (6 of 70).

When comparing patients with sleep deprivation to those with-
out, there were no significant differences for anxiety, depression or
perceived stress.

3.5. Alcohol and sleep habits
Total alcohol consumption for patients with alcohol data avail-

able (n=140) during the last five days prior to the seizure day
did not differ significantly compared to follow-up (5.2 vs. 4.4
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Table 3
Seizure-related sleep deprivation and clinical characteristics (n=144%).
No sleep Sleep p
deprivation, deprivation,
n (%) n (%)
All 124 (86.1) 20(13.9)
Gender
Males 3(85.9) 12 (14.1)
Females 51(86.4) 8(13.6) 0.92
Age
<30 36(73.5) 13(26.5)
30-60 70(90.9) 7(9.1)
>60 18 (100) 0(0) 0.004
Seizures
Focal 75(91.5) 7(8.5)
Generalized 49 (79.0) 13(21.0) 0.050
Epilepsy
Not diagnosed 36(80) 9(20)
Diagnosed 88(88.9) 11(11.1) 0.19
Alcohol use
AUDIT scores, n=137, mean(SD) 5.26 (4.93) 11.35(9.71) 0.012
Units”, n=140, mean(SD) 0.83(2.17) 2.32(2.67) 0.022
Mental symptoms
HADS Anxiety, n=139, mean(SD)  6.86 (4.20) 7.95(3.97) 028
HADS Depression, n=139, 3.73(3.61) 5.30(3.25) 0.07
mean(SD)
Perceived Stress (VAS), n=128, 40.2 (33.9) 48.2 (34.1) 0.33
mean(SD)

AUDIT, Alcohol use identification test; HADS, Hospital anxiety and depression scale;
VAS, visual analogue scale.

2 All data not available for all patients.

b Average daily alcohol intake in standard units the last five days, prior to the
seizure day.

units, p=0.47). The difference was also not significant when non-
consumers were excluded (9.2 to 6.4 units, p=0.15) nor in those
consuming an average of >2 units daily prior to the seizure (25.2
vs. 17.9 units p=0.38).

However, patients with sleep deprivation consumed more alco-
hol during the last five days prior to the seizure day, compared
to other patients (mean 11.6 units vs 4.2 units, p=0.027). Also,
the sleep-deprived patients had higher AUDIT scores at admission
(Table 3).

Table 4 shows the association between alcohol consumption
and sleep habits in the 140 patients with complete alcohol data.
Sleep duration was significantly shorter prior to the seizure com-
pared to follow-up for both high consumers (p = 0.008) and low-and
non-consumers combined (mean 7.5h vs 8.4h, p=0.001). How-
ever, for non-consumers alone, the difference was not significant.
Nevertheless, the 49 patients with epilepsy among non-consumers

Table 4
Alcohol and sleep habits (n=140%).
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(80%), slept significantly less prior to the seizure (7.9 h) compared
to follow-up (8.9 h, p=0.029).

3.6. ANOVA model

Twenty-six patients were excluded for ANOVA; 16 due to prob-
able seizure precipitation by non-adherence, eight due to new
prescriptions of hypnotic drugs and two due to missing alcohol
data (Fig. 1). Alcohol consumption was reduced, while AED-use
was increased due to treatment onset in patients diagnosed with
epilepsy after admission. Hence, these variables were included in
the ANOVA. Caffeine consumption did not change from seizure to
follow-up and was not included in the ANOVA.

In the 118 patients available for this analysis, the within-
subject sleep-time difference (shorter sleep-time before the attack)
remained significant (F=7.89, df1, p=0.010) after controlling for
the effects of alcohol and onset of AED treatment in the model
(Table 5).

However, the interaction between sleep and alcohol use was
significant (Table 5), reflecting the association between alcohol
consumption and less sleep preceding the seizure (Fig. 2). Patients
with the shortest sleep-times tended to have a larger difference
in alcohol consumption, i.e. lower alcohol consumption reported
at the follow-up, while no significant correlation was found with
sleep-time prior to the follow-up interview (Fig. 2). When the
subgroup with an average alcohol consumption >2 units/day was
removed, this interaction between sleep and alcohol was no longer
significant (ANOVA F=3.27, p=0.07).

4. Discussion
4.1. Sleep loss and seizure facilitation

The present study elucidates the role of sleep loss as a seizure
precipitant in a clinical setting by using patients admitted to hos-
pital for seizures as their own controls. The entire spectrum of
seizures was included as the border between spontaneous and
provoked seizures often is blurred. Because reduced sleep rarely
occurs alone, but rather in combination with a range of other poten-
tial seizure-promoting circumstances, it is difficult to sort out its
independent effect. Nevertheless, our findings suggest that sleep
loss is a seizure trigger by itself because we have controlled for
other factors influencing the propensity to develop seizures, such as
alcohol intake and treatment related factors in patients with estab-
lished epilepsy, including non-adherence to AEDs. Furthermore, we
considered confounders influencing sleep, such as sleep-inducing
drugs and the effect of caffeine. Caffeine was left out from the anal-
ysis as the dietary intake was unchanged between admission and
follow-up, and had been found not to influence seizure occurrence

