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Preface

For progress to be maintained in a clinical field like sleep medicine, unimpeded,
unrestricted access to data and the advances in clinical practice should be available.
The reason this book is exciting is that it breaks down the barriers to dissemination of
information. Researchers at the forefront of areas that have limited funding can find it
difficult to get data from randomised, double-blind, (placebo-controlled), crossover or
parallel group studies, etc., and so may be limited to the lowest level of scientific
research, i.e. single case, or restricted observational series.

Nonetheless, data is data, and whilst the interpretation may be suspect (which can
happen with even the best controlled studies), the data is the most valuable asset in a
research paper. Of course insight that either consolidates or furthers our
understanding is vital, but without data it can be nothing more than an armchair idea.
Many journals require the highest levels of scientific rigour, which may make some
research inaccessible - really a form of scientific censorship. Also established areas, or
newly established areas can develop castes of mind that censor material by exclusion.
Finally, access to scientific material can be very expensive. There are now numerous
sleep journals but only larger departments are likely to be able to pay for these so a
publisher that allows ready and free internet access has to be welcomed.

The chapters in this book reflect leading edge ideas, reflections and observations. Even
though the modern era of sleep research evolved from Aserinksky’s observations of
rapid eye movements in the sleep of babies, most work is nonetheless done in adults.
There is much less formal work done in youngsters and virtually none in utero and
pregnancy itself is virtually unexplored. So, Dr Miller et al’s chapter reviewing sleep in
pregnancy is particularly welcome as it incorporates current thinking in how disordered
sleep impacts other adult pathological processes. Dr Tomoda and Dr Yamakazi's data-
driven chapter on adolescents with sleep disturbance focuses on metabolic and
endocrine data which sheds light on why gastrointestinal distress may arise in some
children. Dr Silvestri and Dr Aric0’s review examines the interrelationship of sleep
disorders with the growing problem of Attention Deficit/Hyperactivity Disorder, a
disorder which attracts considerable debate as to the role of sleep as a fundamental
component or a state that exacerbates this complex condition.

Dr Kobal Grum and Dr Kobal's interesting work combines naturalistic observations in a
quite unique observational setting found in Hg® mines. Armed with these occupational
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data, they consider the pathological mechanisms, given our current understanding of the
neurobiology of sleep, that result in sleep disorders in these workers.

Sleep-related breathing disorders dominate sleep medicine so it is not surprising that
there are several chapters in this area. The historical division in medicine of physicians
and surgeons can be seen in this area or sleep disorders. It is dominated by respiratory
physicians. However, surgeons also have a place, depending on the physical
structures. Another curiosity in this area is that, whilst sleep apnoea demands
treatment because of the adverse physical and social consequences if it is not treated,
“snoring” is not regarded as such an urgent problem. However, there is evidence in
terms of personal and social consequences as well as its symptomatic value, that
highlight the need for more research in this area. Dr Kotecha’s chapter is entirely
pragmatic and practical, focussing on the evaluation of the upper airway so that the
appropriate therapies can be applied.

Dr Del Campo et al’s timely chapter on Upper Airway Resistance Syndrome also
highlights an area that is subject to discussion. As a diagnostic entity, it is not clear
whether it is at one end of the obstructive sleep apnoea continuum or exists in its own
right.

Dr Lovati et al take the book into another area, the possible bidirectional processes that
can affect sleep and other disorders - in their case the two-way dynamics between
sleep and migraine. From another perspective, Dr Rola examines the impact of stroke
and neurological disorders on sleep disorders, bringing to the neurologists' attention
the need to consider sleep a mediating factor in their nosological entities. Dr Biittner’s
broad ranging and comprehensive review goes beyond sleep apnoea and considers it
and other disorders and their neuropsychiatric consequences on objective measures of
performance.

Sleep disorders can be easily classified into three main areas: those that cause unwanted
sleep or sleepiness, those that cause unwanted wakefulness and those that involve
unwanted behaviours during sleep - the parasomnias. Dr Hizli Sayar and Dr Tarhan’s
review provides a helpful introduction into this area. Restless Legs Syndrome - a
disorder which twenty years ago was ‘treated’” by a multitude of disparate therapies and
which was only unified by its symptomatology. In recent years the mechanisms have
become clearer and there is a degree of unification. Dr Taylor-Gjevre and Dr Gjevre’s
review brings the relevant clinical literature together in one location. The final chapter is
extremely helpful in introducing methods of screening and evaluating REM Behaviour
Disorder. This disorder is most easily confirmed using sleep laboratory methods
(polysomnography and video), but these methods are expensive, so cheaper clinical
methods are welcome and are discussed by Dr Miyamoto.

Chris Idzikowski
Director, Edinburgh Sleep Centre and

the Sleep Assessment and Advisory Service, Edinburgh,
UK









Sleep and Pregnancy: Sleep
Deprivation, Sleep Disturbed Breathing
and Sleep Disorders in Pregnancy

Michelle A. Miller, Manisha Ahuja
and Francesco P. Cappuccio
University of Warwick

UK

1. Introduction

There are many factors that can influence an individual’s sleep pattern and quantity and
quality of sleep. These factors can be cultural, social, psychological, behavioural, patho-
physiological and environmental. Sleep patterns can also be influenced by society and by
changes within society. In recent times we have seen the introduction of longer working
hours, more shift-work and 24-7 availability of commodities. At the same time secular
trends of curtailed duration of sleep to fewer hours per day across westernized populations
(Akerstedt & Nilsson 2003) has led to increased reporting of fatigue, tiredness and excessive
daytime sleepiness (Bliwise, 1996). It is of interest that whilst some studies indicate that
women may have better sleep than men in general (Lindberg et al, 1997; Goel et al, 2005),
they also report a larger difference in the estimated time of sleep that they believe they
require and the actual sleep time they achieve than men. This might indicate that their sleep
debt (amount of sleep deprivation) is higher in women than in men (Lindberg et al, 1997).
There is now a wealth of evidence to support the epidemiological link between quantity of
sleep (short and long duration) and quality of sleep (like difficulties in falling asleep or of
maintaining sleep) and cardiovascular risk factors. These include hypertension (Cappuccio
et al, 2007; Stranges et al, 2010), type-2 diabetes (Cappuccio et al, 2010a) and obesity
(Cappuccio et al, 2008; Stranges et al, 2008; Cappuccio et al 2011a) as well as cardiovascular
outcomes (Cappuccio et al, 2011b) and all-cause mortality (Ferrie et al, 2007; Cappuccio et al,
2010b). Additionally, there may be important gender differences in sleep and associated
health outcomes (Miller, 2009 et al; Cappuccio et al, 2007). The deleterious effects of sleep
deprivation can be seen on a variety of systems within the body, with detectable changes in
metabolic (Knutson, et al. 2007; Spiegel, et al. 2009), endocrine (Spiegel, et al. 1999; Taheri, et
al. 2004) and immune pathways (Miller & Cappuccio 2007; Miller et al, 2009).

The physiological and hormonal changes that occur in pregnancy increase the risk of
developing Sleep Disordered Breathing (SDB). It has been estimated that 10-27% of pregnant
women may suffer from habitual snoring (Pien & Schwab, 2004) and there is growing
evidence to suggest that snoring and sleep apnoea during pregnancy are associated with an
increased risk of gestational hypertension and pre-eclampsia. SDB and short sleep duration
in pregnant women may also be associated with the risk of gestational diabetes.
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This chapter will examine the evidence that suggests that short sleep duration and poor
quality are associated with adverse maternal and foetal outcomes. Furthermore, it will
examine the potential mechanisms which may underlie these associations including
activation of the sympathetic nervous system, oxidation and inflammation and mechanisms
leading to the development of insulin resistance (Izci-Balserak & Pien, 2010). It will also
consider the prevalence of sleep disorders in pregnancy. The diagnosis, management and
treatment of sleep disorders in pregnancy will be discussed along with implications for
public health policy, etc.

2. Sleep and pregnancy

Pregnancy is associated with many maternal physiological and psychological changes both of
which may have an effect on sleep. In the first trimester, hormonal changes may disrupt sleep
and in the third trimester the large baby and the anxiety regarding delivery may have
associated effects on sleep. Likewise post-partum, a newborn may disrupt sleep patterns. The
review by Lee in 1998 demonstrated that there was a paucity of studies, which addressed the
alterations of sleep in pregnant women, moreover many of these studies lacked sufficient
power to allow consistent interpretation and replication of the results (Lee, 1998). Since then a
number of studies have now been conducted but more research is still required to establish
whether for example, a woman’s pre-pregnancy sleep pattern can affect outcome and to
determine whether there is any effect of parity on sleep related maternal and foetal outcomes.
The changes in circadian rhythm of various hormones and the associated changes to sleep
architecture that occur throughout pregnancy are discussed by Wolfson and Lee (2005) in “The
Principles and Practice of Sleep Medicine’ (Kryger, Roth and Dement (Eds)).

2.1 Sleep deprivation: Adverse sleep changes in pregnancy quantity and quality

Due to the lack of good longitudinal studies there is still little information on what
constitutes normal sleep quality and quantity both during pregnancy and in the period
following delivery. In a recent study however Signal et al quantified the change and
variability in sleep duration and quality across pregnancy and post-partum in 8 healthy
nulliparous and 11 healthy multiparous women (Signal et al, 2007). The women wore an
actigraph and completed a sleep diary for seven nights during the second trimester, one
week prior to delivery, and at one and six weeks post-partum. They observed that compared
to multiparous women, nulliparous women generally had less efficient sleep, spent more
time in bed and had greater wake after sleep onset in the second trimester, and spent less
time in bed and had fewer sleep episodes a day at one week post-partum. The largest
change in sleep however occurred during the first week after delivery with the women
obtaining 1.5h less sleep than during pregnancy. In a more recent and larger study sleep
was assessed using the Pittsburgh Sleep Quality Index (PSQI) in 260 women during the
second and third trimester of pregnancy (Naud et al, 2010). Of the 260 women, 192 (73.6%)
had a term delivery without any adverse outcome. The investigators reported that there
were no differences in sleep parameters between pregnancies with adverse outcome and
without adverse outcome. The PSQI scores however indicted that sleep quality deteriorated
from the second (5.26 +/- 3.16) to the third trimester (6.73 +/- 4.02; P < 0.01). This
deterioration was displayed in five of seven sleep components (P < 0.01). Scores in the "poor
sleeper" range were recorded by 36% of women in the second trimester and 56%, of women
in the third (P < 0.01). "Poor sleep" in both trimesters was associated with low or high
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weight gain, low annual family income, and single motherhood (P < 0.01). A weak but not
significant effect of season on sleep scores was recorded: The mean PSQI scores were 6.06
(+/-3.96) in winter, 5.21 (+/-3.21) in spring) 5.33 (+/-3.04) in summer and 5.53 (+/-2.41) in
autumn); (P=0.076). In a similar study of 189 nulliparous women Facco et al demonstrated
that compared with the baseline assessment (mean gestational age (13.8 (+/-3.8)) the mean
sleep duration was significantly shorter at 30.0 (+/-2.2) weeks gestation (p<0.01). They also
observed that in the third trimester the proportion of patients who reported frequent
snoring (at least three nights per week) was significantly increased, and that there was an
increase in those who met the diagnostic criteria for the recognised sleep disorder ‘restless
leg syndrome’. Furthermore, poor sleep quality, as defined by a Pittsburgh Sleep Quality
Index score greater than 5, became significantly more common as pregnancy progressed
(Facco et al, 2010).

In a separate study Wilson et al also found that sleep efficiency was decreased in late
pregnancy and was associated with an increase in cortical arousals when compared to
women in early pregnancy and non-pregnant women. Compared to a control group, they
found that women in the third trimester of pregnancy had more awakenings and had had
poorer sleep efficiency. They had less stage 4 sleep and more stage 1 sleep and spent less
time in rapid eye movement (REM) sleep (Wilson et al, 2010).

Sleep quality also decreases as a woman approaches labour (Evans et al, 1995) but whilst
little is known of the effect of sleep disturbance on labour or delivery outcome it has been
common practice to administer morphine sulphate to women in either early or non-
progressing latent phase labour to induce sleep. It has been observed that on awakening the
contractions are more regular and active.

2.2 Sleep disorders in pregnancy

Sleep-Disordered breathing (SDB) is the term used to describe a group of disorders which
are characterized by abnormalities of respiratory pattern (pauses in breathing) or the
quantity of ventilation during sleep. A recent study evaluated the frequency of sleep
disordered breathing in women with gestational hypertension compared to healthy women
with uncomplicated pregnancies. They observed that women with gestational hypertension
may have a significantly higher frequency of sleep disordered breathing than do healthy
women with uncomplicated pregnancies of similar gestational age. The frequencies of sleep
disordered breathing in the more obese gestational hypertension group and the healthy
group were 53% and 12% (p<0.001) (Reid et al, 2011).

Obstructive sleep apnoea (OSA) is the most common of these sleep disorders and is
characterized by the complete or partial collapse of the pharyngeal airway during sleep. To
resume ventilation, feedback mechanisms arouse the individual, which leads to sleep
disruption. OSA is associated with an increased CVD risk. Although, men are twice as likely
to develop OSA as women, the risk is increased in women if they are overweight. Moreover,
data from recent studies indicates that snoring and OSA increase during pregnancy. The
prevalence of OSA is very low in normotensive women low-risk pregnancies but is
increased among normotensive pregnant women with high risk pregnancies and, in those
with gestational hypertension (pregnancy-induced hypertension (PIH)/pre-eclampsia)
during pregnancy, the prevalence is even higher.

PIH is characterised by high blood pressure with a flat circadian rhythm and in particular
does not have the normal nocturnal dip associated with sleep. Risk factors for PIH include
first time pregnancy, long periods (>10years) between pregnancies, multiple pregnancies,
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women younger than 20 or older than 35 or women who are overweight, have a history or
hypertension or kidney disease or diabetes. Recent studies indicate that OSA per se is an
independent risk factor for gestational hypertension/pre-eclampsia and may contribute to
other poor obstetrical outcomes. Good blood pressure control in pregnancy is important.
Continuous Positive Airway Pressure (CPAP), which is used to treat OSA, may also have
beneficial effects on blood pressure (Champagne et al, 2010). It may therefore be very useful
in patients with PIH as this condition is associated with both increased blood pressure and a
significantly narrowed upper airways and limited airflow during sleep (Izci et al, 2003).
Continuation of treatment for OSA following the pregnancy may also be required.

Insomnia is a sleep disorder which is characterised by a difficulty in initiating or maintaining
sleep in combination with adverse daytime consequences. The daytime effects may include
excessive fatigue, impairment of performance or emotional changes. Data from self-reported
questionnaires suggests that sleep complaints are more frequent in pregnancy and that sleep
disturbances increases as the pregnancy progresses. In a recent study of 300 women (100
women in each trimester of pregnancy) it was observed that there was a significant increase in
insomnia in the 2nd trimester, excessive daytime sleepiness (EDS) was also increased in
pregnancy and the rate for specific awakenings increased by 63% in the first trimester, by 80%
in the second trimester and by 84% in the third trimester (p<0.001) (Lopes et al, 2004).

Restless leg syndrome is a neurosensory sleep disorder which begins in the evening. The
associated symptomatic leg movements can prevent a person from falling asleep and
contribute to poor sleep quality. Pregnant women have at least two or three times higher
risk of experiencing restless legs syndrome (RLS) than the general population and women
affected by pre-existing RLS often complain of worsening symptoms during pregnancy. It is
associated with iron deficiency anaemia. The women who are most at risk are those with
low folate, ferritin or haemoglobin prior to conception. Data from the existing
epidemiological studies suggests that the rates may be as high as 27% in the third trimester
(Lee et al, 2001; Manconi et al, 2004). Whilst RLS is a reversible syndrome in pregnancy and
is typically limited to the third trimester it has been associated with adverse pregnancy
outcomes and therefore needs to be taken seriously. The standard medications for RLS that
contain dopaminergics or opioids should be avoided but preventative measures to increase
the amount of folate should be encouraged at the first prenatal visit.

Complaints of heartburn increase during pregnancy and if these progress to severe
nocturnal oesophageal reflux may also contribute to sleep disruption.

2.3 Sleep disturbances and adverse maternal and foetal outcomes

In Western societies adverse pregnancy outcomes have been on the increase and in the
United States over 1 million pregnancies are associated with adverse outcomes including
increased maternal and infant morbidity. The current known risk factors however are
insufficient for early detection of at risk individuals and attention has focused on sleep as an
emerging new risk factor (Okun et al, 2009). A recent prospective cohort study of low-risk
pregnant women suggested that there may be no differences in sleep parameters between
pregnancies with adverse outcome and without adverse outcome (Naud et al, 2010). Other
studies however have indicated that sleep deprivation in pregnancy may be associated with
adverse maternal outcomes including gestational hypertension, pre-eclampsia and diabetes
and difficulties with labour and delivery, depression and adverse effects on the foetus. Data
suggests that women who snore or suffer from obstructive sleep apnea during pregnancy
are more likely to suffer from gestational hypertension and pre-eclampsia. Data is also
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accumulating to suggest that both short sleep duration and sleep-disordered breathing may
be associated with an increased risk of gestational diabetes (Izci-Balserak & Pien, 2010). A
study of Taiwanese women compared sleep quality using the PSQI between 150 second-
trimester and 150 third-trimester pregnant women and 300 non-pregnant women. (Ko et al,
2010). The study demonstrated that the prevalence of poor sleepers was increased in
pregnant as compared to non-pregnant women and that sleep quality of pregnant women
was related to stress and depression.

There is evidence to suggest that sleep deprivation during pregnancy increases the risk of
preterm delivery and postpartum depression, and that systematic inflammation may be an
important underlying mechanism in the association (Okun et al, 2009; Okun, et al 2011a,
Chang et al, Okun et al, 2011b). Approximately 14.5% of women will experience an episode
of post partum major depression (PPMD) and 25% will experience a recurrent episode
(Wisner et al, 2006). Women with PPMD are also more likely to experience impaired
relationships with their infant (Gavin et al, 2005). In a recent study 56 pregnant women with
past history of PPMD but with no evidence of depression in their current pregnancy, had
blood samples collected at 8 times during the first 17 weeks postpartum. The PSQI was also
administered. Recurrence of depression was measured by two consecutive 21-item scores of
> 15 on the Hamilton Rating Scale for Depression (HRSD) and by clinical interview. The
blood was analysed for estradiol, prolactin, cortisol and IL-6. The results indicated that in
this study, self-reported poor sleep quality but not hormone or cytokine levels were
associated with PPMD recurrence (Okun et al, 2011a).

Fatigue and sleep disturbance in late pregnancy are important determinants of both labour
duration and delivery type. A prospective observational study of 131 women in their ninth
month of pregnancy demonstrated that those women who slept less than 6 hours per night,
as determined by 48-hour wrist actigraphy, sleep logs and questionnaires, had had longer
labours and were 4.5 times more likely to have caesarean deliveries. Labours were also
longer and were 5.2 times more likely end in caesarians in those women who had poor
quality sleep (Lee & Gay, 2004).

Amongst pregnant women snoring is common and it may have adverse effects on the
foetus. In particular, foetal hypoxia may occur leading to an increase in systemic
inflammation and an elevation in the number of circulating nucleated red blood cells
(nRBCs) with an associated decrease in foetal wellbeing (Tauman et al, 2011). A recent
population-based case-control study investigated whether snoring, sleep position and other
sleep practices in pregnant women were associated with risk of late still birth, i.e. >28
weeks’ gestation)(Stacey et al, 2011). No relation was found between snoring or daytime
sleepiness and risk of late stillbirth. However, women who slept on their back (O.R. 2.54,
95% C.I. 1.04 to 6.18) or on their right side (1.74, 0.98 to 3.01) on the night preceding the
stillbirth or interview were more likely to experience a late stillbirth compared with women
who slept on their left side. In addition women who got up to go to the toilet once or less on
the last night (2.28, 1.40 to 3.71) and those who regularly slept during the day in the
previous month (2.04, 1.26 to 3.27) were also more likely to experience a late stillbirth than
the respective control counterpart. Possible mechanisms for the effect of sleeping position
are: inhibition of venous return by compression and ensuing reduction in uterine blood flow
(Milson & Forssman, 1984; Jeffreys et al., 2006), reduction in foetal oxygen saturation
(Carbonne et al., 1996), reduced pulsatility index of the foetal middle cerebral artery (a
surrogate for foetal hypoxia)(Khatib et al., 2011). An alternative explanation of these
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findings, however, could be of reverse causality, due to reduced foetal movement, one of the
most common symptoms seen before stillbirth (Chappell & Smith, 2011).

The altered circadian patterns that accompany shift work are known to disrupt reproductive
function in women. Female shift workers have more menstrual cycle irregularities than non-
shift workers (Labyak et al, 2002) and some report more sleep disturbances. A link between
adverse pregnancy outcomes and shift work has also been suggested (Kutson, 2003)
although in a recent study no relationship was found between rotating shift work and
adverse pregnancy outcomes but an increase in late abortions/still births was reported in
women who were working fixed night shifts (Schliinssen et al, 2007).

The intense physical and psychological changes which women undergo during pregnancy
may be associated with increased stress and reduced quantity and quality of sleep. These
effects may in turn affect the mother-infant relationship either through pregnancy-related
hormonal changes, changes in inflammatory markers, maternal fatigue or postpartum
depression (Pires et al, 2010; Okun et al, 2011a).

2.4 Mechanisms

Sleep disturbances may affect maternal and foetal morbidity and mortality through a
number of potential mechanisms. For example, increased nocturia (due to decreased
bladder capacity and increased overnight sodium excretion) disrupts sleep. Gastro-
oesophageal reflux also leads to awakening and disruption of sleep; first due to a relaxed
lower oesophageal sphincter (progesterone working as a muscle relaxant); and then due to
pressure on the stomach and reduced gastric emptying (Bourjeily & Rosene-Montella, 2009).
Restless legs, leg cramps and increasing frequency of contractions all also contribute to
disturbed sleep (Bourjeily & Rosene-Montella, 2009). Furthermore, sleep disordered
breathing can be magnified or occur in pregnancy as a result of poor sleep and decreased
functional reserve capacity, increased weight from gestation and pregnancy related
nasopharyngeal oedema (Izci-Balserak, 2008; Pien & Schwab, 2004).

Sleep is not a passive state but is an active process in which memory consolidation, tissue
restoration, metabolic and haemostatic processes occur (Adam,1980; Alvarez & Ayas, 2004;
Ancoli-Israel, 2006; Benca & Quintas, 1997 as cited in Okun, 2011). Sleep disturbances are
known to have effects on oxidation, glucose metabolism and the sympathetic nervous
system and there is strong evidence to support an association with cardiovascular outcomes
(Cappuccio et al, 2011b). Furthermore, the association between sleep deprivation and
hypertension has been shown to be stronger in women than in men (Cappuccio et al, 2007).
Cardiovascular disease is relevant to many adverse pregnancy outcomes including pre-
eclampsia and intrauterine growth restriction (IUGR) both of which are also associated with
a greater risk of developing cardiovascular disease in later life (Okun et al, 2009).
Inflammatory processes have been shown to be important in the development of
cardiovascular disease and emerging evidence has demonstrated an association between
increased inflammation and medical morbidity, including various pregnancy complications.
Some of the mechanisms by which sleep deprivation may lead to adverse maternal and
foetal outcomes are discussed in more detail below.

2.4.1 Oxidation and inflammation
Increased oxidative stress, endothelial dysfunction and inflammation are important in the
development of cardiovascular disease. In OSA, the associated sleep disordered breathing



Sleep and Pregnancy: Sleep Deprivation,
Sleep Disturbed Breathing and Sleep Disorders in Pregnancy 7

leads to episodes of hypoxia and then normoxia. This in turn leads to oxidative stress and a
subsequent increase in inflammation. There is strong evidence that during pregnancy
inflammation and oxidative stress is increased (Okun et al, 2009). There is also evidence that
inflammatory markers and reactive species are present in a higher proportion of pregnant
women who report sleep disturbances than those who do not.

Okun et al recently put forward a model for the possible role of sleep and inflammation in
the pathogenesis of adverse pregnancy outcomes (Okun et al, 2009). They proposed that
disturbed sleep has its major effects in the first 20 weeks of pregnancy. It is at this time that
major physiological events occur, including the re-modelling of maternal blood vessels to
the placenta so as to increase blood flow. This process is abnormal in pre-eclampsia and
IUGR; in vitro studies indicate that this in part is due to excessive inflammation which
inhibits trophoblastic invasion. It is postulated that is in non pregnant individuals disturbed
sleep in pregnancy may contribute to this increased inflammatory state. Increased
circulating cytokines through a positive feed forward process may in turn contribute to
sleep disruption. In addition poor health behaviours including smoking, alcohol and obesity
can also contribute to the increase in inflammation; thus having a profound effect on
vascular re-modelling and hence leading to adverse pregnancy outcomes.

Interleukin 6 (IL-6) is a significant pro-inflammatory and anti-inflammatory agent. It is also
released in several disease states, from muscles during exercise, from adipose tissue and
blood vessel walls. In sleep, there is an increase in the availability of soluble IL-6-receptors
during the late nocturnal period which enhances IL-6 signalling and was thought to have a
positive effect on memory consolidation. The administration of intranasal IL-6 in a study in
2009 was shown to increase slow wave activity and the consolidation of only emotional
memories during sleep in test subjects compared to a placebo (Benedict et al, 2009).

IL-6 is also increased in pregnancy as early as mid-gestation in women who report poor
sleep duration and efficiency, poor sleep duration and sleep disordered breathing (SDB)
(Okun et al, 2007a). In complicated pregnancies involving foetal hypoxia, there is evidence
of foetal erythropoiesis shown by increased levels of circulating nucleated red blood cells
(nRBCs). Levels of IL-6 and erythropoietin (EPO) mediate the production of nRBCs and,
interestingly, a study on pregnant women who reported snoring (assessed using a sleep
questionnaire) found high circulating levels of IL-6 and EPO in the umbilical cord blood
shortly after birth (Tauman et al, 2011). In women suffering from pre-eclampsia compared
with pregnant controls, levels of IL-6 are also markedly raised (Bernardi et al, 2008, Sharma
et al, 2007). In addition they are shown to be more fatigued and suffer more from snoring
and nasal airflow limitation (Bachour et al, 2008). This suggests that IL-6 could be a marker
for foetal well-being raised in response to poor/disturbed sleep. It is also important because
IL-6 is involved in the pathogenesis of insulin resistance and type 2 diabetes and gestational
diabetes mellitus (Mohamed-Ali et al, 1997; Wolf et al, 2004).

Disordered sleep in the pregnant state has correlation with increased levels of IL-10 across
all trimesters (Okun et al, 2007b). CRP is raised in both non-pregnant and pregnant states
that report poor sleep. Studies on women with pre-eclampsia compared to normal control
pregnancies offer differing results. One by Bernardi et al shows no change in IL-10 levels
and others show decreased IL10 in pre-eclamptic women (Zusterzeel et al, 2001). This would
suggest a non typical pattern of inflammation in these women as they do not have raised IL-
10 or IL-13 (Bernardi et al, 2008). However, a major drawback of these studies is the
measurement of IL-10 only once after diagnosis. Recent studies have suggested time
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dependent lipid peroxidation in pre-eclamptic patient which allows the use of plasma 8-
isoPGF (2-alpha) as a marker for oxidative stress between 24-32 weeks but not 34-37 weeks
of gestation. In a separate study whilst short sleep duration and poor sleep efficiency in both
mid and late pregnancy were associated with higher stimulated levels of IL-6 there were no
relationships were observed for TNF-a (Okun et al, 2007a).

Adiponectin has insulin sensitising and anti-inflammatory properties (Makino et al, 2006).
Oxidative stress, TNF-a and IL-6 have been shown to reduce adiponectin, a hormone
released by adipose tissue in people with SDB/OSA (Makino et al, 2006; Lain & Catalano,
2007). Insulin resistance increases in normal pregnancy, but is also associated with short
sleep duration and SDB (Punjabi et al, 2004). Some studies have shown an increased risk of
GDM in pregnant women who have lower levels of adiponectin and high levels of CRP
(Willaims et al, 2004; Wolf et al, 2003; Qiu et al, 2004). Other studies have shown that
pregnant women with GDM have lower levels of adiponectin TNF-a, IL-6 and IL-10
compared with controls (Ategbo et al, 2006).

One study has found that pregnant women with SDB have higher levels of
malondialdehyde (MDA) than their non snoring controls. However this study found no
comparable difference between any negative foetal outcomes after birth (Koken et al, 2007).
Other studies conclude that SDB and the resulting hypoxia/re-oxygenation increase reactive
oxygen species which can cause cellular damage (Jerath et al, 2009; Roberts & Hubel, 2004).
This is hypothesised to contribute to pre-eclampsia and gestational diabetes in pregnant
women (Roberts & Hubel, 2004).

2.4.1.1 Inflammation and maternal and foetal outcomes

Increased inflammation (higher levels of IL-6, TNF-a and CRP) is also associated with adverse
pregnancy outcomes such as pre-eclampsia, Intra-Uterine Growth Retardation (IUGR) and
preterm birth (Bartha et al, 2003, Romero et al, 2006 and Freeman et al, 2004). It is unclear if the
increase in cytokines occurs as a result of increased stress or if sleep deprivation is a
contributing factor. In a high proportion of these outcomes, studies have found a failure of re-
modelling of spiral arteries, a process necessary for adequate placental perfusion following
trophoblast invasion (Arias et al 1993). TNF-a was shown to interfere with trophoblast
invasion in experimental studies (Fluhr et al, 2007 and Salamonsen, et al 2007).

Some studies have also linked the increase in inflammatory markers and maternal
depression to pre term labour and babies with low birth weight. Groer & Morgan found that
of the 200 women who were 4 - 6 weeks postpartum, those who were depressed, had
significantly smaller babies and more negative life events. These women also had low levels
of cortisol, suggesting an ineffective restrain on inflammation (Groer & Morgan, 2007). A
study in Goa, India of 270 women also had similar results, and in addition positively
correlated the severity of depression to the risk of low birth weight (Odds Ratio 2.5) (Patel &
Prince, 2006).

Studies in the field of psychoneuroimmunology have shown that mothers suffering from
postnatal depression have much higher levels of inflammatory markers than their non
depressed controls. These markers include CRP, IL-6, interleukin-13 (IL-1B), TNF-a and
IFN-y (Miller et al, 2005). In the last trimester of pregnancy, raised markers are adaptive and
prevent infection. However at abnormally large levels they increase the risk of depression
(Maes et al, 2000). It was also shown that these women had lower levels of cortisol; however
in response to an acute stressor, they produced much higher levels of IL-6 and TNF-a
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compared to the non-depressed controls. The authors from this study of 72 women
concluded that they had "cortisol blunting" (Miller et al, 2005).

Author Study Maternal Effects Foetal Effects Inflammatory Summary
Population marker
In pregnant women
who were habitual
snorers, there was
122 pregnant .
Tauman women evidence of
. Sleep Disordered Increased IL-6, EPO,  increased foetal
et al recruited, of Breathin Erythropoiesis nRBCs erythropoiesis
(2011)  which 39% & yHirop TyHropor
shown by increased
had SDB e
umbilical cord
levels of nRBCs,
EPO and IL-6
Pre-eclamptic
Increased time women presen’ged
. with more snoring
with nasal flow .
s and had increased
15 pre- limitations,
eclamptic eneralised levels of IL-6 and
Bachour womeI; and ge dema IL-6 , TNF-a, TNF-a compared
et al 2008 ) S and CRP with controls.
14 pregnant increased fatigue .
Overall their
controls and poorer
reonanc pregnancy
preghancy outcomes were
outcomes
worse than
controls.
IL-6, TNF-a,
protein carbonyls
and plasma
thiobarbituric acid
were higher in pre-
IL-6,IL-10,  eclamptic patients.
35 pre- IL-1p TNF-a, IL-6 and carbonyls
Bernardi eclamptic protein had 31gr.11f1car.1t
women and . carbonyls and correlation with
et al Pre-eclampsia
(2008 35 plasma blood pressure as
) normotensive thiobarbituric well as each other.
women acid No increase in IL-

1p and IL-10 in
pre-eclamptic
patients. Effect of
sleep disorders or
complaints not
investigated.
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Author Study

Population

Maternal Effects Foetal Effects Inflammatory

marker

Summary

Okun
et al
(2007a)

19 Women in
mid - late
pregnancy

Sleep complaints
associated with
increased
inflammation.

IL-6

Short sleep and
poor sleep
efficiency in mid to
late pregnancy is
associated with
higher stimulated
and circulating
levels of IL-6.
Women having
sleep problems as
early as mid
gestation could
also have increased
inflammation.

35 pregnant
Okun & women seen
Coussons-once a
Read trimester. 43
(2007b)  non-pregnant
women seen
once.

Sleep complaints
associated with
increased
inflammation.

IL-10, CRP
and TNF-a

IL-10 and CRP
were higher in
pregnant women
throughout the
three trimesters. In
women reporting
sleep problems,
TNF-a was
significantly higher
in pregnant
women (across all
trimesters) and
CRP in non
pregnant women.

40 snoring
pregnant

Koken et Women and

43 non
al (2007) snoring

pregnant
women

Glutathione

peroxidase
(GSH-Px),

Malondialdeh
yde (MDA)

Snoring

and

Myeloperoxid

ase (MPO)

Levels of GSH-Px
were lower in the
group that snored,
and levels of MDA
were much higher.
Levels of MPO
were comparable
between the
groups. There were
no adverse
outcomes
associated with
infants born to the
mothers who
snored.

Table 1. Sleep disturbances, pregnancy and inflammation
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The table summarises the studies to date on the effect of sleep disruption on markers of
inflammation and the possible association with maternal and foetal outcomes.

There is evidence to support the increase in inflammatory cytokines measured in amniotic
fluids leads to preterm birth. A prospective cohort study of 681 women showed that
depressed women were more than twice as likely to have preterm birth than their non
depressed counterparts (9.7% vs. 4%; OR: 3.3). Prostaglandins in particular have a major role
in uterine contractions and may be released early in response to increased pro-inflammatory
cytokines in disturbed sleep. (Dayan et al, 2006). IL-6 and TNF-a have a role in ripening the
cervix before birth; and in women who have preterm birth, these markers are raised in a
study of 30 pregnant women. This suggests a link between inflammation and preterm birth,
although in these women, stress was being assessed instead of sleep disturbances as a cause
of raised cytokines. In a more recent study of 166 pregnant women, sleep was assessed by
means of the PSQI. It was observed that for every one point increase in the PSQI score the
odds of a preterm birth increased by 25% in early pregnancy and by 18% in late pregnancy
(Okun et al, 2011b). Women who have SDB during pregnancy are also more likely to need
an emergency caesarean (Leung et al, 2005).

2.4.2 Activation of neuroendocrine pathways

Activation of the sympathetic Nervous System (SNS) leads to the release of adrenal
hormones (catecholamines), which can have an effect on sleep (Guggisberg, 2007).
Furthermore, the production of catecholamines may stimulate the production of
inflammatory cytokines. Inflammatory processes are modulated by numerous feedback and
feed forward mechanisms. The Hypothalamic-pituitary-adrenal axis also regulates
inflammatory processes via cortisol secretion, which is secreted in a diurnal manner
following the sleep-wake cycle. Cortisol can suppress the production of pro-inflammatory
cytokines and, as part of the negative feedback mechanism designed to prevent
uncontrolled inflammation, pro-inflammatory cytokines stimulate the HPA axis to produce
cortisol. However, as in the case of SDB and the resulting hypoxia, plasma cortisol is
chronically raised (Meerlo et al, 2000). Prolonged cortisol secretion leads the glucocorticoid
receptors becoming desensitised and results in a decrease in the protective effects of cortisol
against inflammation (Sapolsky et al, 2000). Disrupted sleep can lead to mild stimulation of
the HPA axis and increased inflammation, thus providing another mechanism whereby
disrupted sleep in pregnancy may lead to dysregulation of normal homeostatic processes
and potentially lead to adverse pregnancy outcomes (Okun et al, 2009).

2.4.3 Insulin resistance

Accumulating evidence suggests that both poor sleep quantity and quality are associated
with impaired glucose tolerance and diabetes (Cappuccio et al, 2010a). Until recently little
has been known about the effect of poor sleep during pregnancy on glucose tolerance and
gestational diabetes. Qui et al interviewed a large cohort of 1,290 women during early
pregnancy. They collected information regarding sleep duration and snoring during
pregnancy. They obtained information on gestational diabetes mellitus (GDM) from the
screening and test results in their medical records. They found that those women who slept
4 hours or less had a greater risk of GDM than those sleeping 9 hours per night.
Furthermore they observed that whilst the increased relative risk was 3.23 (95% CI 0.34-
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30.41) for lean women (<25 kg/m?2) this was increased to 9.83 (95% CI 1.12-86.32) for
overweight women (> or = 25 kg/m?2). Snoring was also associated with a 1.86-fold
increased risk of GDM and the risk of GDM was 6.9 xs higher in overweight than lean
women (Qiu et al, 2010). These findings are consistent with data in non-pregnant women
and warrant further investigation to determine the effect on pregnancy outcome.

2.4.4 Passive smoking

In Japan, two surveys were conducted to determine if passive smoking might have any effect
on the sleep disturbances observed in pregnant women. 16,396 pregnant women were
surveyed in 2002 and 19,386 in 2006. This is particularly important as 80% of passive
environmental smoking comes from the spouse and in Japan there is a very high smoking rate
amongst men (53%). The results indicated that passive smoking is independently associated
with increased sleep disturbances during pregnancy. They observed that pregnant woman
who were exposed to passive smoking were likely to suffer from difficulty in initiating sleep,
short sleep, and snoring; those women who smoked suffered from the same disturbances and
also reported early morning awakenings and excessive daytime sleepiness (Ohida et al, 2007).
The authors suggest that some of the negative health outcomes observed in pregnant women
may be mediated by the effect of active and passive smoking on sleep.

2.5 Diagnosis and management of sleep disorders in pregnancy

There are many different ways in which sleep data can be collected, the gold standard,
however, is to measure sleep using polysomnography (PSG) as this provides an objective
assessment of the sleep-wake cycle over the entire sleep period (Baker et al, 1999). Much of
the data regarding sleep in pregnancy is limited to self-administered questionnaires and to
diaries: very few recent studies have used PSG. However, it is recognised that undertaking
multiple sleep studies at different time points during pregnancy is difficult. Despite this there
is evidence to suggest that sleep disorders in pregnancy can in certain individuals have
adverse outcomes for the mother or baby and therefore it would be useful to develop a
screening tool that could be administered quickly by health professionals during routine
pregnancy consultations. A simple and cost-effective alternative to PSG is to use actigraphy
and sleep diaries. There are now many wrist-watch style actigraphs available. They are
activated by movement and can differentiate when a person is awake or asleep, many also
now have light monitors incorporated in them as well. They are useful in identifying night
time awakenings and for determining their subsequent duration. When used in conjunction
with self-recorded sleep diaries, actigraphs can help to establish a very detailed sleep pattern.
Questionnaires administered to a bed partner can also help to establish a diagnosis of sleep
disordered breathing. OSA is a common but often unrecognised condition in women of
childbearing age. The likelihood is increased however in women with a past or current history
of polycystic ovary syndrome, depression, hypertension, diabetes, hypothyroidism, metabolic
syndrome, obesity (Champagne et al, 2010). The diagnostic test of choice would be a PSG, and
referral to a sleep specialist to confirm and treat primary sleep disorders may be required.
Further research is also required to establish if the management thresholds for treatment of
OSA in non-pregnant women are applicable to pregnant women.

Pharmacological treatment of sleep disorders in pregnancy needs to be viewed with caution,
given the potential for harm to the foetus. Similar caution needs to extend to women who
are breastfeeding.
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2.6 Implications for public health

In the general population sleep duration has been declining. Women now occupy an
increasingly prominent position in the workplace but often they do so without any
reduction in their home responsibilities. Consequently sleep needs are often of low priority.
Preterm birth is a major public health priority and is a common adverse outcome in
pregnancy. Sleep quantity and quality are not only important determinants of maternal and
foetal health but are also important for general health and need to be particularly addressed
in the post-partum period where sleep disruption is likely to be very common. There is also
some evidence to suggest that the effects of sleep deprivation may be greater in women than
in men. Despite this, the majority of studies undertaken are in men and there is now a clear
need for more, large, multicentre, prospective studies to be performed in women.

There is also a paucity of studies evaluating sleep disturbances in the post-partum period
and research is required to look at the effects of sleep deprivation on both maternal and
paternal functioning and the effect on maternal-infant interaction. Factors such as the type
of delivery, the type of infant feeding, return-to-work time and infant temperament may be
important, along with the degree of support from the father or other family members. A
recent randomised trial set out to investigate if modification to the bedroom environment
could improve the sleep of new parents (Lee & Gay, 2011). They evaluated a modified sleep
hygiene intervention for new parents (infant proximity, noise masking, and dim lighting) in
anticipation of night-time infant care in two samples of new mothers of different
socioeconomic status. They were randomized to the experimental intervention or attention
control, and sleep was assessed in late pregnancy and first 3 months postpartum using
actigraphy and the General Sleep Disturbance Scale. The investigators observed that whilst
the sleep hygiene strategies evaluated did not benefit the more socioeconomically
advantaged women or their partners they did improve postpartum sleep among the less
advantaged women suggesting that simple inexpensive changes to the bedroom
environment can improve sleep for new mothers.

Further studies are required fully to investigate the effects of smoking on sleep and
associated adverse pregnancy outcomes but meanwhile educational programmes could be
used to educate women on the possible harmful effects. Research to determine if other
health behaviours could have beneficial effects on sleep in pregnant women is also required.
For example, physical activity is recommended to pregnant women for health benefits but
as yet there are insufficient studies to determine if this has any effect on improving sleep
duration or quality.

