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Epilepsy may not bethe only cause of seizure activity in Rett Syndrome

Rett syndrome

Rett syndrome (RS) is a severe neurodevelopmeistaidekr that is believed to be one
of the leading genetic causes of mental retardahofemales affecting up to 1 in
10000 female births world wide (Asaka et al., 20B6rrer and Moral, 2007). In
almost 80% of these patients’, RS has been idedtib result from a mutation in the
Methyl-CpG binding protein 2 (MeCP2) gene locatedtbe short arm of the X-
chromosome (Mari et al., 2005; Huppke et al., 2007Because of the random X-
chromosome inactivation that occurs, there can laega variability in the severity of
the onset of RS (Ferrer and Moral, 2007; Kerr aravife, 2003). Despite the
severity of RS, the progress of classical RS ismomand can be characterised by
four stages that were originally described by Haglsnd Witt-Engerstram in 1986
and later refined by Kerr and Stephenson, 1986+agberg, 2002.

Stage |

Stage one of RS signifies the onset of RS in iddi&ls. This can occur anywhere
after three months to 4 years of normal developmdihie most identifiable symptom
that suggests the onset of RS is stereotypic hamjiwg movements that includes
twisting, wringing and clapping of hands. At thisie there is also a stagnation of
mental development. This stagnation includes aihdéarning new tasks, a decline
in eye contact, decreased interactions with sudimgs and a decreased ability to
verbally communicate (Hagberg and Witt-Engerstrad886; Kerr and Stephenson,
1986; Hagberg, 2002).

Stagell

The second sage refers to the decline in abiliias had been established before the

onset of the disease. This usually follows a feanths after the initial onset of the



disease and continues over several months. Hexe is a loss of fine motor control
resulting in a very limited ability to use hands gwal-orientated tasks, and a clumsy
gait. However, gross motor control remains intacdt this time breathing also
becomes more irregular with periods of hyperventifa usually broken by breath
holding for long periods of time, usually up to g€conds. At this time RS patients
are often diagnosed with cerebral palsy and areritbesl to have autistic like
behaviours, which in many cases can lead to theliagaosis of RS in its early
stages. At this time the first signs of epilepsg aometimes observed as well
(Hagberg and Witt-Engerstram, 1986; Kerr and Stepbe, 1986; Hagberg, 2002).

Stage 11

The third stage of RS is characterised by a cleantah retardation and a lack of
emotional contact. However, communication throegé pointing and staring does
seem to be apparent. There is also deterioratianator control, apparent anxiety
like behaviours, and a clear gait apraxia can ls=ed. At this point the onset of
severe epilepsy is also a commonly observed. mRataten remain in stage three of
RS for several years (Hagberg and Witt-Engerstra®@86; Kerr and Stephenson,
1986; Hagberg, 2002).

Stage IV

Finally the fourth stage of RS is where all affectgrls will remain until they die.
The life expectancy of girls affected with RS vargreatly depending on the severity,
however, as medical interventions are becoming nmrecessful girls can be
expected to live into their 40s. By this stage¢his a loss of mobility to the extent
that individuals are wheelchair bound. There soabbvious growth retardation,
anxiety like behaviours and development of seveadiasis. However, interestingly
the severity of epilepsy seems to decline in freqyeand duration (Hagberg and
Witt-Engerstram, 1986; Kerr and Stephenson, 19&gjddrg, 2002).



Classical Rett syndrome M eCP2 mutation

MeCP2 is an X-linked gene that is normally phospladed. Following
phosphorylation MecP2 recruits co-repressors asibie deacetylase which then act
to suppress gene transcription. MecP2 is therefamportant for regulating
transcription and gene expression. However, waaeg MeCP2 regulates in unclear.
Mutations of the MeCP2 gene result in the neuroldgveental disorder Rett
Syndrome (Miyake and Nagai, 2006).

Atypical Rett syndrome mutations.