Clinical characteristics Alcohol Hours of sleep (SD)
n Males, n (%) Established Day before Average AUDIT" Sleeplast  Sleeplast  Sleep P
epilepsy, n  seizure, last 5 days, 24 h before 24hat difference
(%) units (SD)  units (SD) seizure control
All patients 140 82 97 1.20 1.04 6.16 7.21 8.38 117 <0.0005
(58.6) (69.3) (3.14) (2.30) (6.27) (2.80) (1.95) (3.26)
High consumers(>2 units daily on average) 19 10 6 4.53 5.03 15.6 537 8.13 2.76 0.008
(52.6) (31.6) (6.31) (4.39) (9.2) (3.35) (2.29) (4.04)
Low consumers (>0-2 units daily) 60 34 42 1.38 0.84 5.65 7.09 8.18 1.08 0.008
(56.7) (70) (2.45) (0.54) (3.22) (2.72) (1.84) (3.07)
Non consumers (0 units daily) 61 38 49 0 0 3.57 7.90 8.66 0.76 0.058
(62.3) (80.3) (0) (0) (4.29) (2.45) (1.94) (3.08)

2 Patients with complete alcohol consumption data.
b AUDIT, alcohol use identification test (recorded at admission), n=134.
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Fig. 2. Scatterplots of the correlation between alcohol unit difference (transformed alcohol units 5 days prior to seizure minus follow-up) and total 24 h sleep time. The
regression line to the left shows that subjects with positive alcohol unit difference-values had the shortest sleep-times prior to the seizure (r=-0.25, p=0.007). To the right,

alcohol unit difference and sleep at follow up (r=0.02, p=0.84).

inaprevious study (Samsonsen et al., 2013). Thus, we selected alco-
hol consumption and AED treatment for the ANOVA model along
with sleep duration.

Both reduced sleep and alcohol consumption remained as sig-
nificant seizure triggers. These two factors are often clinically
associated. Nevertheless, since the sleep-time difference still was
highly significant, even among those with low alcohol consump-
tion, our findings suggest that their effects are partly independent.
To what extent anxiety, depression and perceived stress by them-
selves contribute to the occurrence of seizures is hard to decipher,
but these factors were not convincingly correlated with sleep dura-
tion in this study.

The notion that sleep loss may have a specific effect on neu-
ronal excitability is in line with a range of previous clinical and
EEG studies (Aird, 1983; Antebi and Bird, 1993; Badawy et al,,
2006; da Silva Sousa et al., 2005; Ferlisi and Shorvon, 2014;
Frucht et al., 2000; Gunderson et al., 1973; Huber et al.,, 2013;
Lawn et al., 2014; Méndez and Radtke, 2001; Nakken et al., 2005;
Spector et al., 2000; Tan et al., 2005; Wassenaar et al., 2014). Sleep
deprivation facilitates interictal epileptiform discharges, not only
during non-REM sleep, but also during wakefulness (Malow, 2004).
One classic clinical study from 1973 investigated the occurrence
of seizures in North-American soldiers returning from overseas.
Seizures occurred in 40 returnees, significantly more common in
sleep-deprived individuals. Enrolled subjects were considered non-
alcoholic, but the majority had still ingested alcohol the night
before (Gunderson et al., 1973). Moreover, studies in patients with
epilepsy and chronic sleep loss due to obstructive sleep apnea have
shown a reduced seizure frequency after treatment of the sleep
disorder (Vendrame et al., 2011).

The subgroup with overt sleep deprivation (>50% sleep loss com-
pared to follow up) comprised 14% among the present patients.
Unsurprisingly, young age predominated in this group, and heavy
alcohol consumption was more common, whereas anxiety, depres-
sion and stress were not significant features (Table 3). Irregular
lifestyle is common in adolescents, and compliance with recom-
mended behaviour is often poor in young people with epilepsy
(Kyngds, 2000). In patients with sleep deprivation there was
also a trend towards more generalized seizures compared to
focal seizures, whereas the difference between genetic gener-
alized epilepsy syndromes and focal epilepsies did not reach

Table 5

Repeated measures ANOVA (n=118). Dependent variable is the total sleep-time
24h before seizure and the corresponding follow-up sleep-time, respectively.
Within-subject sleep-times were controlled for AED onset and difference in alcohol
consumption from seizure to follow-up.