3. Conclusion

A lack of sleep is known to affect both our physical and mental health. The few studies that
have investigated sleep in pregnancy have found both an increase in total sleep time and an
increase in daytime sleepiness in the first trimester whereas the third trimester appears to be
associated with a decrease in sleep time and an increase in the number of awakenings. Sleep
has an important impact on maternal and foetal health. It has been associated with an
increased duration and pain perception in labour, with a higher rate of caesarean delivery
and with preterm labour. Some pregnant women develop sleep disorders such as RLS or
OSA or insomnia and others develop postpartum depression. Longitudinal studies are
required to fully evaluate the effect of sleep deprivation on maternal and foetal outcome.
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Better methods to measure sleep disturbances in pregnancy are required along with
evaluation of the underlying cause so that appropriate and effect treatment can be
administered. Particular attention needs to be given to women who develop leg complaints,
who are overweight or become obese during pregnancy or develop conditions such as
diabetes or PIH.
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1. Introduction

In our previous study, circadian rhythm sleep disorders have been reported in pediatric and
adolescent populations (Tomoda, Miike, Uezono, & Kawasaki, 1994). Pediatric practitioners
now commonly encounter sleep disturbance in previously healthy children and adolescents
(Boergers, Hart, Owens, Streisand, & Spirito, 2007; Giannotti, Cortesi, Sebastiani, & Ottaviano,
2002; Stein, Mendelsohn, Obermeyer, Amromin, & Benca, 2001). The characteristic clinical
features are well known, but the specific causes remain unknown. New types of circadian
rhythm sleep disorders, such as familial advanced sleep phase syndrome (ASPS) and delayed
sleep phase syndrome (DSPS), non-24-h sleep-wake syndrome (non-24), and morningness-
eveningness have been described during the last decade. Such disorders are probably caused
by various disturbances of circadian expression of the clock gene (Archer et al., 2003; Ebisawa
et al,, 2001; Iwase et al., 2002; Pirovano et al., 2005; Takimoto et al., 2005; Toh et al., 2001;
Wijnen, Boothroyd, Young, & Claridge-Chang, 2002). Polymorphisms in clock genes are
known to induce circadian rhythm sleep disorders. For example, mutations in the period2
(Per2) gene (S5662G) or casein kinasel d (CK16) gene (T44A) cause familial ASPS; furthermore,
missense polymorphisms in the Per3 (V647G) and CKle (S408N) genes increase or decrease
the risk of developing DSPS.

In our clinical practices, we recognized that the majority of our patients have a circadian
rhythm disorder even though they usually do not mention or recognize this problem at the
first interview. We hypothesized that there could be certain relationship between
biological rhythm disorders in these patients and their indefinite symptoms as well as
their sleep disturbances. This chapter introduces sleep patterns, circadian rhythms of core
body temperature (CBT), glucose metabolism, and human clock gene profile in children and
adolescents with sleep disturbance.

2. Methods

2.1 Protocol

This study included 22 unmedicated patients with sleep disturbances (Table 1). All patients
satisfied diagnostic criteria for circadian rhythm sleep disorders of the Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition, Text Revision (DSM-IV-TR®). The
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diagnosis was made by three raters using the Structured Clinical Interview. The severity of
those symptoms was measured using self-reported ratings (performance status scores), as
described previously {Kuratsune, 2002 #890;Tomoda, 2007 #925}. Their performance status
scores on admission were higher than 5 (mean, 5.6; SD, 0.8).

For at least one month prior to the initial assessment, prophylactic drugs (e.g. tranquilizers)
were not given. Patients who had just recently started treatment with antidepressants or
hypotension drugs, or who were diagnosed as having neurological illness, migraine,
obstructive sleep apnea, below average intelligence, or serious psychopathology were
excluded from the study. Serious psychopathology was evaluated by referral to at least one
psychiatrist if the patient presented with some indicative symptoms. No patient had a
history of drug abuse. Table 1 presents physical characteristics of the present subjects. The
protocol was approved by the Committee of Life Ethics, Graduate School of Medicine,
Kumamoto University. All participants gave written informed consent.

Patient Control p-value
(n=22) n=9)
Mesor (°C) 36.71+0.17 36.61+0.18 p>0.1
Double amplitude (°C) 0.85+0.36 1.51+0.37 p<0.005
Acrophase (clock time):
In advanced patients (n=6) 15.10+1.02 17.44+1.34 p<0.005
In delayed patients (n=16) 20.02+1.18 17.44+1.34 p<0.005

p-value: significant difference in ANOVA.

Table 1. Circadian rhythm of core body temperature: Results of a cosinor analysis.

2.2 Recording of the sleep-wake rhythm

Each subject kept daily recordings (logs) of their time of sleeping and awaking for 4 or
longer weeks. These logs were used to analyze their sleep pattern during a 24-hour period.
According to the International Classification of Sleep Disorders (ICSD) revised by the
Association of Sleep Disorders Center in North America in 1990 (Diagnostic Classification
Committee, 1990), our patients were diagnosed as either delayed sleep phase syndrome
(DSPS), non-24-hour sleep-wake syndrome (non-24), irregular sleep, or long sleeper. DSPS is
characterized by difficulty in falling asleep at night and an inability to be easily aroused in
the morning, and this diagnosis corresponds to DSM-III-R: Sleep-Wake Schedule Disorder.
Non-24 presents sleep-wake cycles longer than 24 hours, and this corresponds also to DSM-
II-R: 307.45. Irregular sleep is characterized with no recognizable circadian patterns of sleep
onset or waking time, and this does not correspond a sleep disorder diagnosis in DSM-III-R.
Long sleeper have sleep times longer than 9 hours although they do not have any organic
abnormalities, and this correspond to DSM-III-R: 780.54.
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2.3 Circadian rhythm of core body temperature

Continuous monitoring of CBT for 3 days and at every one minute was carried out by using
a deep body temperature monitor (Terumo Corp., Tokyo, Japan).

Mean values of the 3 measurements at each time point during the 3 consecutive days were
used in the examination. A chronograph was used to determine the circadian rhythm, and
the single cosinor method, to analyze the CBT circadian variation for both groups (Halberg
et al. 1977). A cosine curve with a period of 24 hours was fitted to the data by using the least
squares method, and the following parameters were obtained: mesor (°C, rhythm-adjusted
average), amplitude (difference between the highest and lowest temperature), and
acrophase (time of the highest point in the rhythm defined by a fitted cosine curve). To
obtain data in normal age-matched persons, we recruited 9 healthy school children as
volunteers. They were 6 males and 3 females, aged 10-21 years (mean age, 17.3 years), and
who had no mental retardation, physical problems, or psychiatric psychopathology.

In statistical analysis, ANOVA was used, and when the p-value was less than 0.05, the group
difference was considered to be statistically significant.

2.4 Hormonal secretion profiles

Melatonin, cortisol, S-endorphin and temperature circadian rhythms. 24-hour blood sampling was
performed through an indwelling catheter in a forearm vein at 4-hour intervals. Each blood
sample was immediately centrifuged at 4°C and stored at -80°C until melatonin, cortisol and
-endorphin were assayed by radioimmuno assay (RIA). The lower limit of melatonin
sensitivity was determined to be 3 pg/ml.

Comparative data concerning the timing of hormonal production were obtained for a group
of six normally-sighted healthy male volunteers aged 20-22 years (mean age, 20.6 years)
who had no mental retardation or serious psychopathology.

The recordings of the deep body temperature were carried out with a deep body
temperature monitor (Terumo Co., Tokyo, Japan) below Lanz's point every 1 minute for
three consecutive days for the patient and the control group.

Both a chronograph and the single cosinor method were used to examine the rhythmicity
and to analyze the circadian variation.

A cosine curve with a period of 24 hours was fitted to the data using the least squares
method, and the following parameters were established; mesor (rhythm-adjusted mean),
amplitude (difference between mesor and nadir) and acrophase (lag of the crest time in the
best fitted cosine curve in relation to a given reference time). When the p-value was less than
0.05, the rhythm was considered to be statistically significant.

2.5 Evaluation of carbohydrate metabolism

A 3-h oral glucose tolerance test was performed the morning after a subject had fasted
overnight. After the fasting blood sample was drawn, a subject was given a solution
containing a predetermined amount of glucose based on body weight (1.75 g/kg to a
maximum of 75 g). After glucose ingestion, blood samples were drawn at 30, 60, 90, 120, 150,
and 180 min to measure blood glucose (BG) levels and immunoreactive insulin (IRI) response.
Serum BG level was determined using the glucose oxidase reaction method. Serum IRI
response was measured using radioimmunoassay (Eiken Chemical Co. Ltd., Tokyo, Japan).
The BG levels, IRI response, cumulative BG (sigma BG), cumulative IRI (sigma IRI),
insulin/ glucose ratio (delta IRI/delta BG), and insulinogenic index (sigma IRI/sigma BG)
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were then compared to normal control data that had been reported previously for 8 subjects
aged 12-16 years without a personal or family history of diabetes mellitus or any factor
affecting glucose metabolism (Iwatani et al., 1997). The control subjects were within +2.0 SD
of standard height, and within +20% of ideal body weight. All indices were calculated using
the same methods as those reported previously (Iwatani et al., 1997).

2.6 Experimental procedure for human clock gene measurement

Subjects were exposed to natural and fluorescent lighting of the institution during the
awake period. Lights were turned off during the sleeping period. An indwelling catheter
was placed in the antecubital vein for a 24-h period. Blood samples were taken at 4-h
intervals beginning at 10:00 a.m. on the second day of hospitalization and continued until
6:00 a.m. of the following day. Samples were obtained under dim light (less than 30 Lux)
without waking the patients during the sleeping period. We previously reported that
subjects 12 years of age and older show similar metabolic characteristics to those of an adult
(Iwatani et al., 1997). Therefore, we recruited 10 men aged 20-41 years (mean age, 27.4 years;
SD, 6.1 years) as normal subjects from whom data were obtained (Reppert & Weaver, 2002;
Takimoto et al., 2005): none had below-average intelligence, physical problems, psychiatric
psychopathology, or irregular sleep or meal schedules.

Blood was collected in blood RNA kit tubes (PAXgene; Qiagen K.K., Tokyo, Japan). The tubes
were incubated at room temperature for 24 h; then the total ribonucleic acid (RNA) was
isolated according to the manufacturer’s instructions. For quality assessment of total RNA
during protocol development, deoxyribonucleic acid (DNA) digestion of the samples was
performed with the RNase-Free DNase Set (Qiagen K.K.). Synthesis of complementary DNA
was conducted (ReverTra Ace-a-®; Toyobo Co. Ltd., Osaka, Japan) for use with the reverse-
transcription polymerase chain reaction (RT-PCR) kit. Quantitative real-time RT-PCR
(TagMan®) was performed using a sequence detection system (ABI PRISM® 7900; Applied
Biosystems, Foster City, CA) to determine the expression levels of hPerl1, hPer2, hPer3, hBmall,
hClock, and housekeeping gene hf-actin expression relative to hf-actin, with the standard
protocol described by the manufacturer. Relative expression of the clock gene was determined
as the ratio of expression of the clock gene to that of the B-actin gene for each sample. Values
were normalized so that the peak value equaled 100%. The TagMan® hf-actin control reagents
and primer sets, Assays-on-Demand™ Gene Expression Product for hPerl, hPer2, hPer3,
hBmall, and hClock were purchased from Applied Biosystems for the following: hPerl,
Hs00242988 _m1; hPer2, Hs00256144 m1; hPer3, Hs00213466_m1; hBmall, Hs00154147_m1l;
hClock, Hs00231857_m1. In addition, hPer2 was selected as the daily expression of the clock
gene for determination of the circadian profile (Takimoto et al., 2005).

3. Results

3.1 Sleep-awake rhythm disturbance

Based on the self-recorded sleep-wake logs, all patients were diagnosed as having one of the
4 sleep disturbances, i.e., DSPS, non-24, irregular, and long sleeper. Among patients in these
4 disease categories, there were no significant differences in the duration of sleep
disturbance, ages when the symptom first started, and their current age.

More than 80% of our patients with sleep disorders showed a tendency of a day/night
reversal life style, especially in the period right after termination of school social life. An
overnight EEG study revealed a decrease in deep NREM sleep and delayed latency of the
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REM sleep phase (unpublished data). Most of them need about 10 hours sleep to keep
awake for the rest of the daytime. These data suggest a deteriorated quality of night sleep.
Even though sleep disorders are considered to begin in childhood and adolescents, there
have been no in depth reports on this problem.

3.2 Abnormal core body temperature rhythm

It has been known that the sleep-awake circadian rhythm and other circadian rhythms such
as the CBT and hormonal secretion rhythms are closely related to each other. With this
background we examined the circadian CBT rhythm in our cases using a special instrument
for CBT measurement. The CBT rhythm has been considered to well-match the brain
temperature rhythm, according to a basic study. The 41 subjects studied (24 males and 17
females), aged between 10 to 19 years (mean: 15.2 years), were referred to our clinic. To
obtain data for normal age-matched controls, we recruited healthy school children as
volunteers. The comprised 6 males and 3 females, aged 10-21 years (mean: 17.3 years) for
CBT controls. The results are summarized in Table 1. In those patients, the mesor of the
circadian CBT rhythm was significantly higher than that in the normal controls. In
particular, it is noteworthy that the mean CBT at nighttime was obviously higher in the
patients than in normal controls. In those patients, the nadir was also significantly higher
than in the normal subjects. The nadir recorded on appearance was significantly delayed in
the patients compared to in the normal subjects.

In those patients, the amplitude of circadian CBT rhythm was significantly lower (0.85 +
0.36°C) than the normal subjects (1.51 + 0.37°C) (P <0.005). Acrophase in the control subjects
was recorded on 17.44 + 1.34 PM, whereas it was advanced in 6 patients to 15.10 + 1.02 PM
(P <0.005), and delayed in 16 patients to 20.02 + 1.18 PM (P <0.005). Advance or delay was
determined in comparison to the time defined in the control subjects. In our subjects, there
were no rhythmical changes in their CBT.

3.3 Disturbed hormonal secretion profiles

We have studied the hormonal circadian secretion rhythm, such as for melatonin, cortisol
and B-endorphin. Each of them showed abnormal behavior, that is, a delayed peak secretion
time and a decrease in the secreted amount. As to cortisol secretion in the patients, the area
under the curve (AUC) was significantly smaller than in normal controls. In addition, the
cortisol peak secretion time was significantly delayed.

These data suggested that circadian rhythms are deranged in our patients, and clearly
explain that the starting time of daily life is seriously delayed, because of delayed
preparation for mental and physical activity supporting daily life. We would like to
emphasize the reason why those patients showed a bad condition in the morning and a
relatively good condition in the afternoon. The decreased total level of hormonal secretion
may be the main cause of the inactivity, dullness and stagnant condition.

3.4 Disturbed carbohydrate metabolism

Glucose tolerance was significantly lower in the patients than in normal controls: the mean
sigma blood glucose level was significantly higher (P < 0.05) and the insulinogenic index
was significantly lower (P < 0.05) in the patient group than in controls (Miike, Tomoda,
Jhodoi, Iwatani, & Mabe, 2004).

The mean blood glucose (BG) level was not significantly higher in the patient group than in
the controls at any time interval following oral glucose ingestion, except at 30 and 120 min
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(both P < 0.05) (Tomoda, Kawatani, Joudoi, Hamada, & Miike, 2009). The mean plasma insulin
concentration in the patient group was not significantly different from the controls at any time
interval following oral glucose ingestion, except at 120 and 150 min (P <0.001 and P <0.05,
respectively). However, individual patient insulin levels varied widely compared with the
corresponding BG levels. The insulin level did not correlate with the BG level in some patients.
The mean sigma BG level in the patient group was significantly higher than that of controls
(910.3 + 189.9 vs. 865.1 £ 60.5 mg/dl, P = 0.027). However, the mean sigma IRI was not
significantly different (patients vs. controls = 431.6 + 194.8 vs. 892.8 + 440.5 pU/ml, P = 0.103).
The insulin/glucose ratio, the initial insulin response 30 min after glucose ingestion, was not
significantly different (patients vs. controls = 0.95 + 0.63 vs. 2.43 + 1.03, P = 0.315). However, a
significant difference was found in the insulinogenic index (patients vs. controls = 0.48 + 0.20
vs.1.04 £ 0.50, P = 0.044). The results are summarized in Table 2.

3.5 Abnormal mammalian circadian clock

18 of 22 unmedicated patients were examined. The mRNA level of hPer2 was significantly
higher at 6:00 in the control subjects. In contrast, the mRNA level of iPer2 was higher at 6:00
in only 3 patients, at 2:00 in 3, at 10:00 in 4, at 14:00 in 3, and at 18:00 in 5. The timing of the
hPer2 peak expression level was significantly later in the patients than in the control subjects
(P < 0.05, Mann-Whitney’s U-test). The most phase-advanced cases (cases 1, 2, 11) showed
the hPer2 peak at 2:00, although the most phase-delayed cases (cases 9, 10, 15-17) showed
the hPer2 peak at 18:00.

There were no significant differences in expression levels of hiPer1, hPer3, hBmall, hClock.

4. Discussion

Deranged circadian rhythms have been well recognized in jet lag. In this condition, one may
have symptoms, and i.e. dysfunction of the autonomic nervous system, sleep awake rhythm,
mental and physical activity. We presume that those patients with sleep disturbance
suffered from an atypical but continuous jet lag condition in their daily life.

The international classification of sleep disorders (ICSD) was revised as a new sleep
disorder nosology by the Association of Sleep Disorders Center in North America in 1990.
Circadian rhythm sleep disorders, such as the delayed sleep phase syndrome (DSPS) and
the non-24-hour sleep-wake syndrome, have been described as new types of sleep-wake
disorders in the last decade. In this study, we presented children or adolescents who were
evaluated as not having physical abnormalities, psychiatric disorders, or specific social
problems, but they were suspected to have sleep disturbance because of their daily life
pattern. They were healthy in terms of physical and psychiatric examinations, but unable to
attend school because their overall conditions did not allow. Those patients who satisfied
our inclusion criteria to this study accounted for 40% of the total school refusal cases whom
we examined in a 2-year period. This portion is quite large, and indicates the difficulty to
prescribe appropriate therapy for these patients.

In our study, all 22 patients were diagnosed as having sleep-wake rhythm disturbance
based on their sleep log evaluation and CBT monitoring. Their body temperature rhythm
was disturbed in the manner typically shown in adult sleep disorder patients. Among our 6
school refusal patients diagnosed as having non-24, 3 did not show clear rhythm of CBT.
Because non-24 is considered most difficult to treat among the 4 categories of sleep disorder,
this therapeutic difficulty could be attributable to the severely disturbed CBT rhythm.
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Table 2. Type of sleep disturbance, and times of hPer2 peak, cortisol peak, and lowest core

body temperature (CBT) over 24 h, and results of component analysis of the cardiographic

R-R interval and glucose tolerance test of each patient(Tomoda et al., 2009).
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The 2 biological rhythms (sleep and CBT) are sometimes desynchronized with each other,
e.g., when the person was completely isolated from time cues. Once the desynchronization
occurred, psychosomatic symptoms, such as headache, gastrointestinal discomfort, or
general fatigue. These symptoms could make the affected person unable to perform
ordinary daily activities.

Furthermore, our findings obtained in this study suggest that physiological homeostasis
might be seriously impaired by sleep deprivation and emotional distress, as reflected clearly
by depressive symptoms in these patients. Easy fatigability and disturbed learning and
memorization are among the primary characteristics of sleep disturbance and chronic
fatigue in adolescents (Miike et al., 2004). Fatigue and gastrointestinal discomfort were quite
severe in our patients. Another feature of this illness is the individuality of symptom
patterns and the unpredictability of symptom severity.

It is particularly interesting that diurnal hypersecretion of glucocorticoids and altered
regulation of the hypothalamo-pituitary-adrenocortical axis are known in patients with
poorly controlled or uncontrolled diabetes (Archer et al., 2003; Chiodini et al., 2006; Roy,
Roy, & Brown, 1998). We found no cortisol hypersecretion in the present patients,
suggesting the absence of diabetic status. However, those patients with sleep disturbance
had glucoregulatory dysfunction. Results of a previous study show that emotionally
stressful events result in hyperglycemia in diabetic patients (Lustman, Carney, & Amado,
1981). On the other hand, sleep deficit has a harmful impact on carbohydrate metabolism
and endocrine function, even in healthy subjects (Spiegel, Leproult, & Van Cauter, 1999).
Abnormalities of the biological stress response (hypothalamic-pituitary-adrenal axis and
autonomic nervous system) were also identified in a previous animal study, the results of
which suggested that cortisol can act directly on the central nervous system (Sandoval, Ping,
Neill, Morrey, & Davis, 2003). Multiple factors including autonomic nervous system
dysfunction, derangement of neuropeptides in the hypothalamus, and hormonal imbalance
might also affect the glucoregulatory metabolism.

The biological clock (circadian clock) in human beings is formed and regulated through
interrelationships of various clock genes such as Perl, Per2, Per3, Bmall, Clock, Cryl, Cry2,
Bmal, Rev-ervA, CK1 dfe, and glycogen synthase kinase 3-b (GSK3f) (Ebisawa et al., 2001;
Gietzen & Virshup, 1999; Jones et al., 1999; Takano et al., 2004; Toh et al., 2001; Vanselow et
al., 2006). Currently, the markers of circadian rhythms are considered to be the profiles of
plasma melatonin, cortisol, and core body temperature (Tomoda, Miike, Yonamine, Adachi,
& Shiraishi, 1997). However, even if these markers show normal rhythmic patterns, certain
patients suffer from circadian rhythm sleep disorders and indeterminate symptoms,
suggesting that these markers may not be reliable for the diagnosis of circadian rhythm
sleep disorders.

Presumably, autonomic and metabolic dysfunction causing sleep disturbance may be
related to the hPer2 phase shift because of chronobiological abnormality. Results of a
previous study indicate that such disturbances might be related closely to the
desynchronization of biorhythms, particularly the circadian rhythm of body temperature
and the sleep-wake rhythm (Tomoda, Jhodoi, & Miike, 2001; Tomoda et al., 2000). Previous
and present results suggest that sleep deprivation may originate from a dysfunctional
network of brain areas related to the circadian rhythm and peripheral nervous system
involved in the autonomic nervous system including cardiac function and gastrointestinal
digestion. However, dysregulation of the circadian rhythm is neither the only nor the
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dominant factor in the pathogenesis of such conditions. Immunological, autonomic, and
neuroendocrine abnormalities might be mutually dependent and reinforcing factors. More
studies must be done to elucidate this mechanism and to reveal the relation between clock
gene expression in the suprachiasmatic nucleus and the peripheral blood cells. Furthermore,
additional study of a larger series of cases will elucidate the usefulness of this technique.
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1. Introduction

ADHD is an increasingly prevalent developmental disorder, especially in the western world
where prevalence rates are estimated around 12%.

According to both the DSM-IV and the ICD-10 it refers to three major problematic domains:
attention, hyperactivity and impulsivity. Subtypes of ADHD have been coded accordingly
as a predominantly hyperactive-impulsive type (H), predominantly inattentive (I) and a
combined type (C).

Age is an important factor in the clinical/behavioral manifestations of ADHD. Symptoms, in
fact, vary according to brain maturation. The hyperactive aspects, for instance, tend to
subside with age, even if longitudinal research demonstrated that over 30% of children with
ADHD grow up to be adults with significant ADHD related problems.

Gender also plays an important role in ADHD, with a 1:10 male prevalence in clinical
samples (Cortese et al., 2006). It also appears to have a strong influence over behavioral
symptoms and co-morbid disorders, which appear generally less disruptive in girls.

ADHD holds a high potential for psychiatric and cognitive co-morbidity (mood, anxiety,
conduct disorder and learning disability), with a nearly 50% rate of oppositional defiant
conduct in males.

2. ADHD and sleep

Sleep disturbance is by far one of the most reported problems (>80%) especially by parents
and care-takers, who commonly recount restless, inadequate and often delayed and/or
fragmented sleep in their children.

A clear distinction, however, needs to be drawn between subjective and objective sleep
reports and, with respect to the latter, actigraphyc versus video-polysomnographic (vPSG)
studies present a palpable difference in terms of method and quality of data accessed.
Several metanalytic reviews have been published within the last ten years, dealing with
many confounding factors including gender, referral source, age range, co-morbid
disorders, first versus follow-up visits, medications, number of studied nights with or
without adaptation. (Owens, 2005; Cortese et al., 2006; Sadeh et al., 2006).

They all address, through various approaches, the multilevel/dimensional relationship
among sleep alterations and neurobehavioral/neurocognitive functioning.
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In particular, the interaction of sleep with attention/arousal mechanisms in children has
been highlighted by most recent studies.

2.1 Subjective reports

Items more often referred to by subjective studies on sleep and alertness in ADHD include
(Cortese et al., 2006): bedtime resistance, sleep onset insomnia, night awakening, sleep
duration, restless sleep, parasomnias, problems with morning awakening, sleep disordered
breathing (SDB) excessive daytime sleepiness (EDS).

No major differences between adolescents with ADHD and controls were detected (Mick et
al., 2000) after excluding confounding factors such as medications and psychiatric
comorbidity. As for ADHD children, significantly over reported by comparison with
controls were EDS (Marcotte et al., 1998, Owens et al., 2000), whether or not sleep
disordered breathing (SDB) related, movements during sleep (Corkum et al., 1999, Owens et
al., 2000). Also a longer sleep duration with increased night awakenings and parasomnias
were observed upon comparison with controls (Owens et al., 2000). Despite the fact that
bedtime resistance and sleep onset insomnia did not come across as significantly different
by comparison with control subjects, after controlling for psychiatric co-morbidity and
medications, it cannot be ruled out that a subgroup of ADHD children may display
significant difficulties with sleep onset. Endogenous circadian alterations have been
postulated by several authors (Vander Heijden et al.,, 2005) along with forced ultradian
cycling (Kirov et al., 2004), which would make these children more prone to a delayed sleep
phase (DSP). In this respect, melatonin use before bedtime with different regimen schedules
and dosing has been acknowledged by several clinicians (Hodgkins et al., 2011; Owens et
al.,, 2010; Larzelere et al., 2010).

2.2 Objective studies

Only a few actigraphic studies (Wiggs et al., 2005; Dagan et al., 1997; Corkum et al., 2001) and
few video PSG studies were obtained in ADHD children, probably due to objective constraints
as imposed by health policies, children restless and oppositional behavior and parents’
reticence to over-night hospitalization. Concerning actigraphic studies, measures of objective
sleep patterns (sleep duration, activity mean, wake time and number of awakenings) resulted
not predictive of ADHD symptom severity after regression analysis (Wiggs et al., 2005) and
did not correspond to parents’ reports except for waking time in the morning. In particular,
bedtime for the IADHD children was usually grossly underestimated by their parents,
probably because of less externalizing behaviors during daytime.

Correspondence between subjective and objective assessment has been usually inconsistent
with a few exceptions (Acebo et al.,, 1999). In fact, despite an overall very high parental
report of sleep disturbance, actigraphic data did not confirm parents’ concerns. Of course,
some of these results could rely on the inherent incapacity of actigraphy to confirm specific
sleep disorders such as SDB or sleep fragmentation at a microstructural level. Nevertheless,
these results may still prove of some utility in order to provide parental reassurance and
correct some of their distorted beliefs.

3. Sleep architecture

Sleep architecture with phase distribution, wake time, arousal and sleep fragmentation
could be seen at best only via PSG studies. A major issue in this context is the exclusion of
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confounding factors such as the effect of medications, co-morbid neurological and
psychiatric conditions and, above all, primary sleep disorders. In fact, ADHD children could
be generally subdivided in children without sleep disorders, probably less than 50%
according to most estimates, and children with sleep disorders.

Many authors claim that in the absence of an abnormal apnea hypopnea index (AHI) or
periodic leg movements (PLMs) index, sleep variables in ADHD children are not far from
age normative values (Sangal et al, 2005). In a recent thorough metanalysis of
polysomnographic (PSG) studies, Sadeh et al. (2006) examined other factors of variance,
including age and gender. Age, in fact, reflects maturational changes of neurobehavioral
and neurotransmitter systems, which may deeply influence sleep patterns.

Females with ADHD usually present less disruptive behaviors, which can also differentially
influence sleep attitude and propensity.

Whether or not an adaptation night is performed, it may enable the exclusion of the effects
of first night sleep deprivation and adaptation to the lab conditions.

All considered, total sleep time appears to be longer in comparison to controls in ADHD
children who underwent an adaptation night. The same subjects also exhibited longer stage
2 than controls (Sadeh et al., 2006); there appears to be a gender-related effect also over time
spent in stage 2, but the most consistent effect of TST and stage 1 time was age-related, with
a shorter TST and longer stage 1 in younger children (<9 years) compared to older children
(>9 years), as if to indicate a more severe sleep impact in the younger group, which is
usually also more severely affected in terms of ADHD symptoms, especially as far as
hyperactivity is concerned.

A critical review (Bullock & Schall, 2004) examining dyssomnia in ADHD children, reports
an overall concordance between authors (O’Brien et al., 2003a; Miano et al., 2006; Silvestri et
al., 2009) with respect to a decreased REM percentage and an increased REM latency in
ADHD kids. Most reports from France, however, contradict these studies (Lecendreux et al.,
2000, Konofal et al., 2001). Furthermore, these data are not confirmed in most studies on
HADHD children with nighttime periodic limb movements (Crabtree et al., 2003), as if the
REM effect were more consistent with the IADHD type.

Kirov et al. (2004), instead, noticed an increased duration of REM sleep and of the number of
sleep cycles in ADHD children compared to controls. Also, REM latency resulted shorter in
his subjects as already previously reported by Kahn (1982) and Greenhill (1983), as if a
forced REM initiation may have produced a longer REM sleep duration along with an
increased number of sleep cycles.

A decreased dopaminergic activity in ADHD may be responsible for cortical dysinhibition
of the motor frontal cortices, which would in turn result in the forced ultradian cycle of
ADHD with REM-increased propensity. Later on, the same group reported an increased
REM drive with shorter REM latency in children with coexisting tick disorders and ADHD,
ascribing this type of impact to hypermotor symptoms (Kirov et al., 2007), partially
contradicting previous findings (Crabtree et al., 2003) on reduced REM sleep in ADHD
children with periodic limb movements.

3.1 Microstructural aspects of sleep

What almost all authors agree about is an increase of sleep oscillations within the night that
contribute to the overall daytime “hypoarousal” phenotype via a possible decrease of sleep
efficiency (Gruber et al., 2007). However, while a few authors notice an increase of
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spontaneous or event-related arousals in their subjects” PSG (Silvestri et al., 2009; O'Brien et
al., 2003a), arousals have mostly not been formally identified or reported in ADHD PSG
studies. Rather, an increased number of phase shifts has been reported (Miano et al., 2006)
with the same clinical significance.

The only dedicated paper in terms of a formal approach to explore the microstructural
aspects of sleep in ADHD has been written by Miano et al. (2006) who analyzed the cyclic
alternating pattern (CAP) in ADHD children without abnormal AHI or PLMs index. The
authors reported an overall reduction of CAP rate, an index of sleep instability, in
comparison to normal controls, with ongoing reduction of CAP sequences and Al index,
reflecting hypersynchronous delta waves with a protective effect on sleep continuity. This
paper would then reconcile the increased fragmentation and low efficiency seen by other
authors in ADHD sleep, with the relative compensatory increase of A2 and A3 subtypes,
expressing sleep discontinuity.

A striking CAP similarity between ADHD and narcolepsy (Ferri et al.,, 2005) has been
observed along with increased daytime somnolence on multiple sleep latency tests (MSLT).
The latter observation is of seminal importance for the interpretation of ADHD as a primary
disorder of vigilance (Weinberg & Brumback, 1990). A deficit of the arousal level
fluctuations would underlie the concept and clinical considerations which tend to interpret
ADHD as “a hypoarousal state” despite its contradictory daytime paradoxical hyperactivity.
Further detailing of this theory and related studies are to follow in the sleep disorders
section under “Narcolepsy”.

4. Sleep disorders

4.1 Insomnia

Chronic sleep onset insomnia (SOI) is a frequent finding in ADHD children (Mick et al,,
2000; Smedje et al., 2001; Corkum et al., 2001; Owens et al., 2000a; O’'Brien et al., 2003a) with
a prevalence rate of nearly 28% in unmedicated children (Corkum et al., 1999), almost
double than the corresponding rate in the normal child population (Owens et al., 2000b;
Meijer et al., 2000). Its daytime sequelae heavily impact the cognitive domain of children
and, specific to this age group, also behavioral attitude and social conduct. Hyperactivity in
fact, rather than overt EDS, is the general marker of insufficient sleep in most children,
therefore aggravating the typical features of ADHD (Wiggs & Stores, 1999).

SOI in ADHD was demonstrated to co-occur with a delayed dim-light melatonin onset and
sleep-wake circadian rhythm, whereas sleep continuity proved unaffected (Van der Heijden
et al., 2005). These findings suggest a possible disturbance of the circadian pacemaker
which, in turn, would be due to the alteration of clock genes (Archer et al., 2001), but no
clear evidence has been found to confirm this assumption. Sleep hygiene habits of
unmedicated ADHD children with SOI were later compared to those of ADHD subjects
without insomnia, so as to ascertain whether poor sleep hygiene could at least partially
explain insomnia in the affected group (Van der Heijden et al., 2006). The negative results of
this study suggest that sleep hygiene practice is not related to sleep characteristics in ADHD
children and does not differ significantly whether or not children complain of insomnia.

As early as 1991, Dahl et al. submitted a 10-year-old girl with ADHD and a long-standing
SOI to chronotherapy, obtaining a significant improvement of the ADHD-related symptoms
along with circadian sleep-phase advancement.
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Subsequently, Ryback et al. (2006) confirmed these results in 29 ADHD adults with an open
trial of bright-light therapy in the morning.

Interestingly, the reverse relationship does not appear to occur since ADHD symptoms are
not commonly found in DSP. Therefore one might assume that SOI per se, as typical of DSP,
is not enough to produce daytime feature of ADHD unless accompanied by nighttime
hyperactivity/sleep fragmentation, as in most ADHD children (Walters et al., 2008).

As for sleep maintenance insomnia (SMI), several primary sleep disorders such as
obstructive sleep apnea syndrome (OSAS), periodic leg movement disorder (PLMD), and
restless legs syndrome (RLS) concur in increasing wakefulness after sleep onset (WASO)
with night-time awakenings and lowering sleep efficiency with related detrimental effects
on performance (Gruber et al., 2007).

These aspects will be developed later on in the course of this chapter, within their respective
sections.

Early morning insomnia is not typical of children with ADHD, unless severely depressed
and is described only in older groups of ADHD patients.

4.2 Excessive Daytime Sleepiness (EDS) and narcolepsy in ADHD

As previously reported in this chapter, the “hypoarousal state” theory regarding ADHD
claims that there may be decreased sleep oscillations (CAP) in ADHD children without
major co-occurring sleep disorders, and this might explain their daytime drowsiness as
confirmed by MSLT data and, indirectly, by the Epworth Sleepiness Scale (ESS) results in
ADHD adults (Oosterloo et al., 2006).

On a modified version of MSLT, ADHD children were found to be objectively more sleepy
than controls, albeit a higher rate of OSAS in probands with respect to controls (50% vs.
22%) could represent a strong bias in this study (Golan et al., 2004).

Also, Lecendreux et al. (2000) found a shorter mean sleep latency in ADHD children
compared to controls, with a significant correlation to hyperactivity impulsivity and
inattentive-passivity indexes, as measured by Conners Parent and Teacher rating scales
(CPRS & CTRS respectively).

Differences in nocturnal sleep could not account for any of these results. None of these
authors, however, sought for the instrumental hallmark of narcolepsy (2 Sleep onset REMs)
in their studies, nor reported on the clinical secondary features of narcolepsy (cataplexy,
hypnagogic hallucinations and paralysis) in ADHD children.

The fact that reaction time values in these studies (Lecendreux et al., 2000) hold a negative
correlation with the hyperactivity-impulsivity index of the CPRS indicates that a major
distinction must be drawn between IADHD and HADHD. Generally, only a subgroup of
ADHD children are found to be sleepier than most average ADHD subjects, thus suggesting
an impaired control of their arousal system, which may induce them to switch rapidly from
wakefulness to sleep when insufficiently externally stimulated during daytime (Ramos
Platon et al., 1990).

A consequent implication of this theory would be an improved therapeutic option through
the employment of noradrenergic o-1 agonists (Biederman & Spencer, 1999) such as
modafinil, rather than the commonly used dopaminergic stimulants.

In a more recent study (Prihodova et al., 2010), SL on MSLT in unmedicated ADHD children
exhibited significant time-related changes compared to the control group, but no inter-
group differences were found regarding MSLT mean sleep latency when comparing the
whole ADHD group with controls.
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Likewise, no such differences were found when comparing different subgroups of ADHD
with or without SDB/PLMs.

Again, a dysregulated arousal mechanism could be postulated in the absence of an overall
objectively proven daytime sleepiness in ADHD.

Conversely, as for signs of ADHD in narcoleptic patients, memory, attention and executive
functions were found to be affected in most, but not all, studies (Naumann & Daum, 2003).
In particular, divided attention and complex cognitive tasks prove selectively sensitive to
arousal fluctuations in narcolepsy (Hood & Bruck, 1996). However, automatic but not
hyperactive behaviors have been reported or searched for in narcolepsy research in an
attempt to allow a better clinical comparison between the two disorders.

4.3 Sleep apnea (OSAS)

Most of the recent attention to the ADHD co-morbidity with OSAS came from a paper
reporting the impact of adenotonsillectomy on adverse events and behavioral problems in
SDB children (Li et al., 2006). The authors described an overall improvement of all measures
[AHI, tests of variable attention (TOVA), and child behavior check list (CBCL) scores] with
no correlation, however, between AHI and TOVA values.

The correlation between OSAS and ADHD is difficult to explore, due to several
confounding factors such as age, gender, recruitment sources and methodological
approaches including the definition and the measurement of respiratory events in children
(Sadeh et al., 2006).

Cortese et al. (2006) found and AHI 1/hour greater than controls in children with ADHD.
Race plays also an important role in the association between ADHD and OSAS. Hispanic
children show a greater co-morbidity than Caucasian probands as far as learning problems,
snoring and witnessed apneas (Goodwin et al., 2003).

Also, Huang et al. (2004), reported worse attention deficit and higher hyperactivity on the
CBCL of ADHD with SDB compared to ADHD without SDB children, with an overall 57%
of elevated AHI (>1) in their total group of ADHD subjects, against an AHI (>1) in only 4%
of their control group. Both the cranio-facial predisposition to OSAS and the high
prevalence of ADHD in Taiwan could, however, impede a generalization of these results.
Adenotonsillectomy more than pharmacological treatment with stimulants lead to a
favorable outcome in the same group (Huang et al., 2007).

Interestingly, most researchers agree on the association of only mildly severe OSAS to
ADHD (O’Brien et al., 2003b; Sangal et al., 2005; Silvestri et al., 2009) suggesting that SDB
leads to a mild mimic of ADHD, rather than a true form of it.

Possible mechanisms accounting for the association between ADHD and OSAS are
intermittent hypoxia and sleep fragmentation which could both be responsible for
neurochemical alterations of the pre-frontal cortex and their related effects including
executive dysfunction with emotional liability and impulse control disorders (ICD).

Severe OSAS in the pediatric community is rare and usually linked to EDS rather than to
hyperactivity, with a phenotypical change of behavior from mild to severe ADHD. It is
unclear so far whether SDB may contribute only to mild ADHD mimics or really impact
ADHD clinical expression and therapeutic management. While it is known that surgical
treatment of OSAS may improve ADHD symptoms, no classic non-stimulant drugs
(atomoxitin, clonidine, modafinil) used for the management of ADHD (Walters et al., 2008)
induce a parallel improvement of OSAS.
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4.4 Sleep related movement disorders

4.4.1 Periodic Leg Movements (PLMD) and RLS

Symptoms of ADHD have been found in 44% of children with PSG evidence of PLMs
(Crabtree et al., 2003). Conversely, between 26% and 64% of ADHD children have a PLMs
index >5/h of sleep (Picchietti et al., 1998; 1999). Furthermore, between 44% and 67% of the
positive probands have a parental history of RLS, suggesting a possible genetic link between
ADHD and RLS/PLMD.

When an additional co-morbidity with SDB was reported, the link between PLMs and
ADHD appeared to be stronger, mediating the secondary SDB-ADHD association (Gaultney
et al., 2005).

The reported prevalence of RLS in ADHD children ranges from 44 % (Cortese et al., 2005) to
no association at all (Gamaldo et al.,, 2007). Silvestri et al. (2009) reported that an RLS
prevalence of 12% by interview and clinical criteria was increased to 25.4% after PSG
evaluation, reflecting the frequent difficulties to elicit an appropriate history from children
depending on their age-related verbal abilities.

PLM during wakefulness (PLMW) but not RLS itself were associated to lower ferritin values,
unlike previous reports (Konofal et al.,, 2007, 2008; Oner et al.,, 2008). In particular, lower
ferritin values in ADHD children, whether or not RLS+, were reported by Konofal et al. (2004),
compatible with the ADHD dopaminergic dysfunction hypothesis. Iron, in fact, is a co-factor
of the rate-limiting enzyme, tyrosine-hydroxylase, regulating dopamine synthesis.
Cerebrospinal fluid (CSF), Magnetic Resonance Imaging (MRI) and autoptic studies also
proved reduced iron stores in the brain of RLS subjects.

Iron deficiency could therefore represent a link and an interpretation key to the dual
pathology of RLS and ADHD related disorders (Cortese et al., 2008), D1 and D2 receptor
density being also altered by an iron-deficient state (Walters et al., 2000; Konofal et al., 2008).
RLS was found to be significantly associated with H- and CADHD, rather than IADHD,
with a strong impact on CPRS, CTRS and SNAP IV Teacher and Parent Rating Scale
(Swanson, 1992) hyperactive and oppositional scores (Silvestri et al., 2009).

Preliminary data on dopaminergic treatment of ADHD-associated RLS suggested a dual
improvement of RLS and ADHD symptoms (Walters et al., 2000). However, these results
were not further replicated (England et al., 2011) since dopaminergic treatment of a larger
number of ADHD-RLS+ children led to RLS improvement without any change in the
ADHD-related symptoms and scores.

Iron supplementation (Konofal et al., 2008), or most recently levetiracetam (Gagliano et al.,
2011) seem to hold promising results for the management of RLS in ADHD.

Even if it is not yet clear whether RLS and ADHD share a common genetic basis or have a
distinct pathogenesis with one disorder (RLS) mimicking or leading to the other (ADHD), it
is certainly important to look for RLS-related aggravation of ADHD symptoms to address
separate or additional treatment of sleep related symptoms.