There are also other mutations that give the sdimeal disorder as mutations to the
MeCP2 gene. One such example is the cyclin-deperidease-like 5 gene located
on the X-chromosome (Tao et al.,, 2004). The mdifference with this mutation

and the MeCP2 mutation appears to be that withcyleéin-dependent kinase-like 5

gene mutation there is an earlier onset of seizures

Rett Syndromein Males

RS has been classically referred to as syndronteaffects only females. However,

as the awareness of RS is increasing and the nméaaea/entions are becoming more
successful, there are more reports becoming alailabout RS in males. Males

identified to have RS have presented at the mestreend of the spectrum of RS and
do not have a very good life expectancy (Jan.eii@99; Zeev et al., 2002).

Treatmentsused in Rett Syndrome

The many symptoms of this multi disease disordarezch be individually treated to
an extent. The loss of motor control can be delayeough intensive therapies
including hydro-therapies (Bumin et al, 2003). Qoumication can also be
established using eye communications and gestimesigh habilitation therapies
(Hagberg, 2002). Scoliosis can be corrected throting surgical implantation of



metal rods to correct the curvature in the spiéile the treatments described so far
have all been physical interventions, other symgtaan be controlled through drug
therapies. Behavioural problems can often be ialled with methylphenidate
( Ritalin™), which is often used to treat attention defidiodders (Martino et al.,

2004), and epilepsy can be managed through thefusi-epileptic drugs (AEDS).

Interestingly, epilepsy in RS is often overshadowedavour of the more ‘unique’
neurodevelopmental deficits that are common in RISwever, in a survey by Bahi-
Buisson et al. (2008) it was revealed that ovef bélthe parents of RS children
believe that seizures has the most impact on tladitguwf life in these girls. The
generalisation and prolonged duration of seizurab its association with cyanosis
was of great concern to the parents surveyed. ridtsens made following seizures
in RS patients suggest that following seizures RIS gill become emotionally upset
and may require several days for recovery, therals® a regression in social
development and alertness, which greatly opposesxtensive therapies and impacts
on the quality of life (Bahi-Buisson et al., 2008\s such, for the remainder of this
essay | am going to discuss epilepsy in RS and twbatments have been employed
to control this epilepsy. | will then discuss ateatative cause of seizures in RS that

has been proposed.

Epilepsy in Rett Syndrome

Epilepsy occurs in approximately 80% of individuaffected with RS by the age of
12, with an average age of onset of 4 years (Stefiiy et al., 2001; Hagburg, 2002).
This is much later than the 0.8 years that the toolsseizures are normally observed
in individuals with severe mental retardation (feburg et al., 1996). In a

retrospective study on 50 patients Steffenburg 12@bowed that the most common
types of epilepsy identified in RS patients argiphcomplex, tonic-clonic, tonic, and

myoclonic seizures. It was also shown that of80drS subjects 44% exhibited more
than one type of seizure (Steffenburg et al., 2001)



Complex partial seizures generally originate in fletal or temporal lobes of the
brain and spread out to areas of the brain associwaith awareness. These seizures
can last up to 15 minutes and during these seizanesdividual may have the

appearance of being aware, however, no informasibeing processed.

Tonic seizures often involve all of the brain aedult in the rigidity of muscles while
consciousness is maintained. These seizureslafiefor up to 20 seconds

Tonic-clonic seizures on the other hand can lastufoto 5 minutes. Again these
seizures involve the whole brain and start off vt rigidity of muscles, this is then

followed by a loss of consciousness and rapid feyrknovements.

Whereas myoclonic seizures last only for a few sdsaand are very brief ‘muscle-

spasm’ like movements.

In RS girls, however, irrespective of the type eikzare, seizures can often last over a
period of hours to days, with only short intervalstween each seizure. This is

particularly noticeable during stage three of RS.

Diagnosis of Epilepsy

Epilepsy is often diagnosed through a combinatidncemments from parents,
observations made by the physician and results fewmelectroencephalography
(EEG). EEG measures the electrical activity in bhain through electrodes that are
placed on the scalp. Using EEGs it can be idextifvhen there is abnormal activity
going on in the brain, which could be an epileptighavioural, psychogenic,
physiological seizure like event. From the EEGadéak origin, spread, and duration
of the seizure like activity can be obtained. Tmfrmation is important for
supporting the parent’'s observations and for id@ng the type of seizure that is
occurring. This information can help to identiffhat drug therapies should be used.



Treatments of Epilepsy

In the retrospective study by Steffenburg et 200 it was identified that the most
common drug therapies used to treat epilepsy inpRifnts were carbamazepine,
lamotrigine and valproate. However, they did r#ntify the differential effects of
these drugs in the control of seizures.