F(df=1) p
Between subjects
AED-difference 0.56 0.46
Alc.unit-difference 3.19 0.08
Error mean square (df 115)=5.54
Within subjects
Day 6.89 0.010
Day*AED-difference 0.71 0.40
Day*Alc.unit-difference 6.04 0.015

Error mean square (df 115)=4.49

Day: Factor reflecting total sleep-time-change (from 24 h before seizure to the cor-
responding 24 h follow-up); AED-difference: Onset of AEDs after admission. Patients
with AED non-adherence (n=16), new hypnotic prescriptions (n=8) and those with
missing alcohol data (n=2) were excluded, leaving 118 patients for ANOVA.
Alc.unit-difference entered as covariate: Transformed difference between units five
days before admission and follow-up (seizure and interview-days excluded).

significance, conceivably due to the present sample size. A
study using transcranial magnetic stimulation demonstrated an
increased neuronal excitability after sleep deprivation in new
onset epilepsy which was more prominent in generalized than
in focal epilepsy (Badawy et al, 2006). Likewise, a different
response to sleep deprivation in idiopathic (genetic) generalized
and focal epilepsy is also supported by EEG findings (Renzel et al.,
2016).

However, one controlled clinical study questioned the seizure-
inducing effect of sleep deprivation alone. In drug resistant surgical
candidates undergoing long-term EEG-monitoring, seizure fre-
quency did not differ between sleep-deprived and normal sleep
groups (Malow et al., 2002), leaving this question open. However,
the situation may be different in these highly treatment refrac-
tory patients with frequent spontaneous focal seizures compared to
patients with occasional, predominantly GTCs acutely admitted to
hospital. In such patients, the effect of sleep deprivation and alcohol
is frequently associated, partly as an acute party effect and partly
in the context of chronic abuse.
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4.2. Sleep and alcohol

Insomnia is a core symptom of the alcohol withdrawal syn-
drome along with other signs of glutamate-mediated central
nervous excitation, including autonomic symptoms of sympathetic
overactivity, restlessness, anxiety as well as seizures (Jesse et al.,
2016). A single occasional alcohol dose causes a reduction of sleep
onset latency, a more consolidated first half of sleep, but an increase
in sleep disruption during the second half. The effects on REM-sleep
in the first half of sleep appear to be dose-related with low to mod-
erate doses showing no clear trend, whereas at high doses REM
sleep reduction is significant along with increased slow wave sleep
(Ebrahim et al., 2013).

In the present study, high alcohol consumers had a 2.8 h shorter
mean duration of sleep prior to the seizure compared to follow up
(Table 4), a finding which may have been influenced by dependence
and withdrawal. In the combined group of low/non-consumers
with presumed little or no alcohol effect on sleep architecture,
sleep difference was less, but still strongly significant, supporting
the view that reduced sleep alone might increase the propensity to
seizures in the absence of an abusive drinking pattern.

The controlled ANOVA analysis disclosed a significant interac-
tion between day and alcohol unit change on sleep-time, reflecting
that patients with a high consumption before the attack had the
shortest sleep-times (Table 5). However, when removing the sub-
group with an average alcohol consumption >2 units/day in the
ANOVA, this interaction was no longer significant, also support-
ing the notion that sleep loss and alcohol consumption are both
independent risk factors for seizures.

Nevertheless, these effects are clinically and mechanistically
intertwined and difficult to separate, particularly in high-
consumers with binge drinking and/or chronic abuse. The
mechanism behind the alcohol withdrawal seizure might also be
strongly linked to sleeplessness, pointing to the importance of the
therapeutic effect of sleep induction in the alcohol withdrawal syn-
drome (Jesse et al., 2016). Moreover, the notion that sleep loss by
itself can facilitate the development of seizures is supported by
a previous study on the weekday distribution of seizures in rela-
tion to alcohol consumption. More seizures occurred on Mondays
compared to Saturdays. However, the group of patients without
harmful drinking (AUDIT <8), of which binge drinking occurred
in only 5%, caused this difference. Thus, it was concluded that the
increased number of seizures during the first days of the week
was mainly due to weekend-related factors other than alcohol use
(Brathen et al., 2000). Moreover, even in the present subgroup of
non-consumers with established epilepsy, the sleep-time differ-
ence between admission and follow-up was significant.

4.3. Strengths and limitations

A strength of this study is that all patients hospitalized for
epileptic seizures in the present catchment area are admitted to
one single neurological department. Nevertheless, a selection bias
cannot be excluded as only patients able and willing to complete
interviews and questionnaires could participate. Particular care
was taken to interview patients as soon as possible after restora-
tion of postictal cognitive symptoms in order to facilitate the ability
to recall events prior to admission, but the optimal timing was
sometimes difficult to assess. It is acknowledged that sleep-time
and quality of sleep are hard to measure by means of a simple
questionnaire.

4.4. Conclusion

This study is the first to provide scientific evidence for the notion
that sleep loss is an independent seizure trigger when other rele-

vant seizure precipitants also are considered. The complex impact
of alcohol on sleep and seizures is particularly difficult to decipher.
Alcohol and late nights are linked in the party setting, whereas alco-
hol abuse and withdrawal disrupt sleep. When seizures occur after
sleep loss, the role of alcohol should be explored. Improved under-
standing and awareness of the intricate role of sleep in the cascade
of events that leads to a seizure can improve patient care.
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