4.4.2 Rhythmic Movement Disorder (RMD)

RMD consists of head banging or body rocking behaviors primarily occurring in young
children prior to sleep onset or during subsequent sleep.

The disorder often disappears with age over 18 months, but it is estimated to last sometimes
in adolescents or adults with psychiatric problems or epilepsy (Simonds & Parraga, 1984;
Mayer et al., 2007). Other PSG studies in pediatric populations disclosed RMD in 6/10
ADHD children, mostly with CADHD (Stepanova et al., 2005).
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A percentage (21.8) similar to that of RLS (25.4) was reported in a group of 55 unmedicated
ADHD children evaluated by means of PSG (Silvestri et al., 2009) co-occurring with other
sleep related movement disoders, in particular PLMD and bruxism, but not SDB, at odds
with previous records (Mayer et al., 2007).

A functional impairment of the pre-motor and striatal circuitry akin to that responsible for
RLS could be hypothesized as a link between RMD and ADHD.

4.4.3 Bruxism

Highly co-occurring with other sleep related motor disorders such as PLMD, RLS and RMD,
bruxism has also been described in ADHD reports, both subjectively and after PSG
confirmation (Silvestri et al., 2009) up to 33% of the studied ADHD sample and with a
gender distribution (female prevalence) confirming data in the general population (Hojo et
al., 2007).

A dopaminergic dysfunction has already been accounted for this disorder (Lavigne &
Montplaisir, 1994) and treated accordingly.

4.5 Parasomnias

Only few subjective studies report an overall increased number of parasomnias in ADHD
children (Owens et al., 2000; Gau, 2006; Kraenz et al., 2004), whereas most studies (Corkum
et al., 1999; Mick et al., 2000) notice no difference between ADHD children and controls after
accounting for co-morbidity and pharmacotheraphy.

As far as objective studies are concerned, they mostly do not report about parasomnias with
few exceptions (Miano et al, 2006), accounting for a maximum of 35% of generic
parasomnias overall.

An increased prevalence of sleep talking (O'Brien et al., 2003b; Corkum et al., 1999) and
enuresis is reported (O’'Brien et al., 2003a; Kaplan et al., 1987; O’Brien et al., 2003c).

As far as REM-related parasomnias are concerned, an increased prevalence of nightmares in
ADHD children was reported by three studies (Owens et al., 2000; O’Brien et al., 2003b; 2003c).
Disorders of arousal (DOA), which include sleep walking (SW), night terrors (NT) and
confusional arousals (CA), albeit optimal candidates on the basis of familiar predisposition
and SDB common association for a possible ADHD co-morbid occurrence have rarely been
reported in ADHD subjects.

An early report (Ishii et al., 2003) found an overall low incidence (2.9%) of NT and SW in
ADHD children, mean age 9.7 years. Most patients had mild ADHD, all being out-patients
studied on the basis of subjective reports with an overall low co-morbidity load compared to
Western countries.

On a broader sample of ADHD pediatric subjects, Gau et al. (2007) found an OR of 2.4 (95%
CI 1.3-4.5) among subjects with definite ADHD, and 1.8 in probably ADHD probands (95%
CI 1.4-2.3) between NT and inattention, with lower OR values between NT and
hyperactivity. Similar results, not as strong, were reported for SW.

As a result of low CAP with decreased Al sequences (Miano et al.,, 2006) suggested a
possible disorder of arousal with a tendency to hypoarousability in their ADHD children
who had otherwise no SDB nor other objectively identified sleep disorders.

On clinical interview Silvestri et al. (2009) found a 50% prevalence of DOA in a group of 55
ADHD children (28.5% CA, 47.6% SW, 38% NT), whereas on PSG, CA were recorded in
45.2% of their patients, SW in 2.3% and NT in 4.7%.
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One patient reporting both dream enactment and SW episodes had a PSG evidence of CAs
and REM without atonia, thus matching criteria for parasomnia overall disorder according
to the International Classification of Sleep Disorders (ICSD-2).

Interictal epileptic discharges (IEDs), mostly on centro-temporal or frontal leads were seen
in >50% of these unmedicated ADHD subjects and among them, in >40% of the DOA+
children, with nocturnal hypermotor seizures occurring in three children, none of which had
ever presented evidence of diurnal paroxysmal disorders.

Complex behaviors during the DOA episodes were, however, easy to distinguish from
nocturnal seizures in these children, even when co-occurring with IEDs.

Vulnerability of ADHD children to rolandinc seizures and foci is well known (Holtmann et
al., 2003), along with an increased rate of DOA in patients with benign focal epilepsy of
childhood.

A positive significant association of DOA with SDB in the form of snoring and with
increased sleep instability was also described by the same authors (Silvestri et al., 2009), akin
to previous reports emphasizing the same associations (Lopes & Guilleminault, 2006;
Guilleminault et al., 2005).

A preferential impact on the cognitive domain rather than behavioral indicators is most
typical of children with DOA and slow wave sleep (SWS) dysfunction, opposite to the effect
of nocturnal hyperactivity which seems to preferentially influence daytime hyperactivity
and oppositional behaviors.

Levitiracetam 750-1000 mg/ day effectively controlled seizures and lead to total cessation of
DOA with a >50% reduction of IEDs during a follow-up period of 24 months (Walters et al.,
2008).

5. Therapeutic management and options to address co-morbid sleep
disorders in ADHD

The effect of immediate (IR) or extended (ER) release stimulants in ADHD is well known
and beyond the purpose of this review.

Stimulants still represent the first line of treatment of ADHD in pediatric populations across
the world.

The majority of subjective report studies indicate increased parental complaints of sleep
disturbance in medicated versus unmedicated ADHD children, irrespective of stimulant
type or regimen (Cohen-Zion & Ancoli-Israel, 2004). However, objective studies, whether
actigraphic or PSG, show overall conflicting results as far as sleep measures, continuity and
architecture, major differences going in opposite directions with regard, in particular, to
REM sleep (Chatoor et al., 1983; Greenhill et al., 1983); no influence, though, on specific
sleep disorders such as SDB or PLMD.

A consistent co-morbidity with depression in many ADHD children could account for
increased subjective and actigraphically confirmed sleep fragmentation in the most severe
cases.

Besides stimulants (Smoot et al., 2007), nonstimulant drugs have been successfully
employed for the treatment of ADHD including atomoxetine (Kemner et al., 2005),
bupropion and now less commonly used, tri-cyclic antidepressants. Clonidine, Guanfacine
and other adrenergic a-1 agonists along with modafinil might help IADHD children with
the hypoarousal phenotype, whereas SSRIs and venlafaxine could be used to fight
depression/anxiety-related sleep symptoms. Also, atypical anti-psychotic drugs such as
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risperidone (Reyes et al, 2006) might be employed to counteract conduct/behavior
disorders as aforementioned several melatonin trials have addressed rhythmicity disorders
and SOI, whereas levetiracetam, an anti-epileptic drug with antimyoclonic properties has
been employed eihter in ADHD-RLS+ children or to treat DOA, seizures and related IEDs in
ADHD children.

6. Conclusions

Sleep disorders comorbid to ADHD may aggravate cognitive and behavioral impairment in
affected children.

They also severely affect parental negative attitudes and wellbeing.

Addressing and fostering a correct sleep diagnosis may add to the therapeutic benefit
obtainable in ADHD children. In fact, a differential diagnosis according to subgroups of
children in relation to their phenotypic sleep expression, allows to better characterize
children and parental needs and to implement oriented therapeutic options. Future research
needs to address better care and divulgate easy diagnostic means (Holter-PSG and self-
administered questionnaires) for a home-based monitoring of children in their natural
environment.
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1. Introduction

The sleep-wake rhythms cycle coincides with the solar 24-hour schedule. Most adult
subjects in nontropical areas are comfortable with 6.5 to 8.0 hours of daily sleep, taken in a
single period. It is known that normal sleep consists of four to six behaviourally and
electrophysiologically (EEG) defined cycles. Sleep is divided in two main types: REM (rapid
eye movements) sleep and non-REM sleep. In the general population, sleep disorders are
common and usually associated with some illness, psychological and social disturbances.
Insomnia as the most common sleep disorder is most often the consequence of psychological
disturbances. It is characterized by the inability to fall asleep quickly. Sleepwalking, night
terrors and nightmares are parasomnias which often reflect significant stress or
physiopathology. Restless legs syndrome and periodic limb movements are a type of motor
disorders. Restless legs usually occur before sleep onset, while periodic limb movements can
fragment the sleep. Transient sleep disturbances are mostly associated with variety of
factors including stress, life changes, shift work, jet lag, and some acute health disorders.
The most popular drugs, such as alcohol, nicotine and caffeine, can adversely affect the
quality and quantity of sleep (Hornyak et al., 2006; Lee & Douglass, 2010; Pinel, 2009;
Vgontzas et al., 2010).

Occupational exposure to heavy metals, such as cadmium, lead, manganese and mercury,
was very frequent in the 20th century. Many epidemiological studies show that these heavy
metals can cause serious functional disability among exposed workers (World Health
Organization [WHO], 1980). Inorganic lead, manganese and inorganic-elemental mercury
(Hg®) exposure can, among others, cause neurotoxic effects with a typical, but different,
clinical picture associated with sleep disorder.

Hg° a silvery-white liquid metal is quite attractive and very widespread which, despite
being highly toxic, was used by humans as a medicine for thousands of years. We shall
discuss its neurotoxic effects and the sleep disorders it can cause at increased occupational
exposure. Hg® was first described by Aristotle in the 4th century A.D., and the alchemist’s
concept of Hg® leaned on his system of natural phenomena, which dominated all of science
until the 17th century. For this reason Hg® was attributed with all those qualities of nature
that accelerate development, growth and maturation. The famous Arabian physician
Avicena, who was active in the 11th century, wrote that Hg® vapours cause paralysis, tremor
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and frequent limb spasms. In Columbus’ time began to be used to treat syphilis. The use of
its compounds was still widespread in the United States in the 19th century, and was among
others also used to treat depression (Goldwater, 1972). The popularity of Hg at the time was
considerable, for even President Abraham Lincoln found relief for his health problems in a
pharmacy-prepared drug called “blue pills”, which contained elementary Hg® (Hirschhorn
et al.,, 2001). Various, mostly organic Hg compounds were still widely used in the 20th
century, and even to a smaller extent today (Clarkson & Magos, 2006).

The Roman historian Pliny speaks of the first occupational Hg° intoxications -
hydrargyrismis, or mercurialism, in slaves who mined and smelted Hg ore for several
centuries in the Sisapo-Almaden mine. Occupational exposure to Hg® did not receive any
noticeable attention until the 15t century, when Ulrich Ellenenborg described occupational
exposure for the first time in his book, which was published posthumously in 1524. In a very
extensive work entitled »The morbis artificum diatribe« (1700), Bernardo Ramazzini
presented several occupational illnesses, among which he also described occupational
intoxications with Hg® vapours (Goldwater, 1972). In the 16th century, several physicians
described the symptoms and signs of Hg® intoxication in miners of the Idrija Mercury Mine,
the most famous among them being Theophrastus von Hohenheim, otherwise known as
Paracelsus, and Pierandreia Mattioli, a reputed botanist and physician who worked in the
town of Gorica at the time (1544).

In his book Von der Bergsucht und anderen Krankheiten, published in 1527, Paracelsus
described the serious condition of sick miners whom he had met during his visit to the Idrija
Mine: “All the people who live there are deformed and paralyzed, asthmatic and benumbed,
without any hope of ever getting well” (Lesky, 1956, p. 8). Hg® intoxication in mercury
miners of the Idrija Mercury Mine was well-described by Joannes Antonius Scopoli, the first
physician appointed to the Idrija Mercury Mine in 1754. Along with the symptoms of Hg°
intoxication observed in miners, he also described their personality traits as well the
characteristics of sleep disorders that usually appear in Hg® intoxication. Sleep disorders
were also mentioned in the monographs on inorganic mercury published by WHO (1976,
1991) and the Agency for Toxic Substances and Disease Registry [ATSDR] (1999).

The observations of J. A. Scopoli in the 18th century, our observations of workers exposed to
Hg® in the Idrija Mercury Mine, as well as certain biochemical interactions of Hg® in central
nervous system (CNS) that were studied by many researchers in the late 20th and early 21st
centuries, help to throw light on those biochemical effects of Hg in CNS that could
hypothetically disturb the regulation of sleep and cause the sleep disorders occurring in
occupational intoxications or increased Hg® absorption in exposed miners and smelters. In
this chapter, we shall briefly present the subjective characteristics of sleep disorder observed
in occupational Hg® intoxication and increased absorption, the interaction of Hg® in the
body and its toxic effects in the CNS, the basic neurobiological and biochemical
characteristics of sleep-wake cycles and, finally, its hypothetical interactions with Hg®.

2. Sleep disorder in occupational exposure to Hg® vapours

J. A. Scopoli presented his knowledge on occupational Hg® exposure of miners and smelters in
the Idrija Mercury Mine in his book entitled DE HYDRARGYRO IDRIENSI TENTAMINA
Phisico - Chimico - Medica, which was printed in Venice in 1761, and reprinted in 1771. In the
third part of this book, De Morbis Fossorum Hydrargyri, he presents an in-depth description of
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the symptoms of mercury intoxication - mercurialism among pit and smeltery workers. He
classifies mercurialism according to those symptoms that are the most pronounced in the
disease pattern. Scopoli describes acute, sub-acute and chronic Hg intoxication appearing
during work in the smelting plant and in the pit, in poorly ventilated sites with native ore
where, according to our present-day knowledge (Kobal, 1994), mercury vapour concentrations
were extremely high. Among the symptoms accompanying chronic intoxication, Scopoli
mentions changes in some personality traits, such as bad temper, irritability and sadness, as
well as sleep disorder. “...somnus inquietus, somnia terrifica, artuum agitatio...” are the key
words which Scopoli uses (1771, p. 80). He finds that mercury intoxication is accompanied by
restless sleep, terrible dreams with nightmares, sleep terrors, and strange, periodic contractile
movements of the legs (Kobal & Kobal-Grum, 2010). The reputed clinical toxicologist, Adolph
Kussmaul, presented in his book (1861, p. 227) an occupational clinical picture of mercurial
intoxication in miners. Among the symptoms of eretism-increased irritability, he also mentions
“restless sleep, terrible dreams and frighten awakenings”.

Our observations are based on data collected from the program of health surveillance of
workers exposed to Hg® in the Idrija Mercury Mine. In the first 20 years following the
Second World War, the number of Hg® intoxicated workers was very high (ranging from 10
to 14% of workers in the mine and smelting plant). After 1975, no new cases of intoxication
were observed thanks to the introduction of preventive-target medical examinations, which,
after 1968, also included biological monitoring of exposure. Subjective descriptions of sleep
disturbances and other potential, known, subjective troubles associated with Hg® exposure
were always evaluated directly by the physician during contact with intoxicated or exposed
workers in the course of preventive target examinations. No polysomnographic recording
was used to define the stages of sleep in intoxicated workers, or in workers with increased
Hg° absorption. Some disordered sleep, such as fragmentation of sleep accompanied with
dreaming and awakening, as well as periodic leg contractile movements, were often
observed as some important early symptoms that announced the critical absorption of Hg®
vapours in miners working in the pit where native Hg ore was mined, with substantially
elevated air Hg® vapour levels. During the target medical surveillance and biological
monitoring of miners intermittently exposed to native Hg, the previously mentioned sleep
disorder appeared in 30% of exposed miners, associated with increased urinary Hg
excretion. In these miners, the urine Hg concentrations were usually within a range of 100-
400 pg/L, which is, at intermittent type of exposure, associated with blood Hg levels from
60 to 260 ng/L (Kobal, 1975a, 1991), which are substantially above the blood Hg level of
35 pg/L usually accompanied with the earliest nonspecific symptoms (WHO, 1976). In cases
of subacute mercurialism with classical signs of intoxication, such as stomatitis, limb tremor,
and other known symptoms and signs, the sleep disorders were much more pronounced,
and the urinary Hg excretions were very high, in some cases even over 700 ng/L (Kobal,
1975b, 1991). The periodic leg movement index was not evaluated in these miners
(calculated by dividing the total number of periodic leg movements by sleep time in hours).
In the cases of increased Hg® absorption, the sleep disorder decreased usually in one to two
months after the interruption of exposure associated with decreased urine Hg level. In the
cases of Hg® intoxication, sleep disorders with terrible dreams and and periodic leg
movements were much more obstinate and disappeared very slowly in association with
other symptoms and clinical signs of mercurialism; the urine Hg level decreased after 3 to 6
months. A subclinical peripheral nerve function with lower motor conduction velocities of
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the median nerve and lower sensory conduction velocities of the ulnar nerve was observed
in the subgroup of miners with long-term intermittent exposure and increased Hg°
absorption (urine Hg excretion > 100ug/L). In contrast to sleep disorder, these subclinical
pripheral nerve function changes usually persist many years after the cessation of exposure
(Gabrovec-Nahlik et al., 1977; Kobal et al., 2004), which is also in agreement with some other
observations (Albers et al., 1982).

As already mentioned above, sleep disorders were also mentioned in the monographs on
inorganic-elemental mercury published by WHO (1976, 1991) and ATSDR (1999), which place
them among the symptoms of erethism. However, no disorders of sleep structure or any
possible neurobiological or biochemical mechanisms and EEG changes that could accompany
sleep disorders in intoxicated subjects exposed to Hg® are described in these monographs.

3. The toxicology of elemental mercury-Hg°

3.1 Absorption, disposition in the body, and elimination

Hg° is the only metal that takes the form of liquid at room temperature, and releases
monoatomic vapours (Hg® vapours) that are very stable and may remain in the atmosphere
for months or even years on end. Their pressure is in equilibrium with the metal, and their
concentrations attain a value of 18.3 mg/m? at a room temperature of 24°C, which is 360
times above the “permissible level” for occupational exposure (0.05 mg Hg®/m?) prescribed
in the Environmental Health Criteria 1, Mercury (WHO, 1976). We know today that Hg®
vapours enter the body mainly through inhalation. As much as 80% of the inhaled amount
of Hg® is absorbed in the lungs and then passes across the alveolar membrane very quickly
into the plasma and erythrocytes, and through blood circulation into CNS, kidneys and
other organs. In the tissue, Hg® oxidizes into the ionic divalent form (Hg++), which takes
place by way of the hydrogen peroxide-catalase compound I enzyme system. The oxidation
of Hg® in blood, although rapid, is sufficiently prolonged so that the Hg® dissolved in blood
can be conveyed to the brain, where it passes the blood-brain barrier and cell membranes.
Only a small amount of Hg® is oxidized during the transit time from the lungs to the brain,
so that over ninety percent of dissolved Hg® arrives in the brain unoxidized. It is then
oxidized in brain cells and complexed to the SH-group of the cell (Hursh et al., 1988; Magos
et al., 1978). The divalent ionic Hg++ accumulates primarily in astrocytes, where it mostly
binds to reduced glutathione (GSH), cystein, and metallothioneins (MTs) (Aschner, 1997;
Tugek-Znidari¢ et al., 2007). After Hg® vapour exposure of animals, a marked accumulation
of Hg was observed in the cerebellum, nucleus olivarius inferior in the brainstem, and in the
nucleus subtalamicus (Berlin et al., 1969). In autopsy samples of retired and ex-miners
previously intermittently exposed to Hg®, substantially higher accumulations and retention
of Hg were observed in the pituitary gland, pineal gland, hippocampus, nucleus dentatus,
and in the cereballar cortex in comparison with the control group (Falnoga et al., 2000; Kosta
et al., 1975) (Tab.1). Hg is eliminated in the urine, feces, expired air, sweat, saliva, and milk.
In long-term occupational exposure, the kidneys are the major pathway of Hg excretion, and
are not only an indicator of kidney burden, but may also be a rough indicator of total body
burden. The retention of Hg in the brain observed several years after remote exposure in
retired mercury miners suggests that the brain does not follow the some kinetics of
elimination as the kidneys (Falnoga et al., 2000; Kosta et al., 1975; WHO, 1991). In the case of
intermittent exposure to Hg®, blood Hg was very positively correlated with the spot urine
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Hg mercury concentration (r=0.68, p < 0.001), which, in such types of exposure, allows use of
urine Hg as a biological indicator of recent exposure (Kobal, 1991).

Ex-miners Controls
Bty land {ng/g) 39100 36.91£62
ituitary gland {ng/g
(N-1) (N-13)
. 1109 95192
Piniel gland {ng/g)
(N-1) (N-15)
N o 251, 309, 337 39116
yppocampus {ng/g
(N-3) (N-6)
2090, 2363, 4428 137 £ 77
Nucleus dentatus {ng/g)
(N-3) (N-7)
43, 108, 110, 301 2:0.72.5.2.9
Cerebellar cortex {ng/g)
(N-4) (N-3)

Table 1. Total Hg concentration in autopsy samples (homogenised tissue) of pituitary gland,
pineal gland, hippocampus, nucleus dentatus and cereballar cortex (ng/g fresh weight) in
ex-miners of the Idrija Mercury Mine and controls (data adapted by Falnoga et al., 2000).

3.2 Toxic effects of Hg°

Various Hg species, as Hg®, methyl-Hg ore ethyl-Hg, accumulates in the central nervous
system (CNS) and has extremely neurotoxic effects, including the appearance of well-known
clinical symptoms and signs. In case of occupational exposure to Hg® the most frequent
symptoms and signs include “erethism”, increased irritability, depression and other
neurobehavioral changes, sleep disturbances, oral disturbances, gingivitis and stomatitis with
excessive salivation, intentional tremor, peripheral neuropathy (lower sensor and motor
conduction velocities), and renal impairment. In vitro and in vivo studies showed that Hg can
stimulate free radical generation as a catalyst in Fenton-type reactions and through some other
mechanisms, and can promote oxidative stress, peroxidation of lipids and DNA bases,
disturbances in cell membrane permeation and calcium homeostasis in cells, impairment and
even apoptosis of monocytes, T cells, glial cells and neurons, disturb the functioning of
neurotransmitters, and cause immune disorders (Aschner, 2000; ATSDR, 1999; Castoldi et al.,
2001; Clarkson & Magos, 2006; Kobal et al., 2004; Kobal-Grum et al., 2006; Lund et al., 1993;
Magos, 1997; Pollard & Hultman, 1997; Schara et al., 2001; WHO, 1991).

3.2.1 Interaction with neurotransmitters

Various Hg species presynaptically blocks sodium and calcium channels and thus inhibits
the uptake of some neurotransmitters, especially glutamate into astrocytes, which increases
their extracellular concentration, thus increasing the sensitivity of neighbouring neurons for
stimulating excitotoxic effects (Aschner et al., 2007; Brookes, 1996; Castoldi et al., 2001; Sirois &
Atchison, 1991; Trotti et al., 1997). Many studies reviewed by Mottet et al. in 1997 showed
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that astrocytes, which accumulate a high level of Hg++, play a fundamental role in
regulating glutamate level. In cases of methyl-Hg exposure, it seems that the Hg++ ions
formed after the demethylation of methyl-Hg may also be responsible for the disruption of
normal Ca++ ion channels.

Hg may affect sleep because it can: (i) increase extra-cellular glutamate concentrations
associated with the activation of some cytokines, which can reduce the serotonin level by
lowering the availability of its precursor, tryptophan, through the activation of its
metabolizing enzyme, indoleamine 2,3-dioxigenase (McNally et al., 2008); (ii) increase the
production of nitrogen oxide (NO) (Ikeda et al., 1999), which can directly, or in interaction
with melatonin, decrease the active form of serotonin (Fossier et al., 1999; Kopczak et al.,
2007); and (iii) Hg can also increase the consumption of serotonin and melatonin because of
its potential oxidation in interaction with the increased production of free radicals observed
in microglial cell cultures (Huether et al., 1997; Tan et al., 2000).

It is suggested that inorganic Hg potentiate and inhibite the neuronal nicotinic acetylcholine
receptors, depending on its concentration (Mirzoian & Luetje, 2002). Another animal study
shows that up-regulation of cerebral acetylcholine receptor can occur in chronic methyl-Hg
exposure to compensate the early stage reduction of brain acetylcholine, as a consequence of
acetylcholinesterase inhibition (Basu et al., 2006). It is evident from some studies on
occupationally and environmentally Hg-exposed subjects that Hg enhances the
dopaminergic effect in CNS, which otherwise leads to cortical hyperexcitability and changes in
the control of locomotor function, emotions, and behaviour (Burbure et al., 2006; Entezari-
Taher et al., 1999; Lucchini et al., 2003; Missale et al., 1998).

3.2.2 Subcellular protective mechanism

Particularly significant in reducing the effects of Hg binding with SH groups of GSH and its
biochemical precursors, cystine and cysteine, as well as its binding with MTs a cysteine rich
low molecular weight proteins and with selenium (Se) an essential element and an integral
part of a type of Se-proteins. The two major thiols, GSH and MTs, appear to be most
important in regulating the accumulation and detoxification of Hg in CNS. The induction of
GSH and MTs in astrocytes leads to greater detoxification of Hg and protection of CNS.
Astrocytes represent the first line of CNS’s defence against Hg (Aschner et al., 2007; Dringen
et al., 2000). GSH (L-y-glutamyl-L-cysteinyl-glycine) is synthesized from its precursors,
glutamate, cysteine and glycine, in the cytosol of cells by the ATP-requiring enzymes y-
glutamilcysteine ligase and GSH synthetase (Meister & Andersen, 1983). Most of the free
intracellular GSH (98%) is in thiol-reduced form (GSH) rather than in disulfide form (GSSG).
From the cytosol, GSH is delivered into the mitochondria, endoplasmatic reticulum and
nucleus, but much of it is delivered to extracellular spaces, where its degradation begins to
occur on the surface of cells that express the enzyme y-glutamil transpeptidase. GSH, as a
nonenzymatic antioxidant, participates in a variety of detoxification, transport, and
metabolic processes (Ballatri et al., 2009; Rossi et al., 2002). It is speculated that GSH may
also function as a neuromodulator and neurotransmitter, since the degradation of
extracellular GSH by y-glutamil transpeptidase liberates glutamate and, subsequently, the
hydrolysis of cysteinylglicine liberates cysteine and glycine, which function as a source of
neuroactive amino acid (Oja et al., 2000).

Some other protective mechanisms, such as Se, antioxidative enzymes and melatonin, are
also important in the detoxification of Hg and its peroxidative effect on the body, and
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particularly CNS. Se that binds with Hg in CNS in a molecular ratio of 1:1 into a nontoxic
complex, which in lysosomes represents the last stage of detoxification of Hg (Falnoga et al.,
2002; Kosta et al., 1975;).

It is evident from the study of ex-mercury miners that the Hg accumulated in the pineal
gland and bound to Se did not impair its function, while the blood melatonin level was still
high, probably due to the slow release of Hg from the gland and the adaptive response to
free radical production induced by Hg (Kobal et al., 2004). Melatonin and free radicals form
stable secondary and tertiary products, biogene amines, which also enter into reactions with
free radicals. So melatonin inhibits the excessive formation of NO and its free radicals,
peroxinitrites, and in this way also reduces the excitotoxic effects of glutamate (Sener et al.,
2003; Tan et al., 2000).

The main enzymes that provide cellular protection against damage by reactive oxygen
species mediated by Hg++ are Cu/Zn superoxide dismutase, catalase and the selenoenzyme
glutathion peroxides, which transform the superoxide anion radical into hydrogen peroxide
and then into oxygen and water (Lund et al., 1993). It is evident from some studies that
repeated-intermittent occupational Hg® exposure induced an adaptive response and
increase of GSH and catalase activity in erythrocytes, as well as the melatonin level in blood.
The actual levels of GSH and catalase in erythrocytes depend on the actual level of blood
Hg, both of these decreasing at higher blood Hg concentrations during actual exposure
(Kobal, 1991; Kobal et al., 2004, 2008).

4. Some basic neurobiological characteristics of sleep-wake cycles

A study conducted by Qiu and colleagues in 2010 presented the main overall
neurobiological activity of basal ganglia neurons associated with the sleep-wake state. The
differences in firing patterns across the basal ganglia suggest multiple input sources, such as
the cortex, thalamus, and the dopamine system, as well as some other intra basal ganglia
inputs, such as the globus pallidus-subtalamic nucleus, and striatum-globus pallidus
interactions. The largest nucleus striatum of the basal ganglia is mostly comprised of y-
aminobutiric acid ergic spiny neurons, whose activity is influenced by excitatory
glutaminergic projection from the neocortex and thalamus, and dopaminergic projection
from the midbrain ventral tegmental area and other known parts. The striatum receiving
cortical inputs projects to the globus pallidus, which then projects to the cerebral cortex
directly ore by the thalamus (mainly the mediodorsal thalamic nucleus). It was suggested
that the lesion of globus pallidus produced a higher increase in wakefulness and frequent
sleep-wake transitions, as well as a concomitant decrease in non-REM sleep duration. The
results of the study also suggest that the cortico-striato-pallidal loop may be critically
involved in the basal ganglia control of arousal.

There are four stages of sleep, which include the brain-active period associated with rapid
eye movements called REM sleep (emergent stage 1 EEG), preceded by progressively deeper
sleep stages (stages 2, 3, 4) graded on the basis of increasingly slower EEG patterns, called
non-REM sleep. Stages 3 and 4 are referred to as slow-wave sleep (SWS) characterized by
delta waves (high amplitude and low-frequency). REM sleep and wakefulness are
characterized by increased activity in the cerebral cortex with low-amplitude and high-
frequency EEG (alpha waves) and in REM by the inhibition of peripheral neurons displayed
in the postural muscle atonia. Increased cerebral activity during REM sleep is associated
with higher oxygen consumption, blood flow and neural firing (Madsen et al., 1991).
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Acetylcholine, norepinephrine, serotonin, histamine and hypocretin levels are increased in
wakefulness and low in non-REM sleep, whereas during REM sleep the noradrenergic,
serotonergic and histaminergic cells become silent (Jones, 2005). A high cholinergic tone in
the pontine reticular formation combined with a low GABAergic tone contributes to the
generation of REM sleep (Vanini et al, 2011). Animal studies showed that the
neurotransmitter glutamate enhances REM sleep by activation of the kainite receptor within
the cholinergic cell compartment of the brainstem pedunculo pontine tegmentum of cat and
rat (Datta, 2002). During REM sleep and waking, the release of acetylcholine activated
dopamine in the ventral tegmental neurons, which were higher in the prefrontal cortex and
nucleus accumbens. It was also suggested that glutamate and asparate release can
reciprocally affect dopamine release (Forster and Blaha, 2000; Morari et al., 1998). The
animal study of Lena and colleagues in 2005 also showed elevated levels of dopamine
during waking and REM sleep in the medial prefrontal cortex and nucleus accumbens.

The impairment of the subcortical dopaminergic system may cause disinhibition of the
GABAergic inhibitory circuitry at the motor cortex level (Entazry-Taher et al., 1999;
Ziemann et al., 1996). It is suggested that the diencephalon-spinal dopaminergic tract could
be important as a potential anatomic site of dopaminergic dysfunction in restless leg
syndrome, and of periodic leg contractile movements in sleep. The diencephalon-spinal
dopaminergic tract projects to the limbic system, sensory cortex and spinal cord (Ondo et al.,
2000). The periodic leg contractile movements occur mainly during non-REM sleep. The
results of the study of Rijsman et al. in 2005 indicate diminished inhibition at spinal level in
subjects with periodic leg movements disorder, probably because of the altered function of
the descending spinal tracts and peripheral changes in the inter-neural circuitry at the spinal
level. Dreams and nightmares occur usually at the end of the night, when REM sleep is
longer. On the other side, sleep terrors occur more often in children than in adults, while
children have more delta sleep (Pinel, 2009; Lee & Douglass, 2010).

Another recent animal study (John et al., 2008) showed a rapid increase in the glutamate
level during REM sleep and awakening in the histamine-containing posterior hypothalamic
region and the perifornical-lateral hypothalamus, and its reduction shortly after the
termination of REM sleep and awakening. In the animal study of Dash and colleagues
conducted in 2009, which employed a very sensitive method (in vivo amperometry) to
measure cortical extracellular glutamate, a progressive increase was observed in the cortical
extracellular glutamate concentration during REM sleep and waking. It was suggested that
extrasynaptic glutamate is released from astrocytes and neurons in extracellular space,
where it is accumulated, and then declines during non-REM sleep due to the intracellular re-
uptake mediated by glutamate/asparate transporters. The rate of glutamate decline during
non-REM sleep positively correlated with the levels of slow wave activity (SWA) (Fig. 1).
The authors of the study concluded that perhaps the glutamate-decreasing effect of non-
REM sleep is especially relevant in a pathological condition.

It is thought that the pineal gland itself takes part in regulating the rhythm of sleep and
wakefulness, entrained by the light/dark cycle. Neural impulses from the retina enter the
pineal gland, which coordinates the formation and secretion of serotonin and melatonin,
through the suprachiasmic nuclei (SCN) of the hypothalamus. Light induces serotonin
secretion, while melatonin is produced at night directly from serotonin by acetylation.
However, melatonin production can be acutely interrupted by light exposure during the
night. Norepinephrine, which is released at night in response to stimulatory signals
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Fig. 1. The rate of glutamate decline during non-REM sleep positively correlated (r = 0.41, p <
0.01) with the amount of SWA. Each data point represents the average SWA and the change in
glutamate concentration during non-REM sleep (Adapted from Dash, et al. 2009, The Journal

of Neuroscience, Vol. 29, No. 3, pp. 620-629. Copyright 2009, Society for Neuroscience.
Adapted with permission.)

originating in SCN, also regulates pineal gland activity. Melatonin can influence the sleep-
promoting and sleep-wake rhythm regulating actions through the specific activation of
melatonin receptors type 1 and 2, which are highly concentrated in SCN, and are also
expressed in the peripheral organs and cells regulating other physiological functions of the
so-called circadian 24-hour rhythms. The activation of type 1 occurs by inducing a receptor-
suppressed neuronal firing rate in CNS, while type 2 induces a circadian phase shift. The
increased secretion of melatonin is also accompanied by other circadian 24-hour rhythms of
humans, and in rats studies associated with decreased production of neurotransmitter nitric
oxide (NO) (Fig. 2) (Dubocovich et al., 2003; Ebadi, 1992; Geoffriau et al., 1998; Leon et al.,
1998; Murphy & Delanty, 2007; Starc, 1998). Some studies do not confirm the influence of
melatonin on the duration of sleep (Hughes et al., 1998), while others support the effect of
melatonin on the duration and quality of REM sleep because they assume that it either
directly influences cholinergic activity in REM sleep, or indirectly influences REM sleep by
the elimination of serotonergic or aminergic activity (Jones, 1991; Kunz et al., 2004). It seems
that melatonin modulates the release of acethylcholine in the nucleus accumbens and the
motor activity of rats (Paredes et al., 1999). Some animal studies suggest that the daily
changes in melatonin production may regulate the day-night variation in glutamate and
GABA in the neostriatum (Marquez de Prado et al., 2000). It seems that the glutaminergic
system negatively regulates norepinephrine-dependent melatonin synthesis in the rat’s
pineal gland (Yamada et al., 1998). In rats studies melatonin inhibits the glutamate-mediated
response of the striatum to motor cortex stimulation and decrease NO content in parieto-
temporal cortex, striatum and brainstem of rats due to the inhibition of neuronal nitric oxide
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synthase activity. On the other site the administration of high doses of melatonin have
paradoxal effect and can decrease GABA and increase glutamate levels (Bikjdaouene et al.,
2003; Leon et al., 1998). The synaptically released glutamate is taken up into astrocytes,
where it is degraded into glutamine by the glutamate-metabolizing enzyme, glutamate
synthetase. It is suggested that astrocytes are primarily responsible for controlling the
extracellular level of glutamate, and melatonin seems to have a direct effect on astrocytes
(Marquez de Prado et al., 2000; Segovia et al., 1999).
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Fig. 2. Melatonin rhythm acts as an endogenous synchroniser adjusted to the 24-hour
light/ dark cycle, which (rats studies) regulates also the NO production (Adapted from
Geoffrieau et al., 1998 ; Leon et al., 1998, Hormone Research, Vol. 49, pp. 136-141. Copyright
1998, S. Karger AG, Medical and Scientific Publishers. Adapted with permission.)

5. Conclusion

In the above-mentioned studies, we assumed that the increased uptake of Hg® into CNS
could affect sleep: (i) due to the further increase of extracellular concentrations of glutamate,
which leads to the induction of excitotoxic effects that can have an impact on disbalance of
cholinergic, glutaminergic and dopaminergic activity and other neuronal activity which
otherwise regulate non-REM sleep, REM sleep and awakening , and (ii) due to the decreased
night-time melatonin level, which also seems to be involved in day-night glutamate
regulation and sleep-wake regulating actions by the activation of melatonin receptors in
SCN and in the peripheral organ cells regulating other circadian 24-hour rhythms.
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In vitro and in vivo studies have shown that due to the increased production of free radicals
as well as blocked sodium and calcium channels, Hg inhibits the uptake of some
neurotransmitters, especially glutamate, into astrocytes, which increases their extracellular
concentration, thus increasing the sensitivity of neighbouring neurons for stimulating
excitotoxic effects (Aschner et al., 2007; Castoldi et al., 2001). The increased production of the
neurotransmitter nitrogen oxide (NO) mediated by Hg (Ikeda et al., 1999) is also indirectly
included in the excitotoxic effects of glutamate (Dawson et al., 1991). Hg® thus additionally
increases the physiological level of extracellular glutamate and its glutaminergic activity
during REM sleep and awakening. It is not expected that Hg++-mediated glutamate
accumulation in extracellular space can decline during non-REM-SWA sleep through
intracellular-astrocyte uptake by glutamate/asparate transporters and its degradation into
glutamine, whose capacity is satisfactory in physiological conditions (Dash et al., 2009), but
probably not in Hg++-enhanced glutaminergic activity. It seems that the decrease of
melatonin mediated by interaction with Hg++ can also decrease the uptake of glutamate in
astrocytes, which additionally contributes to pathological glutaminergic overactivity at
increased Hg++ concentrations in CNS.

Given the results of some animal studies (Lena et al., 2005; Morari et al., 1998) and human
data (Burbure et al., 2006; Entezari-Taher et al., 1999; Lucchini et al., 2003; Missale et al.,
1998), it is expected that Hg++ enhances the dopaminergic effect in CNS, otherwise
associated with cortical hyperexcitability and changes in the control of locomotor function.
The impaired subcortical dopaminergic system, which may cause disinhibition at motor
cortex level, could be associated with periodic contractile movements of the legs in the sleep
(Entezari-Taher et al.,, 1999; Ondo et al., 2000; Rijsman et al., 2005; Ziemann et al., 1996)
observed in miners during increased Hg® absorption and intoxication. We can not
completely exclude the potential additive effect of sub-clinical peripheral neuropathy
observed in miners, which can trigger and modify the appearance of periodic leg contractile
movements in sleep.

Melatonin is decreased in the night-time, either because of decreased synthesis under the
influence of Hg-mediated, increased NO production, which in SCN operates similarly to a
light signal (Ding et al., 1994; Ikeda et al., 1999), or by lowering its precursor tryptophan
through its increased metabolizing, and because of its consumption in interaction with free
radicals (McNally et al., 2008; Sener et al., 2003; Tan et al., 2000). A lower melatonin level is,
at the same time, associated with the increased production of NO and its free radicals,
peroxyntrites, which also increase the excitotoxic effects of glutamate (Acuna-Castroviejo et
al.,, 1995; Leon et al., 1998). However, it has been established in many studies that melatonin
plays a role in mediation between the circardian pacemaker and sleep-wake behaviour, and
may have soporiphic properties and induce sedation, as well as the decreased nocturnal
melatonin level labilised circadian rhythm function (Rodenbeck & Hajak, 2001; Stone et al.,
2000; Turek & Gillette, 2004).

Increased extracellular glutamate and its decreased uptake in astrocytes (Dash et al., 2009)
could hypothetically lead to longer REM periods and more frequent awakening associated
with more frequent dreaming during increased Hg°® absorption or intoxication.
Hypothetically, persistent glutaminergic activity can also disrupt delta wave sleep, which
could be associated with the sleep terrors observed in intoxicated miners. Further animal
studies would be very helpful in elucidating the potential effects of Hg on the uptake of
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extracellular glutamate into astrocytes during the non-REM sleep, which could be relevant
for sleep disorders observed in states of increased Hg® absorption or intoxication.
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1. Introduction

Snoring and obstructive sleep apnoea (OSA) both exhibit multilevel upper airway
obstruction. The Importance of evaluating the dynamics of the obstructing upper airway
cannot be emphasised enough. Accurate assessment and evaluation of the upper airway
could potentially lead to improved surgical and non-surgical treatment outcomes. Most of
these patients would have undergone an ambulatory sleep study or a polysomnography
prior to deciding what treatment modality is going to be offered to them. Treatment options
available include nasal continuous positive airway pressure (nCPAP), mandibular
advancement splints (MAS) or surgery. In terms of selecting a treatment option, in cases
where the sleep study has confirmed moderate or severe OSA, nCPAP would be favoured.
In the remainder and the nCPAP failed patients, further evaluation of the upper airway is
useful and necessary. This chapter will not address sleep studies but will discuss various
methods of assessing the upper airway and will include clinical evaluation of the upper
airway during wakefulness and sleep.

2. Clinical examination

This can be quite easily conducted in out patient setting and addresses the patency of the
nasal passage as well as the assessment of different segments of the pharynx. Anterior
rhinoscopy using a simple nasal speculum allows visualisation of the anterior aspect of the
nasal cavity and helps in identifying problems of caudal dislocation of the septum and if the
nasal valve area is compromised. However, a rigid endoscope is more useful in a more
comprehensive evaluation of the nasal passage and will identify problems such as deviated
nasal septum, nasal polyps (fig. 1) and rhinosinusitis. The identification of these
pathological features is important as they may be a cause of failed compliance and efficacy
in the nCPAP patients.