Briefly, carbamazepine acts to stabilise inactivdtage gated sodium channels
making the cells less excitable. However, sideat#f often include a decrease in
motor co-ordination, stomach aches, liver toxicitgadaches, and migrans.

Lamotrigine inhibits voltage gated sodium chanma#king the cells more stable and
is often used to treat complex partial seizuresoweler, side effects include

headaches, nightmares, insomnia, rash, night sweatscle aches, and memory and
cognitive problems.

While valproate is a broad spectrum AED that actsyatage gated sodium channels,
calcium channels, and is believed to affect the @ARurotransmitter. Side effects
of its use include fatigue, dizziness, headachassen, liver toxicity, and abdominal

pain.

Steffenburg et al. (2001) also identified that 30%RS patients were prescribed 2
AEDs while a further 10% were on a combination &BDs. However, they did not

identify the types of treatments used for the ddfe types of seizures therefore
giving no indication if there were particular typefsseizures that were more difficult
to control. It also appeared that there was admigitidence of partial seizures in RS,
32%, compared to the 13% in severely mentally detdichildren.

Another retrospective study, this time with 110iguatls, was carried out by Huppke et
al. (2007). In this study types of seizures wereimvestigated, so, again there can be
no comparison made between the type of seizurdhendrug therapy. The average
age of seizure onset was again 4 years, which araparable to previous studies that
looked at epilepsy in RS. In this study Huppkeale{2007) identified that the drugs

prescribed were influenced by the physicians petiserperiences and the patients



response to the drug and the most common AEDs nisedc were sulthiame,

carbamazepine and valproate.

Sulthiame is an inhibitor of the enzyme carbonibyaliase and it is mainly used in
the therapy for partial seizures. Side effectsulthiame include, ataxia, nausea, rash,

anorexia, hyperventilation, and shortness of breath

In Huppke et al. (2007) it was identified that ifcB monotherapies group (n=58)
there was an over all 50% decrease in seizurest% 6f patients. However, in
individual treatments there was a large variabilPatients treated with sulthiame
(n=15) had a 50% decrease in seizures in 64% oémat while carbamazepine
(n=16) had a 50% decrease in seizures in 71% oémat On the other hand,
valproate (n=16) only had a 50% decrease in se3z2urg8% of patients.

25 patients that were unresponsive to the firstatimarapy were titrated off the AED
and were then started on a second monotherapyhete patients there was a 50%

decrease in seizures in only 38% of individuals.

19 patients assessed were on polytherapy treatmetits?2 or 3 AEDs. In these
individuals seizures were decreased by 50% in 8% of individuals. However, in
patients that were taking a polytherapy with carbzepine there was a 50% decrease

in seizures in all patients.

In all drug treatments about 45% of patients reggbedverse drug effects. However
only 13% discontinued drug use as a result. Thesalts were reported to be

comparable to drug responses in other epilepsypgras well.

Another interesting finding they made from thisdstuvas related to the average
duration of drug therapies. Sulthiame was usedB&months, while carbamazepine
was used for 102 months, and valproate was usezhfpr29 months. However, there
was no information provided as to why the averageatibn of treatment for

carbamazepine was significantly greater then thatlbhiame and valproate.



Overall the paper by Huppke et al. (2007) suggdss carbamazepine may be the
most effective AED in treating epilepsy in RS ahdwd be recommended as the first
drug of choice for treatment of epilepsy in RS.wés also suggested valproate may
have been less effective in treating epilepsy inli®8ause of the MeCP2 mutation.
There may instead have been a synergistic interadietween valproate mediated
hyperacetylation of histones and the MeCP2 mutatiediated hyperacetylation of

histones, thus possibly exasperating some of theyRftoms in some instances.

What both of these studies do not show is whetheret is a differential effect
depending on the type of seizure that a patieaffficted with. In 2007 Jian et al.
showed that there was in fact a difference in ttegdfency of seizures between
classical and atypical RS. Here they identifiedt tthere was a lower frequency of
seizures in classical RS. However, within the sitad and atypical RS groups the
seizure rate was not affected by the type of nummatihat resulted in RS.
Unfortunately, yet again, there is no informatianypded on the type of seizures the
patients were afflicted with and the efficacy of tiheatments used for managing those
seizures. They did, however, identify that the tmosmmonly used AEDs were
valproate, lamotrigine and carbamazepine. Also/ the comment that seizures
appear to be under control in only 38% of RS p&i@nthis study. A further 11% of

patients were reported to have no seizures duhm@ssessment period.