Simple oropharyngeal cavity examination provides the clinician with useful information
and of note would be the size and grading of palatine tonsils, the length of the soft palate
and uvula and more subtle features such as redundant pharyngeal folds. Friedman tongue
position! and Mallampati? grading are also utilised by many clinicians in order to select
patients who may be suitable for palatal surgery. For example in patients with Friedman
tongue position 3 or 4 (figs. 2 & 3) palatal surgery is unlikely to be successful. In contrast
Friedman tongue position 1(fig. 4) would yield better results following palatal surgery. One
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must however take in to account that as this assessment is done during wakefulness it may not
truly reflect what happens to the upper airway during sleep as there must undoubtedly be
some variation in the muscle tone in the state of wakefulness and different stages of sleep.

Fig. 1. Nasal Polyps

Fig. 2. Friedman tongue position 3
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Fig. 3. Friedman tongue position 4

Fig. 4. Friedman tongue position 1

Probably the most useful equipment in assessing the upper airway is the flexible fibreoptic
nasopharyngoscope which is widely available and allows brilliant visualisation of all
aspects of the naso, oro and hypopharynx. Local anaesthesia in the form of a nasal spray can
be used in allowing an easier and tolerable insertion of the scope and the different segments
of the pharynx are carefully assessed. The patient could be asked to simulate a snoring
sound to try and ascertain the level responsible for causing the turbulent airflow resulting in
the snoring sound. Herzog? has reported a study based on simulating snoring sound in
order to establish a model of grading upper airway obstruction. However, not all patients
can simulate snoring and some may do this with mouth open or closed and these patients
are usually sitting up whilst during sleep patients may be supine, prone or in lateral
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positions. In any case the fact that the muscle tone variation in sleep and wakefulness must
also be borne in mind. Another commonly used technique during the flexible endoscopic
assessment is the Mullers* manoeuvre. This essentially is a reversed Valsalva procedure
which some patients do find difficult to perform. Furthermore, there is subjective variation
in the assessment of the degree of collapse noted in different segments of the pharynx and
thus the reliability of this technique may be questioned.

3. Imaging

Xrays of the maxilla and mandible in the form of cephalometry> may provide useful data of
various parameters and dimensions controlling the upper airway. This can be particularly
useful when the patient is being considered for invasive surgery such as maxillo-
mandibular advancement or indeed when considering patients for MAS, though for the
latter it is presently used for research purposes only. The limitation of this evaluation
technique is that it provides a two dimensional image and that so during wakefulness. It
also exposes the patient to considerable amount of radiation.

In contrast, computed tomography (CT) scanning and magnetic resonance imaging (MRI)
provide more sophisticated imaging and allows objective cross sectional area and
volumetric analysis. ¢ 7 They are both more expensive than the cephalometry and the CT
scans would also involve radiation. The MRI is quite noisy but is excellent at delineating soft
tissue margins as well as fat deposition in the parapharyngeal space. For research reasons
cine CT and dynamic MRI studies have been conducted to evaluate the upper airway but it
is not considered to be practical or cost effective for routine use.

4. Acoustic analysis

This form of evaluation is safe in that there is no radiation involved and it is relatively
cheap. It can be performed easily during sleep and at patient’'s home and simultaneously
with polysomnography. Multiple night recordings can be carried out and based on sound
frequency spectrum, acoustic analysis can potentially discern simple snoring from OSA.8
Attempts have been made to correlate snoring sound frequency with different levels of
obstruction and comparisons of this technique have been made to others such as drug
induced sedation endoscopy.?

The sensitivity and specificity of this technique has often been questioned and although it
can provide useful screening process, its role in helping with selecting treatment modalities
is somewhat limited.10 The other problems in studies with acoustic analysis are that of
variation of software and the choice of central or fundamental frequency in determining the
site of obstruction.

5. Pressure transducers

Numerous devices have been described which can measure pressure changes in different
segments of the upper airway during an obstructive episode. Different numbers of
transducers can be used to measure pressures at different levels of upper aerodigestive tract
ranging from the nasopharynx to the oesophagus. The transducers are attached to a catheter
which is introduced though the nose in a similar fashion to a nasogastric tube. This device
can be left in-situ during sleep thus allowing an overnight recording.
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One of the more recent devices illustrated in figures 5 and 6 and known as Apnea-Graph
AG200 (MRA, Medical UK) seems quite promising in that it is capable of combining
polysomnography data with pressure recording thus providing the clinician with
information regarding the severity of OSA as well as giving some idea regarding the
anatomical obstructive segment in the individual patient. Essentially, it relies on measuring
pressure and airflow simultaneously at different levels in the pharynx. It stores and analyses
the cardio-respiratory data of a patient with simultaneous recording of two different sites in
the upper airway using a micro-pressure and temperature transducer catheter. Tvinnereim?1
et al published an encouraging study illustrating the importance of using this pressure
catheter evaluation before embarking on surgical treatment. Singh?2 et al also demonstrated
some usefulness of this technique, though they had some reservations about the ability of
this device to accurately detect hypopharyngeal obstruction. They compared the Apnea-
Graph to polysomnography. In addition they assessed correlation in some of these patients
pharyngeal obstruction data to that seen whilst performing drug induced sleep endoscopy
(DISE) and concluded the latter to be superior as it allowed visualisation of the upper
airway and was also more useful in indentifying lateral wall collapse. They also commented
that in their group of patients, some found it difficult to tolerate the catheter for the whole
night and stressed that as the catheter moves during respiration the transducers would also
move thus the accuracy of the levels identified could be questioned. Another point to note is
that this device has fixed transducers on a catheter and has a fixed reference transducer and
does not take in to account that all patients are morphologically different and therefore the
positioning will not be identical in all patients.

Fig. 5. The Apnea-Graph device with its components: a pulsoximeter and the fine bore nasal
catheter with four transducers
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Fig. 6. Silver 'reference' marker indicating the correct position of the Apnea-Graph catheter

6. Sleep nasendoscopy

Sleep nasendoscopy (SNE) which is also known as drug induced sedation endoscopy (DISE)
was pioneered at our institute.!> The beauty of this technique lies in the fact that it allows a
three dimensional visualisation of the upper airway during sleep albeit drug induced. This
assessment is carried out in an operating theatre setting with the help of an anaesthetist who
provides sedation to the patient and closely monitors the patients cardiovascular and
respiratory parameters. The sedative agents commonly used are midazolam or propofol,
however in some units both the drugs are used.

Drug induced sleep is different from natural physiological sleep but one could argue that
the drug used for sedation has the same effect on the different segments of the pharynx thus
it would allow us to compare the proportionate obstruction caused at each anatomical level
in a similar manner that may exist in natural sleep.

An audit of 2,485 procedures performed over a period of 10 years at our institute has
demonstrated that SNE correlates well with apnoea-hypopnoea index and mean oxygen
desaturation.’4 We have also demonstrated the usefulness of SNE in predicting treatment
success in snorers using MAS.1516 Similarly, SNE has allowed site specific target selection in
surgical patients and improved surgical outcomes in our group of patients undergoing laser
assisted palatoplasty with or without tonsillectomy has been reported.17-19

Sleep nasendoscopy assessment of snoring is useful as it provides evaluation of the upper
airway in the dynamic mode during sleep. However, numerous controversies and debates
have arisen and attempts have been made to address some of these by various authors.

For instance, criticisms made by Marais?0, whilst comparing snorers and non-snorers, it was
claimed that snoring was produced during SNE in a large number of the non-snorers and
was not produced in many of the snorers. This was challenged by Berry et al?,
demonstrating in their study using target controlled infusion of propofol during SNE that
all their snorers and non-snorers responded as expected.
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Similarly, questions and concerns that arose about test-retest reliability and of inter-rater
reliability of SNE have been elegantly addressed by studies conducted by Rodriguez-Bruno
et al2 and Kezirian et al?? respectively.

Bispectral index monitoring (BIS) has provided an adjunct to the assessment of sleep
nasendoscopy in determining the level of sedation required for snoring assessment.2¢ BIS
(figs. 7 & 8) monitor is a neurophysiological monitoring device which continually analyses a
patient's electroencephalogram during sedation and general anaesthesia to assess the level
of consciousness and depth of anaesthesia.

Fig. 8. BIS Monitor reading during Sleep Nasendoscopy

The issue of assessing the patient at the correct moment has not previously been addressed
and this indeed is an important point as one has to bear in mind the pharmacology and the
pharmacokinetics of the different drugs used during sedation. If the patient is assessed too
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early, the muscle relaxation effect of the drug may be over emphasised and if the patient is
assessed too late then important anatomical aspect of the obstructive episodes may be
missed. Thus the depth of sedation during which the assessment is conducted should be as
close to the levels of depth of natural sleep. Evaluation only occurs as a snap shot of a
patients whole sleep cycle. However, combining it with BIS values of patients undergoing
natural sleep allows a more accurate assessment of sleep disordered breathing.

Finally, a couple of studies have compared awake assessment with SNE in the same group
of patients and advocate that SNE is superior; further highlighting the point that there is
muscle tone variation in control of upper airway during wakefulness and that during
obstructive episodes in sleep. It appeared that hypopharyngeal or laryngeal obstruction
could be missed in up to a third of the patients if the assessment was carried out in the
awake state only.25 26

7. Summary

In order to attain a successful outcome in treating patients with obstructive upper airway in
snorers and OSA it is crucial to evaluate the upper airway dynamics very carefully. Apart
from its usefulness in research, imaging has a relatively minor role to play in evaluation
except in maxillo-mandibular advancement surgery.

Site specific treatment in these patients is required and therefore techniques that offer
localisation of these anatomical obstructive segments would prove useful. In the author’s
opinion the two techniques that appear to do so are sleep nasendoscopy and the Apnea-
Graph. This view has also been supported by a recent evidence based review article on
assessment of obstruction level and selection of patients for obstructive sleep apnoea
surgery.?’

Sleep nasendoscopy appears somewhat superior as it allows visualisation of the upper
airway whereas the Apnea-Graph merely looks at the pressure values and relies on correct
positioning of the transducers. Out-patient clinical examination of the nose and the
oropharynx is of paramount importance as it will help identifying potential nCPAP patients
who may fail this form of therapy if there is an obvious anatomical problem.

8. References

[1] Friedman M, Ibrahim H, Bass L. Clinical staging for sleep-disordered breathing.
Otolaryngol Head Neck Surg 2002; 127:13-21.

[2] Mallampati SR, Gatt SP, Gugino LD, Desai SP, Waraksa B, Freiberger D et al. A clinical
sign to predict difficult tracheal intubation: A prospective study. Can Anaesth Soc ]
1985; 32(4):429-434.

[3] Herzog M, Metz T, Schmidt A, et al. The prognostic value of simulated snoring in awake
patients with sleep-disordered breathing: introduction of a new technique
examination. Sleep 2006;29:1456-62.

[4] Ritter CT, Trudo FJ, Goldberg AN et al. Quantitative evaluation of the upper airway
during nasopharyngoscopy with the Muller manoeuvre. Laryngoscope
1999,109:954-63.

[5] Mayer G, Meier-Ewert K. Cepahlometric predictors for orthopaedic mandibular
advancement in obstructive sleep apnoea. Eur ] Orthod1995;17:35-43



Evaluation of the Upper Airway in Patients with Snoring and OSA 73

[6] Sheperd JW Jr, Stanson AW, Sheedy PF, et al. Fast-CT evaluation of the upper airway
during wakefulness in patients with obstructive sleep apnoea. Prog Clin Biol Res
1990;345:273-9.

[7] Schwab R], Gefter WB, Hoffman EA, et al. Dynamic upper airway imaging during
awake respiration in normal subjects and patients with sleep disordered breathing.
Am Rev Respir Dis 1993;148:1385-400.

[8] Hara H, Murakami N, Miyauchi Y, Yamashita H. Acoustic analysis of snoring sounds by
a multidimensional voice program. Laryngoscope 2006;116:379-81

[9] Saunders NC, Tassone P, Wood G, Norris A, Harries M, Kotecha B. Is acoustic analysis
of snoring an alternative to sleep nasendoscopy? Clinical Otolaryngology Allied Sci
2004;29:242-6.

[10] Brietzke SE, Mair EA. Acoustic analysis of snoring: can the probability of success be
predicted? Otolaryngol Head Neck Surg 2006;135:417-20.

[11] Tvinnereim M, Mitic S, Hansen RK. Plasmaradiofrequency preceded by pressure
recording enhances success for treating sleep-related breathing disorders.
Laryngoscope 2007;117:731-6.

[12] Singh A, Al-Reefy H, Hewitt R, Kotecha B. Evaluation of Apnea-Graph in the diagnosis
of sleep-related breathing disorders. Eur Arch Otorhinolaryngol 2008;265:1489-94.

[13] Croft CB, Pringle M. Sleep nasendoscopy: a technique of assessment in snoring and
obstructive sleep apnoea. Clin Otolaryngol 1991;16:504-509.

[14] Kotecha BT, Hannan AS, Khalil HMB, Georgalas C, Bailey P. Sleep nasendoscopy: a 10-
year retrospective audit study. Eur Arch Otorhinoloaryngol 2007;264:1361-1367.

[15] Battagel J, Johal A, Kotecha BT. Sleep nasendoscopy as a predictor of treatment success
in snorers using mandibular advancement splints. ] Laryngol Otol 2005;119:106-
112.

[16] Johal A, Hector MP, Battagel ], Kotecha B. Impact of sleep nasendoscopy on the
outcome of mandibular advancement splint therapy in subjects with sleep-related
breathing disorders. ] Laryngol Otol 2007;121:668-75

[17] Kotecha B, Paun S, Leong P, Croft C. Laser assisted uvulopalatoplasty: an objective
evaluation of the technique and results. Clin Otolaryngol 1998; 23: 354-359.

[18] Iyangkaran T, Kanaglingam ], Rajeswaran R, Georgalas C, Kotecha B. Long-term
outcomes of laser-assisted uvulopalatoplasty in 168 patients with snoring. ]
Laryngol Otol 2006;120:932-8.

[19] Chisholm E, Kotecha B. Oropharyngeal surgery for obstructive sleep apnoea in cPAP
failures. Eur Arch Otorhinolaryngol 2007;264:1361-1367.

[20] Marais J. The value of sedation nasendoscopy: a comparison between snoring and non-
snoring patients. Clin Otolaryngol Allied Sci 1998;23:74-76.

[21] Berry S, Robin G, Williams A, Watkins A, Whittet HB. Validity of sleep nasendoscopy
in the investigation of sleep related breathing disorders. Laryngoscope
2005;115:538-540.

[22] Rodriguez-Bruno K, Goldberg AN, McCulloch CE, Kezirian EJ. Test-retest reliability of
drug-induced sleep endoscopy. Otolaryngology-Head and Neck Surgery 2009;140:
646-651.

[23] Kezirian EJ, White DP, Malhotra A, Ma W, McCulloch CE, Goldberg A (2010) Interrater
reliability of drug-induced sleep endoscopy. Arch Otolaryngol Head and Neck
Surgery 2010;Vol 136(No. 4): 393-397.



74 Sleep Disorders

[24] Babar-Craig H, Rajani N, Bailey P, Kotecha B. Validation of sleep nasendoscopy for
assessment of snoring with BIS monitoring, Clin Otolaryngol Allied Sci 2009;34:
(Supp) 89-90.

[25] Hewitt RJD, Dasgupta A, Singh A, Dutta C, Kotecha B. Is sleep nasendoscopy a
valuable adjunct to clinical examination in the evaluation of upper airway
obstruction? Eur Arch Otorhinolaryngol 2009;266:691-697.

[26] Campanini A, Canzi P, De Vito A, Dallan I, Montevecchi F. Vicini C. Awake versus
sleep endoscopy: personal experience in 250 OSAHS patients. Acta
Otorhinolaryngologica Italica 2010;30:73-77.

[27] Georgalas C, Garas G, Hadjihannas E, Oostra A (2010) Assessment of obstruction level
and selection of patients for obstructive sleep apnoea surgery: an evidence based
approach. ] Laryngol Otol 2010;124: 1-9.



6

Upper Airway Resistance Syndrome —
A Twenty-Five Years Experience

Felix del Campo Matias?,

Tomas Ruiz Albi2 and Carlos Zamarrén Sanz3

!Division of Respiratory Medicine, Hospital Universitario Rio Hortega,
Departament of Medicine, Universidad de Valladolid, Valladolid

2Division of Respiratory Medicine, Hospital Universitario Rio Hortega, Valladolid,
3Division of Respiratory Medicine Hospital Clinico

Universitario de Santiago de Compostela, Santiago de Compostela,

Spain

1. Introduction

This paper will review the prevalence, pathophysiology, clinical picture, diagnostic
advances, natural history, morbidity and management of upper airway resistance syndrome
(UARS). The aim is to improve our knowledge about this disease and help to identify
patients with UARS.

2. Background

UARS was initially used to describe a group of patients who were sleepy but did not meet
the polysomnography diagnostic criteria of obstructive sleep apnoea syndrome (OSAS)
(Guilleminault 1993). The first mention of the term was used about children by
Guilleminault (Guilleminault 1982) in 1982 and years later also in women (Guilleminault
1995). Is UARS really a disease?. Twenty-five years after first being described, there is still
significant controversy among experts as to whether UARS is a specific syndrome.

Some authors consider it to be part of the spectrum of obstructive disorders affecting the upper
airway (Douglas 2000; Jhonson 2008; Cracowski 2001), while others believe that OSAS and
UARS are separate entities (Gold 2008; Bao & Guilleminault 2004;Lindberg & Gislason 2000).
Normally, it is up to the clinician practitioner to screen for this syndrome. Due to its
diagnostic difficulty, currently UARS is significantly under diagnosed and no standard
management strategy in place in sleep labs. However, great interest exists in the literature
for this entity, and many revisions have been carried out (Exar & Collop 1999; Monserrat &
Badia 1999; Bao & Guilleminault 2004; Velamuri 2006; Ramar & Guilleminault 2008; Giblin
2009; Guilleminault & de los Reyes 2011).

3. Epidemiology

Epidemiologic studies estimate that SAHS affects 1-5% of adult men in western countries
(Young 2002). Sleep apnoea hypopnoea syndrome is the most common form of sleep
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disordered-breathing. Limited data is available on the prevalence of UARS in the general
population in both children and adults. Some authors consider it an uncommon disease in
clinical practice. In earlier descriptions, the estimated prevalence was 6% in men and 11% in
women (Votteri 1994; Guilleminault 1995). Kristo found a prevalence of 8.4% in a one year
polysomnography review (Kristo 2005). In an epidemiological study conducted in Brazil, the
prevalence of UARS was 18.7%, being more common in women and young people (Tufik
2009).

4. Pathophysiology

The upper airway is a very complex structure. In SAHS patients, apneas during sleep are
caused by upper airway obstruction, wich leads to progressive asphyxia and awakening.
The inspiratory efforts to overcome occlusion lead to arousal, sleep fragmentation, and
oxyhemoglobin desaturation. From a physiological standpoint, both UARS and OSAS
present intermittent upper airway collapse. This increase in upper airway resistance
occasionally accompanies airflow limitation and arousals, with little desaturation. Johnson,
found that even minimal airflow limitation could produce arousals that occur before
alterations in gas exchange (Johnson 2005). These episodes are of short duration, about four
breaths, and present negative intrathoracic pressure increases.

Another interesting difference from OSAS is that UARS patients do not present
neuropathological lesions in the upper airway (Friberg 1998; Guilleminault 2002a; Boyd
2004), which could explain why these patients tend to respond more rapidly to treatment
and do not develop OSAS over the long-term. Early studies did not seem to reveal differences
in sleep architecture between UARS and OSAS (Loube & Andrada 1999). However, today
UARS patients are considered to have unstable sleep, characterized by a cyclic alternating
pattern in nonREM sleep (Guilleminault 2005a), which predisposes to the occurrence of
arousals. These findings correlate with symptoms such as tiredness and fatigue, for which
these patients are often referred to sleep labs. The cyclic alternating pattern has been described
in many other situations (Ferré 2006), such as fibromyalgia, chronic fatigue syndrome, and
OSAS (Terzano 1996). Current research suggests that nearly 50% of fibromialgia syndrome
patients experience intrusive alpha wave periods. Patients with UARS present an increase in
the number of cyclic alternating patterns, with a decreased phase 1 and an increased phase A2
and A3 (Guilleminault 2005¢c) In recent years, polysomnography has revealed that UARS
patients present nonREM-sleep instability. Alpha-delta sleep is characterized by an intrusion
of alpha EEG waves into slow delta waves during deep sleep, which also occurs in insomnia
and non-refreshing sleep (Guilleminault 2001a).

5. Symptoms

Although OSAS and UARS share common symptoms, in most cases the clinical
manifestations are different (Stoohs 2008). The most common symptoms of SAHS patients
include chronic loud snoring, excessive daytime sleepiness, personality changes, depression
and deterioration of quality of life (Pichel 2004). Hypersomnolence is the principal daytime
manifestation of sleep disordered breathing. Excessive sleepiness resulting from increased
breathing effort and sleep disruption is the guide symptom of UARS patients (Guilleminault
1993, 2001a). Drowsiness related to general exhaustion has a negative impact on quality of
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life. As in OSAS, snoring is a common symptom, predominantly in males, although the
absence of snoring has also been described in this syndrome, the so-called silent UARS
(Kristo 2005). In recent years, several studies have demonstrated strong associations
between UARS and functional somatic syndromes, such as chronic fatigue syndrome,
chronic insomnia, chronic pain, irritable bowel syndrome, fibromyalgia, depression,
parasomnias and posttraumatic stress disorders (Gold 2003, 2011). Due to its association
with chronic somatic diseases, UARS has been postulated to activate the hypothalamic-
pituitary-adrenal axis (HPA) (Gold 2010), although not all studies support the association of
sleep disordered breathing with these somatic functional disorders. (Vgontzas & Fernandez-
Mendoza 2011, Trakada 2007).

A number of studies compare the clinical characteristics of UARS patients to those of SAHS
subjects. Patients with UARS are usually younger than those with SAHS and have a lower
level of obesity. There is no major difference in terms of gender prevalence, although UARS
appears to be more frequent in postmenopausal women. An overall ratio of prevalence for
men to women of 3.3 has been reported in SAHS patients (Bixler 2001).

UARS patients report both onset and maintenance insomnia (Guilleminault 2002b). A state
of physiologic hyperarousal in UARS patients with chronic insomnia is accepted (Gold
2008). Some authors have reported complex insomnia, which paradoxically involves
nighttime insomnia and daytime sleepiness (Krakov 2001; Gold 2008). This type of insomnia
has been associated with parasomnias (Guilleminault 2006a), which mainly occur in young
patients together with sleepwalking and night terrors. Insomnia is more common in UARS
than in OSAS.

Powers (Powers 2009) found a tendency to hypersomnia in UARS patients. These patients
showed altered results on the maintenance of wakefulness test that were not correlated
with the Epworth scale. This author considered non-obese premenopausal women, who
often consult for chronic insomnia and parasomnias, to represent a specific attention
group.

Approximately half of UARS patients present symptoms of increased vagal tone such as
orthostatic hypotension and coldness of the extremities (Guilleminault 2001b).
Disturbances in heart rate variability have also been reported along with a decrease in the
HF component (associated with increased vagal tone). In contrast, OSAS patients have an
increase in the LF/HF ratio, associated with increased activity sympathetic.
(Guilleminault 2005).

SAHS is widely associated with cardiovascular risk. Long-term effects can lead to severe
cardiovascular and cerebrovascular diseases. However, there is little data regarding the
association of cardiovascular disease and UARS. Some studies have found an association
between hypertension and UARS, with a good response to CPAP treatment (Guilleminault
1996), but this association has been put into question. Notably, this controversy sheds light
on the importance of hypoxia and sympathetic activation (which are not present in UARS)
in OSAS as intermediary mechanisms associated with cardiovascular events.

The diagnosis of UARS is often delayed becasue of the absence of respiratory events in
polysomnography. Sometimes the symptoms of UARS have been confused with other
medical conditions, such as asymptomatic habitual snoring, sleep deprivation, chronic
fatigue syndrome, idiopathic hypersomnia, psychiatric disorders (Lewin & Pinto 2004) and
asthma (Guerrero 2001).
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Some authors report a greater likelihood of traffic accidents in UARS patients (Stoohs 1994).
Among drowsy drivers, UARS is associated to a higher frequency of accidents. Thus,
identification of this syndrome is of great practical importance.

6. Physical examination

UARS patients differ anthropometrically from patients with SAHS. They are generally thin,
young, and predominantly female. The recommended physical examination is similar to
that for OSAS patients. As in OSAS, craniofacial abnormalities such as elongated face and
reduced mouth opening are frequent. Guilleminault described an increase in nasal
resistance, excessive pharyngeal tissue, mild retrognathia, narrowing of the oropharynx and
ogival hard palate (Guillemianult 1995), with high scores on the Mallampati scale.

7. Diagnosis

UARS is defined as daytime sleepiness associated to a sleep disordered breathing and
arousals related to respiratory effort (RERA) but without sufficient apneas/hypopneas for
OSAS. The diagnosis is based on the association of clinical symptoms and
polysomnographic findings.

Nocturnal polysomnography, which is the gold standard for diagnosing SAHS, sometimes
demonstrates the presence of apneic events and non apneic breathing (hypopneas), but does
not definitively diagnose UARS. Nevertheless, an increased number of RERA may lead to
suspicion of UARS. Simplified polygraphic studies are not useful in this disease because
they do not provide arousal information. Some laboratories have used the split-night
technique followed by CPAP titration successfully. These situations require an index of over
20 RERA during the first three hours of sleep (Kristo 2009).

The continuous recording of esophageal pressure throughout the night is the gold
standard for the diagnosis of UARS (Kushida 2002; Iber 2007). Esophageal manometry is a
complex technique which may be affected by the placement of the probe and the position
of the catheter. Moreover, it is time-comsuming, may affect patient's sleep, and is not
widely available (Johnson 2008). The correct positioning of the esophageal catheter
requires a lot of experience and clinical practice. The use of a small catheter has improved
tolerance of the procedure. The analysis of esophageal pressure can be quantitative or
qualitative, though the latter approach is more common in clinical practice (Watanabae
2000). Gold et als used the critical pressure criteria to differentiate between SAHS and
UARS patients [Gold 2002].

The esophageal pressure reading may present three different patterns: a crescendo pattern
that ends in arousal without achieving 3% desaturation, continuous sustained effort for at
least four breaths, and finally an abrupt drop in respiratory effort indicated by a less
negative peak inspiratory pressure after a sequence of increased respiratory efforts
independent of the EEG patterns (Pes reversal).

Although esophageal manometry is indicated mainly for the diagnosis of UARS has also
demonstrated its usefulness in studying the Cheyne-Stokes syndrome as it allows to
differentiate obstructive from central apneas. However, it is a laborious technique,
disruptive for patients and normal values remain to be established. The utility in the clinic is
unclear and have been confined its use to research.
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Indeed, the presence of RERA in the absence of apneas and hypopneas is the key
polysomnography finding for diagnosing UARS (Bonnet 2007). However, the difficulty of
registering respiratory effort has prompted the search for other non-invasive methods that
can provide similar information (Hosselet 1998; Loube 1999; Badia 2001; Mosler 2002;
Kenach 2005; Popovic 2009)(Table 1). Most systems try to develop a reliable non-invasive
tecnique for respiratory effort and upper airway resistance that could represent a non-
invasive alternative to esophageal pressure measurement. Of these, the most widely used
and accepted by the American Academy of Sleep Medicine are nasal pressure cannulas,
inductance plethysmography or diaphragmatic/intercostal EMG. The nasal cannula is the
tool of choice for monitoring respiratory airflow during sleep in both clinical and research
sleep studies. Nasal cannula is more sensitive than thermistor for detecting RERA The use of
new technologies such as pressure probes have made it possible to identify signs of UARS in
patients with high levels of arousal and airflow limitation (Krakow 2001).

The diagnostic criteria for UARS have not been established. At present, the diagnostic
polysomnography of UARS is based on careful analysis of the esophageal pressure reading
and nasal cannula (Guilleminault 1995, 2001; Black 2000), together with an AHI under 5 and
the presence of desaturation of no more than 92%. Visual identification of intermitent flow
limitation is cumbersome, subjective and trought with variability and potential error. Some
authors recommend determining the length of airflow limitation episodes as well as the
total percentage of airflow limitation with respect to total sleep time. Termination of flow
limitation was indicated either by respiratory events related to arousal or with essofageal
pressure reversal (Guilleminault 1995; 2001) without alpha EEG arousal (Guilleminault
2005b). In UARS patients these episodes of airflow limitation that is not accompanied by
desaturation, are of varying lengths, and are not always associated with an increase in
esophageal pressure. The coincidence of EEG arousals and Pes events is well documented. A
percentage of Pes events terminate without coincident EEG activity. However,
Guilleminault describes that, in patients with UARS, apnoeas accompanied by arousals have
a greater tachycardic effect, even if there is only a small reduction in blood oxygen
saturation (Guilleminault 2005). The shape of the inspiratory flow contour has been
proposed as a noninvasive predictor of increased upper airway obstruction, increasing the
potential for erroneous classification of respiratorye events (Hosselet 1998; Rees 2000;
Ayyapa & Rapoport 2003). Various definitions of airflow limitation exist (Norman 2007;
Mansour 2004; Kaplan 2000;Aittokallio 2001)(Table 2).

RERA is the most important event in UARS patients. In early studies, the definition of UARS
included the presence of frequent arousals, indicating an RERA index >10/h as a diagnostic
criteria. Owing to their relation, treating RERA tends to improve excessive daytime
sleepiness. This index was established as a treatment criterion. UARS has not found its way
into the International Classification of Sleep Disorders Diagnostic and Coding Manual,
which is one of the main problems for the acceptance of UARS as a specific entity (AASM
1999; Iber 2007). RERA has been accepted by the American Academy of Sleep Medicine Task
Force (AASM, 1999) but it has yet to be standardized. According to the AASM and a number
of authors (Cracowski 2001), RERA episodes are rare and their encoding need not be
mandatory. However, others consider it to be a key element, with an identifiable
pathophysiology. RERAs have been incorporated into normal clinical practice, and the
respiratory disturbance index used to quantify OSAS severity takes them into account
together with apneas, and hypopneas.
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e  Pneumotachygraphy

e Nasal cannula pressure

e EMG s signals

e  Resistive Inductance Plethismography
e  Pulse Transit Time

e  Neural network

e Forced oscillation technique

e  Suprasternal pressure transducer

e  Presence ofalteringcyclicpattern(EEG)
e Forehead venous pressure signal

e  Snore signals

Table 1. Techniques to assess respiratory effort.

Periods of high esophageal pressure swings with associated
inspiratory flow limitation

Lack of increase in airflow despite increasing respiratory effort.

Flattening of the normal bell-shaped curve of normal breath with a
drop in the amplitude of the curve by 2-29% compared to the
normal breaths immediately preceding

Abnormal inspiratory air flow shape during partialupper airway
obstruction

Abnormal contour in the nasal/ presure transducer signal waveform

Presence of an inspiratory plateau or reduction in inspiratory flow
independent of any increase in inspiratory efforts.

Pressure waveflattening<30% is associated with a physiological
event (arousal, CAP complex, variabilidad RR, etc)

Two or more breaths (10 sec) without sinusoidal appearance and
without hypopnea criteria, end abruptly, taking on the sinuidal flow
aspect

At least four successive breaths reduction in amplitude
simultaneously with the development of an inspiratory plateau (loss
of a sinusoidal inspiratory waveform)

Table 2. Inspiratory flow limitation: Definitions.
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From the standpoint of polysomnography in recent years has gained great interest to
consider these patients have instability in their sleep nonREM. OSAS and UARS patients
have different brain activity during sleep. Thus, in patients with UARS have described
alterations in sleep architecture, such as sleep fragmentation, consequent to the presence of
respiratory arousals, the presence of an alpha-delta pattern, characteristic modifications in
the EEG spectral analysis and the existence of an increase of cyclic alternating pattern.
Alpha-delta sleep is characterized by an intrusion of alpha EEG waves into slow delta waves
during deep sleep, which also occurs in insomnia and non-refreshing sleep. It appears that
cyclic alternating pattern could be a valid indicator for the persistence of some degree of
sleep disturbance and instability of NREM sleep. With respect to the EEG spectral analysis
in patients with UARS have less activity in slow wave sleep (delta) and a higher prevalence
in the range of 7-9 Hz consequent to a different cortical activity. The development of slow
wave sleep is also abnormal, with persistence of a large number of "power delta" at the end
of sleep cycles. Both abnormalities may explain the symptoms of daytime sleepiness,
insomnia and fatigue in patients with UARS (Guilleminault 2001a).Black et als found that
visually undetectable EEG alterations may occur during breathing disturbances in the
absence of arousal (Black 2000).

8. Follow up

Te long time evolution of UARS patients, within the overall spectrum of sleep disordered
breathing disorders, is an area of interest. RERA may be intermediate event between snoring
and hypopnea. RERA predominate in younger and thinner people than apnea and
hypopnea episodes. Hypopneas becoming true apneas with increasing age and weight. Few
existing studies on the matter. In a five years follow-up study of untreated UARS patients,
Guilleminault report that only 10% developed a OSAS and always in the context of weight
gain (Guilleminault 2006b). Jonzak, in a retrospective study,also report that obesity as an
aggravating factor of severity in follow up six years (Jonzak 2009).

9. Treatment

Treatment options for UARS include lifestyle changes, Continous Positive Airway Pressure
(CPAP), oral appliance therapy and surgery. All patients with UARS should be counseled
about the potential benefits of therapy and the risks of going without therapy.

Obesity is a modifiable risk factor associated with OSAS so weight loss should be
recommended to all overweight or obese. However, patients with UARS are often not obese,
so this recommendation has less value in them. As in the treatment of OSAS, within
conservative measures are recommended sleep hygiene and avoiding the supine position.
Just like in OSA is advisable to multidisciplinary treatment.

Continous positive airway pressure (CPAP) is the treatment of choice for SAHS patients.
CPAP was the gold standard for UARS. Initial studies described a good response to CPAP
treatment which was considered to be a diagnostic criteria for the syndrome (Messner &
Pelayo 2000; Guerrero 2001; Guilleminault 2006). As in mild to moderate OSAS, CPAP
compliance and adherence are low. Regarding CPAP titration, it is recommend a similar
protocol that for OSAS.After reaching the optimal CPAP, the esophageal peak pressure at
the end of inspiration must be higher than-7 ecm HO or the RERA index <10. If this is not
achievable, CPAP may be applied at an empirical pressure level of between 8 and 10 cm of
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H20 (Kristo 2009). CPAP ususally improves symptomatology and parasomnias. Some
reports exist of worsening after CPAP treatment.

No studies exist about the usefulness of positional treatment or electrical stimulation of the
muscles of the upper airway in patients with UARS. With respect to drug treatment, as with
OSAS, the evidence on the usefulness of pharmacological treatment in UARS is scarce.
Given the poor adherence to CPAP treatment, oral devices may be a good alternative for
UARS, although little research has been published (Loube 1998; Guerrero 2001; Yoshida
2002; Rose 2000). Predictable efficacy of oral appliances treatments has yet to be
demonstrated.

Surgical option include laser-assisted uvulopalatoplasty,uvulectomy, snoreplasty injection,
radiofrequency submucosal needle therapy and somnoplasty (Newman1996; Powell 1998;
Newman 2002; Pirelli 2004). Existing data on treatment of UARS are scarce, which together
with the difficulty of diagnosis makes it a priority disease research in the future.

10. Conclusions

Despite the time elapsed since its initial description, UARS remains controversial as it has yet
to be accepted as its own entity. However, the literature continues to reflect interest in this
disorder. Perhaps SAHS and UARS share the same pathophysiological mechanism, although
their clinical expression and pathophysiologic consequences are different. We could say that
UARS and OSAS are distinct entities in the spectrum of sleep-disordered breathing.

SAHS is one of the most common sleep disorders in clinical practice. It is associated to
cardiovascular morbidity, and has become regarded as a public health problem. UARS is an
underdiagnosed disorder with low prevalence of sleep units. It has special implications on
sleep structure, especially sleepiness and tiredness, and is associated to chronic somatic
diseases such as chronic fatigue syndrome, fibromialgia, irritable bowel syndrome, and
tension headache. The correct diagnosis of this syndrome is essential to allow the best choice
of therapy.

The identification of UARS, although not recognized by the AAMS as an entity, has
improved our understanding of respiratory events and arousals, as well as increasing the
search for non-invasively ways of assessing respiratory effort. Today, terms such as airflow
limitation or RERAs are widely used in the polysomnographic reports.
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Breathing Sleep Disturbances and
Migraine: A Dangerous Synergy
or a Favorable Antagonism?

C. Lovati etal’
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1. Introduction

Sleep and headache are two realities known to be linked in a bidirectional way [01]. Clinical
research correlates specific headache diagnoses and sleep disorders with chronobiologic
patterns and sleep processes, implicating that common anatomic structures and
neurochemical processes are involved in the regulation of both sleep and headache. Sleep
and pain perception share several structures, such as the thalamus, the hypothalamus, and a
number of mesencephalic, pontine and bulbar nuclei, some of which are also involved in
breathing regulation.

The respiratory parameters during sleep at night may play a important role in modifying
susceptibility to various pathological conditions, including headache. Morning headache
was found to be more frequent among Obstructive Sleep Apnea Syndrome (OSAS) patients
with a direct relationship with the severity of the sleep breathing disorder: apnoea
hypopnoea index (AHI) has been found higher in OSAS patients with morning headache
compared with those without morning headaches and also mean oxygen saturation value
(Sp0O2) during total sleep time has been found significantly lower in OSAS patients with
morning headache [02]. Furthermore, it has been observed that morning headache may be
largely resolved with nasal continuous positive airway pressure.

The relevance of respiratory disturbances during sleep in subjects with primary headaches
has not been clearly evaluated.

Additionally, in a previous study we found that subjects with headache, and particularly
those with headache-related cutaneous allodynia, had alterations in sleep behaviour [03].
Consequently, a possible link between sleep behavior disturbances, respiratory disorders
during sleep and primary headaches may be hypothesized.
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2. Objective

Based on the above reported background, we designed a study to investigate the possible
relationships between nocturnal breathing disturbances and headache, particularly
migraine, with and without allodynia.

The aims of the study were:

- to evaluate the prevalence of different kinds of headache in a population of subjects
who underwent cardiopulmonary monitoring during sleep for presumed respiratory
problems;

- to assess the frequency of allodynia among patients with headache in this population;

- to evaluate the possible relationships between the presence of headache - and of
allodynia - and the respiratory parameters that reflect oxygen saturation during sleep
(AHI, 5p0O2, T<90%).

- to compare sleep behavior parameters (sleep latency, frequency of awakenings and
subjective perception of sleep quality) in subjects without headache and in headache
patients, grouped by different diagnostic types.

- to compare the respiratory parameters that reflect oxygen saturation during sleep in
these groups and

- to examine any relationship between headache, subjective sleep behavior and breathing
quality during sleep.

3. Materials & methods

Population

We enrolled a sample of 302 subjects (225 men and 77 women) presenting consecutively at
the Unit of Pneumology of the Luigi Sacco Hospital of Milan, for a full cardiopulmonary
monitoring during sleep.

Methods

- History of headache was evaluated in each subject, and headache diagnosis was
clinically made according to the ICHD-II criteria.

- The presence of allodynia was assessed by a set of semistructured questions, that had

been used by our group in previous studies [04, 05]. This tool investigates if the patient
experiences abnormal scalp sensitiveness and/or discomfort during headache episodes
and which activities are able to enhance this symptom, such as touching head skin,
combing hair, brushing hair, wearing glasses, and so on.
Patients were asked to give written yes/no responses to written questions as follows:
(1) Has the patient experienced abnormal scalp sensitivity or discomfort during
headache attacks? If yes, does this abnormal sensitivity or discomfort arise from (a)
touching head skin; (b) touching hair; (c) combing hair; (d) brushing hair; (e) wearing
glasses; (f) using a hair-band, curlers or elastic for forming a ponytail; (g) lying with
head resting on the pain side? Patients replying yes to the first question and at least to
one of questions (a-f) were considered to have headache-associated allodynia

- Sleep behavior was evaluated through semi-structured ad hoc questionnaire exploring
the mean latency of sleep onset (more or less of 30 min), the frequency of nights with
nocturnal wake-up (<2 or >3 nights/month) and the subjective perception of sleep
quality (satisfied /not-satisfied).
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- Full cardiopulmonary monitoring with SaO2, T90 and AHI determination, was
performed by SOMNO check ® effort (WEINMANN) that includes: a nasal respiratory
device to reveal air flow and snoring, a pulse oxymeter to measure SaO2 and cardiac
rate, an abdominal and a thoracic belt for the inductive thoraco-abdominal
pletismography, and a gyroscopic body position detection device.

Statistics

Student T test with Bonferroni correction was used to compare mean ages, mean AHI, mean
T<90% and mean SpO2, between groups (subjects with or without headache, with or
without allodynia).

Chi square test was applied to compare the distribution of different sleep behavior aspects
between different diagnostic groups.

4. Results

Among the enrolled subjects, 198 did not suffer from headache (mean age 60.3 + 12.7 years,
159 men and 39 women) and 104 had history of headache (mean age 51.4 + 12.3 years, 66
men and 38 women) of which 67 migraineurs (Mig - mean age 50.8 £ 14.9 years, 37 men and
30 women) and 37 with tension type headache (TTH - mean age 51.4 + 13.3 years, 29 men
and 8 women).

Out of 104 subjects with headache, 50 were allodynic. Allodynia was found in 41 out of 67
migraineurs and in 9 out of 37 patients with tension type headache.

Headache and allodynia distribution in the sample

In our population, headache was present in 34.4% of the studied subjects (104 out of 302
individuals, of which 67 with migraine and 37 with tension type headache ) and allodynia
during pain attacks was present in 48% of headache patients (50 out of 104 subjects).
Allodynia was more frequent among migraineurs (41 out of 67) than in tension type patients
(9 out of 37).

After grouping by gender, headache was present in 29,3% of men and in 49,3% of women.
Migraine was found in 30 out of 39 female headache patients (30 out of 116 enrolled women,
25% of the female cohort) and in 37 out of 159 male patients with headache (37 out of 225
observed men, 16% of the male population studied). Headache distributions in the different
groups are shown in Table 1.

o o o Mean age
n M/F (M (%)| F (%) (vears)
Total sample 302 |225/77| 75 25 57,0
Without headache 198 |159/39| 80 20 60,3
) migraine 67 37/30 | 55 45 50,8
104 with headache -
tension type headache | 37 29/8 | 78 22 51,4

Table 1. Presence of headache in subjects who underwent a full cardiopulmonary
monitoring for presumed respiratory problems during sleep.

Respiratory sleep parameters in different diagnostic groups

As summarized in Table 2, respiratory parameters among subjects with headache were
always better than in subjects without headache.
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The Apnea Hypopnea Index, that expresses the number of episodes of apnoea per hour, was
23.3 among subjects without headache and 13.8 in the headache group (p<0.01), without
significant differences between different kinds of headache (14.2 in migraineurs and 13.1 in
the tension type group).

Blood oxygenation during sleep was significantly better among headache patients (mean
Sp0,94.4% and T90 6.3%) with respect to controls (mean Sp0,92.9% and T90 14.7%).

No differences were found between allodynic and non allodynic headache patients also with
regard to specific diagnostic groups.

A‘;ﬁia SpO; T<90%
n° Hypopnea (mean oxygen % of time V\thh

Index saturation) SpO2 < 90%
(events/hour) (%) (%)
Subjects without headache, 198 233 92.9 14.7
Headache subjects (Mig+TTH) | 104 13.8 94.4 6.3
Allodynic headache subjects 50 15.6 94.5 6.2
Non-allodynic headache subjects| 54 121 94.3 6.4
Subjects with TTH 37 13.1 93.9 8.9
Allodynic TTH subjects 9 15.9 93.5 10.5
Non-allodynic TTH subjects 28 121 94.0 8.5
Subjects with Mig 67 14.2 94.7 4.8
Allodynic migraineurs 41 15.6 94.7 53
Non-allodynic migraineurs 26 12.0 94.7 4.0

Table 2. Distribution of respiratory parameters among the different groups

mean T<90%

16,00
14,00
12,00
10,00
8,00
6,00

4,00
2,00
0,00 ., T

TTH Mig no headache

oTHH

a Mig
@ no headache

Fig. 1. Blood oxygenation was better among migraineurs. In this diagnostic group, the time
period with SpO, < 90% was globally significantly shorter than in the other groups.
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Sleep behavior in different forms of headache

As previously observed, allodynic subjects with headache, especially if migraineurs,
complain of difficulties in falling asleep and of frequent awakenings that disrupt their
nocturnal sleep. Tabs 3a, 3b and 3c summarize sleep characteristics in different groups of
patients.

. not N mig . TTH
subjective "°  |headache mig | TTH alloci.lymc allodynic g WIt.h without TH W1Fh without
. . __[headache o bs o\ | subjects . allodynia . |allodynia .
satisfaction n® (%) n°® (%) | n°® (%) | n° (%) n® (%) subjects n® (%) allodynial n® (%) allodynia
’ U (%) V() VL (%)

Satisfied [111 (56)| 37 (36) |17 (25)[20(54) | 11(22) | 2648) | 6(15) | 11(42) | 5(56) | 15(54)
not satisfied| 87 (44) | 67 (64) |50 (75) |17 (46) | 39 (78) | 28(52) | 35(85) | 15(58) | 4(44) | 13 (46)
tot. 198 104 67 37 50 54 41 26 9 28

Table 3a. Sleep behavior: subjective perception of sleep quality (satisfied/not-satisfied).
Migraineurs - particularly allodynic ones - have a worse perception of their sleep quality
with respect to subjects without headache (chi2 test - p< 0.01 in both cases).

. not N mig . TTH
Sleep "% " IHeadache mig | TTH alloc.lymc allodynic e Wlt.h without TTH Wl?h without
headache| ", IS o /oy | SUbjects . allodynia . _[allodynia .
latency n® (%) n°® (%) | n°®(%) [ n°® (%) n® (%) subjects n® (%) allodynia n® (%) allodynia
’ RO V| (%) V| mo )

<30 minutes| 159 (80) | 72 (69) |42 (63) |30 (81)| 30 (60) | 42 (78) | 22(54) | 20 (77) | 8(89) | 22(79)

>30 minutes| 39 (20) | 32(31) |25(37)| 7(19) | 20(40) | 12(22) | 19(46) | 6(23) | 1(11) | 6(21)

tot. 198 104 67 37 50 54 41 26 9 28

Table 3b. Sleep behavior: sleep onset latency. Migraineurs - particularly allodynic ones -
take more time to fall asleep with respect to subjects without headache (chi2 test - p< 0.01 in
both cases).

. not L mig . TTH

Nocturnal 1o headache| mig | TTH allosiyruc allodynic g WIt.h without TTH Wth without

. headache| ", o ron o 1o+ Patients . allodynia ._|allodynia .
awakenings o n°® (%) m°(%)n° (%) o\ | patients o |allodynia o |allodynia

n® (%) n® (%) n® (%) n° (%)

n® (%) n° (%) n° (%)

<2 nights/month | 70 (39) | 26 (25) éi) (;(;) 7(14) | 19(35) | 4(10) | 12(46) | 3(33) | 7(25)

>3 nights/month | 120 (61) | 78 (75) (;é) (%) 43 (86) | 35 (65) | 37(90) | 14 (54) | 6(67) | 21(75)

tot. 198 104 67 | 37 50 54 41 26 9 28

Table 3c. Sleep behavior: nocturnal awakenings. Migraineurs - particularly allodynic ones -
wake more frequently during night with respect to subjects without headache (chi2 test - p<
0.01 in both cases).
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Fig. 2. Migraineurs, particularly if allodynic, are less satisfied about their subjective sleep
quality.

Respiratory sleep parameters in different sleep behavior groups

As showed in tables 4a, 4b and 4c, both subjects with and without headache were grouped
by sleep behaviour characteristics (satisfaction, sleep latency and presence of nocturnal
awakenings). No differences in terms of respiratory parameters were found comparing, in
both headache and headache-free groups, subjects satisfied vs not satisfied, subjects with
short vs long sleep latency and patients with frequent vs sporadic awakenings.

AHI Sa02 media T<90%
Headache subjects - satisfied by their sleep 11,4 94,6 5,4
Headache subjects - not satisfied by their sleep 15,1 94,2 6,8
Controls - satisfied by their sleep 23,3 93,1 12,8
Controls - not satisfied by their sleep 23,4 92,6 16,5

Table 4a. Sleep behavior: subjects grouped by subjective perception of sleep quality.
Respiratory parameters among different groups. No significant differences between satisfied
and not-satisfied in both headache and non-headache group with regard to respiratory
parameters during sleep.

AHI Sa02 media T<90%
Headache subjects with short sleep latency 15,6 94,3 6,8
Headache subjects with long sleep latency 9,6 94,5 4,2
Controls with short sleep latency 26,0 92,8 14,3
Controls with long sleep latency 14,8 93,7 17,7

Table 4b. Sleep behavior: subjects grouped by sleep onset latency. Apnea episodes (AHI) are
meanly more frequent among subjects with rapid sleep onset in both headache and non-
headache subjects (no difference after Bonferroni correction). No differences in term of
blood oxygenation.
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AHI Sa02 media T<90%
headache subjects with sporadic nocturnal 106 94,8 51
awakenings
headache subjects with frequent nocturnal 15,0 94,2 68
awakenings
controls with sporadic nocturnal awakenings 20,6 93,0 13,2
controls with frequent nocturnal awakenings 25,3 92,8 15,1

Table 4c. Sleep behavior: subjects grouped by presence of nocturnal awakenings.
Respiratory parameters do not significantly differ among groups.

5. Discussion

The study gave to somewhat unexpected results. Namely, the evidence of the significant
difference observed between headache and non headache subjects in terms of mean AHI (p<
0.01), SpO2 (p < 0.01) and T <90% (p < 0.01) with better respiratory parameters among
headache sufferers, particularly amongst the migraineurs. In fact, when we had planned the
study, we were looking for possible endogenous elements able to induce and/or transform
headache and we hypothesized that a sleep breathing disturbance might be one of this
factors. On the contrary, it emerged that headache patients have a better respiratory
condition during sleep, also in allodynic cases.

The analysis of sleep behavior in different groups showed that migraineurs took more time to
fall asleep and awake more frequently during night with a reduced global sleep satisfaction. In
conclusion, if compared to controls, migraineurs seem to sleep worse but to breathe better.
However, the hypothesis that there is an allostatic function of migraine and allodynia could
also be made: the presence of these conditions might inhibit deep sleep, and thus avoid
prolonged apneas. The observation that allodynic patients complain of a poor subjective
satisfaction by sleep with frequent awakenings and difficulties in starting sleep may be the
time when an allostatic load (episodic migraine) becomes an allostatic overload (allodynic
migraine), or it may correspond to a further allostatic adjustment to maintain an equilibrium:
migraine is “sufficient” until the metabolic unbalance is such, that allodynia is needed.
Allodynia is more frequently observed among subjects with chronic/transformed migraine,
but it is also present in a large portion of episodic migraineurs. Probably transformed migraine
is the true manifestation of the overwhelmed allostatic capacity of migraine (allostatic
overload) while the presence of allodynia is still a marker of a functional modification.

Overall, using an allostatic perspective, migraine may be considered a functional strategy to
maintain equilibrium and to reverse situations potentially dangerous for the hyperexcitable
and hypoenergetic migraineurs brain [08]. Transformed migraine may than represent the
failure of this strategy (allostatic over-load), without the capacity to counteract the energetic
unbalance.

Allodynia (the perception of pain by non-painful stimuli) is largely considered as a marker
of migraine transformation, but the observation that it is frequently present also among
episodic migraineurs, offers another possible way to interpret this symptom. Allodynia may
be an additional manifestation of migraine in an extreme effort to correct a metabolic or
energetic or homeostatic disequilibrium, nocturnal sleep related blood oxygenation
included.
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To explore this unexpected hypothesis, we grouped both headache and non-headache
subjects by sleep subjective satisfaction, sleep latency, and presence of awakenings.
Comparing groups (headache subjects with short vs long sleep latency, with frequent vs
sporadic awakenings and satisfied vs non-satisfied) no significant difference emerged, at
least after Bonferroni correction. Probably the relatively small cohort dimension may have
influenced the analysis.

The fact that patients with chronic headaches have a high prevalence of sleep complaints is
well documented [09] and a high frequency of headache among patients with pathological
breathing during sleep is well defined [02], but in the transitional phase toward sleep
breathing disturbances, allodynia may be a useful para-physiological modification instead
of a symptom of migraine transformation/chronification.

6. Conclusions

Our convenience data found that migraineurs seem to sleep worse but to breath better than
headache free patients. The possible mechanism or mechanisms underlying this observation
are not clear, but an allostatic mechanism has been proposed which can be tested in future
studies.
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1. Introduction

Episodes of hypoxia and hypercapnia occurring during apneas significantly dilate blood
vessels in the brain (both hypercapnia and hypoxia are potent stimuli of cerebral blood
vessels dilation - Guyton, 2005). This results, together with a concomitant increase of mean
arterial pressure, in average blood flow increase in the cerebral vessels. Studies in healthy
volunteers (Przybylowski, 2003) have shown that episodes of breath apneas cause an
increase of cerebral blood flow compared with resting conditions (43% on average).
Following an episode of apnea, hyperventilation (with normoxia and hypocapnia)
significantly decreases flow in the middle cerebral artery as compared to quiet breathing by
20% (Przybylowski, 2003). In normal subjects sleep reduces the vasodilatation response to a
hypoxia (Meadows, 2004). A number of different mechanisms triggered during sleep apneas
can influence the blood flow in the brain. The increase in intracranial pressure, together with
a negative pressure in the chest, may reduce the perfusion of the brain (Jennum, 1989). More
frequent significant carotid artery stenosis (Silvestrini et al, 2002; Nachtmann et al, 2003) and
flow disturbances in the intracranial arteries (Behrens et al, 2002; Nachtmann et al, 2003)
were found in patients with sleep-disordered breathing as compared with a population of
healthy controls. There was also found that: cerebrovascular autoregulation reserve and
hypercapnia triggering cerebral blood vessels dilatation are reduced in patients with
obstructive sleep apneas as compared with the control group (Balfors, 1994). Similarly,
studies of cerebral blood flow autoregulation in patients with sleep disordered breathing
show impaired and delayed expansion of cerebral blood vessels in response to hypoxia
(Urbano, 2008). Short-term mechanisms, associated with airway obstruction and hypoxia
during sleep, are of paramount importance in the pathophysiology of cerebral circulation
disorders and ischemic stroke. During obstructive apnea there is a temporary increase in
blood flow through the brain vessels due to hypoxia and hypercapnia, but this increase is
smaller than that of healthy people. Hyperventilation which follows the apnea causes
hypocapnia and normoxia with significant reduction of blood flow through the brain
vessels. Obstructive sleep apnea promotes a substantial fall in cerebral blood flow (Culebras
et al, 2004; Netzer et al, 1998). It seems that short-term mechanisms, associated with apnea
during sleep, underlie the observed periodicity of brain ischemic stroke occurrence during
the day and more frequent prevalence of ischemic stroke in the early morning hours
(Mohsenin, 2003; Yaggi, 2003).
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The patomechanisms described above, triggered during obstructive apneas in sleep, foster
the development of several cardiovascular diseases, including stroke. One should be aware
of highly complex mechanism of formation and interaction between apneas and coexisting
metabolic pathological disturbances such as obesity, impaired glucose and lipid metabolism
and impaired endothelial functions in cerebrovascular disorders. These patomechanisms
often triggered or aggravated by apnea initiate a vicious cycle of pathological metabolic
disorders, vascular and structural, that start or grow an existing cerebrovascular pathology.

2. Sleep-disordered breathing (SDB) in patients with ischemic stroke

2.1 Sleep-disordered breathing (SDB) as a risk factor for ischemic stroke

The first controlled study of sleep related breathing disorders in cerebrovascular diseases
were carried out in the 80s. They concerned the snoring as a risk factor for ischemic stroke.
The first studies were published by a group of Palomaki (Partinen et al, 1985). They
compared the incidence of snoring in 50 men with ischemic stroke with a control group. The
study was retrospective with use of a standardized questionnaire. Patients were divided
into groups of regularly snoring (every night), often and seldom. Polysomnographic studies
were not performed. It was shown that the relative risk of ischemic stroke is 10.8 times
higher in regular snorers as compared with not snoring patients. Further results of these
investigators have shown that snoring is independent of other risk factor for ischemic stroke
(Palomaki 1989, 1991). Results of other studies on snoring as a risk factor of ischemic stroke,
show an increased relative risk of stroke in snoring people (Koskenvuo, 1987). The largest
cohort study of over 70 thousands women (Nurses Health Study), showed an increased risk
of ischemic stroke in regularly snoring women (risk ratio - RR 1.88) and irregularly snoring
women (RR 1.60) (Hu, 2000). It should be emphasized that the cited studies were done with
the use of different questionnaires. Both the design of different survey questions, the lack of
clear criteria for classification of patients as regularly, often and rarely snorers in different
studies, and the self- assessment of patients (some snoring patients are not aware of it) can
cause false results. The interpretation of these results should be cautious (Harbison, 2000).
More recent studies (Davies, 2003) did not show an increased risk of ischemic stroke among
snoring men but excessive daytime sleepiness which is associated with an increased risk of
ischemic stroke with a relative RR = 3.07 (Davies, 2003).

In recent years a well-designed studies, with large number of participants, were published
on the impact of snoring in other vascular diseases. It has been found, that snoring has
negative effect on the incidence, clinical course and mortality of myocardial infarction
(Janszky, 2008). In women with type II diabetes snoring increases the risk of hyperlipidemia
and increases levels of triglycerides (Williams, 2007). Snoring also increases the risk of
diabetes (Al-Delaimy, 2002). Snoring, regardless of other risk factors, increases the incidence
of carotid atherosclerosis (Lee, 2008). Recent studies (Davies, 2003), however, do not prove
that snoring is a direct risk factor for ischemic stroke. A series of new reports indicate the
importance of snoring in the development of risk factors for cerebrovascular diseases
(Williams, 2007; Lee, 2008). Snoring, especially loud and habitual, can indirectly contribute
to the development of ischemic stroke.

The first studies concerning the sleep-disordered breathing in patients with ischemic
stroke, with a quantitative assessment of respiratory dysfunction, were conducted in the 90s.
It was shown that among 47 patients with ischemic stroke 72% have breathing problems
during sleep (defined as AHI> 10), 53% of patients in this group have had AHI> 30, and 30%



Sleep-Disordered Breathing in Neurological Diseases 97

of patients have had AHI > 40 (Good 1996). Mohsenin and Valor (1995) showed that, among
patients with ischemic stroke SDB (AHI> 10) occur in 80% of patients. Another studies
(Bassetti, 1996, 1997, 1999), conducted on 128 patients with ischemic stroke and 28 in the
control group, showed the incidence of SDB (AHI> 10) in 62% of patients with ischemic
stroke, compared with 12,5% in the control group. It has been also shown that the incidence
of apneas is similar and significantly higher in patients with ischemic stroke and TIA than in
the control group (Bassetti, 1996). These results suggest that sleep-disordered breathing is a
risk factor for ischemic stroke, rather than its consequence.

Similar results for sleep-disordered breathing in patients with ischemic stroke and TIA were
obtained in the group of 161 patients (Parra, 2000). The incidence of sleep-disordered
breathing in the group with ischemic stroke was 74.5%, while in the TIA group, 61.5%.
Another study (Wessendorf, 2001) have shown the incidence of apnea during sleep in 44%
of patients with ischemic stroke, obstructive apneas were the most prominent type of SDB -
94%, central apneas occurred in 6% of patients. Turkington (2002) observed presence of SDB
(AHI> 10) in 61% of patients with ischemic stroke. In other studies (Harbison, 2002), the
incidence of sleep-disordered breathing in patients with acute stroke was 94% and
decreased during hospitalization to 72% within 6 weeks after stroke. Results presented by
Iranzo (2002) show that SDB (AHI> 10) in the first night after the stroke occurred in 62% of
patients. Another study (Kaneko, 2003) showed sleep-disordered breathing in 72% of
patients with ischemic stroke. A prospective study of 120 patients with excessive day
sleepiness have shown the relationship between the severity of obstructive apneas and
hypopneas in patients in the first day of stroke and the clinical course and functional
capacities, measured using the Barthel scale (Turkington, 2002). Obstructive apneas and
hypopneas were also associated with increased probability of death and disability after
stroke (Turkington, 2004). Another study assessed the occurrence of sleep-disordered
breathing in 139 patients with ischemic stroke within the first three days of stroke,
comparing characteristics of the strokes that occur at night and during the day. It was found
that strokes occurring at night were associated with higher risk of SDB prevalence
(RR = 2.62) compared with strokes occurring during the day. The authors suggest
pathophysiological association between apneas during sleep and nocturnal strokes
(Martinez-Garcia, 2004). Another studies evaluated the relationship between arterial blood
pressure values after stroke and sleep-disordered breathing and prognosis after stroke. It
was found that sleep-disordered breathing is associated with elevated nocturnal arterial
blood pressure and the lack of nocturnal arterial blood pressure decrease (non dippers).
There was little correlation between the severity of neurological symptoms, clinical course
(degree of disability assessed with Barthel scale) and the severity of apnea (Selic, 2005). A
much larger relationship occurred between nocturnal blood pressure abnormalities and the
severity of the clinical course of stroke (Selic, 2005). The lack of nocturnal arterial blood
pressure decrease (non dippers), however, is associated with sleep-disordered breathing
and increased activity of sympathetic nervous system. Prospective study of 102 patients
with ischemic stroke and sleep-disordered breathing showed significantly higher risk of
ischemic stroke in patients with AHI> 10 (RR = 3.5), regardless of other risk factors
(Dziewas, 2005). Prospective, cohort study ( follow-up of 3.4 years ; 1022 patients diagnosed
with obstructive apneas and hypopneas - 68% of the total population), showed a
significantly higher risk of stroke or death (RR = 1.97, p = 0.01) in patients with sleep-
disordered breathing (AHI> 5) compared with the control group regardless of other risk
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factors (age, sex, BMI, arterial hypertension, atrial fibrillation and lipid disorders) (Yaggi,
2005). Correlation studies show a trend related to the higher risk of ischemic stroke and
death in patients with more advanced sleep-disordered breathing (Yaggi, 2005). Patients with
AHI <35 and AHI> 35 had a relative risk ratios respectively 1.74 and 3.3. Another prospective
study of stroke risk in patients with sleep-disordered breathing based on a cohort of Wisconsin
(Wisconsin Sleep Cohort Study, 1121 patients without SDB and 1475 patients with SDB (AHI>
5), showed significantly higher incidence of ischemic stroke in patients with advanced apneas
(AHI> 20) compared with control group matched demographically and by other risk factors,
(Arzt, 2005). The relative risk of ischemic stroke in patients with AHI> 20 in a four-year follow-
up was RR = 4.33 (Arzt, 2005). Most studies conducted so far focused mainly on obstructive
sleep-breathing disorders in stroke. Most of the observational studies of patients with
ischemic stroke indicate a small proportion of the central type apneas (20%) (Bassetti, 1996;
Parra, 2000; Yaggi, 2003; Kaneko, 2003; Selice, 2005). Respiratory disturbances of the central
type (Cheyne-Stokes breathing pattern) are observed mainly in patients with ischemic stroke
with concomitant heart failure (Nopmaneejumruslers, 2005). Another prospective study of
elderly people (394 pts aged 70 to 100 years) during 6 year follow-up showed significantly
higher incidence of ischemic stroke in patients with severe obstructive apneas and hypopneas
(AHI> 30) with a relative risk ratio RR: 2.52 (Munoz, 2006). Further prospective studies
assessing the mortality of patients with stroke and sleep-disordered breathing in 10-year
follow-up showed a significantly higher risk of death in patients with obstructive apneas and
hypopneas RR = 1.76, compared with the control group. Mortality of patients with central
sleep apneas was comparable with the control group (Sahlin, 2008). Patients with ischemic
heart disease and SDB (AHI> 5) were at increased risk of ischemic stroke RR = 2.69 in ten-
years perspective (Valham, 2008). Accordingly, with increasing severity of sleep- disordered
breathing (AHI <15 and AHI> 15), the risk of stroke was higher (RR =2.44 and RR = 3.56).

2.2 Sleep-disordered breathing in patients in the acute phase of ischemic stroke

Sleep-disordered breathing occurs in 30 to 90% of patients in the acute phase of ischemic
stroke. SDB can be divided into two types - central apneas and obstructive hypopneas and
apneas. In the acute phase of ischemic stroke obstructive apneas are predominant - (Parra,
2000; Yaggi, 2003; Kaneko, 2003). Central-type apneas occurring in the acute phase of ischemic
stroke are promoted by impaired consciousness, brain edema and location of ischemic lesions
in the medulla. Supine position and dysphagia favor obstructive type apneas. Recently, many
research groups have sought to determine the relationship between the occurrence, type and
severity of apnea in the acute phase of ischemic stroke and its outcome. It was found that a
quantity of central apneas since the onset of disease decreases over time (Parra, 2000; Kaneko,
2003) while obstructive apneas remain constant in patients with ischemic stroke (Parra, 2000;
Kaneko, 2003; Harbison, 2002). The next stage of the research was to determine the
relationship between the number of obstructive type apneas during sleep and clinical
improvement in patients with ischemic stroke. It was found that the severity of SDB in the
acute phase of ischemic stroke negatively correlates with the clinical improvement of
neurological syndrome (Turkington, 2004; Harbison, 2002; Kaneko, 2003). The increased
number of obstructive type apneas in the acute phase of ischemic stroke is highly correlated
with increased mortality in patients with ischemic stroke, especially if the apneas last longer
than 30 seconds (Turkington, 2004). The severity of apneas in the acute phase of ischemic
stroke may be regarded as a predictor of poor neurological improvement in patients with
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similar severity of neurological symptoms on admission (Cherkassky, 2003) and duration of
hospitalization (Kaneko, 2003). Improvement of the functional status of patients (assessed with
the Barthel scale) after stroke is negatively correlated with the frequency of incidents of sleep-
disordered breathing (Turkington, 2004; Kaneko, 2003).

2.3 Treatment of sleep-disordered breathing in patients with ischemic stroke
Treatment of sleep-disordered breathing in patients with ischemic stroke is strongly
dependent on the patient's clinical condition (Hui, 2002). It was shown that among patients
with profound neurological deficit CPAP treatment results are unsatisfactory and do not
bring the improvement of respiratory parameters (Sandberg, 2001; Wessendorf, 2001). These
failures are mainly due to poor tolerance of CPAP and poor compliance among patients
with stroke (Sandberg, 2001; Wessendorf, 2001; Hui, 2002). Results published in 2005
regarding the introduction of CPAP treatment in patients with first episode of ischemic
stroke and severe obstructive sleep apneas (AHI> 20) showed a significantly lower
occurrence of subsequent vascular events (cerebral and cardiac) in patients treated with
CPAP - 6, 7% compared with 36% in patients not treated within two months of follow-up
(Martinez-Garcia, 2005). Other authors did not observe statistically significant benefit from
the introduction of CPAP treatment in stroke patients with severe obstructive sleep apneas
(AHI> 30) (Hsu, 2006). Further prospective study on 449 patients with mild and severe
OSAS and CPAP treatment, showed significantly lower risk of cardiovascular event,
including stroke (Buchner, 2007). Therapy of patients with severe obstructive sleep apneas
and arterial hypertension is postulated as a primary prophylaxis of ischemic stroke
(Goldstein, 2006). Recent prospective study in 223 in stroke patients with concomitant
obstructive sleep apneas treated with CPAP have reported that treated patients have
reduced risk of death compared with not treated in 5-years follow-up (Martinez-Garcia,
2009). It should be noted that the failure of CPAP treatment is usually the result of a difficult
cooperation and intolerance of treatment in patients after ischemic stroke. Although there
are discrepant reports in the literature, the method of CPAP treatment appears to be
effective in preventing further stroke incidents and reduces the risk of death if there is good
tolerance of this type of treatment. These results should not limit the interest of researchers
in the problem of obstructive sleep apnea in stroke patients. There are several recognized
methods of prevention and treatment of sleep-disordered breathing, which can be used
successfully in patients with a history of ischemic stroke. These methods include weight
reduction, improving sleep hygiene - proper sleep position, avoiding the supine position,
avoiding use of alcohol before bedtime, and very important issue - limitation of the use of
sleeping pills, particularly the group of benzodiazepines, which may lead to depression of
central respiratory center and worsen SDB. Surgical treatment has a prominent place in the
treatment of SDB. Correction of the anatomical defects of nasopharynx results in many
patients in reduction of the number and severity of obstructive sleep apneas. It is important
among stroke patients to select a group with sleep-disordered breathing because of a
double benefit - diagnostic and therapeutic, as it allows to modify on of the risk factor-SDB
in these patients.

3. Sleep-disordered breathing disorders in neurological diseases

Respiratory disorders in patients with neurological diseases may be a result of damage to
different parts of the respiratory rhythm generator and controlling structures responsible for
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generation of respiratory movements (neuromuscular disorders). Vascular damage to the
respiratory center may lead to central respiratory disturbances. Neurodegenerative disease
can damage the respiratory center (Cormican, 2004), as well as demyelinating lesions (Auer,
1996) located within the respiratory center. Damage of the axons projecting from respiratory
center to spinal cord a-motoneurons (cervical spine trauma, demyelinating plaques in
multiple sclerosis) can cause respiratory disorders. Damage to the a-motor neurons of the
spinal cord (amyotrophic lateral sclerosis, post-polio syndrome) leads to respiratory failure
(Aboussouan, 2005). Similarly, peripheral nerve conduction abnormalities (Guillian-Barre
syndrome and congenital polyneuropathy) may lead to hypoventilation and respiratory
failure. Disorders of the neuromuscular transmission (myasthenia gravis, botulinum toxin
poisoning) and primary muscle disorders (myopathies, muscular dystrophy) can cause
respiratory disorders. Physiological sleep, especially REM sleep phase, is a period
vulnerable to the occurrence of respiratory disorders. Often the first sign of respiratory
failure in the course of neurological diseases is sleep-disordered breathing (Katz, 2009;
Landon, 2006). Due to the risk of significant respiratory complications, often fatal, in the
course of certain neurological diseases (amyotrophic lateral sclerosis, glycogenosis type II),
it is advisable to closely monitor the sleep-disordered breathing among such patients (Bach,
2004; Birnbaum, 2009). Early detection of sleep-disordered breathing, thanks to the
possibilities of non-invasive respiratory therapy in the earlier stages of the disease, can
significantly improve the quality of life of patients and their prognosis (Bourke, 2003;
Farrero, 2005; Mustfa, 2006; Bourke, 2006; Katz, 2009; Ambrosino, 2009). An interesting fact
is the presence and influence of breathing disorders in neurological diseases not associated
in their pathophysiology with respiratory problems. Examples of such diseases include
Alzheimer's disease, Parkinson's disease and epilepsy. Sleep-disordered breathing can often
worsen the course of these diseases. The main group of neurological disorders often
associated with respiratory disorders are neuromuscular diseases.

3.1 SDB in neuromuscular diseases

Sleep-disordered breathing and respiratory failure are a common consequence of
neuromuscular diseases. Respiratory failure as a result of the underlying disease is more
prominent during physiological sleep. Ventilation disorders caused by weakening of
breathing muscles occur mostly in patients at REM sleep stage. Physiological relaxation of
most of the body muscles (except diaphragm and oculomotory muscles, Tabachnik, 1981)
and respiratory drive instability may be the cause of breathing disorders during this phase
of sleep. It was confirmed in patients with neuromuscular diseases in which blood
saturation was measured (Bourke, 2002; Katz, 2009). Sleep-disordered breathing in patients
with neuromuscular diseases can be either of central or obstructive origin. The most
common type of sleep-disordered breathing in these patients are central hypoventilation
and central apneas.

3.1.1 Motor neuron disease

Motor neuron disease leads to progressive muscle weakness, including respiratory muscles.
This results in decreased breathing exertion and hypoventilation (Lyall, 2001). The course
and severity of respiratory distress affects the clinical course of disease. First of all, bulbar
form of amyotrophic lateral sclerosis is associated with more rapid development of
respiratory failure (Hadjikoutis, 2001). Respiratory failure develops in a significant majority
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of patients with motor neuron disease and is a major cause of mortality. Studies concerning
sleep disorders and sleep-disordered breathing in motor neuron disease often differ
significantly. Some studies indicate a significantly higher incidence of sleep-disordered
breathing in the early stages of the disease (Santos, 2003) and fragmentation of sleep
(Arnulf, 2000) with the absence or substantial reduction of the duration of REM sleep and
increased number of arousals (Takekawa, 2001). Sleep-disordered breathing was mainly of
central origin (Santos, 2003; Bourke, 2002). The severity of respiratory distress tended to
decrease with time of disease; in patients with disease lasting less than 1 year AHI = 23,
while in patients suffering from more than 2 years AHI = 16. Other studies in the early
stages of the disease (Kimura, 1999; Ferguson, 1996, David, 1997) do not show significantly
higher incidence of SDB. Some authors have postulated the relationship between the
number of apneas during sleep and the clinical course (bulbar form) (Santos, 2003; Kimura,
1999), others did not observed similar corelations (Ferguson, 1996). The incidence of SDB in
the early stages of motor neuron disease is estimated from 16 to 76.5% (Bourke, 2002). The
reasons for such divergent results are due to small study groups of patients (usually not
exceeding 20 persons), a different methodological approach (polysomnography vs. portable
devices) and a different stage of the disease and its clinical course. Summarizing the results
of these studies it is clear that sleep-disordered breathing in patients with motor neuron
disease in the early stages of the disease are mostly represented in the form of shallow
breaths of central origin, arising from the failure of the diaphragm muscle contraction.
Obstructive disorders are rare and are associated rather with the bulbar form (Bourke, 2002).
With disease progression the severity of respiratory distress during the day and during
sleep increases. Most researchers (Kimura, 1999; Bourke, 2002; Bourke, 2003; Santos, 2003;
Mustfa, 2006; Ozsancak, 2008; Ambrosino, 2009) suggest that early detection of major
breathing problems during sleep is important and early qualification for home treatment of
patients with non-invasive ventilation methods should be performed (Bourke, 2003; Santos,
2003; Mustfa, 2006; Ozsancak, 2008; Ambrosino, 2009). Along with the improvement of
technical devices and their increased availability, treatment should be introduced as soon as
possible (Ozsancak, 2008; Ambrosino, 2009). A number of studies in patients with motor
neuron disease proved a beneficial effect of using non-invasive ventilation during sleep on
the quality of life and prognosis (Bourke, 2003, 2006; Moustfa, 2006). Randomized study of
41 patients with motor neuron disease using non-invasive ventilation during sleep (Bourke,
2006) showed a significant increase in their quality of life and its prolongation, for an
average 205 days compared with the control group. The greatest benefit was found in the
group of patients with less severe involvement of bulbar muscles (Bourke, 2006). Due to the
nature of SDB in patients with motor neuron disease (mainly central hypoventilation), the
optimal screening study evaluating the severity of respiratory distress seems to be, both in
terms of accessibility and sensitivity, overnight oximetry.

3.1.2 Duchenne muscular dystrophy

Sleep-disordered breathing in patients with Duchenne muscular dystrophy has a characteristic
clinical course (Barbe, 1994). In children under 10 years mostly obstructive apneas occur, while
in older children, with the development of disease, the apneas of central origin predominate
(Smith, 1989; Suresh, 2005). The occurrence of obstructive sleep apnea and snoring at a
younger age is associated with frequent enlargement of the tongue (Barbe, 1994; Suresh, 2005)
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and a relatively good function of the respiratory muscles. With age, symptoms of respiratory
muscle failure develop and lead to sleep- apneas of central type. The study of 34 patients aged
from 1 to 15 years showed the presence of daily symptoms of sleep-disordered breathing in
64%. Polysomnographic studies have shown obstructive SDB incidence in 31% (median age 8
years ) and central type SDB in 32% (median age 13 years) (Suresh, 2005). The non-invasive
ventilation therapy during sleep significantly reduced the number of episodes of breathing
problems, an average of 11 per hour in 5 years. The authors recommend polysomnography
study in patients under 10 years of age with symptoms of sleep-disordered breathing. In
children above 10 years of age, with early signs of respiratory distress, polysomnographic
studies must be performed. Treatment with non-invasive home night ventilation should begin
as early as possible (Suresh, 2005; Katz, 2009). In children with Duchenne muscular dystrophy
the best predictor of outcome is the vital capacity, respiratory parameters during sleep are of
less importance. Recommendations of the American Thoracic Society (2006) include: a history
of breathing problems during sleep during each visit, regardless of age, in the case of a patient
immobilized in a wheelchair polysomnographic evaluation once a year. When
polysomnography is not feasible it is recommended to control overnight pulse oximetry (Kirk,
2000) and evaluate arterial gasometry during follow-up visits.

There are no large systematic studies on sleep -disordered breathing in other types of
muscular dystrophies. Recently published study analyses SDB in 51 patients with
facioscapulohumeral muscular dystrophy (Della Marca, 2009). 22 patients had abnormal
breathing during sleep, 13 of them had obstructive breathing disorders (3 of them required
the CPAP treatment). In 4 patients during REM sleep hypoxia of central origin were found,
3 patients had mixed type of respiratory disorders. Other parameters such as BMI, daytime
sleepiness, and neck circumference did not correlate with the occurrence of sleep-disordered
breathing.

3.1.3 Myotonic dystrophy

Myotonic dystrophy (DM) is the most common neuromuscular disease in the adult
population (Rowland, 2005). During sleep, individuals with DM may develop hypopneas
and apneas, obstructive, central and mixed (Finnimore, 1994; Kiyan, 2009). These disorders
occur in about half of patients with DM (Labanowski, 1996; Kiyan, 2009). Polysomnographic
studies show a reduction in the duration and sleep efficiency, increased number of
nocturnal arousals and time of light sleep (NREM1) and decrease in the time of REM sleep
(Bourke, 2002). During the day, the rhythm of breathing in patients with myotonic
dystrophy is irregular while awake, as well as during light sleep. The main problems are
observed in the REM phase of sleep (Finnimore, 1994). Usually, symptoms of sleep-
disordered breathing in patients with myotonic dystrophy are far before of signs of
respiratory distress during the day (Bourke, 2002). Daytime sleepiness in patients with DM
(assessed with the Epworth sleepiness scale > 10) is felt by about 50% of patients (Laberge,
2009). Objective tests of daytime sleepiness (MSLT test) show excessive daytime sleepiness
in 69% of the respondents (Laberge, 2009). Excessive sleepiness correlates with the
degeneration of serotonergic neurons in the raphe nuclei and central superior nucleus of the
reticular formation (Ono, 1998). Authors describe the decrease of orexin concentration in the
cerebrospinal fluid, which indicates a similarity in the pathomechanism of sleepiness in
narcolepsy and DM (Martinez-Rodriguez, 2003). Due to the progressive nature of the
disease and mixed character of breathing disorders, respiratory treatment should be
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implemented only in specialized centers. Sometimes it is necessary to apply a positive
pressure with a variable values (BiPAP, Auto-CPAP) or additional oxygen therapy. In the
treatment of excessive sleepiness psychostimulants - metylfenidad and modafinil are used.

3.1.4 Myasthenia

Disorders of neuromuscular transmission in the course of myasthenia gravis may cause
sleep-disordered breathing of central type, especially during REM sleep accompanied by
declines in blood oxygen saturation (Quera-Salva, 1992; Manni, 1995). The nature of
respiratory disorders is similar as in other neuromuscular diseases. The severity of
respiratory distress is associated with disease severity. Sleep-disordered breathing in
patients with myasthenia gravis is particularly pronounced before the occurrence of
myasthenic crisis and precede symptoms of respiratory failure due to exhaustion of the
respiratory muscles during the night. At that time hypercapnia is the most characteristic
symptom. Hypoxia and hypercapnia occurring during sleep are often the case of morning
headaches and progressive fatigue associated with underlying disease. Implementation of
treatment reduces sleep-disordered breathing (Amino, 1998). There is no clear data to
evaluate the incidence of SDB in patients with well-controlled myasthenia gravis. Some
authors have shown an increased incidence of obstructive type of sleep-disordered
breathing in patients with myasthenia gravis (36% compared to 15-20% expected in the
population (Nicolle, 2006). Other authors (Prudlo, 2007) found no correlation between the
occurrence of myasthenia gravis and the occurrence of obstructive breathing disorder
during sleep. Most studies on the prevalence of SDB in myasthenia gravis was conducted on
small groups (up to 30 patients). These results should therefore be carefully analyzed.
Currently it seems that the periods of worsening of the disease are associated with increased
risk of respiratory distress, while the periods of remission during medical treatment are not
associated with an increased risk of respiratory disorders during sleep (Prudlo, 2007).

3.1.5 Glycogenosis type lI-Pompe disease

Pompe disease is a chronic, progressive metabolic myopathy associated with deficiency or
reduced activity of the acid alpha-glucosidase enzyme. As a result, glycogen storage occurs
in tissues and impairs their functioning. Depending on the degree of enzyme defficiency
clinical course of disease may be different. The infantile form is associated with a complete
lack of the enzyme. Symptoms begin within the first few months of life. The usual
presenting features are cardiomyopathy and hepatomegaly leading to progressive heart
failure and respiratory distress. Juvenile and adult forms are due to partial enzyme
deficiency. Symptoms appear later and the disease has a chronic progressive course
(Lewandowska, 2008). Adult -onset type of Pompe disease is associated with progressive
respiratory failure resulting from progressive respiratory muscle weakness (Wierzba-
Bobrowicz, 2007). Patients with adult-onset type of Pompe disease often have sleep-
disordered breathing (Bembi, 2008; Mellies, 2001). These problems usually occur before the
total respiratory failure. Sleep-disordered breathing is usually present in the REM sleep
phase in forms of central apneas or hypopneas (Mellies, 2001). Since Pompe is a rare disease,
few studies have been published regarding the prevalence of SDB in this disease. In one
study performed in 27 patients with juvenile and adult form, sleep-disordered breathing
was found in 13 patients, 12 of which had diaphragm weakness (Mellies, 2001). Respiratory
disorders: hypopneas and apneas, occurred primarily during REM sleep and correlated with
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decreased tidal volumes, as measured by spirometry during the day. In some patient
overnight non-invasive mechanical ventilation were initiated (Mellies, 2001).
Recommendations of treatment and diagnosis of Pompe disease suggest control
polysomnography study and initiation of respiratory treatment as early as possible in
patients with significant SDB (Bembi, 2008).

4. Neurodegenerative diseases of the central nervous system and SDB

4.1 Alzheimer disease

Searching for links between Alzheimer's disease and sleep-disordered breathing has already
started in the eighties. Cognitive deficits observed in individuals with SDB was seen as a
preliminary stage in the development of dementia. Cognitive deficits in individuals with
impaired respiratory function were found on both verbal, spatial and executive functions as
well as short-term memory (Naegele, 1995; Alchanatis, 2005). A number of
pathomechanisms may contribute to cognitive impairment in patients with respiratory
disorders. The important part play episodes of hypoxia and subsequent oxidative stress
resulting in impaired cholinergic transmission in the central nervous system (Gibson, 1981;
Shimada, 1981). Another pathomechanism may be associated with changes in cerebral blood
flow, observed during sleep -significant hypoperfusion after an episode of apnea. Studies
using magnetic resonance spectroscopy showed a decrease in metabolism in the frontal
lobes in people with severe respiratory problems during sleep (Alchanatis, 2004) and a
decrease in metabolism in the white matter (Kamba, 1997). However, biochemical studies,
concerning the biochemical markers of neuronal damage (S-1008 protein), showed no
significant differences between patients with impaired breathing during sleep and the
control group (Jordan, 2002). Homocysteine levels did not differ in patients with apneas
compared with the control group (Svatikova, 2004). The study of magnetic resonance and
computed tomography show damage to white matter in patients with apneas (Kamba, 2001;
Macey, 2006) and reduction of the total intracranial brain volume (O'Donoghue, 2005).
Another argument in favor of the relationship between dementia and apneas was the
discovery of frequent occurrence of apolipoprotein genotype ApoE4 in people with sleep
apneas (Kadotani, 2001; Gottlieb, 2004). There were several studies conducted on the effects
of sleep apnea treatment on improvement of cognitive functions. In most studies a positive
effect of introducing CPAP therapy was found on improvement of cognitive functions
(Feuerstein, 1997; Bliwise, 2002; Zimmerman, 2006). It was also observed a beneficial effect
of donepezil treatment on reducing the number of apneas during sleep and improvement of
sleep architecture (Moraes, 2008). The degree of cognitive impairment observed in patients
with sleep-disordered breathing, however, is significantly lower and more slowly
progressive than in those with Alzheimer's disease (Bliwise, 2002). Daytime sleepiness,
which is a symptom of respiratory distress has a significant impact on cognitive impairment
(Feuerstein, 1997). More and more evidence points to a potential relationship between
vascular dementia and sleep-disordered breathing. Early studies showed a significantly
higher incidence of respiratory distress in patients with vascular dementia (Hoch, 1986;
Bliwise, 1989). The authors also showed a correlation between the severity of respiratory
disorders and dementia (Reynolds, 1985). These studies, however, were performed on small
groups of patients (up to 30 our participants). Newer studies show a similar incidence of
sleep-disordered breathing in patients with Alzheimer's disease as in the general population
of similar age (Bliwise, 2002). However, vascular dementia associated with lacunar strokes
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and damage to white matter, occurs more frequent in patients with obstructive sleep apneas
(Bliwise, 2002; Matthews, 2003).