This study was quite different to the previous ®sdas the families of 162 RS
patients participated in a one-year study wherefanaly or caregiver reported all

events. As a consequence reported seizure fregsemay not be entirely accurate.

From these studies it has been identified thauses&in RS are often partial complex,
tonic-clonic, tonic, and myoclonic seizures and itiest effective and commonly used

treatments appear to be carbamazepine and lanmatrigi

The suggestion that lamotrigine is beneficial foe treatment of epilepsy in RS is
further supported in a pilot study carried out 89& by Stenbom et al. In this study
the effects of lamotrigine on seizures and motatiad was assessed. 12 RS patients
were recruited and put on either a monotherapy Vaithotrigine, or a polytherapy
with lamotrigine and valproate or carbamazepinéwre& participants withdrew form



the study due to adverse side effects from the;dong was from the polytherapy
AED motor group while the other two were from thematherapy epilepsy group.
The average dose of lamotrigine was 5.8 mg/kg/dhm monotherapy and 1.2
mg/kg/d in the polytherapy with a large variability the patients’ sensitivity to the
drug. All doses appeared to be within the recondednmaintenance dosses for
lamotrigine. Because RS is a multi disorder disagamust also be taken into account
that the AEDs may not have been the only drugstti@patient was on. As a result,

there may be some unknown drug interaction ocaymith a non-AED drug.

Two of the three RS patients from the epilepsy grbad a reduction in seizures of
50% and there was no difference between the mopolgrtherapies. As well as this
lamotrigine appears to be useful in the motor grpapents. Here, four of the six
patients showed increased alertness, better eymatpietter hand function and
improved sleep patterns. Adverse effects that wrperienced included tremors and
poor gait.

Over all Stenbom et al. (1998) suggests that lagio& is an effective therapy for
treating epilepsy and also motor functions in R3nfortunately, this was the only
paper that | found that looked specifically at thke of an AED in epilepsy. Studies
such as this one are very limited as it is oftefficdit to get enough subjects to
participate in the study, this makes retrospediuelies much more favourable.

So far we have looked at how epilepsy is manageéd M=Ds. However, we have

also observed that there are significant therapeugnefits in only approximately

55% patients, while the remaining patients showsastance to drug therapies. This
is a very high percentage of individuals that do respond well to AEDs compared

to the over all population of patients with epilgpwhere only 30% of individuals are

resistant to AEDs.

This could mean that epilepsy in RS is differentckassically described epilepsy in
some way. This idea could be supported by thetfattepilepsy in RS develops at a
much later age (4 years) compared to epilepsy heromental retardation disorders
(0.8 years). As such, alternative methods for meagaepilepsy in RS must be
investigated.



A new approach for managing seizures that aretassiso drug therapies is vagus
nerve stimulation (Wilfong and Schultz, 2006). Magnerve stimulation has been
shown to be successful in reducing the frequencgetfures in patients resistant to
AEDs. Vagus nerve stimulation involves stimulatiohthe vagus nerve through
electrical impulses delivered by a device thatinsilar to a pacemaker (Wilfong and
Schultz, 2006).

Wilfong and Schultz (2006) were the first to loglesifically at the effects of vagus
nerve stimulation in RS patients resistant to AED& this study five girls with
classical RS and confirmed MecP2 mutation and tvirts gvith atypical RS,
confirmed to be negative for the MeCP2 mutationreneeated with vagus nerve

stimulation for at least one year.

One year following the implantation of the vaguswveestimulation device six of the
seven patients showed a reduction in seizure frexyuef at least 50%. Alertness was
increased in all seven patients. In six of theesepatients there appeared to be no
adverse side effects or exasperation of existioglpms.

The advantage of this treatment is that there arpharmacological side effects to
contend with and there are also no drug interastimnworry about. It would be
interesting to see the development of this thefapyRS patients who are not only
resistant to AED therapies but also for those wheehmultiple disorders that are

often treated through drug therapies.