4.2 Parkinson's disease

Parkinson's disease is associated with many sleep disorders which include excessive
daytime sleepiness, insomnia, abnormal sleep architecture, restless legs syndrome and sleep
disorders associated with REM sleep stage (Dhawan, 2006; Postuma, 2009). It was thought
that excessive daytime sleepiness is associated with concomitant breathing disorders during
sleep. Most studies did not confirm this hypothesis. Sleep-disordered breathing in patients
with Parkinson's disease are at a level similar to the prevalence in the population of people
in middle age and older (Diederich, 2005; Jahan, 2009). The degree of severity of Parkinson's
disease does not affect the frequency and severity of respiratory distress (Young, 2002). One
publication noted a higher incidence of mild obstructive breathing disorders during sleep in
patients with Parkinson's disease compared with controls (Maria, 2003). Parkinson's disease
patients who present with symptoms of disordered breathing during sleep should be
performed diagnostic tests and the treatment should be implemented immediately. It is
known that excessive daytime sleepiness, cognitive impairment and depressive reactions,
caused by sleep-disordered breathing, may exacerbate the non-motor symptoms of the
Parkinson’s disease (Monaca, 2006).

4.3 Multiple system atrophy (MSA)

In the course of the multiple system atrophy a number of types of SDB may occur (Gilman,
2003). Obstructive (Munschauer, 1990; Glass, 2006) central (Glass, 2006), and mixed
disorders of breathing pattern (Guilleminault, 1981) were found. Respiratory disorders and
respiratory failure may be the first sign of disease. Glass and colleagues (2006) described 6
cases of MSA beginning with respiratory disturbances. Leading respiratory symptoms were
excessive daytime sleepiness, laryngeal stridor during sleep, and dyspnea on exertion.
Polysomnographic studies have shown co-existing obstructive disorders associated with
laryngeal stridor (caused by paralysis of vocal cords) and the numerous apneas and
hypopneas of central type. Patomechanisms which links MSA with respiratory problems,
concern both neural control of breathing rhytmogenesis and respiratory airways. It has been
shown in postmortem studies reduced excitatory projection from the thalamus (behavioral
respiratory rhythm drive) to the dorsal inspiratory neurons (Gilman 2003) and a significant
loss of neurons in the brainstem chemoreceptive neurons (metabolic respiratory drive)
(Benarroch, 2007). Loss of serotonergic neurons that stimulate the nucleus ambiguous,
observed in MSA (Weston, 2004), causes weakening of negative throat pressure reflexes and
may be responsible for laryngeal stridor and obstructive sleep apneas (Bennaroch, 2007).
The loss of dopaminergic neurons in the periventricular gray matter, probably responsible
for the maintenance of wakefulness, can affect both the respiratory rhythmogenesis, as well
as excessive daytime sleepiness (Bennaroch, 2009).

5. SDB in epilepsy

The increased incidence of seizures during the night has been known for a long time.
Mechanisms associated with the generation of epileptic seizures during sleep are not fully
understood. It has been suggested there are several mechanisms of pathological
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synchronization of brain bioelectrical activity, triggered by physiological stages of sleep
(Gigli, 1992). The phases of sleep in which there is greatest risk of seizures include the
phases associated with a higher probability of awakening - mainly phase I and II NREM
sleep type. Phase of sleep associated with EEG desynchronization - REM is characterized by
a lower risk of seizures. The probability of awakening during sleep increases the risk of
seizure in the case of idiopathic generalized epilepsies (Bonakis, 2009). A similar mechanism
was proposed in focal and secondarily generalized seizures (Manni, 2005). Also in these
types of epilepsy light sleep phase (I and II NREM) may initiate abnormal synchronous
epileptic discharges. The EEG patterns associated with arousal (K complexes) trigger
pathological EEG hypersynchrony in the second phase of NREM sleep. Seizure during sleep
is associated with the interruption of the continuity of sleep and disorder of its architecture.
Seizure, both partial (Bateman, 2008) and generalized (Seyal, 2009), can cause apnea of
central origin. It is probably due to the short-term disturbances of respiratory
rhythmogenesis during sleep by hypersynchronic epileptic discharges. The effects of sleep-
apnea during seizures, are prolonged hypoxia with a decrease in blood oxygen saturation to
58% and a significant hypercapnia and acidosis (Seyal, 2009). The mechanism of respiratory
arrest, and neurogenic pulmonary edema associated with asystole are some of the
hypothetical mechanisms of sudden unexpected death in epilepsy (SUDEP) (Nashef, 2007;
So, 2008; Jehi, 2008; Pezzela, 2009). Descriptions of near SUDEP cases during
polysomnographic studies indicate sleep apnea as an important part of the clinical picture
(So, 2000; Trotti, 2009). The pathogenesis of SUDEP is probably associated with the diving
reflex mechanisms, generated during apnea (So, 2008) followed by significant bradycardia
to asystole and a significant increase in systemic blood pressure, which significantly
increases the afterload and metabolic demands of myocardium. In literature there are two
cases of patients in whom obstructive sleep apnea caused changes in the EEG and cerebral
hypoxia, which in one case ended in death, and in the second with transient encephalopathy
(Dyken, 2004). Animal model of SUDEP proves that central apnea and myocardial ischemic
changes should be considered as the main patomechanisms of death in the course of a
seizure (Johnston, 1997). The relationship between sleep-disordered breathing and epilepsy
also revealed a higher incidence of obstructive sleep apneas in patients with epilepsy
compared with the general population matched for age. In various studies, the incidence of
sleep-disordered breathing is estimated between 5% and 63% in patients with epilepsy
(Malow, 1997; Malow, 2000; Beran, 1999; Weatherwax, 2003; Malow, 2003, Hollinger, 2006).
Higher incidence of obstructive apneas and hypopneas was found in patients with drug-
resistant epilepsy (Malow, 2000). The co-existence of idiopathic epilepsy and obstructive
sleep apneas was also observed in the elderly population (Chihorek, 2007). In the cited
paper the authors suggest that the increase in the number of new cases of idiopathic
epilepsy in the elderly is associated with an increased incidence of sleep-disordered
breathing in these patients. A number of studies indicate the beneficial effect of treatment
with CPAP method for reducing the number of seizures (Malow, 2000, Hollinger, 2006;
Chihorek, 2007; Malow, 2008). Precise pathomechanisms linking apnea with seizure are
unknown. There are several reasons that may come up for coexistence of the observed
higher incidence of seizures with sleep-disordered breathing. Particularly interesting is the
observation on the significantly higher prevalence of sleep apnea in patients with drug-
resistant epilepsy (Malow, 2000). One of the pathomechanisms may be related to apnea
hypoxia, which leads to decrease of the available pool of ATP in cortical neurons. It was
shown that lack of ATP increases the excitability of neurons by the partial depolarization of
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the cell membrane (Somjen, 2001), which reduces the seizure threshold. Reducing the
amount of ATP in neurons also causes increase in amplitude of the sodium ion current in
neurons (Rola, 2004), which may accelerate neuron depolarization and action potential
generation. Another possible pathomechanism, causing seizures during sleep apnea, is the
increased number of awakenings and disturbed sleep architecture. Obstructive type of
respiratory disorders are most common during light sleep (stage I and II NREM sleep),
during the instability of the respiratory center. In these phases, there are also more
awakenings. K complexes and sleep spindles which occur in II phase of NREM are
associated with increased pathological hyper synchrony (Bonakis, 2009). Patients with sleep-
disordered breathing have disturbed sleep architecture. There is an increased time of
shallow sleep (stage I and II NREM) and the reduction or total absence of REM sleep stage.
As mentioned above, the NREM sleep, I and Phase II contribute to the occurrence of
seizures, while desynchronization of bioelectrical activity of the brain in REM stage prevents
seizures (Seyal, 2009). A patient with severe sleep apneas and disturbed sleep architecture is
staying longer in the NREM stages, exposed to the induction of seizures, and less in the
REM stages of sleep associated with lower risk of seizure. Although the consequence of
these pathomechanisms may be increased risk of seizures in patients with apneas, but
thanks to the possible treatment a reduction in seizure frequency is observed. Case reports
noted the reduction of symptoms of sleep-disordered breathing after surgical treatment of
epilepsy (Foldvary-Schaefer, 2008) and the reverse effect of vagal stimulation (Holmes, 2003)
which indicates a mutual relationship of these two disease entities.
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1. Introduction

Sleep is a necessary and reversible behavioural state of perception, cognition, psyche and
physical conditions. Abnormal sleep behaviours may include e.g. difficulties in falling
asleep, breathing difficulties such as different kinds of apneas, sleep paralysis, hypnagogic
hallucinations, sleep onset-REM, leg movements, sleepwalking, sleep talking, tooth grinding
and other physical activities. These anomalies involving sleep processes also include sleep
itself, dream imagery or muscle weakness.

Within sleep there are two separate states, non-rapid eye movement (NREM) and rapid eyes

movement (REM). REM sleep is defined by EEG activation, muscle atony, and episodic

bursts of rapid eye movement. NREM (non-REM) sleep is subdivided into four stages

(stages 1, 2, 3 and 4 - Rechtschaffen & Kales) or three stages (N1, N2 and N3 - AASM),

which are defined by the electroencephalogram (EEG). The NREM stages are parallel to the

depth of sleep continuum (lowest in stage 1 and highest in stage 4 sleep).

NREM sleep and REM sleep continue to alternate through the night in cyclically. REM sleep

episodes become longer across the night, stages 3 and 4 become shorter across the night.

Sleep disorders have an impact on the structure and distribution of sleep. A distinction is

important in diagnosis and in the choice of treatments. There are three very important sleep

disorders: Insomnia, Narcolepsy and Sleep Apnea Syndrome.

Altogether, in Western Europe already suffer more than 10 % of the population from Sleep-

Awake-Disturbances which has to be treated urgently; 800,000 from Sleep Apnea Syndromes

and 25,000 from Narcolepsy (PETER et al. 1995).

1. Insomnia is a sleeplessness and includes a decreased total sleep time, a poor sleep
efficiency too little and a poor sleep quality caused by one or more of the following:
trouble falling asleep (delayed sleep latency), waking up a lot during the night with
trouble returning to sleep, waking up too early in the morning, and/or having un-
refreshing sleep/not feeling well rested (even after sleeping 7 to 8 hours at night).
Under this criterion the frequency is in the western industrial countries between 20-30
% in which about 10-15 % suffer under a very severe illness and 40 % of all depressions
may be preceded by insomnia first.

2. Narcolepsy is a genetic disorder and characterized by sleep onset REM sleep,
hypnagogic hallucinations, sleep paralysis, cataplexy and excessive daytime sleepiness.
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The exact prevalence of the general population is unknown. Great differences exist in its
appearance frequency. So the frequency of Japan is 0.16 % and of Israel 0.0002 %.
Central Europe (0.006 %) and the USA (0.06-0.1 %) are located in the middle.

3. Sleep Apnea Syndromes (SAS) are common disorders, which are characterized by

repeated oropharyngeal occlusions occurring during the sleep time (sleep-related
breathing problems, intermittent hypoxemia) and may be associated with suppression
of SWS sleep (disrupted and fragmentized sleep architecture). Due to intermittent
hypoxemia and disrupted sleep architecture, SAS leads to impaired daytime
functioning in various (neuro)psychological and affective domains and has been
associated with increased morbidity and mortality, principally from adipositas,
cardiovascular and neurological diseases.
The prevalence of moderate SAS (AHI >15/h) is 9% in male and 4% in female,
respectively. 25-30 % Sleep Apnea Syndromes were described at patients with
hypertension and 35-45 % with patients with on the left heart-failure. The SAS
frequency increases with an advancing age and reaches their peak at the age from 50 to
70 years. 80% of the patients suffer under excessive daytime sleepiness and a reduced
sustained attention. Resulting from this it comes to performance losses both
professional and in the ability to drive motor vehicles.

Fragmentation of sleep and increased frequency of arousals occur in association with this three

disorders and a number of other sleep disorders as well as with medical disorders involving

physical pain or discomfort.

In this chapter, the author will describe neuropsychological dysfunctions/courses and

neuropsychiatric syndromes due sleep disorders which were characterized by

excessive daytime sleepiness

attention deficit,

memory dysfunction,

executive dysfunction,

driving difficulties,

motivation and emotional deficits,

psychiatric consequences (e.g. depression, anxiety) and

lack of ability to recognize the effects of behaviour.

There are wide varieties of difficulties in assessment, treatment and rehabilitation for cognitive

impairment, psychiatric disorders and behavioural disability after sleep disorders.

In our studies we used neuropsychological and neuropsychiatric methods in different patient

groups in a sleep laboratory. Over the past five years we have been testing and treating more

than 2000 patients with different sleep disorders and more than 5000 neurological patients.

During admission to the clinic, all patients were selected according to their clinical diagnosis

(ICD-10) and were examined neurologically, (neuro)psychologically, psychiatrically and

medically. The test persons must not suffer from any severe psychiatric disorders. The study

was carried out involving randomly selected patients with sleep disorders.

© N OO N

2. Excessive daytime sleepiness in patients with Sleep Apnea Syndrome

2.1 State of research

2.1.1 Sleep Apnea Syndromes and neuropsychological disorders

In addition to nocturnal Sleep Apnea Syndrome symptoms there are a lot of daytime
symptoms. It is assumed that the reduced sleep quality, arising out of deep sleep or REM-
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suppression, resulting in increased nocturnal arousal responses, or constantly occurring
waking or a reduced relaxation function (WeeB et al. 1998a/b) and cognitive damage caused
by intermittent hypoxia (Montplaisir et al. 1992). As the main symptom is excessive daytime
sleepiness (EDS) is considered.

It is also assumed that the OSAS accompanying Insomnia and sleepiness influence cognitive
functions (Jennum et al. 1993). As reported by Schwarzenberger et al. (1987) that patients
with EDS have complaints and problems in situations of physical rest and during prolonged
monotonous concentration tasks. A study by Kales (1985) showed that 76% of OSAS patients
have cognitive deficits in the areas of thinking, learning ability, memory, communication
and the ability to learn new information. Naégelé et al. (1995) were able to establish in Sleep
Apnea Syndrome patients that they were reduced at executive functions when these tasks
involve the acquisition of information to memory processing. Another study by Cassel et al.
(1995) showed that Sleep Apnea Syndrome patients have a reduced non-verbal performance
and processing speed. Regarding the central nervous system activation (alertness), selective
attention and sustained attention in Sleep Apnea Syndrome patients Kotterba et al. (1998)
found, that they were impaired, and that they have a reduced vigilance (Barbe et al. 1998).
The cause of cognitive and neuropsychological deficits in the EDS itself, the sleep
fragmentation and arousals and nocturnal hypoxemia are discussed (Findley et al. 1986,
Greenberg et al. 1987, Guilleminault et al. 1988, Colt et al, 1991, Bédard et al. 1991, Roehrs et
al. 1995).

2.1.2 Causes of neuropsychological deficits (Biittner 2001, 2009)

Two concepts play a central role, first, the hypoxia and the other the disturbed sleep
architecture in the causes of the neuropsychological and/or cognitive deficits in Sleep
Apnea Syndrome patients.

Both factors appear usually occur together, so that it is hardly possible to separate the two.
Several studies confirm the link between mnocturnal oxygen desaturation and
neuropsychological deficits. Greenberg et al. (1987) showed, for example, that the nocturnal
hypoxia is the cause of the neuropsychological deficits and daytime sleepiness. In another
study conducted by Findley et al. (1986) showed that there is a correlation between hypoxia
during sleep and wakefulness with the degree of cognitive impairment, but not between
sleep fragmentation and the cognitive functions. In a study of Kotterba et al. (1998), various
neuropsychological parameters correlate with the degree of hypoxia, but not with the
arousal index and AHI. Montplaisir et al. (1992) describe the nocturnal hypoxia as the best
predictor for both daytime alertness as well as daytime sleepiness.

For other investigators, the cause of the neuropsychological deficits such as those of daytime
sleepiness exist in the disruption of sleep patterns or sleep fragmentation, accompanied by a
reduction in the proportion of REM and slow wave sleep. According to Bonnet et al. (1985)
healthy persons’ sleep fragmentation leads to neuropsychological impairment. Other
researchers such as Telakivi et al. (1988) and Guilleminault et al. (1988) find that sleep
fragmentation has an important impact on neuropsychological deficits. This allowed
Guilleminault et al. (1988) to conclude in a study that the sleep fragmentation would be the
best predictor of the occurrence of daytime fatigue is, and that there is no relationship
between daytime sleepiness and respiratory parameters such as RDI or oxygen
desaturations. This could confirm also by Colt et al. (1991) in a study. Nocturnal hypoxias
were induced during a night under nCPAP therapy and, no effect on daytime sleepiness
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could be found. So it was adopted by this study that the day's fatigue does not caused by a
decrease of intermittent nocturnal oxygen saturation, but rather by the sleep fragmentation.
Bédard et al. (1991) suggested it was an interaction of both factors; both sleep fragmentation
and nocturnal hypoxia were of great importance in the emergence of decreased vigilance or
neuropsychological deficits, with the hypoxia seemingly playing a larger role in severe
cases. In addition, the daytime sleepiness itself is responsible for the cognitive deficits (Roehrs
et al. 1995).

Other assumptions are that neither the disturbed sleep architecture nor nocturnal hypoxias
play a role for the neuropsychological deficits in OSAS. Thus Ingram et al. (1994) showed
that there are no differences in vigilance between OSAS patients and normal subjects. The
reduction of vigilance could be determined by age. Research of Kotterba et al. (1998) and
Biittner et al. (2004b) were able to contradict these suggestions, as they found differences of
vigilance between OSAS patients and healthy individuals, but no age differences. Severity of
OSAS, as measured by the AHI or RDI, or n"CPAP compliance may also play a role (Cassel et
al. 1989, Engleman et al. 1993, John (et al.) 1991, 1992, 1993).

2.1.3 Daytime sleepiness, fall asleep and driving performance (Biittner 2001, 2009)

The ability to drive safely and without accident needs sustained attention and alertness
(Guilleminault et al. 1978, Bradley et al. 1985, Podszus et al. 1986, Findley et al. 1988a/b,
1989b, 1990, 1991, 1995, He et al. 1988, Mitler et al. 1988, Lamphere et al. 1989, Roehrs et al.
1989, Bédard et al. 1991, Cassel et al. 1991a/b, 1993, 1996, Kribbs et al. 1993a/b, ATS 1994,
Martin et al. 1996, Gerdesmeyer et al. 1997, Krieger et al. 1997, Randerath et al. 1997, 1998,
Weef3 1997, Weef3 et al. 1998a/b).

Increased daytime sleepiness is one of the most common causes of road accidents. Driver
fatigue is the cause in up to 25% of highway accidents (Langlois et al. 1985, Pack et al. 1994,
Horne et al. 1995). A study of 67 671 non-alcohol-related car accidents in France in the years
1994-1998 showed that the risk of accidents involving fatalities or serious injuries in fatigue-
related accidents is increased as compared to non-fatigue-related accidents significantly
(Philip 2000). An analysis of fatal accidents on highways in Bavaria in 1991 showed that 49
of 204 accidents (24%) caused by falling asleep at the wheel (Langwieder et al. 1994).
Obstructive Sleep Apnea Syndrome is again one of the most common causes of daytime
sleepiness is increased (American Thoracic Society 1994, McNicholas, 1999).

Reliable data on sleepiness-related causes of accidents due to the German data protection
regulations is not available and caused on it the published data’s are very inconsistent:
According to Seko et al. (1986) 45% of all fatal road accidents were caused by falling asleep at
the wheel or a micro-sleep, but declared by the Federal Statistical Office at Wiesbaden (1988)
only 0.5% of all traffic accidents (Seko et al. 1986, Federal Statistical Office Wiesbaden 1988,
Cassel et al. 1993). A study of Zulley et al. showed that 38% in all traffic accidents on Bavarian
highways were due vigilance reduction and 24 % of all serious accidents (Zulley et al. 1995).
The sleep-related vigilance and sustained attention losses were intensified, especially
exacerbated by the effects of biological rhythms (Hildebrandt et al. 1974, Hildebrandt 1976,
Mitler 1991, Cassel et al. 1991c, 1993, Zulley 1995).

As early as 1955 Prokop and Prokop discussed regarding traffic safety and the importance
of fatigue and falling asleep, but without to discuss the sleep-related aspects or causes
(Prokop & Prokop 1955, Cassel et al. 1993). At first in 1978 Guilleminault et al. showed a
possible increased risk for patients with sleep-disordered breathing (Guilleminault et al.
1978, Cassel et al. 1991a/b).
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George et al. (1987) took up this assumption and investigated the accident probability of 27
suspected OSAS patients. In 93% of patients were entered injuries in the accident register of
Motor Vehicle Branch of Manitoba (Canada), but only 54% of the control group participants.
Unfortunately, in seven patients, the polysomnographic confirmation of the diagnosis and
the information on the period of specified accidents are missing (George et al. 1987, Cassel et
al. 1991a/b, Weefs 1997, Weefs et al. 1998 a/b). Findley et al. (1988b) found that 29 OSAS
patients (AHI> 5) a three-fold increased probability of accidents compared to all license
holders of Virginia (USA), and even a seven-fold increased compared to a control group (n =
35). However, Findley et al. didn’t give the information whether the OSAS diagnosis was
already known in the survey (Findley et al. 1988b, Cassel et al. 1991a/b, Weefd 1997, Weef3 et
al. 1998 a/b). Later studies and studies by Cassel et al. (1991a/b, 1996), the ATS (1994) and
Krieger et al. (1997) confirmed these findings. Thus, patients with Sleep Apnea Syndrome
seem increasingly to suffer from severe fatigue and falling asleep while driving (see also
George et al. 1987, 1996b, Findley et al. 1988b). With increasing impairment of those affected
persons by the symptoms of Obstructive Sleep Apnea are also accumulated self-inflicted,
sustained attention-related injuries (Cassel et al. 1991a/b, 1996, ATS 1994, Kruger et al. 1997).
According to Young et al. (1997), the relative risk of an accident within five years, causing
increased for men with sleep-related breathing disorders by factor of 3. Several studies show
a minimum of a 2-fold to 3-fold, up to 7-fold increased risk of accidents (George et al. 1987,
1999, Findley et al. 1988, 2000, Horne & Reyner 1995, Wu & Yan-Go 1996, Young et al. 1997,
Barbé et al. 1998, Teran-Santos et al. 1999, Horstmann et al. 2000, LLoberes et al. 2000,
Sharma & Sharma 2008). For example, George et al. (1999) investigated the relationship
between accident rates and the number of traffic offenses in OSAS patients, with the result
that the frequency of accidents and the number of traffic violations during a period of five
years was significantly higher compared to a control group.

A special group in this context represent professional drivers, bus and truck drivers, because
they spend a lot of professional time on the road and also with some larger vehicles usually
dangerous cargo or other people, so that probably occur in an accident caused considerable
damage and injury. These people have to suffer through their work and the associated
lifestyle at increased risk of interference with OSAS. Thus for example truck drivers have a
very irregular sleep-wake rhythm (Stradling 1989, Stoohs et al. 1995). In 1994 Stoohs et al.
researched the influence of sleep-disordered breathing (SDB) and obesity among commercial
drivers of large trucks. Drivers with SDB cause twice as many accidents per 1000 driven miles,
than that without SDB, and obesity, the accident rate still increased. Accidents caused by
overtiredness-related un-roadworthy and related offenses are likely among professional
drivers having accepted a level that is comparable to the drunken crime (Meyer 1990).

The diagnosis of central nervous system stimulation as well as the diagnosis of daytime
sleepiness has therefore central importance in the sleep medical field. Thus, the daytime
sleepiness is on the one hand understood as an important symptom of non-restorative sleep,
but on the other hand can also be closed due to their expression on the severity of this sleep
disorder. Ultimately, their diagnostic evaluation is also an important criterion for therapy
evaluation.

The sleepiness-related medical history or diagnosis is used to assess the clinical and social
impact of daytime sleepiness. In particular, the severity and the social and medical risk will
be assessed. It can also be used as parameters of the differential diagnosis of fatigue. This
anamnesis can be supported by the use of orienting processes or by the method of screening.
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It is used especially in the assessment of type and of frequency about the tendency to fall
asleep, micro-sleep episodes and monotony intolerance at work (especially in monitoring
activities) and to capture the possibility of active participation in road traffic and other social
situations (Walsleben 1992, Weef3 2011).

The Epworth Sleepiness Scale (ESS), the Stanford Sleepiness Scale (SSS), the Multiple Sleep
Latency Test (MSLT) and the Maintenance Wakefulness Test (MWT) are among the methods
that are most widely used for the investigation of daytime sleepiness in sleep disorders. The
ESS reflects the global and subjective severity of daytime sleepiness in eight different
situations and activities of daily living. The SSS is, however, to capture subjective circadian
fluctuations of daytime sleepiness. To objective capture electrophysiological and
standardized tests are often, such as the MSLT and the MWT used to determine the degree
of alertness on the basis of tonic activation.

If, on the basis of questionnaire data and medical history of sleeping on the basis of
suspicion that a pathological daytime sleepiness (Table 1) exists, then objective analysis
methods can be used to measure sleepiness-related functions.

Central nervous system activation

Vigilance
Selected Attention
Divided Attention

Table 1. Sleepiness functions

2.2 Epworth Sleepiness Scale (ESS)

The Epworth Sleepiness Scale (ESS) of Johns (1991) is very often used as a screening method
for detecting the global daytime sleepiness and fall asleep in sleep disorders, especially used
in hypersomnias. It is asked retrospectively, how high is the probability to fall asleep in
eight everyday situations. The scale has a 4-step response format, in which values between 0
and 3 (0 = never to 3 = strongly agree) must be marked and results are added up a total
maximum value of 24.

Following Johns (1991, 1992, Johns & Hocking 1997) a cut-off value = 11 indicates a
pathological daytime sleepiness. Standardization studies for the German-speaking countries
were presented by Biittner et al. (2004c) and Sauter and colleagues (2007). The study found
that 85% of healthy persons achieved a total value < 10, which corresponds to the calculated
cut-off values in other studies (Johns 1991, Johns & Hocking 1997). The test-retest reliability
of the ESS was calculated by Johns (1994) and based on a survey after five months in 87
healthy medical students. It was ry = .82 (p <.001), even the quality of internal consistency
was confirmed (Cronbach's alpha = .88 (p <.001).

The ESS has in spite of it being subjective and a global assessment of daytime sleepiness
(Johns 2000) has a very good validity. At a cut-off value > 10 it shows a high sensitivity of
93.5% and - high specificity 98.4%. The ESS is thus a highly reliable and valid procedure.
The short implementation time and simple evaluation makes it very economical and cost
effective. In addition, it can also be used for measuring the effectiveness of n"CPAP therapy.
Nevertheless the ESS does not lend itself to capture gradually different levels of sleepiness
(Sangal et al. 1997b) and that four of the eight items have very low selectivity (Riihle et al.
2005).
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2.3 Stanford Sleepiness Scale (SSS)

The Stanford Sleepiness Scale (SSS) of Hoddes et al. (1973) is a scale on which momentary
alertness can be assessed on a grading of 1 to 7 and thus serves to assess the circadian
variations in daytime sleepiness. The scale describes gradual gradations of awareness; it
varies between very alert and drowsy conditions. The alertness descriptions are also
described, each with typical sensations (e.g. some slack, slows, woozy) characterized. Studies
on the sensitivity of the scale showed that ratings in 15-minute intervals represent discrete
changes in the degree of alertness. According to the response ratings point values are
assigned for each time interval, which are then summated.

2.4 Multiple Sleep Latency Test (MSLT)

The Multiple Sleep Latency Test by Carskadon and Dement (1977) recorded the sleep
latency lying down and is recommended for the investigation of daytime sleepiness in
OSAS patients in the ICSD-2. The MSLT is based on the assumption that a strong
physiological sleepiness can reduce the sleep latency (Arand et al. 2005).

For a long time the MSLT has been considered a gold standard for the investigation of
daytime sleepiness (Carskadon et al. 1986). The MSLT (as well as the Maintenance of
Wakefulness Test (MWT)) is often used to determine the alertness with expert's
investigations, e.g. to assess the driving ability (Poceta et al. 1992). Five times a day
electrophysiological recordings (C3/A2, C4/A1, EOG, EMG) are performed in 2-hour
intervals. The first time of measurement should be from 1.5 to 3 hours after waking. The
patient lies in a darkened room and is asked to fall asleep. During the test procedure, the
patient is monitored with a video recording.

A pathological fall asleep exists, when the medium sleep latency is < 5 minutes (Richardson et
al. 1982). The gray area is between 5-10 minutes and > 10-20 minutes is a normal finding. But
are also divergent standard values of 5-8 minutes; thereby establishing of normal values is
equivalent to a kind of "rule of thumb" (Guilleminault et al. 1994, van den Hoed et al. 1981,
Johns 2000). Although the MSLT perform and should be evaluated strictly according to
objective criteria and standardized, it seems to have low implementation objectivity, because
the results of individual tests vary greatly (Danker-Hopfe et al. 2006). As other reasons for the
inconsistent individual test results Thorpy (1992) describes the different day times and
measuring times and not objectified sleep deprivation and sedative or stimulating effects of
drugs. In spite of these influences, however satisfactory test-retest reliabilities of
ry = .65 to .97 (van den Hoed et al. 1981, Zwyghuizen-Doorenbos et al. 1998) have been found.
Another problem of MSLT is the limited external generalization of daytime sleepiness in
everyday situations (Johns 1994). The assumption that the MSLT describe daytime
sleepiness - as reflection of everyday life - Johns (2000) keeps being wrong. As a predictor of
MSLT is therefore not own, regardless how strict standards and criteria were met. In
considering of the relationship between ESS and MSLT are unsatisfactory correlation of
r = .27 (p <.001) or on those that are not significant (Mitler et al 1998.). Reasons for the
inconsistent correlations are different: Either there are satisfactory (significant) correlations
when all patients fell asleep in all MSLT times or when the patients rarely slept or not fell
asleep (Chua et al. 1998).

2.5 Maintenance of Wakefulness Test (MWT)
The Maintenance of Wakefulness Test of Poceta et al. (1992) examines the ability to stay
awake in a sleep-inducing situation. The patient sits in a darkened room on a comfortable



124 Sleep Disorders

chair or on the bed and will be asked to refrain movements (e.g., grimacing, shaking), which
may prevent falling asleep to refrain (Hartse et al. 1982, Mitler et al. 1982). Three to four
times a day electrophysiological recordings (C3/A2, C4/Al, EOG and EMQG) are recorded in
2-hour intervals of 20 minutes. The earliest start of the first test procedure should be
scheduled two hours after waking. As with the MSLT test history is filmed with a video
camera. Evaluated will be the sleep latency from the moment "light off" until the onset of the
first two epochs of sleep stage 1 or 2.

In various standardization studies, inconsistent cut-off values were found from 13.5 to 18
minutes (Banks et al. 2004, Riihle 2005). Reasons for the different standard values according
to Shreter et al. (2006) are that the test exercises have a significant influence on occasion
staying awake in the test situation. So they provided proof that the sleep latency on the
MWT was deliberately suppressed because the OSAS patients were afraid to get the license
revoked. In considering the relationship between the MWT and ESS were calculated a
satisfactory correlation of r = 48 (p < .001), with the common variance of the two devices
was only 23% (Sangal et al. 1997b).

2.6 Pupillography (Fig. 1)

The Pupillograph Sleepiness Test (PST) from Amtech (Weinheim) reflects the fatigue waves
of the pupil described by Lowenstein. Normally, the pupil size will be constant in normal
central nervous system activation in the dark for a long time. However, occur with increased
daytime sleepiness after a few minutes spontaneous fluctuations (oscillations) on the pupil,
which are recorded with infrared videography. Cause of fluctuations in pupil size is a
mechanism of the autonomic nervous system. With reduced central nervous system
activating two divisions acting simultaneously, which inhibit the Edinger-Westphal nucleus.
This leads to instability of the central sympathetic activation and consequently fluctuating in
an inhibition of parasympathetic activity and the Edinger-Westphal nucleus (Léwenstein et
al. 1963, Yoss et al. 1970).

!{_ -

Fig. 1. Experimental setup for the pupillography. The patient wears an infrared protective
goggle, has propped his chin on a device and looks toward the infrared camera.

Evaluation

The average Pupil Unrest Index (PUI) is the average pupil size fluctuations in millimetres
per second over a period of 11 minutes. Higher PUI values indicate a clinically significant
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daytime sleepiness in (Table 2). In a normal population (n = 349) between 20 and 60 years,
was found a mean value for In PUI of 1.50 £ 0.39 mm/min. Thus, abnormal values are
obtained from In PUI > 1.89 and pathological values from In PUI > 2.28. The cut-off value of
> 6.64 was found for 84.1% of a healthy sample (Wilhelm et al 2001), which was established
that this is independent of gender and age (r = .85 to .94). The PUI correlated low, but
significantly with the subjective estimates of daytime sleepiness in SSS (r = .29,
p < .010). The implementation objectivity and evaluation objectivity seem to be sufficiently
given, because the change in pupil size can be deliberately manipulated. The reliability was
tested in healthy control subjects and is satisfactory (r = .64, p <.001) (Weefs et al. 2000).

Value range Mean-2SD | Mean-SD | Mean | Mean+SD | Mean+2SD
In PUI (mm/min) 0.73 1.11 1.50 1.89 2.28
Percentile 2.3% 15.9% 50.0% 84.1% 97.7%
PUI (mm/min) 2.07 3.05 4.50 6.64 9.80

Table 2. Percentile of the normal reference range for In PUI and PUI

2.7 Reading test (Fig. 2)

In the first version of the Reading test, it was up to the patients and healthy controls, to select
a passage according to their interests. Therefore, it was possible that the individual level of
activation of OSAS patients may have influenced the excitement level of the books. For this
reason, the story "One day, maybe one night" by Arnold Stadler (2003) was selected. This is
a retrospective narrative. Due to the low excitement level of the narrative it was assumed
that the degree of tonic activation would remain constant.

A

Fig. 2. In 2A is seen as the patient reads in a semi-recumbent position, the modified form of
the story "One day, maybe one night" by Arnold Stadler (Fischer paperback 2003). In the
face of the electrodes are glued EOG, EEG and the EMG and its right to recognize a
polysomnography. In 2B, the patient is asleep and the book has resigned.

The text was justified, typed in the font "Times New Roman" and the size 12. The pages
were not numbered and included 36 lines with 11 cm length. A lamp (40 watts) was used for
lighting, placed at a distance of one meter above the patient's head. At the beginning of the
Reading test, the patient was informed by a verbal instruction, to read the text as possible in
the normal reading speed and without interruptions. Patients were asked to keep the book
at a distance of 40 cm. Lack of vision and of reading ability has been excluded by
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spontaneous, aloud reading of few sentences, if the patient was able to read 3-5 sentences
correctly and fluently. About the intention and the period of reading, the patients were not
informed in order to allay apprehensions and expectations.

Evaluation

The reading movements are simultaneous eye movements, which are characterized by either
internal or external amplitude deflections in the EOG. It occurs while reading a specific
rhythm EOG, as the eyes "jump" at the end of the line to the next line start. The reading
movements can be distinguishing well visually by small and big eye movements (Fig. 3). All
reading movements were counted that occurred after a minimum interval of 3 seconds.
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Fig. 3. On display are the reading movements of the left and right eye (LEOG and REOG) as
a rhythmic, blue wave pattern. The reading movements occur during reading, when the
eyes "jump" at the line end of the text (right) to line beginning (left). Large eye movements
(e.g. view movements) are characterized by large amplitude fluctuations.

In the present study, the following variables were used and calculated: the average, the
highest and the lowest reading frequency (read line per epoch), sleep latency (in minutes)
and the number of read pages.

Results

The average reading rate of the patients (n = 75) was 7.0 +/- 3.5 lines per epoch. In healthy
volunteers (n = 16) it was 9.4 +/- 4.0 lines per epoch. All healthy subjects were evaluated for
daytime sleepiness than normal, since neither sleep onset tendencies nor decreasing reading
frequencies were observed. In 32 of the 70 OSAS patients (45.5%), however, sleep latency
was found within 60 minutes. Also the reading frequency decreased over time. Riihle and
colleagues calculated for the first time, the sensitivity and specificity of the Reading test,
finding a cut-off value of greater than 11 for a pathological daytime sleepiness (Riihle et al.
2007). The standardized Reading test achieved a sensitivity of 76.2% and a specificity of
66.7% (Erle et al. 2009).
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2.8 Conclusion

2.8.1 Effect size analysis of the Epworth Sleepiness Scale

Rithle and colleagues (2005) researched into an effect size analysis of the ESS the question, if
daytime sleepiness could be investigated through a situation. Therefore, the authors
analyzed the effect sizes of the eight items. From methodological considerations, it was
reasonable to imagine, to come across items with good to very good discriminatory power,
because the ESS has a good to very good reliability and validity.

In the study, which took place in the sleep laboratory of the Helios Clinic in Hagen-
Ambrock, 209 male OSAS patients and 164 healthy subjects participated. To calculate the
effect sizes for each item the difference between of the two item means (of patients and
healthy subjects) was divided by the standard deviation of the normal population. Riihle et
al. received low to very good effect sizes (ES) between 0.19 to 1.50 The best effect sizes were
found for the situation "in reading" (ES = 1.50), "watching TV" (ES = .90), "sit and be passive"
(ES = .85) and for "traffic-related stopping" (ES = .61). Similarly, there was an increased mean
effect size of ES = .88 for the four selected items, compared to a mean effect size of ES = .68 for
the total scale. Some situations of ESS was associated with both healthy subjects and OSAS
patients with a high propensity for sleep, e.g. to "lie down to rest" (ES = .19), as a "passenger"
(ES = .22) and "talk with someone sitting" (ES = .24). For the development of everyday life and
job-related tests - as it had been suggested by Johns (2000), the reading activity was an
important characterisation of daytime sleepiness, because it discriminates at the best between
OSAS patients and healthy individuals in comparison to the other ESS items.

2.8.2 MSLT and MWT criticism

Although MWT and MSLT are often used in practice, since years there is the assumption
that its operationalization does not correspond to the tonic activation. Johns (1998) excludes
that the MSLT is suitable as a predictor of daytime sleepiness in everyday situations,
regardless how strict are implementation and evaluation standards. Although have the
sleep latency on both tests satisfactory correlations as Sangal and colleagues (1992, 1997a)
showed in subjects with various sleep disorders (r = .41, p <.001) and in Narcolepsy patients
(r = .52, p < .001). However, the tests clarify maximum of 20-25% of common variance,
indicating that the test methods measure different constructs of daytime sleepiness. Reasons
for the average correlations according to Sangal et al. (1992) are that patients with
pathological MSLT values were able to stay awake in the MWT, while others who fell asleep
in the MWT were able to stay awake in the MSLT.

In addition, Johns described measurement error as reasons for the variability of individual
test results. It argues that the measurements are depended on the situation character,
internal attitude and physical condition of the patient. Kotterba and colleagues (2007)
reported that the sleep latency of the MSLT corresponds to the individual property to switch
off quickly. In the opinion of John (2000) was the MLST least suitable and is no longer
regarded as the gold standard.

In handling the tests are very time-consuming and labour intensive (because of multiple
tests during the day) as well as it is uneconomical. This would be calling in question the use
of the method (Danker-Hopfe et al. 2006, Johns 2000). Because the claim of a standardized
implementation and evaluation it could also be performed only by professionally-equipped
sleep laboratories (Randerath 1997). Daytime sleepiness can be measured more easily and
possibly more effectively with the ESS (Johns 2000).
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2.8.3 Summary and outlook

Although the MSLT and MWT have been used frequently, in many studies was found
evidence that the reliability and validity of the procedures are unsatisfactory. In addition,
the two test methods don’t correspond to any real life situation (Johns, 2000). Even if it is
objective and standardized measuring instruments, have been repeatedly confirmed
weaknesses in the implementing objectivity of the individual tests as well as their
generalization ability (Danker-Hopfe et al. 2006). John's criticism is that the reliability and
validity verification of MWT and MSLT were not gone in any way according to objective
and standardized criteria. The ESS compared to the MSLT and MWT has good reliability
and validation criteria, sensitivity and specificity measures. Its only drawback lies in the fact
that the subjective assessments are based on individual perception and trust and the honesty
of the patient.

Johns (2000) emphasizes the need to find an objective test, such as the ESS is valid and able
to quantify the alertness in various everyday situations. Such a test would represent a true
gold standard. Result of this strong criticism and of the clinical relevance of developing a
new measuring method, Riihle et al. (2005) analyzed the effect sizes of the ESS. They
pursued the goal, to detect the daytime sleepiness of life situation as objective, reliable and
valid as possible. The analysis of the ESS and its implications led to the experimental
derivation, design and construction of the Reading test (pilot study: Riihle et al. 2007, main
study: Erle et al. 2009).

2.8.4 Conclusion of the reading test

Both the pilot study and the main study, the alertness impairments in OSAS patients with
the reading activity, a simple spiritual activity were operationalized. In contrast to the MSLT
and MWT daytime sleepiness was not measured in an experimental laboratory situation,
but in an everyday clinical situation. The Reading Test is suitable for the determination of
daytime sleepiness, because it probably produces a low level of attention. The reading
activity will be documented and monitored continuously by EOG. Therefore, the non-
reading phases can be observed, e.g. at the beginning of sleep, movement and looking
around of the patient. In addition, the behaviour spectrum of patients are also detected in
the EMG, as unwanted movements (facial grimacing and head movements), which can
prevent sleep. This aspect would be particularly relevant in experiments.