Alternative Cause of Seizure Activity

However, before vagus nerve stimulation becomeemadely used in RS it will be

important to re-assess how epilepsy is diagnosé&iSin Another explanation for the
high resistance to treatment with AEDs is that éheslividuals do not have epilepsy.
For example, one of the symptoms described, but aqften overlooked, in RS is
anxiety like behaviours. What if this was conttihg to the brain activity and

resulting in an EEG that resembled epilepsy butnweasepilepsy.
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Panic attack seizures are quite similar to padgleptic seizures in that they both
often originate from the frontal lobe (Bernik et,&002). However, while partial
seizures induced by anxiety present with a diffeEBG pattern to those induced by
an epileptic seizure, this can often be missed déxs lexperienced or biased
practitioners and diagnosed as epilepsy regardleshat it actually is (Bernik et al.,
2002; Grenton et al.,, 1995). There have been ntasgs identified where panic

attacks have been misdiagnosed as resistant gpileps

A case study by Sethi et al. in 1999 describes smavowho was diagnosed with
frontal lobe epilepsy, yet she was resistant to tdegtments. After going for a video
EEG evaluation of a history of night episodes ok&ning and body and arm jerks
she was diagnosed with nocturnal panic attackds dimabled her to go onto a new
drug therapy regimen that included her AED she takmg previously to continue to

control general seizures with the additon of anyafitic and psychotherapy.

This story can be found in many situations. Bemtilal. 2002 looked at a series of
case studies where panic attack partial seizueem@diagnosed as epileptic seizures.
One example is when a young woman suffering fromictolonic seizures began to
develop anticipatory anxiety. These attacks bdgancrease in frequency and were
unresponsive to her AEDs. Upon closer inspectienghysician identified that she
was having panic attacks and began her on clomipsatong with her AEDs and as
a result she showed great improvement in her symmgto

Again similar cases have been identified by Grergbral. (1995) where apparent
AED resistance was in fact due to panic attackslwvinequired a different type of
treatment to bring the non-epileptic seizures ucdetrol.

Although this concept of non-epileptic seizures basn around for a while there has
been no ‘push’ for a higher quality investigatiomem diagnosing seizures in RS.
Then in 2006 a paper by McGill et al. identifiec@ttanxiety may have a much larger

role in RS than was originally identified.
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Elevated StressHormonein Rett Syndrome

Through the use of MeCP?" mutant mice the cause of anxiety in RS has been
identified. It is also possible that it may be aofethe first symptoms where the

molecular cause underlying the symptom has beentifedel (McGill et al., 2006).

MeCPZ2%Y mice, like RS patients, show increased fear/apbehaviours (McGill et
al., 2006). This led to investigations of the utidg cause of the observed anxiety.
Since anxiety part of the stress response andssisesegulated by glucocorticoid
release, plasma levels of corticosterone were aedlyn MeCPZ¥Y and wild type
mice under normal and stressful situations. Frbim test McGill et al. (2006)
identified that although basal levels of corticoste were the same, under stressful
conditions corticosterone concentrations in Me®P2mice peaked 1.5 times greater
than the wild type response to the stressful sdnat Suggesting that MeC#%"
mice have an increased response to stress. Asthgchext logical step would be to
look at the expression of the corticotropin-relagshormone. Here they identified
that there was an over-expression of the cortipotroeleasing hormone gene in
MeCPZ%" mice that may be the source of the elevated aniighese animals.

Finally, there needed to be a link between Me®¥2mutation and the elevation of
the corticotropin-releasing hormone gene. McGikle (2006) identified that MeCP2
normally suppresses the transcription of cortiqutreeleasing hormone gene and
that when MeCP2 is mutated the suppression of dngcotropin-releasing hormone
gene is impaired resulting in an over productioraticotropin-releasing hormone in

response to stress (McGill et al., 2006).

This study provided solid molecular evidence to pgup the idea that resistant

epilepsy in RS may not be epilepsy but rather aemleptic stress induced seizure.