3. Vigilance and attention in patients with Sleep Apnea Syndrome

3.1 State of research (Fig. 4)

Attention underlies performance of intellectual and everyday tasks. Depending on
requirement character, novelty, intensity and level of activity, different components of
attention are required.

The central nervous system activation (alertness) reflects the degree of general alertness and
represents a kind of basic activation and general responsiveness. It is unconscious, and
affected by the autonomic nervous system and the physiological diurnal state of the
organism. Two variants of the central nervous system activation are described. The tonic
activation is the stable level of attention over a long period of time. A disruption in tonic
activation is manifested by a slowing of cognitive and motor processes. The tonic activation
can be measured with the Multiple Sleep Latency Test MSLT (Carskadon & Dement 1977,
Carskadon et al. 1986), the Maintenance of Wakefulness Test MIVT (Poceta et al. 1992) or the
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Pupillography (company Amtech, Weinheim, Wilhelm et al. 1998, 2001). A newer method to
quantify the tonic activation is the Reading test (Erle et al. 2009).

The phasic activation is manifested in stimulus situations, in which short-term increases of the
activation in the resting state are required. Limitations of the phasic activation can result in
delayed reaction rapidities up to omitted reactions. The phasic activation may be tested for
example in the kind of reaction time measurements, e.g. with the test battery of
Zimmermann and Fimm (TAP / 1994), event-related EEG deductions or on the basis of the
heartbeat rate or skin conductivity.

Vigilance | ‘ Salective Attention | | Divided Attention
[ | |
|

Tomnic Phasic
central nervous system activationn

Sleap Cuuality |

Fig. 4. Proposed relationship between sleep quality and sleepiness-related restrictions
during the day

Sustained attention is the ability to direct attention over a long period to one or more
randomly occurring stimuli and to respond to minimal stimuli changes (Davies, Jones and
Taylor 1984). Vigilance, which is a variant of sustained attention, requires long-term
attention performance in minimally and irregularly occurring stimuli. As reliable indicators
false (i.e. incorrectly or delayed) and omitted responses as well as reaction times can be
measured as an expression of sustained attention and vigilance. Furthermore, particularly in
the field of sleep medicine the Clock Test by Mackworth (1948), modified by Quatember and
Maly (Sturm und Biissing, 1993), and the vigilance test "Carda" by Randerath et al. (1997,
2000) and Gerdesmeyer et al. (1997) and the sustained attention test "Carsim" by Biittner et al.
(2000a/b, 2001) have been used to test the vigilance and sustained attention.

Selective attention is also the ability to focus on specific relevant stimuli and to suppress
simultaneously occurring irrelevant stimuli. The kind of attention function can be
investigated by choice-reaction tasks or orienting responses, e.g. based on the subtest
"Selective attention" to the TAPL.

Divided attention describes the capacity for serial and parallel information processing and the
flexibility of selecting to switch back and forth at least two different sources of information
(Sturm and Zimmermann 2000). Relevant stimuli can each occur in one or two sources of
information to which the person have to respond as quickly as possible. Divided attention can
be measured with dual-task activities (e.g. using the subtest "Divided attention" of the TAP).

As with many sleep-related disorders, such as hypersomnias and dyssomnias, the victims
suffer from, in addition to their nocturnal symptoms, increased daytime sleepiness and the
tendency to fall asleep (Biittner et al. 2004b). These difficulties are in turn associated with
attention-related deficits and limitations (including Gerdesmeyer et al. 1997, Miiller et al. 1997,
Randerath et al. 1997, 1998, Weef3 1997, Weef et al. 1998a/b, Biittner et al. 2003b, 2004b).

ITAP = German: Testbatterie zur Aufmerksamkeitspriifung; English translation: Test battery for
Attentional Performance
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Consequence of this reduced performance include an increased risk of accidents at work
and in traffic and thus a higher socio-medical risk (e.g. Bradley et al. 1985, Podszus et al. In
1986, He et al. 1988, Mitler et al. 1988, Lamphere et al. 1989, Roehrs et al. 1989, Bédard et al.
1991, Kribbs et al. 1993a/b, Gerdesmeyer et al. 1997, Randerath et al. 1997, 1998, Weefs 1997,
Weef3 et al. 1998a/b, Biittner et al. 2000a/b, Biittner 2001).

To explore the difficult relationship between sleep, daytime fatigue and physical and mental
performance is based mainly on three conditions (Johnson 1982, Weef8 1997, Weef3 et al.
1998a/b). Thus, the three mentioned above parameters will be affecting through a variety of
other variables, for example by the motivation of the healthy subjects or patients, or the
daily and weekly rhythm. Furthermore, daytime fatigue and performance as well as their
underlying attention-related processes are complex constructs. This analysis will be
complicated also by the lack of standard term uses in the medical and psychological
literature (Johnson 1982, Weefs 1997, Weef3 et al. 1998a/b).

There are, both in the medical and especially in sleep medicine research, a number of
different research approaches and definitions regarding the attention and attention-driven
processes (Riitzel 1977, Rapp 1982, Brickenkamp & Karl 1986, Posner & Rafal, 1987, Saring
1988, Posner & Petersen, 1990, Posner 1995), which accentuate different characteristics and
aspects of the daytime performance (James 1890, Head 1926, Mackworth JF 1956,
Mackworth N 1958, Schmidtke 1965, Norman 1973, Biaumler 1974, Harnatt 1975, Riitzel
1977, Brickenkamp & Karl 1986, Posner & Rafal, 1987, Saring 1988, Posner & Petersen, 1990,
Rollet 1993, Schmottke & Wiedl 1993).

Currently, in the sleep medicine literature, mainly the concept of Posner and Rafal (1987)
will be used (Keller et al. 1993, Weef3 1997, WeeS3 et al. 1998a/b).

Also problematic are the very diverse conducted empirical analysis of attention and its
components and the varying quality of the validation test procedures and instruments.
Thus, inter alia vigilance covered by inappropriate (Stephan et al. 1991), too complex
(Bédard et al. 1993) or timely too short (Bédard et al. 1991, 1993) test requirements (Weef3
1997, Weef3 et al. 1998a/b).

To capture the tendency to fall asleep in Obstructive Sleep Apnea is conducted usually by
the MSLT (Multiple Sleep Latency Test) (Poceta et al. 1992), because it correlated most
strongly with the subjective state/mood of OSAS. However, through it the attention and
vigilance will be detected only indirectly (Denzel et al. 1993).

For this purpose researched Denzel et al. (1993) for more suitable methods and examined in
this context, two computerized neuropsychological test procedures, a vigilance and a
attention test, in which the attention test was checked under three experimental conditions
(visual, auditory, combined). In both the dual-task-task as well as the vigilance testing was
found significant differences before and after nCPAP therapy (Denzel et al. 1993).

Similar results - i.e. a significant improvement of vigilance under nCPAP - were found
already by Kesper-Schwarzenberger et al. (1991), Cassel et al. (1991) and George et al. (1997;
DADT)

As important criteria was found the standardization of experimental conditions (Horn et al.
1983, Denzel et al. 1993) and the design of the experimental setup (the author). Thus
showed, inter alia, that an immediate auditory feedback about the correctness improved the
occurred reactions improved the motivation of the patients, thereby obscuring the effects of
sleep deprivation and their resulting poor performance (Wilkinson 1961, Steyvers &
Gaillard 1993, Weef3 1997, Weefs et al. 1998a/b).
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3.2 Vigilance test Carda (Fig. 5)

The Ambrock vigilance test "Carda" by Randerath et al. (1997) recorded the vigilance
performance over a period of 30 minutes. The patient sits in a semi-darkened room in front
of a black computer screen and look at the picture of a street with a running road median
and the lateral lane boundaries. They are asked to respond within one second of a with a
computer keyboard button on stimuli (white flashing rectangles), which occur in time and
space for 20 ms randomly. In each 10-minute interval 100 stimuli appearing, in the total
period 300 will be shown. After a brief instruction and a short practice the test is started via
a menu driven DOS computer program.

Lane boundary

visual
Stimuli/Events

N

running
road median

Fig. 5. Driving Simulator Carda by Gerdesmeyer et al. 1997, Randerath et al. 1997, 1998

Evaluation

Right and false reactions are calculated in relation to the presented events (in percentage),
the latter being registered as an error. The unfounded (delayed) reactions are given in
absolute numbers. The age-and gender-independent cut-off value for the error is 5.75% (SD
=11.3%) after a standardization study with healthy volunteers of Randerath and colleagues
(2000). For the unfounded responses and response times are currently no cut-off values.
Measurements for the reliability and validity are pending.

3.3 Sustained attention test Carsim (Fig. 6)

The Ambrock sustained attention test "Carsim" by Biittner et al. (2000a/b, 2001) recorded
its performance over a period of 30 minutes. The image with a road median and lane
boundary is simulated polychrome. On the right side of the road obstacles (in the kind of
no entry signs) can be presented, which are only briefly visible in each case (e.g. for 200
ms). Their appearance is timely random, in which a fixed number of events can be
adjusted with a 5-minute section. The patient now has the task to keep up with the help of
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a steering wheel in his lane the ideal track (tracking) and by using of two buttons (both
same function), which are located on the steering console, to respond on appearing
obstacles (visual search).

=

ideal line

area of tolerance

7

Fig. 6. Driving Simulator Carsim by Biittner et al. 1999, 2000

track deviation

Evaluation

Depending on the steering wheel movements, the position of the vehicle on the road will be
recalculated and visualized on-line. The program records the time deviation from the ideal
line (folerance deviation time) and of the lane (tracking deviation time) and the right, the
missing, the unfounded reactions and the reaction time (Biittner et al. 2000a/b, Biittner
2001). Tolerance or track deviation is the number of tracking errors, which in absolute terms
described, exceeds the tolerance and lane width in the test. By converting the number of
pixels we obtain the time in seconds, which was driven outside the tolerance range or
beyond the roadway.

Standardization and quality criteria

The average error of the tracking deviation time was 2.3 + 4.5 s in the calibration sample, the
limit of the track deviations of healthy persons in a 95% confidence interval was < 13.2 s,
98% of healthy individuals have had values between 0 to 150 track deviations. The mean
error of tolerance deviation time was 96.0 £ 177.0 s in the healthy person's, the limit of
tolerance deviations of the calibration sample in a 95% CI was < 450.4 s (Biittner et al.
2000a/b, Biittner 2001).

The verification of the reliability using the Cronbach alpha was for the tracking component
r = .9785, for the visual search r = .9666 and for the reaction time = .8943. The verification of
the test-retest reliability (after 3 days) was for the tracking component ry = .9855, for the visual
search ry = .9447 and for the reaction time r = .9211 (Biittner et al. 2000a/b, Biittner 2001).
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3.4 Sustained attention test Quatember & Maly (Fig. 7)

With the computerized sustained attention “Clock test” of Quatember and Maly (Wiener
Testsystem TM, Schufried, Austria 1994; modified for Task force Vigilance and SIESTA group
of DGSM?) the sustained attention will be evaluated under monotone conditions and the
processing diligence will be measured in the kind of errors and reaction times over a period
of 60 minutes. There are two types of errors: missed and incorrect (delayed) responses
reactions. Patients are instructed to press a key on the computer keyboard when the
"moving point" in a points circle one point skips. At the beginning of the test will be started
shortly to introduce the circular arrangement of points. During implementation, the patients
sit in a relaxed position ca. 60-80 cm in front of the screen in a semi-darkened room.

Evaluation

The average reaction rate (in milliseconds), the degree of right, incorrect and omitted
responses were recorded at Q&M-sustained attention test.Danker-Hopfe, Sauter and Popp
(2006) determined in a standardization study with healthy volunteers cut-off values of more
than 3 for omitted responses, more than 4 for incorrect responses and longer than 498
milliseconds for the response times of subjects. Standard values for OSAS patients are not
yet available.

[ESC]=ABBRUCH

Fig. 7. Sustained attention test by Quatember and Maly (1994)

3.5 Conclusion

The driving simulator Carda, similar to the test developed by Findley, does not fulfil the
requirements that are important on a real tracking test. It is rather a reaction test, which
describes the attention and the vigilance.

Krieger et al. (1997) were able to demonstrate by means of questionnaires that the accident
rate in OSAS patients was often caused by sleepiness and that both the rate of accidents and

2 DGSM = Deutsche Gesellschaft fiir Schlafforschung und Schlafmedizin (engl.: German Society of Sleep
Research and Sleep Medicine)
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nearly accidents could be reduced with nCPAP therapy. A test for assessment of accident
risk would therefore be helpful.

Findley was found a correlation between the number of accidents and the error rate in a
driving simulator test using Steer Clear and data’s of Accidents Authority Virginia/USA. He
also had verified a certain connection between accident rate and Sleep Apnea Syndrome and
a dependence on the severity of the disease (Findley et al. 1989, 1995, 1999, 2000). Tests of
this kind should be used only with great caution on the question of driving ability, because
it detected only a few aspects.

Due to the simple construction Steer Clear and Carda offer also some advantages, because the
technical effort is relatively low and even restricted patients can understand the task very
well. However, the tests can only evaluate the response to nCPAP treatment in cases with
much higher error rate and can control it course.

Carda Carsim
Monotony +) +++
Continuity - ++
Interactivity - 4+
Usability T+ —

Table 3. Design and properties of the two simulation programs

The severity of sleepiness, as assessed by the ESS, didn’t correlate with the results of driving
simulators. Sleepiness/drowsiness describes the degree of alertnes and will be influenced by
central nervous system activation (Weefs et al. 2000). Because the test situation, the
sleepiness is often compensated in moderate limitations (ESS < 13) - in our patients, the ESS
score was on average = 11.0 - so that the error rate or track deviation showed no relevant
dependence. However, in OSAS patients with profound sleepiness (ESS score > 13) a higher
number of errors were found in Carda reached a higher (Randerath et al. 2000).
Under the testing with Carsim, the number of patients who have had a pathological
deviation is much higher. The complex task of interactive driving simulation recorded thus
patients with reduced performance, special with difficulties in the divided attention and
interactive activities. This could be proven, to persons whose driving performance was
checked after alcohol administration with a driving simulator. In OSAS capacity was similar
limited to persons with a blood alcohol of 95 + 25 mg/dl (George et al. 1996a).

Studies, which correlate the laboratory results of tracking tests with the real frequency of
accidents, are still missing. It would be therefore desirable to obtain objective data on road
authorities to characterize better any risk patients with this sensitive instrument. A tracking-
driving simulator has a higher reality character than a reaction test, because it realized better
the task, i.e. the reflection of driving situation (George 2000). Yet here, too, it is important to
be sceptical about its evidence power, because the driving performance is dependent of
many factors (e.g. responsible acting), which cannot be detected alone by simulation tests. A
driving simulator test should be used only as one of several components in the complex
assessment of driving ability.

The interactive driving simulator test Carsim, designed by the Ambrock task force, can also
be used for further questions: In OSAS patients may be improve due to different treatment
modalities several sub-components of attention (such as selective attention, divided
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attention, sustained attention, processing speed) (Biittner et al. 2000a/b, Biittner 2001). An
interactive driving simulator should reflect several of these changes and should be a more
suitable instrument, because tracking tasks reflect more components of the limited
capabilities in comparison to reaction tests (Carda).

We could demonstrate that an interactive driving simulator (e.g. Carsim) describes the disorder
of OSAS patients more sensitive. It is used, therefore, specifically in clinical trials for the
assessment of treatment effects to attention increase (e.g., nCPAP or theophylline (Biittner et
al. 1999 or 2003a, 2004a)).Due the easy use also Carda will continue to be a suitable method to
detect neuropsychological disorders and demonstrate treatment effects in clinical routine.

4. Memory processes in patients with Sleep Apnea Syndrome

4.1 State of research

Jenkins & Dallenbach (1924) could show for the first time that learning tasks which are
presented before sleep could be keep better than tasks that are presented before
wakefulness. This was confirmed in other studies (Hennevin et al. 1995, Smith 1996). The
discovery of REM sleep (Dement & Kleitman 1957) was the start for a more specific research
program in which certain stages of sleep each were assigned specific roles for the memory
processes. As follow on one hand, REM sleep, was attributed partly memory-favouring
effects because of its particular physiological changes, on the other hand, as well as the Slow
Wave Sleep (SWS) was attributed the same effects (Hobson & McCarley 1977, Crick 1983,
Wilson & McNaughton, 1994, Karni et al. 1994, Squire & Alvarez 1995).

One of the studies on cognitive deficits in the thinking, memory, communication and the
ability to learn new information in OSAS patients comes from Kales (1985). In this study
76% of OSAS patients show cognitive deficits in all these areas. A study by Naégelé et al.
(1995) showed that the executive functions, which are important for the acquisition of
information during memory processing in OSAS patients, were impaired.

It is assumed that in sleep disorders the often found reduced sleep quality leads, as a result
of Slow Wave Sleep or REM suppression, increased nocturnal arousal responses or
prolonged awakenings to a reduced recovery function of night sleep (Weefs et al. 1998a/Db).
According to Jennum et al. (1993), Insomnia and sleepiness affect cognitive functions.
Patients with excessive daytime sleepiness complaints have special problems in situations of
physical relaxation and during long monotonous concentration tasks (Schwarzenberger-
Kesper et al. 1987).

Cassel et al. (1989) were able to detect in Sleep Apnea patients a reduced cognitive
performance and a decreased non-verbal processing speed. In this connection they were
able to detect a reduced cognitive processing speed on ZVT in OSAS patients. Also Kotterba
et al. (1997) detect in 32 of 40 OSAS patients abnormal results on the ZVT. In another study
of Kotterba et al. (1998), they found in OSAS patients an impairment of the central nervous
system activation (alertness), of the selective attention and of the sustained attention. Barbé et
al. (1998) verified in Sleep Apnea patients a decreased vigilance.

4.2 Number-connection test (ZVT)

The number-connection test is composed from four number matrices. Each matrix contains
90 unsorted numbers. It must be connected according to the statement by lines from 1 to 90.
For estimating the test processing time, the experimenter uses a stopwatch.
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The test is used to measure the basal, all intelligence performances underlying, largely
milieu independent and genetically related cognitive performance speed. It corresponds
with those ability bundles, which in literature will be called as "liquid" intelligence,
"perceptual speed" or "processing speed" are. The test has a wide range of applications. It can
apply from 8th years up for all age levels; from the special school to high school and
universities (for all levels of education). It is very economical and can be use on an
individual or group test. For the processing of the tests the subjects require 5 to 10 minutes
(Oswald and Roth, 1987).

The high reliability of the test (test-retest reliability between ry = .84 and ry = .973; parallel
test reliability between r = .95 and r = .98) is largely independent of age and educational
level of the subject. The correlations with various intelligence techniques (PSB, HAWIE, IST-
70, RAVEN, CFT-3) are between r = .40 and r = .83. For the individual experiments exist
currently standards for 8th to 60th years (n > 2,000), standard values for the group version of
the ZVT are available for the age range from 9 to 16 years. The mean of the norm sample
(16-60 years) is a T-value of 50 *+ 10.The Sleep Apnea patients achieved before therapy a T-
value of 39.82 * 10.73, under a only 3-day-CPAP therapy, there was a significant
improvement (T-value: 43.08 * 10.50) (Biittner et al. 2007).

4.3 Benton Test

The Benton Visual Retention Test is one of the best known and most widely used tests of
immediate remembering for visual-spatial stimuli. The test consists of three parallel series,
each with 10 geometric stimulus cards. The test person or the patient is shown one stimulus
card for a short time (10 seconds), the figure of the card is to be draw directly after showing
or after a short delay as accurately as possible. Further testing variations allow a shorter
presentation time from 5 seconds, direct copying or simply selecting/choosing of a seen
template from four alternatives. The drawing form allows evaluating, especially in children,
the assessment of the draw ability, whereas the electing/choosing form evaluates the memory
without the drawing component. The German edition follows the fifth American edition of
1992. It contains a simplified scoring system, additional evaluation examples, advanced
standard values and a summary with new findings (Benton test at the onset of dementia).
The German Benton also contains, in contrast to the U.S., the election form. The numerous
new German-published studies for the Benton test were specifically considered. The test is
used in adults until an old age and in children older than 7 years (Benton 1974).

Retest reliability for the drawing form is ry = .85% The relationship between drawing form and
electing/choosing form is relatively low (r = .55). There are numerous studies, especially in the

3This retest reliability has been verified by the authors of the following sources:

1.  http://www.google.de/search?q=cache:5m0-sgoxY1A]J:wt.fb3.uni-wuppertal.de/fachschaft/
psychologie/studi_hilfen/files/Hauptstudium/Diagnostik/ Zahlen-Verbindungs-Test_(ZVT).
doc++reliabilit%C3 % Adt+zvt+test+&hl=de&lr=lang_de&ie=UTE-8: (r« = .81) and

2. http://www.testraum.ch/Serie %204/ ZVT.htm: (r« between .81 and .97).

Learning effects of the ZVT may thus be concluded in clinical trials.

4 This retest reliability has been verified by the authors of the following sources:

1.  http://www.testzentrale.de/tests/t0300401.htm: Retest reliability for the drawing form was r« = .85

2. http://www.unifr.ch/ztd/lernsystem/ tb/benton.html#Testentwicklung: Retest reliability for the
drawing forms C, D and E is given as average of r«= 0.85.

Learning effects of the Benton test may thus be concluded in clinical trials.
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evaluation of brain damage.The mean of correct reproductions of the 15-44-year old persons
was 8 (IQ score of 95-109). In contrast, the mean of the OSAS patients was 6.76 before
therapy (IQ score: 70-79), after a 3-day treatment with nCPAP it was 7.84 (IQ score: 80-
94). The mean of error numbers of 15-39-year-old persons was three (IQ score of 95-104). The
error mean of the study patients was 4.46 before therapy (IQ score: 90-94), after 3-day
treatment with nCPAP it was 2.66 (IQ score: 105-109) (Biittner et al. 2007).

4.4 Conclusion

As mentioned above, in several studies could be demonstrated neuropsychological and
cognitive deficits in OSAS patients (Bédard et al. 1991, Naégelé et al. 1995, Gresel et al. 1996,
Engleman et al. 2000). This allowed finding inter alia differences between healthy subjects
and OSAS patients in the assessment of cognitive processing speed and of performance
speed (ZVT) (Cassel et al. 1989, Kotterba et al. 1997, Biittner et al. 2007). Also in the Benton
test to record the performance of visual memory the OSAS patients showed - compared
with healthy subjects - significantly worse results in the number of errors. None significant
results were found for the number of correct reproductions. This may have resulted through
the sample composition or sample size. On the other hand, it could be that the increased
error number and the nearly normal number of correct responses is a criterion or a feature
for the detection of neurocognitive deficits in OSAS patients (Biittner et al. 2007).

Conclusion

It can be said that OSAS patients differ from healthy individuals with respect to cognitive
skills. These differences can be verified both the memory processes (Benton) and in
cognitive processing speed and performance speed (ZVT). These impairments can have
serious consequence, if or as long as they remain untreated.

4.4.1 CPAP therapy and its effect

In various studies improved performance under nCPAP therapy have be determined
regarding to changes in neuropsychological parameters and/or test performance. Lamphere
et al. (1989) could be shown that after one therapy night there was a significant
improvement of the attention, which normalized after 14 days of nCPAP. In several studies
it could be detected also a reduction in both subjective and objective daytime sleepiness
(Montplaisir et al. 1992, Engleman et al. 1993, 1994, Douglas et al. 2000 - according to
Schwarzenberg-Kesper et al. (1987) is the improvement of daytime sleepiness an essential
motif for a good therapeutic compliance of the patients). Sforza et al. (1995) found after one
year of nCPAP treatment an objectively reduced daytime sleepiness, which increased again
after a night of therapy interruption. In several studies could be verified also improved
further neuropsychological deficits. Kotterba et al. (1998) reported a significant
improvement in the simple attention as well as the divided attention, in the cognitive
performance and the processing speed. The latter could be replicated also by Biittner et al.
(2007). Even an improvement of vigilance or sustained attention, and various cognitive
deficits due to the nCPAP therapy was described many times (Denzel et al. 1993, Engleman
et al. 1994, Randerath 1997, 2000, Biittner 1999).

Other studies have shown, however, that the cognitive and neuropsychological deficits
don’t increase or only improving in certain areas, which could indicate an irreversible
hypoxic damage of the CNS (Montplaisir et al. 1992, Bédard et al. 1993, Kotterba et al. 1998)
and thus point up the importance of early diagnosis and treatment of OSAS underscores.
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Conclusion

The difference or the improvement after effective nCPAP therapy suggests the need to use
this therapy in OSAS patients, possibly to avoid serious impairment in the memory
processes and in cognitive performance or to allow the patient not to suffer under the
daytime consequences of Sleep Apnea Syndrome.

5. Summary

In the western and eastern industrial countries, the number of sleep disturbed subjects
increased over the time. Undiagnosed and untreated, sleep disorders caused on one hand
often by subjective suffering among those affected individuals and on the other hand, due to
decreased attention and increased daytime fatigue or daytime sleepiness, to an increased
risk of accidents in road traffic and workplace (e.g. Peter et al. 1995, Gerdesmeyer et al. 1997,
Randerath et al. 1997, 1998, Biittner et al. 2000a/b).

Sleep Apnea syndromes are common disorders. 1-5% of the population is affected by it (men
are about ten times more affected than women). In particular, patients with OSAS suffer in
addition to their symptoms often also on a multitude of sequelae, including excessive
daytime sleepiness (Biittner et al. 2004e), vigilance decrease (Biittner et al. 2003b, 2004c) and
memory disorders (Biittner et al. 2003¢/d).

These performance restrictions or impairments affect the affected subjects, both
professionally and in their ability to drive motor vehicles (Findley et al. 1988a/b, 1989b,
1990, 1991, 1995, Mitler et al. In 1988, Cassel et al. 1991a/b, 1993, 1996 , ATS 1994,
Gerdesmeyer et al. 1997, Krieger et al. 1997, Randerath et al. 1997, 1998, 2000, Weefs 1997,
Weef3 et al. 1998a/b, Biittner et al. 2000a/b, Biittner 2001). Consequences of this reduced
performance are therefore often accidents or nearly accidents by falling asleep at the wheel.
However, other cognitive and mental functions and the quality of life can be affected by
sleep disorders (Sleep Apnea Syndrome, Insomnia and/or Narcolepsy).

In summary therefore, can be said that sleep disorders and/or sleep diseases are complex
disorders which human beings can affect in his totality and in his whole personality. It can
therefore affect all physical, mental and spiritual processes. It can lead to lower physical and
mental performances; reduce vigilance, impaired attention and concentration. It can affect
the quality of life, reduce, limit and/or prevent social contacts and competencies skills, and
cause in other psychiatric5, neurologicalé and organic” diseases.

A detailed sleep diagnostics and possibly therapy of previously known sleep disorders
and/or sleep diseases is therefore essential to prevent complications and comorbidities, to
prevent treatment resistance with respect to other physical and mental diseases and to
provide effective medical treatment.
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1. Introduction

Sleep is a vital physiological process with important restorative functions. Parasomnias are
characterized by undesirable physical or verbal behaviors, such as walking or talking during
sleep and occur in association with sleep, specific stages of sleep or sleep-wake transitions.
The category of parasomnias comprises some of the most exceptional behavior disorders
because complex and apparently purposeful, goal-directed behavior is associated with a
deep sleeping brain. Parasomnias occur during REM sleep, any of the four stages of non-
REM sleep, and during transitions between sleep and wakefulness. Sleepwalking, sleep
terrors, and confusional arousals are associated with non-REM sleep, nightmares and sleep
paralysis are associated with REM sleep, while sleep starts and sleep talking are associated
with sleep-wake transitions. Sleep enuresis has been observed with all sleep types.

The International Classification of Sleep Disorders subdivides parasomnias into the
following four groups (Table 1): Arousal disorders, sleep-wake transition disorders, rapid
eye movement (REM) stage sleep parasomnias, and other parasomnias (American academy
of Sleep Medicine, 2004).

When accompanied with excessive motor activity and other complex motor behaviors, these
parasomnias may significantly affect the patient’s quality of life and that of the bed partner.
Motor behaviors may or may not be restricted to bed but can become dangerous when the
subject ambulates or is agitated. The behaviors are inappropriate for the time of occurrence
but may seem purposeful or goal directed. Therefore, appropriate diagnostic and
therapeutic strategies are needed (Young, 2008).

2. Causes of parasomnias

Parasomnias occur due to abnormal transitions between the three primary states of being
wake, rapid eye movement (REM) sleep, and non rapid eye movement (NREM) sleep. These
different states may overlap or intrude into one another, and it is the overlap of wakefulness
and NREM sleep that gives rise to confusional arousals, and the intrusion of REM sleep into
waking that produces REM sleep behaviour disorder (Matwiyoff et al, 2010).

Parasomnias may have genetic basis, but occurrence is usually triggered by heavy physical
activity, febrile illness, sleep deprivation, excessive caffeine drinks, hypnotics, and
emotional stress. Intake of alcohol increased occurrence of confusional arousal, night terror,
and sleepwalking, while heavy intake of caffeinated drink increased occurrence of sleep
walking in a population study (Oluwole, 2010).
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Arousal disorders

Confusional arousals
Sleepwalking
Sleep terrors

Sleep-wake transition disorders

Rhythmic movement disorder
Sleep starts

Sleep-talking

Nocturnal leg cramps

Parasomnias usually associated with REM sleep

Nightmares

Sleep paralysis

Impaired sleep-related penile erections
Sleep-related painful erections

REM sleep sinus arrest

REM sleep behavior disorder

Other parasomnias

Sleep bruxism

Sleep enuresis

Sleep-related abnormal swallowing syndrome
Nocturnal paroxysmal dystonia

Sudden unexplained nocturnal death syndrome
Primary snoring

Infant sleep apnea

Congenital central hypoventilation syndrome
Sudden infant death syndrome

Benign neonatal sleep myoclonus

Table 1. The International Classification of Sleep Disorders classification of parasomnias

Heredity was described for many forms of parasomnias but detailed genetic studies are
lacking. The composition of non-REM and REM sleep was shown to have genetic roots.
Especially the amount of slow-wave sleep was recently shown to be genetically predisposed
by a specific gene, the retinoid acid receptor beta encoding gene (Young, 2008; Maret et al.,

2005).
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3. Diagnosis of parasomnias

All parasomnias more commonly affect persons who have breathing disorders during sleep.
Polysomnography is appropriate for any patient with symptoms or signs of obstructive
sleep apnea, such as daytime hypersomnolence, nocturnal hypoxia, loud snoring and
increased neck circumference. REM behavior disorder often occurs concomitantly with
degenerative neurologic illnesses that may require further evaluation. In adults, the onset of
arousal disorders such as somnambulism and night terrors may reflect underlying
neurologic disease. Thus, neurologic evaluation, including imaging of the central nervous
system, may be indicated (Bornemann et al., 2006).

Diagnosis of parasomnias relies on a comprehensive clinical evaluation. Additional testing
with polysomnogram and time-synchronized video recording may be indicated for cases
that are associated with very frequent episodes, complaints of excessive sleepiness, unusual
presentation, or injury to the individual or bed partner. A formal laboratory sleep study or
polysomnogram with an expanded electroencephalographic montage can help distinguish
among non-REM and REM parasomnias and nocturnal seizures. The latter may manifest
clinically as arousals from sleep associated with vocalization and/or complex behaviours
(Farid et al., 2004).

4. Epidemiology

Generally parasomnias, particularly those that are associated with non-REM sleep are
commoner in childhood, but studies showed that non- REM parasomnias are not
uncommon in adults. Parasomnias have been reported in approximately 4% of the adult
population (Ohayon et al., 2000).

Prevalence of sleepwalking, which consists of a series of complex behaviours that are
initiated during slow wave sleep and result in walking during sleep, varies from 10 per
1,000 to 145 per 1,000. In a population of adults prevalence of sleep walking was 20 per 1,000
(Guilleminault et al., 2003).

Sleep terrors, which are characterized by sudden arousal from slow wave sleep with a
piercing scream or cry, accompanied by autonomic and behavioral manifestations of intense
fear, are a common parasomnia in childhood. Its prevalence in children varies from 30% to
398 per 1,000, but prevalence of 22 per 1,000 was found in an adult population (Kales et al.,
1980).

Nightmares are frightening dreams that usually awaken the sleeper from REM sleep.
Between 10 and 20% of children experience nightmares that disturb their parents while
50% of adults have occasional nightmares and 1% have one or more nightmares per
week.

Sleep paralysis consists of a period of inability to perform voluntary movements at sleep
onset, hypnagogic or predormital form, or upon awakening, either during the night or in the
morning, hypnopompic or postdormital. Lifetime prevalence of isolated sleep paralysis in
the general population in Germany and Italy was shown to be 62 per 1,000.

Sleep enuresis is characterized by recurrent involuntary micturition that occurs during
sleep. In children prevalence of sleep enuresis could be up to 250 per 1,000. In adults
prevalence of nocturnal enuresis varies from 2 to 38 per 1,000.
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Sleepwalking occurs more frequently in children with an estimated prevalence of up to 40
per cent in this age group. Prevalence among adults is about 4 per cent.

Prevalence of RBD is estimated to be about 0.5 per cent13. REM sleep behaviour disorder
tends to affect older adults, with a mean age of onset of 50 to 60 years, predominantly
affecting males.

5. Clinical features and symptoms

The disorders that are primarily discussed in this chapter are confusional arousals, sleep
terror disorder, sleepwalking disorder, nightmare disorder and REM sleep behavior
disorder.

5.1 Confusional arousals

Arousal disorders, including sleepwalking, sleep terrors, and confusional arousals, are the
most common forms of parasomnias. They are predominantly associated with arousals from
slow-wave sleep, which in turn occur most prominently in the first third of the night. They can
present as one disorder or any combination of the three forms mentioned. Awakening the
person during the arousal type of parasomnia is difficult; the affected individual usually will
not remember the event on awakening in morning. Confusional arousals can occur throughout
the night but are seen most commonly during the first half of the major sleep period when
NREM density is highest. Confusional arousals are estimated to affect 4 percent of adults. It is
characterized by abrupt awakenings with apparent confusion, diminished vigilance,
disorientation and occasional violent or inappropriate behaviour (Farid et al, 2004).
Confusional arousal typically appears in young children up to the age of five years.
Polysomnographic recordings of affected individual show clear association of confusional
arousal episodes with slow-wave sleep mainly in the first part of the night. Confusional
arousals usually are not harmful to the patient and are usually self-limited. Usually, there is
no indication to intervene during the episodes of confusional arousal (Young, 2008).

5.2 Sleep terror

Sleep terror (pavor nocturnus) is an abrupt, terrifying arousal from sleep, usually in
preadolescent boys although it may occur in adults as well. It is distinct from sleep panic
attacks. These emerge when normal wake and NREM state boundaries become destabilized
and elements of the waking state intrude into NREM sleep. Sleep terrors are believed to be a
reaction to a frightening image that results in agitated arousal and sympathetic nervous
activation. Polysomnographic recordings of these events have shown that they are
associated with 2 abnormalities during the first sleep cycle: abnormally low
electroencephalogram (EEG) power and frequent, brief, nonbehavioral EEG-defined
arousals.

Symptoms are fear, sweating, tachycardia, and confusion for several minutes, with amnesia
for the event. Demystification of these conditions and reassurance, particularly for parents
of pediatric patients, is an important aspect of clinical intervention. Patients rarely
remember the events in detail, but if actively probed after 4 years of age, they often report
vague memories of having to act—run away, escape, or defend themselves—against
monsters, animals, snakes, spiders, ants, intruders, or other threats. Children may report
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feeling complete isolation and fear. Parents often describe terrified facial expressions,
mumbling, shouting, and inability to be consoled.

5.3 Sleepwalking

Among arousal parasomnias, sleepwalking (somnambulism) is the most common.
Sleepwalking (somnambulism) includes ambulation or other intricate behaviors while still
asleep, with amnesia for the event. Sleepwalking is a complex behavior that ranges from
limited and noninjurious activities to dangerous activities associated with injuries to self
or others. Up to 40% of normal children have experienced at least one episode of
sleepwalking and 2% to 3% of children experience it at least once a month (Klackenberg,
1971).

It affects mostly children aged 6-12 years, and episodes occur during stage 3 or stage 4 sleep
in the first third of the night and in REM sleep in the later sleep hours. Despite widespread
prevalence of these disorders and the recognition that they may arise from incomplete
arousal, their pathophysiology is not well understood. Evidence for a strong genetic
background of sleepwalking was shown in epidemiological surveys as in twin studies.
Further evidence for heredity of sleepwalking is documented by the 10-fold increased
prevalence of sleepwalking in relatives of patients suffering from sleepwalking.
Sleepwalking in elderly people may be a feature of dementia. Idiosyncratic reactions to
drugs (eg, marijuana, alcohol) and medical conditions (eg, partial complex seizures) may be
causative factors in adults. During an episode of sleepwalking, a person may appear
agitated or calm and behaviour may range from simple ambulation with a “glassy stare” to
more complex activities such as driving. Sleepwalking may be preceded by confusional
arousals or sleep terrors.

Depending on the degree of confusion, bedroom location, furniture, and strength of the
subject, sleepwalking may lead to accidents and self-injury. Safety precautions should be
taken for sleepwalking. These include removing dangerous objects, placing heavy drapes on
glass doors and windows, and special locks on doors. Sleepwalking episodes occur in slow-
wave sleep, during which time the individual is not easily arousable. Family members may
gently guide the person back to the bed; strong stimuli to awaken the patient may cause
resistance or aggression and are not recommended. Sleep terror and sleepwalking episodes
are disturbing to parents but prepubertal sleepwalking is usually self-limited. Adult-onset
sleepwalking with complicated patterns of sleepwalking, however, may contain a
psychiatric component. These patients may benefit from psychotherapy, relaxation, or
hypnosis (Farid et al, 2004).

5.4 Nightmares

Nightmares are vivid nocturnal events that cause feelings of fear and terror, with or without
feeling anxiety. In most cases, a person having a nightmare will be abruptly awakened from
REM sleep and is able to give a detailed account of what he dreamt about. Also, the person
having a nightmare has difficulty returning to sleep. Episodes typically occur in the latter
half of the night. Following the awakening, the individual becomes fully alert and
profoundly anxious. There is vivid recall of the preceding dream as well as difficulty
returning to sleep. Compared to sleep terrors, there is less autonomic activation, and
tachycardia and tachypnea, if present, are not as severe. Episodes can be precipitated by
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illness, traumatic experiences, and alcohol and medication use, such as antidepressants and
beta-antagonist antihypertensive agents.

Nightmares affect 20 to 39 percent of children between five and 12 years of age. Contrary to
popular belief, frequent nightmares in children do not suggest underlying psychopathology.
Nightmares and night terrors in children are usually disturbing to parents and family
members; therefore, proper diagnosis and education of family members are important
components of management. It is essential to control the environment by removing
dangerous objects and providing barriers to prevent escape from a safe sleeping
environment. Reassurance and support are often the only therapy required because these
disorders rarely, if ever, reflect underlying illness and usually disappear with maturity.
Pharmacologic intervention is not usually indicated; in fact, it should be discouraged
because it may contribute to further sleep disruption. Behavioral methods for treatment of
frequent nightmares are effective in older children.

5.5 Rapid Eye Movement (REM) sleep behavior disorder

REM sleep is characterized by a paucity of muscle activity with near complete somatic
muscular atonia. REM sleep behaviour disorder is characterized by the intermittent loss of
REM atonia due to disinhibition of normally inhibitory mid-brain projections to spinal
motor neurons. This, in conjunction with an active dream state, results in behavioural
release and the apparent “acting out of dreams”. Abnormal behaviours include sleep
talking, yelling, limb movement, and complex motor activities. Patients with REM sleep
behaviour disorder arouse from sleep to full alertness often with complete recall of fearful
dream content, which may involve being chased or attacked. The motor behaviour exhibited
tends to correlate with dream content. REM sleep periods typically occur in the latter half of
the night. The most common symptom at time of presentation is injury of the patient or bed
partner. As a result of the behaviors, bed partners often simply move to another bed or
room. Also, patients and families may have a sense of guilt or shame regarding the
behaviors, even though the behaviors may not be consistent with patients’ personalities.
This is particularly true when sexual behaviors are involved. Sleep disruption and daytime
sleepiness are often part of the history. REM sleep behaviour disorder tends to be a disease
that occurs in older men, although women and people of all ages may be affected. The
reason for the strong predominance toward men, with an approximately nine-to-one men-
to-women ratio, is not clearly known. The average age of onset is between 52.4 years to 60.9
years. Unlike those who experience sleep terrors, the victim will recall vivid dreams. The
frequency of these episodes varies from once every few weeks to several times a night.
Episodes tend to occur 90 min or more after sleep onset, when the first REM period typically
begins. (Mahowald et al., 2005).

REM sleep behavior disorder has been linked to a number of other neurological conditions;
thus, a careful review of systems and a physical examination are crucial. Polysomnographic
monitoring in patients with REM sleep behavior disorder reveals increased tonic and/or
phasic electromyographic activity, often accompanied by muscle twitching, extremity
flailing, or vocalization during REM sleep. REM sleep behavior disorder is often associated
with a growing number of underlying neurologic disorders, and may be induced by
numerous medications, particularly selective serotonin reuptake inhibitors (Boeve et al.,
2004).
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REM sleep behavior disorder can be controlled with medication. Clonazepam is the
mainstay in the treatment of REM sleep behavior disorder and leads to either a complete or
partial response in approximately 90% of cases. Before it is prescribed, the potential benefits
of treatment should be weighed against the possible side effects. Other medications have
been tried when clonazepam is not effective or is poorly tolerated. Discussions related to
safety are very important, because precautionary measures may prevent serious injury to
the patient or family members (Schenck et al., 2002).

5.6 Other parasomnias

Ten disorders are classified under this category (Table 1). The most common are sleep
bruxism, sleep enuresis, and primary snoring.