This new information provides strong support fog itlea that some of the reported
seizure activity in RS may not be epileptic. Tewald also explain why there is such
a large percentage of individuals who appear toebestant to AED therapy. It may
also explain why there appears to be more patienitsRS who have been diagnosed
with partial seizures, 32%, compared with the gehpopulation, 13% (Steffenburg
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et al., 2001). This further emphasised the infaimmathat the retrospective studies
were lacking, as it would have been interestinge® if there was a particular type of
seizure that appeared more resistant to treatment.

Diagnosis of Panic Attack

As a result, before intense AED trug therapiestaeel with patients that have been
diagnosed with resistant epilepsy, there should baore accurate diagnosis of what
type of activity is occurring in the brain. As tbemmunity becomes more aware of
panic attacks being a highly likely contributorgeizure like activities there is more
demand for more specialised physicians and morsitsen methods of analysis of
neuronal activity. One method that is becominghlyigpopular is the Video-EEG.
This is a technique that not only takes EEG infdrom but also records the patient
so that brain activity can be matched up with be&haal activity. In 2001
Thirumalai et al. carried out a study that looketha diagnosis of epileptic and non-
epileptic seizure like events in both normal anchtalty retarded children. In this
study 193 children, whose diagnosis was unsure dbase EEG results alone,
participated. The aim of this study was to clarifihe events recorded by EEG were

epileptic seizures or not.

Overall, Thirumalai et al. (2001) identified thatl®o-EEG enabled a more accurate
diagnosis of the seizure like activity that waswang. They also identified that
there was no overall difference in the distributioh epileptic and non-epileptic
activities in children with or without mental retiation. However, they did comment
that it was easier to identify events in mentaéiyarded children as they had more
frequent episodes of activity. Another observatibeay made was that sometimes
results from a short out-patient study were incosigke and the results differed from
results from the long in-patient study. Althougihis was also greatly influenced by
the frequency of events that occurred. From thiglys Thirumalai et al. (2001)
recommended the use of short out-patient video-EsGthis was successful in
identifying the nature of activity in 62% of patiesn They recommended that long
video EEG was only necessary for those patients shawed inconclusive data.
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Altogether, Video EEG shows more accuracy in idgimy whether seizure-like
activity in patients is epileptic or non-epilepticnature.

This study further emphasised the importance ofrigaa more accurate method of
diagnosis as many of these patients20%) may have been misdiagnosed with
epilepsy if further investigations had not beerriedrout. This has significance for

those patients as they can now undergo approphatapies that do not result in them
being given unnecessary AEDs that may have adwsatseeffects and no therapeutic
benefit.

Conclusion

RS is a neurodevelopmental multi disease disora&r may be one of the leading
genetic causes of mental retardation in femaleak&®t al., 2006; Ferrer and Moral,
2007). Despite this, there is very little thatrigly understood about this disease. One
particular aspect of interest in this disease ieppy. Epilepsy occurs in the RS with
an estimated incidence of 80% (Steffenburg et20101). With partial complex,
tonic-clonic, tonic, and myoclonic seizures beihg Imost common seizures occurring
in RS girls. The most effective and commonly udaay therapies for these seizures
appear to be carbamazepine and lamotrigine. Wialproate is also a commonly
used AED it does not appear to have as great apeetical value to RS patients

compared to carbamazepine and lamotrigine.

However, the reported incidence of epilepsy mayabgross overestimation of
epilepsy in RS. It has become increasingly obvitas there is something different
about the data that is obtained on epilepsy in &8pared to the general population,
this includes the over representation of partiatuises and drug resistant epilepsy
(Steffenburg et al., 1996). These differences ciada characteristic feature of the
RS disorder, however, recent information has beadenavailable that suggests that
misdiagnosis may be the main cause for the difftremmbserved between RS and the
general population. Still, there are some diffeemnthat cannot be attributed to
misdiagnosis of epilepsy. For example, the lateebiof epilepsy in RS. This onset

14



may represent a difference in the characteristts/éen epilepsy in RS compared to
epilepsy in other disorders that has not yet bdentified.

Since the identification of the possible panic @sain the RS community individuals
are becoming increasingly aware of the methods tsediagnose epilepsy in RS.
There is currently an increasing demand for theafisedeo EEG in the assessment of
epilepsy in RS as concerns have been raised abong AEDs to RS girls where it

may be not only ineffective but also detrimentateir health.
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