Sleep bruxism is the third most common parasomnia and it can be bothersome to the bed
partner. Bruxism is not a dangerous disorder. However, it can cause permanent damage to
the teeth and uncomfortable jaw pain, headaches, or ear pain. Approximately 8.2% of
people experience it at least once a week. Sleep apnea and anxiety disorders are the most
prominent risk factors for bruxism. Bruxism could be a reflex to open the airway after an
apneic or hypopneic event. Bruxism may improve with treatment of sleep apnea with
continuous positive airway pressure. Sleep bruxism does not have a definite cure. The goals
of treatment are to reduce pain, prevent permanent damage to the teeth, and reduce
clenching as much as possible. Stress reduction, relaxation, biofeedback, hypnosis and
improvement of sleep hygiene have been tried with no persistent or significant
improvement. To prevent damage to the teeth, mouth guards or appliances (splints) have
been used since the 1930s to treat teeth grinding, clenching, and TM]J disorders. A splint may
help protect the teeth from the pressure of clenching. Pharmacologic interventions are
indicated for short-term management of patients who experience complications of sleep
bruxism, including pain in the temporomandibular joint. Benzodiazepines could be effective
because of their muscle-relaxing and anti-anxiety properties. Additionally, they increase the
arousal threshold that could precede teeth grinding. (Farid et al., 2004)

Sleep enuresis, more commonly known as bedwetting, refers to the lack of ability to
maintain urinary control during sleep. This recurrent involuntary urination is also called
nocturnal enuresis, which is characterized by at least two occurrences per month in 3 to 6
years old infants and at least one occurrence per month for older children. Sleep enuresis
is observed in 10% of children at the age of 6. The prevalence decreases with age.
Approximately 77% of children had enuresis when their parents were enuretic, whereas
44% of children with one parent who was enuretic developed enuresis. Simple behavior
modifications can be very effective treatments for children with enuretic episodes. For
example, intake of liquids and dietary bladder irritants such as citrus products should be
discouraged before bedtime. Taking note of when the enuresis actually occurs, and
waking and taking the child to toilet before that hour, can also be very helpful Matthias et
al., 2002).

Psychological treatments such as encouragement of self-reliance, participation in
management, inculcation of self-respect and responsibility are also recommended by many
experts. Physical punishments and coercion, on the other hand, are considered to be the
most counterproductive measures and should be avoided at all costs.
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Using devices such as bedwetting alarms and moisture alarms, combined with bladder
muscle exercises, dietary changes, retention control training etc can also be helpful remedies
in treating sleep enuresis. Education, encouragement, and patience are prudent approaches
for younger children. For older children who may be embarrassed by the occurrences, and
who may be affected by the emotional concerns, more aggressive treatment is
recommended. Biofeedback, including enuresis alarms, arousal training and desmopressin
have been tried with prominent success rates, although they are associated with high
relapse rates. Hypnotherapy and imipramine have been somewhat helpful in the
management Schenck et al., 1996).

Primary snoring is reported in 40% to 50% of people over the age of 65 and approximately
25% of the middle-age group. Snoring is usually a symptom of sleep disordered breathing.
Oral appliances and otolaryngologic procedures, including velopharyngeal surgery, can
effectively resolve snoring. Most of the studies on oral appliances are conducted for
treatment of obstructive sleep apnea syndrome, with no clear data on primary snoring. They
have decreased the frequency of snoring by 50%.

6. Treatment options

The primary therapy for disorders of arousal is reassurance and prevention. For most, the
disease course is usually benign and tends to resolve spontaneously with time. It is essential
that both the patient and bed partner be educated about safety precautions for the home and
bedroom environment, such as reducing or eliminating potential sources of injury (e.g.,
relocating the bedroom to a room on the ground floor, securing doors, using heavy
draperies over the windows, removing mirrors, and keeping the floor free of objects that the
sleepwalker might potentially trip over). Bed partners should be counseled not to attempt to
stimulate the patient during an episode as this may trigger violent behaviour.

A trial of sleep extension or scheduled awakening may be considered. With scheduled
awakening, the patient is awakened just before the typical time of the parasomnia episode
and thereafter allowed to return to sleep.

Relaxation training and guided imagery may be helpful strategies for some patients,
especially those with disorders of arousal or rhythm movement disorders.

When the events are frequent or particularly dramatic, medication with a long- or medium-
acting benzodiazepine, such as clonazepam, at bedtime is effective therapy in most cases of
non-REM disorders of arousal and REM sleep behavior disorder. In non-REM disorders,
pharmacologic agents that have been used with some success include paroxetine and
trazodone and low-dose benzodiazepines. Typically, medication should be used in
combination with nonpharmacologic treatments after such techniques have been tried and
found to be ineffective and only when the sleep disorder is affecting daytime function.

7. Conclusion

Although parasomnias can be distressing and it is important to recognize that parasomnias
are diagnosable and treatable in the vast majority of patients. With recent understanding of
the sleep stages and transition of these stages, many of the parasomnias are readily
diagnosable and treatable.
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Risk Factors and Treatment of
Restless Legs Syndrome in Adults

John A. Gjevre and Regina M. Taylor-Gjevre
Department of Medicine University of Saskatchewan,
Canada

1. Introduction

Restless legs syndrome (RLS) is a common clinical entity consisting of an uncomfortable
sensation in one’s legs and irresistible urge or desire to move them usually occurring in the
evening. This syndrome has been sub optimally diagnosed in the past and remains overall
misunderstood and under-recognized by many primary health care providers. However,
RLS is increasingly recognized to cause significant disease burden and decreased quality of
life (Kushida C et al., 2007). The initial modern clinical description was published by Ekbom
in 1945 but was largely ignored until the late 1980s when there was a resurgence of interest
in RLS (Walters AS & Hening W, 1987). Because of ongoing clinical confusion and the need
for more clear epidemiologic assessment, a research group was organized in 1995 and the
original IRLSSG criteria were developed (Walters AS, et al., 1995). In 2003, the International
Restless Legs Syndrome Study Group (IRLSSG) issued revised guidelines to assist in clinical
diagnosis and research of RLS (Allen RP et al., 2003).

2. RLS description and diagnosis

RLS is described by the RLS foundation as a neurological condition that is characterized by
the irresistible urge to move the legs. Patients will describe an uncomfortable itching or
“creepy-crawling” sensation on the legs in the evenings and report that it feels like “bugs
crawling under the skin.” The IRLSSG has listed 4 essential criteria to clinically diagnose
RLS. Physical examination is usually normal. There is no single test used which will make
the diagnosis although many patients suffer from iron deficiency with low ferritin levels.
While overnight polysomnography (PSG) in a sleep laboratory is helpful to assess periodic
limb movements of sleep (PLMS), a PSG is not necessary to make the clinical diagnosis of
RLS. PLMS are defined as a repetitive or periodic bursts of leg (or arm) electromyographic
(EMQG) activity during sleep associated with discrete, stereotypical movements of the legs or
arms. PLMS are felt to be a related but separate disease from RLS. Although most (80%)
patients with RLS with have PLMS on PSG testing, approximately 12-20% of RLS patients
will not have evidence for PLMS (Montplaisir ] et al., 1997). Approximately 30% of patients
with PLMS will have RLS symptoms. The revised 2003 IRLSSG essential criteria include 1)
An urge to move the legs accompanied or caused by uncomfortable sensations in the legs, 2)
The urge to move or unpleasant sensations beginning or worsening during periods or rest
or inactivity such as lying or sitting, 3) The urge to move or unpleasant sensations are
partially or totally relieved by movements such as walking or stretching, at least as long as
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the activity continues, 4) The urge to move or unpleasant sensations are worse in the
evening or night than during the day or only occur in the evening or night (Allen RP et al.,
2003). Despite these revised guidelines, there are still difficulties in excluding mimics such
as leg cramps that can confound the diagnosis and the specificity of the 4 diagnostic criteria
is 84% (Hening WA et al.,, 2009). It has been suggested that the validated self-completed
Cambridge-Hopkins RLS questionnaire (CH-RLSq) is more useful with a sensitivity of
87.2% and a specificity of 94.4%. (Allen RP et al., 2008). In addition to the diagnostic criteria,
the IRLSSG developed a validated, patient-completed 10 item severity rating scale called the
IRLS severity scale or IRLSSS (Walters AS et al., 2003).

3. RLS prevalence

RLS has been mainly studied in North America and Europe and appears to have a
prevalence of 5 to 15% with up to a 2:1 female ratio (Berger K et al., 2004, Phillips B et al.,
2000). Prevalence is markedly higher in certain groups such as Icelandic women where RLS
prevalence was found to be 24.4% (Benediktsdottir B et al., 2010). Of interest, the increased
risk of RLS in women appears to be linked to parity with an increased risk of RLS directly
proportional to the number of children (Berger K et al. 2004). In contrast, nulliparous
women have the identical risk of RLS as men the same age. While, most of the epidemiology
of RLS has been researched in Europe and North America, there are studies from other
areas. Research from Asia appear to yield lower prevalence rates. (Chen NH et al., 2010).
Overall, the prevalence of RLS appears to be higher in North American/European
populations, especially in women.

4. RLS pathogenesis

The scientific basis of RLS remains unclear but appears to be related in part to the
dopaminergic pathways and iron metabolism in the substantia nigra. In 2003, Connor et.
al. published an autopsy-based study suggesting that the cause of RLS was related to a
defect in the regulation of transferrin receptors in the brain (Connor JR, et al., 2003). In
addition, MRI, PET, and SPECT imaging studies have likewise shown alterations in the
dopaminergic receptors of the brain (Michaud M et al., 2002). Recently, further evidence
has accumulated to support that there is a primary iron insufficiency leading to an overly
activated dopaminergic system (Connor JR et al., 2009, Quiroz C et al., 2010). Low iron
levels can increase extracellular dopamine and decrease D2 receptors (Earley CJ et al.,
2011). Thus, overall the pathophysiologic basis of RLS is not fully understood but there is
increasing evidence of iron deficiency related dopaminergic abnormalities. In addition to
dopamine and iron physiology, there are clear familial clusterings and genetic linkages. In
2007, researchers in Iceland reported on the first genetic variant associated with a
susceptibility to periodic limb movements of sleep (Stefansson H et al., 2007). A total of 4
main genetic variants have since been discovered which account for approximately 80% of
primary RLS.

5. Primary RLS

RLS is divided into two main categories which are primary (idiopathic) RLS and secondary
RLS. Patients with primary RLS tend to have onset at an earlier age, often under age 45. In
addition, there is a significantly higher family history of RLS (Allen RP & Earley CJ, 2000).
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6. Clinical associations with RLS or secondary RLS

6.1 RLS and multiple sclerosis

After an initial 2002 meeting presentation where data from 100 multiple sclerosis (MS)
patients with a prevalence of RLS of 32%was described, Auger et al reported a prevalence of
37.5% in their 200 French-Canadian MS patients meeting the 2003 IRRLSG criteria.
Interestingly, in their patient population, more women than men met RLS criteria and 30%
of patients reported that RLS symptoms started or worsened during pregnancy. A positive
family history for RLS was reported by 36% of these French-Canadian patients meeting RLS
criteria. They speculated whether MS plaque formation and involvement in the basal
ganglia may be pathogenic for RLS in these patients. This concept may be supported by the
therapeutic effect of dopaminergic therapeutic agents. The concept of potential common
susceptibility genes for both MS and RLS is raised by the authors (Auger C et al, 2005). The
following year, Kilfoyle et al reported a myelin protein zero (MPZ) mutation which was
associated in the individuals studied with various neurological manifestations including
RLS and MS (Kifoyle DH, et al, 2006).

In 2007, Manconi et al examined prevalence of RLS in an Italian population of MS patients.
In this population of 156 patients, 100 were female and a prevalence of 32.7% was found
who met the 2003 IRRLSG diagnostic criteria. However, in contrast to the French-Canadian
population, a positive family history for RLS was only reported by 5% of the (total)
population. In the majority of these patients (> 90%), RLS symptoms followed or were
simultaneous in onset with MS clinical features onset. The authors speculate that the co-
existence of MS and RLS may be the result of a particular lesional pattern (Manconi et al,
2007). In a subsequent study of 82 MS patients of whom 30 patients had co-existing RLS,
brain and cervical spinal cord MRIs were done. The MS and RLS patients were observed to
have a greater degree of cervical cord involvement than those MS patients without RLS. The
authors state that cervical cord damage represents a significant risk factor for RLS in MS
patients (Manconi et al, 2008).

The Italian REMS Study Group, published the ‘REstless legs syndrome in Multiple Sclerosis’
or REMS study in 2008 in the journal SLEEP. This group reported a prospective, multicenter
case-control epidemiologic survey which involved 20 sleep centers certified by the Italian
Association of Sleep Medicine and included 861 MS patients and 649 control patients. They
reported a 19% prevalence of RLS, using the IRRLSG criteria, in the MS patients compared
to a 4.2% in the control population. This provided a relative risk for RLS in the MS patients
of 5.4. Risk factors associated with RLS in the MS patients were identified as older age,
longer duration of MS, the primary progressive form of MS, higher global, pyramidal, and
sensory disability and the presence of leg jerks before sleep onset. Additionally, RLS
symptom severity was reported to be worse in the MS patient group compared to symptoms
of control group patients with RLS. The authors comment that their results strengthen the
hypothesis that MS inflammatory lesions may induce a secondary form of RLS (The Italian
REMS Study Group, 2008).

In a study of French patients with MS by Douay et al, the authors report a prospective
evaluation of 242 MS patients and found 18% met the international RLS criteria, consistent
with the REMS study report. In this French population, the authors reported RLS symptoms
to be more frequent in patients with the relapsing-remitting form of MS (Douay et al. 2009).
A Brazilian study of 44 MS patients reported by Moreira et al, found 27% of their patients
met the RLS criteria. The authors did not observe any association of specific patient
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characteristics associated with the presence of RLS compared to those MS patients not
meeting RLS criteria, in this small prevalence study (Moreira et al, 2008).

Deriu et al published a case-control study of Italian MS patients. The authors enrolled 202
MS patients and 212 age and gender matched healthy controls. Interestingly, 45% of the MS
patients met the IRRLSG diagnostic criteria for RLS, however, after neurologic review and
examination of the each patient who responded positively to the questionnaire instrument,
only 14.6% of the MS patients were felt to truly have a diagnosis of RLS. In the control
group, 16.03% were positive responders to the questionnaire criteria, but only 2.8% had a
final diagnosis of RLS following neurologic review and examination. The authors comment
on the high false positive number of questionnaire responders (Deriu et al, 2009).

In summary, there is evidence of an increased prevalence of RLS in the MS population.
Several interesting possibilities have been suggested to explain this association. The weight
of evidence seems to support the concept of a secondary RLS likely arising from strategic
geographic involvement of demyelinating lesions.

6.2 RLS and other neurologic disorders

Peripheral neuropathy has also been associated with RLS. A recent case-control study (Hattan
E et al 2009) in a Quebec population examined 245 patients with a diagnosis of peripheral
neuropathy and 245 age and gender matched controls. The authors considered a positive
response to three of the four essential criteria to be ‘screen-positive’. All ‘screen-positive’
patients were subsequently evaluated by a blinded movement disorders specialist. Of the 245
peripheral neuropathy patients, 26.5% were “screen-positive’, compared to 10.2% of controls.
Confirmation by neurologist, however, revealed only 46% of the ‘screen-positive’” peripheral
neuropathy patients were felt to truly have a diagnosis of RLS compared to 80% of the “screen-
positive’ control patients. After this diagnostic confirmation, the overall prevalence of RLS did
not differ between the peripheral neuropathy patients and the control group.

The prevalence of RLS was evaluated in a cohort of 99 Italian patients with acquired diabetic
peripheral neuropathy (Gemignani et al, 2007). Using IRRLSG diagnostic criteria, RLS was
found to be present in a third of the patients in this study population (33/99). The authors
reported that of the various forms of diabetic neuropathy represented within this
population, small fiber sensory neuropathy was more common than other forms. A
prominent symptom associated with RLS was ‘burning feet’. The authors suggest that RLS
may be triggered peripherally by abnormal sensory inputs from small fibers.

A case series of 12 patients with essential mixed cryoglobulinemia and associated peripheral
neuropathy reported a frequency of RLS, using pre-2003 diagnostic measures, of one third
(4/12) (Gemignani et al, 1997).

A recent report (Bachmann CG et al 2010) suggest response to specific stimuli may be able to
distinguish between primary RLS and RLS secondary to small fiber neuropathy. In this
study of 21 primary RLS patients and 13 patients with secondary RLS related to small fiber
neuropathy, the authors describe thermal hypoesthesia to cold and warm in those with
secondary RLS compared to both the primary RLS study patients and controls. They also
suggest support for the RLS pathogenesis concept of central disinhibition of nociceptive
pathways which might be induced by conditioning afferent input from damaged small fiber
neurons in secondary RLS.

Restless legs syndrome has been reported as increased in prevalence in German hereditary
spastic paresis patients (Sperfeld AD, et al, 2007) and in Argentinian patients with Fabry’s
disease (Dominguez RO, et al, 2007). RLS has also been reported to be present in 18.1% of
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227 Charcot-Marie Tooth disease patients compared to 234 controls with a 5.6% prevalence.
RLS severity was correlated with worse sleep quality and reduced health-related quality of
life measures. Variation in prevalence was not observed between subtypes of Charcot-Marie
Tooth disease, but women were more severely affected by RLS than male patients (Boentert
M, et al 2010). A series of 28 patients with Friedreich’s Ataxia were surveyed for prevalence
of RLS with 32% meeting diagnostic criteria (Synofzik M et al, 2011). In a population of 28
chronic inflammatory demyelinating polyneuropathy (CIDP), a prevalence of 39.3% for RLS
was found, compared to 7.1% prevalence in age and gender matched control patients.
Isolated case reports of RLS symptomatology following development of
hyperparathyroidism (Agarwal P et al, 2008), administration of interferon therapy
(LaRochelle JS, et al, 2004), development of multifocal motor neuropathy (Lo Coco D, et al,
2009), and Guillain-Barré syndrome have been reported (Marin LF, et al, 2010). Additionally,
a case report has been published reporting a patient who experienced remission of severe
RLS following excision of multiple foot neuromata (Lettau LA, et al 2010).

The question has also been raised as to whether RLS in seen in a higher prevalence in
patients with Parkinson’s Disease. This has been addressed in an Italian population of 118
Parkinson’s Disease outpatients using a case-control study design. The authors report a
failure to demonstrate increased prevalence of RLS in the Parkinson’s patients in
comparison to age and gender matched control patients. They further acknowledge the RLS
prevalence assessment may be impeded by the concurrent treatment of Parkinson’s Disease
with dopaminomimetic drugs, which may also be expected to impact on RLS
symptomatology (Calzetti et al, 2009). Another study from the Netherlands in 269 non-
demented Parkinson’s Disease patients, found RLS to be present in 11% of patients. RLS
severity was noted to correlate positively with Parkinson’s Disease severity. RLS was also
significantly more common in male patients than female. The authors note the similar
prevalence of RLS in their study population to the general population and submit that this
could potentially relate to concurrent dopaminergic therapy. They also suggest that in view
of the relationship of severity of RLS to severity of Parkinson’s Disease related primarily
non-dopaminergic symptoms, that non-dopaminergic systems may play a role in any
potential relationship between RLS and Parkinson’s Disease (Verbaan D, et al, 2010).

In a reverse style of assessment, 23,119 participants in the Health Professional Follow-up study
who were free of diabetes and arthritis were surveyed. The IRRLSG diagnostic criteria were
applied and concurrent diagnoses of Parkinson’s Disease were investigated. The adjusted
odds ratios for Parkinson’s Disease in men with RLS symptoms with frequency from 5-14
times per month was 1.1, and in those with a frequency of RLS of 15 or more times per month
the odds ratio was higher at 3.09. The authors concluded that men with RLS symptomatology
were more likely to have concurrent Parkinson’s Disease (Gao X, et al, 2010).

6.3 RLS and pregnancy

Lower extremity symptoms consistent with RLS have been reported in pregnancy. In a
study of 642 pregnant Italian women, data was collected around the time of delivery and at
follow-up evaluation up to six month post-delivery. Patients were screened with the
IRRLSG diagnostic criteria. The authors reported that 26% of women acknowledged
symptoms of RLS during their pregnancy. It was most strongly related to the last trimester
of the pregnancy and tended to disappear around the time of delivery. The authors
concluded that pregnancy was associated with transient RLS. They did also observe that
women with RLS symptoms had lower hemoglobin levels and MCV compared to healthy
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subjects. (Manconi M et al, 2004). An American study of 189 nulliparous women who were
enrolled between six and 20 weeks of gestation and were followed up in the third trimester,
reported an increase in patients meeting RLS criteria from 17.5% at enrollment up to 31.2%
in the third trimester (Facco FL, et al, 2010).

In a questionnaire study of female members of the French Association of Patients with RLS,
Ghorayeb et al applied both the International RLS Severity Scale (IRLSSS) and a
questionnaire addressing reproductive behaviour and RLS history. Interestingly, women
who had had a pregnancy showed a higher mean IRLSSS score than women who had never
had a child. Worsening of symptoms during pregnancy were reported by 23% of patients,
29% of non-menopausal women reported increased severity of RLS symptoms during
menses, and 69% of women reported worsening of symptoms following menopause
(Ghorayeb I, et al, 2008). An Australian case-control study of pregnant women
demonstrated a RLS prevalence of 22.5% of 211 women. A positive family history of RLS
and of ‘growing pains’, as well as a personal childhood history of ‘growing pains’ were
associated with meeting RLS criteria in this study population (Balendran et al 2011).

In a Turkish study of 146 pregnant women, 38 were diagnosed with RLS. The authors report
lower hemoglobin levels to be a risk factor for RLS in pregnancy (Tunc et al 2007). In a study
of pregnant women in Pakistan, 81 of 271 women met diagnostic criteria for RLS. The
authors reported anemia and a positive family history of RLS to be predictive for
development of de novo RLS, whereas, a positive family history for RLS and multiparity
were predictors for pre-existing RLS with odds ratios of 12.39 and 6.84 respectively
(Sikandar R, et al, 2009). A previous pregnancy was also identified by Pantaleo NP et al as a
significant risk factor for RLS in a re-analysis of data from a prior RLS study. They observed
that in family members of RLS probands, the prevalence of RLS was significantly higher for
parous women (49.5%) than for nulliparous women (33.7%) or for men (30%). These
differences were not observed in control proband family members. The authors suggest that
in patients with a positive family history of RLS, pregnancy has a major influence on the risk
of developing RLS (Pantaleo NP, et al, 2010).

Examining hormonal influences on RLS, Dzaja et al, studied 10 pregnant German women
with RLS and nine healthy pregnant controls. Blood hormone levels of estradiol were
higher in patients with RLS than in control patients. The authors suggest estrogens may
contribute via a pathophysiological mechanism to triggering of RLS symptoms during
pregnancy (Dzaja A, et al, 2009).

Neau et al, in a cross-sectional questionnaire study of 1.022 pregnant French women from a
single town, screened for RLS using IRRLSG criteria. They found 24% of these women to be
affected by RLS during their pregnancy. The symptoms of RLS were strongly related to the
third trimester of the pregnancy. In a follow-up study of a smaller number of patients, the
authors report resolution of RLS symptoms within a short time interval following delivery
in the majority of women (Neau JP et al, 2010a, Neau JP et al, 2010b). A follow-up study of
RLS in pregnant Italian women performed after a mean lapse of 6.5 years, reported on 74
women with pregnancy associated RLS and 133 women who did not have RLS symptoms
during their pregnancy. During the time between the original study and this follow-up
investigation, the prevalence of RLS had increased to 56% person/year in women who had
experienced RLS symptoms transiently during their pregnancy and 12.6% person/year in
subjects who had not been troubled with RLS symptoms during pregnancy. The authors
conclude the transient pregnancy RLS form to be a significant risk factor for development of
a future chronic form of RLS (Cesnick et al, 2010).
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6.4 RLS and renal disease

Renal disease has been associated with RLS symptomatology. A recent hospital based study
of 301 patients, revealed a prevalence for meeting RLS criteria of 18.3%. Multivariate
analysis identified iron deficiency and chronic renal disease to be independent predictors for
RLS in this population (Quinn C et al, 2011). In a Japanese study of 490 uremic patients on
hemodialysis (HD), 12.2% were found to meet criteria for RLS. The authors found a
relationship between RLS, anxiety, anemia and high serum phosphorus level. They failed to
find evidence of previously identified risk factors including relationship to gender, longer
duration of HD therapy, frequency of HD sessions, and smoking (Takaki J et al, 2003). The
significance of an elevated serum phosphorus in RLS is unclear.

A lower frequency of RLS was observed in an Indian study of 121 HD patients and 99
controls, where only 6.6% of HD patients and 0% of controls met RLS criteria. Nerve
conduction studies conducted on RLS patients found the majority to have evidence of
sensori-motor neuropathy (Bhowmik D, et al, 2003). Another prevalence study in Brazil in
176 HD patients observed a prevalence of RLS of 14.8% (Goffredo et al, 2003). A similar
prevalence was established in 894 dialysis patients participating in the CHOICES (Choices
for Healthy Outcomes In Caring for End Stage renal disease) study, where a prevalence of
15% for ‘severe’ RLS was observed. Age and diabetes were positive predictors for RLS in
this population. The authors also report an increase in the adjusted mortality hazard ratio of
1.39 in patients with severe RLS. Reduced quality of life measures in these patients was also
observed (Unruh ML, et al, 2004). In a small study from the Netherlands, 48 patients with
renal disease and RLS were studied by polysomnogram (PSG) and questionnaire. A
prevalence of 58.3% for meeting RLS criteria was observed. In addition the authors report
nearly all RLS patients had evidence of severe periodic limb movement disorder on PSG
(Riisman RM, et al, 2004). Examining a population who were not yet dialysis dependent,
Merlino et al enrolled 138 chronic renal failure patients and 151 controls. RLS criteria were
met by 10.9% of the chronic renal failure group and 3.3% of the control population. An
association with iron deficiency and female gender was observed (Merlino et al, 2005).

6.5 RLS and rheumatic diseases

In the rheumatoid arthritis (RA) patient population, increased prevalence of RLS has been
reported by several investigators. Reynolds et al studied hospitalized RA patients
employing a ‘control” group of osteoarthritis (OA) patients, and found a 30% prevalence of
RLS in RA compared to 3% in OA (Reynolds G et al, 1986). A subsequent study again
comparing RA and OA found comparable prevalence rates for RLS of 25% in RA and 4% in
OA (Salih AM, et al, 2004). Auger et al in their study of MS patients employed a RA patient
group for contrast, finding a prevalence rate for RLS of 31% in their RA group (Auger C, et
al, 2005). A more recent study employing the 2003 IRRLSG criteria for RLS found a
prevalence of RLS of 27.7% in RA and a prevalence of 24.4% in OA patients (Taylor-Gjevre,
et al, 2009). Increased frequency of RLS has also been reported in other rheumatic disease
populations, including Sjogren’s Syndrome, scleroderma and fibromyalgia patients (Taylor-
Gjevre, et al, 2011). A recent study of RLS in Systemic Lupus Erythematosus patients has
also suggested an increased prevalence in that population (Hassan N, et al, 2011).

6.6 RLS and Iron deficiency
An increased prevalence of anemia or iron deficiency has been observed in many RLS patient
populations. Treatment with iron supplementation has been efficacious in many cases of RLS



166 Sleep Disorders

in patients with low serum ferritin levels. This is discussed in greater depth in the treatment
section of this chapter. Consistent with these observations, there has been an increased
prevalence of RLS in patients with celiac disease, a disorder with associated abnormal iron
absorption (Moccia M, et al, 2010) and as mentioned previously in this chapter, many instances
of secondary RLS appear to be also associated with anemia or low iron status.

There have been several studies assessing prevalence of RLS in regular blood donors. A
large Swedish study of 946 consecutive blood donors, aged 18-64, who were evaluated for
RLS, found a gender difference in prevalence. In male blood donors 14.7% met RLS criteria,
in female donors the frequency increased to 24.7%. Further, in patients with laboratory
evidence consistent with iron-deficiency, the frequency of RLS increased to 37.5%. The
authors conclude RLS to be common amongst female blood donors (Ulfberg J, et al, 2004).
Conversely, in an American study of 144 blood donors, only a 4% prevalence of definite RLS
was appreciated. The authors comment that their relatively small sample size may influence
their results (Arunthari V, et al, 2010).

From a pathologic viewpoint, decreased iron content has been observed in the substantia
nigra which is felt to contribute to the pathophysiology of RLS (Synder AM, et al, 2009). In a
recent study, Connor et al examined expression of iron management proteins in proximity
to the blood-brain interface in brains from eleven RLS patients and in 14 control brains. The
authors report a significant decrease in heavy chain ferritin, transferrin and it’s receptor in
the microvessels in RLS patients compared to controls. Additionally, activity of an iron
regulatory protein was observed to be diminished in the RLS patients compared to controls.
These relative differences between brains from RLS patients and control patients suggest
fundamental differences in brain iron acquisition in RLS patients (Connor JR, et al, 2011)

7. Treatment options for RLS

Historically, there were a variety of treatments for RLS ranging from bloodletting to opiates.
Indeed, Sir Thomas Willis over 325 years ago described the first probable case of RLS and
used opium to alleviate the symptoms. When RLS was “rediscovered” by researchers in the
1980s, once again opioid narcotics were the treatment of choice (Hening WA, et al. 1986). In
that study, five patients with RLS were given opioid drugs which relieved their awake RLS
symptoms as well as PLMs and sleep disturbance. When counteracted with intravenous
naloxone, the RLS symptoms and findings returned leading the authors to speculate on the
endogenous opiate system playing a role in RLS pathogenesis. However, with increasing
research in the last two decades, it has become clear that the underlying pathology of RLS is
largely due to alternations in dopaminergic pathways. This has lead to the use of both non-
specific and specific dopamine receptor agents.

7.1 Pharmacological treatments for RLS

7.1.1 Iron replacement therapy

While Ekbom did recognize the possible role of iron therapy in RLS, it was not until 1994
when O’Keeffe in Dublin did the first clinical trial of iron replacement therapy. In that study
of 18 elderly patients with 18 matched controls, iron status and RLS response to iron therapy
was observed. The researchers found that serum ferritin levels were reduced in RLS subjects
compared to the control group and that levels were inversely correlated to the severity of
RLS symptomatology. In the 15 RLS patients treated with iron replacement therapy for 2
months, there was a significant improvement in RLS symptoms (O'Keeffe ST, 1994). In a



Risk Factors and Treatment of Restless Legs Syndrome in Adults 167

recent double-blinded, placebo-controlled study, Wang and colleagues showed the benefit
of iron replacement in RLS patients with low serum ferritin. In this study, 373 patients were
screened and 157 (42%) met the 2003 IRLSSG criteria for RLS. Of these, there were only 18
patients who consented to participate and met the inclusion criteria (which included having
a low-normal serum ferritin between 15-75 ng/ml). Eleven patients were randomized to iron
replacement (ferrous sulfate 325mg po bid) and 7 to placebo for 12 weeks and IRLS scores
were obtained at the start and end of the study. The researchers found a clinically significant
(p = 0.01) improvement in IRLS scores in the iron therapy group and a non-significant (p =
0.07) trend towards improvement in quality of life (Wang J, 2009).

7.1.2 Dopamine precursors

Dopamine is a catecholamine which acts as a neurotransmitter but cannot cross the blood-
brain barrier. Levodopa (L-DOPA) is a precursor to dopamine (as well as norepinephrine
and epinephrine) and can cross the blood-brain barrier. Once in the brain, L-DOPA is
converted by DOPA decarboxylase to dopamine which can act on the dopamine receptors to
treat RLS. However, because peripheral L-DOPA is also converted to dopamine leading to
adverse effects, L-DOPA is usually given with a peripheral DOPA decarboxylase inhibitor
(usually carbidopa). There is a large body of evidence supporting the effectiveness of L-
DOPA in RLS. One of earliest randomized trials was done in the USA and published in
1993. This study was a randomized, double-blind, placebo-controlled, cross-over design trial
evaluating carbidopa/levodopa with proproxyphene and placebo. The primary outcome
was PSG measurements and sleep latency tests. The researchers found that
carbidopa/levodopa normalized the PLMs and improved sleep, especially in the first 3
hours of sleep (Kaplan PW et al, 1993). However, it soon became apparent that
carbidopa/levodopa had a serious drawback in regards to augmentation or rebound of RLS
symptoms the following morning and/or early afternoon. In a report from 1996, Allen and
colleagues prospectively evaluated 46 consecutive patients being treated with
carbidopa/levodopa. They found that 82% of RLS patients and 31% of PLMS patients
experienced augmentation problems and this was severe enough to lead to medication
changes in 50% of the RLS patients (Allen RP, Earley CJ, 1996). Because of augmentation
issues, other researchers have evaluated using sustained-release L-DOPA preparations.
Trenkwalder and colleagues did an open-label extension trial of an earlier double-blinded,
cross-over study evaluating standard and sustained-release L-DOPA. In this 1 year trial they
found that 60% of patients discontinued therapy due to aggravating daytime symptoms
(Trenkwalder C et al., 2003). In a 2006 review, Paulus & Trenkwalder examined the world
literature and concluded that augmentation is a result of severely increased dopamine
concentration in the CNS and that overstimulation of the D1 receptors compared to the D2
receptors in the spinal cord may cause discomfort and PLMS. Also, iron deficiency may be a
significant predisposing factor for the development of augmentation. The researchers
concluded that therapy with L-DOPA or dopamine agonist should endeavour to be low-
dose and that iron replacement and/or opiates are the therapies of choice to use with
augmentation (Paulus W & Trenkwalder C, 2006). In summary, L-DOPA is a widely
available and inexpensive therapy for RLS which has been shown in numerous studies to be
beneficial in improving objective PSG findings as well as subjective measures of sleep and
RLS symptoms. Unfortunately, there are problems particularly linked to L-DOPA with next
morning augmentation of RLS symptoms. This does impair the usefulness of L-DOPA
especially when there are newer effective dopamine agonists with a better side effect profile.
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7.1.3 Ergot-derived dopamine agonists

Ergotamine is related to ergot alkaloids and is structurally similar to several neurotransmitters
including dopamine. Ergotamine derivatives include bromocriptine, pergolide, and
cabergoline. It most be noted that all ergot derivatives have been associated with cardiac valve
disease. In a recent Italian study, researchers found that patients taking pergolide or
cabergoline had a relative risk of 4.2 to 6.3 for valve regurgitation compared to patients using
non-ergot dopamine agonists and controls (Zanettini R, 2007). Thus it is recommended to
conduct close cardiac monitoring in patients on ergot-derived dopamine agonists.
Bromocriptine is an ergot-derivative dopamine agonist that preferentially acts on the D2
dopamine receptor. It has traditionally been used in the treatment of pituitary tumors and
Parkinson Disease but has been tried for RLS with some efficacy. In a small, double-blinded,
randomized crossover study, researchers found that 83% of patients had partial subjective
improvement in RLS symptoms but no significant change in PLMD by PSG (Walters AS,
1988). A more recent study from Europe compared bromocriptine to pramipexole (a
preferential D3 receptor agonist) showing that while both helped to improve RLS
symptoms, pramipexole was superior. In addition, pramipexole improved PSG parameters
including PLM frequency (Manconi M, 2011). Thus, bromocriptine is not commonly used as
a therapy for RLS at this time.

Pergolide is a semi-synthetic ergot-derivative that acts as a dopamine agonist at both the D2
and D1 receptors. In a major study, Trenkwalder and colleagues found pergolide
significantly improved RLS symptom severity and PLMD (Trenkwalder et al. 2004). The
researchers conducted a double-blinded, placebo-controlled, randomized study of pergolide
therapy; the Pergolide European Australian RLS (PEARLS) study. In this study, 100
patients with primary (idiopathic) RLS were randomized to either pergolide or placebo for 6
weeks. In addition, there was a 12 month follow-up phase with open-label pergolide for
placebo non-responders. PLMS were assessed by PSG and RLS symptoms by the IRLS
severity scale (IRLSSS) questionnaire. They found that pergolide significantly improved
IRLSSS results at 6 weeks. In addition, the pergolide treated patients had substantial
improvements in the 6 week and 12 month PLM index. The authors concluded that
pergolide significantly improves PLM findings as well as subjective RLS sleep disturbance.
Cabergoline is a newer, semi-synthetic, long-acting, ergot-derivative dopamine agonist that
particularly acts on the D2 receptors but also has some affinity for the D1 and D3 receptors.
One of the earliest studies examining cabergoline in RLS was from Germany in 2000. In that
study, researchers conducted a 12 week open label trial assessing efficacy with baseline and
12 week PSG and RLS subjective questionnaires. The research team found improvements in
PLMs and subjective relief of symptoms and concluded that cabergoline was effective and
well-tolerated (Stiasny K et al., 2000). A more recent randomized, double-blinded, placebo-
controlled, multicenter PSG study examined the efficacy of cabergoline in RLS (the CATOR
study). In this study, 40 patients with moderate to severe RLS were randomized to either
cabergoline or placebo for 5 weeks. Baseline and end of study PSGs were obtained as well as
IRLSSS and quality of life questionnaires. The researchers found the cabergoline group had
significant improvements in PSG parameters, IRLSSS severity scores, and the RLS quality of
life scores. They concluded that cabergoline is an efficacious and well-tolerated therapy for
RLS symptoms and associated sleep abnormalities (Oertel WH et al., 2006). Unfortunately,
like pergolide, cabergoline has been implicated in cardiac valvular heart disease and
patients treated with this agent need close cardiac monitoring.
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7.1.4 Nonergot-derived dopamine agonists

There are three newer fully-synthetic dopamine agonists that are not derived from ergot.
The three drugs include ropinirole, pramipexole, and rotigotine. As of July 2011, rotigotine
is not approved by the FDA for use for RLS in the USA. These nonergot agents are not
associated with valvular heart disease but have been associated with impulse control
disorders including pathological gambling, compulsive overeating, hypersexuality, and
pyschosis. There is increasing recognition that patients treated with these agents should be
monitored for impulse control disorders.

Ropinirole acts as a dopamine agonist primarily on the D3 as well as D2 & D4 receptors. It
was originally studied in the early 1990s for Parkinson’s Disease and later found to be
beneficial for RLS. Ondo studied 16 RLS patients in an open-label trial of ropinirole. Three
patients discontinued ropinirole use. Of the remaining 13 patients, the average duration of
use was 3.9 months and there was a 58.7% improvement in symptoms (Ondo W, 1999).
Further studies reinforced the safety and efficacy of ropinirole in RLS. The TREAT RLS 1
study (Therapy with ropinirole; efficacy and tolerability in RLS 1) was a randomized,
double-blinded, placebo-controlled trial of 12 weeks duration. 146 subjects were
randomized to the ropinirole group and 138 to the placebo group. The key endpoint was the
IRLS severity score which showed significant improvement in the ropinirole group over the
placebo group at week 12 (p=0.0036). The researchers concluded that ropinirole improves
RLS compared with placebo and was generally well-tolerated (Trenkwalder C et al. 2004).
More recent similar studies from the USA and Canada confirm the efficacy and safety of
ropinirole, including long-term duration in the Canadian study. In the USA study, Bogan
and colleagues studied 331 subjects in a multicenter, double-blinded, placebo-controlled,
flexible dose trial of 12 weeks duration. The primary endpoint was the IRLS score at week 12
which showed a significant improvement in the ropinirole group (p<0.001). In addition, the
treatment group showed improvements in subjective measures of sleep disturbance and
quantity and quality of life scores also improve. The authors concluded that ropinirole
improves RLS symptoms and was generally well-tolerated over a 12 week study period
(Bogan RK et al. 2006). In the Canadian study, researchers studied the long-term efficacy (36
weeks) of ropinirole and also evaluated for the potential of symptom relapse after drug
discontinuation. They identified 202 patients and found significantly fewer subjects relapsed
in the ropinirole arm compared to placebo (32.6% versus 57.8%, p=0.0156). In addition, the
time to relapse symptoms was longer in the ropinirole group and less patients withdrew
from lack of efficacy in that group. The authors concluded that ropinirole was highly
efficacious and well-tolerated over a 36 week period (Montplaisir ] et al. 2006). In 2008, Allen
and colleagues reviewed RLS age-of-onset and the response to treatment. They observed no
relationship between the RLS symptoms age-of-onset and baseline IRLS score, and between
dose administered at week 12 and age-of-onset. The authors concluded that ropinirole
provides effective RLS symptom relief that is not affected by age of symptom onset (Allen
RP, Ritchie SY, 2008). In 2009, a large meta-analysis was conducted to evaluate the effect of
ropinirole versus placebo on sleep outcomes as measured by the Medical Outcomes Study
(MOS) sleep scale. The validated MOS sleep scale is a 12 question scale which evaluates
sleep disturbance, sleep adequacy, snoring, somnolence, quantity of sleep, and other
measures. In this review, the authors found that ropinirole improved sleep quality and
decreased daytime somnolence in patients with primary RLS (Hansen RA, et al., 2009).
Finally, researchers assessed the efficacy of ropinirole on depressive symptoms and RLS. In
a multicenter, randomized, double-blinded, placebo-controlled trial, 231 patients with
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moderate to severe primary RLS and at least mild depression were studied. Ropinirole
versus placebo was given for 12 weeks with measurements obtained at baseline and 12
weeks for the Montgomery-Asberg Depression Rating Scale, the Hamilton Scale for
Depression and Beck Depression Inventory-II score, and the Medical Outcomes Study sleep
scale. There were significant improvements in the Montgomery and Hamilton scores as well
as 3 of the 4 domains of the MOS sleep scale. The authors concluded that in patients with
RLS and mild to moderate depression, appropriate therapy for RLS should first be tried and
antidepressant medication may be needed later if the depression symptoms still persist
(Benes H et al, 2011). In summary, ropinirole is a newer nonergot-derived dopamine
agonist with a particular affinity for the D3 dopamine receptors. It has been shown to be
beneficial in RLS symptom improvement both short and long-term with improvement in
daytime somnolence and quality of life indicators.

Pramipexole is a nonergot-derived dopamine agonist that acts on the D3 as well as D2 and
D4 receptors. One of the earliest RLS studies was conducted by Lin at the Mayo Clinic in
1998. In that research, 16 patients were studied who had failed other dopaminergic therapies
for symptomatic RLS. An open-label trial showed that after 2 to 3 months usage, there was
clinically significant improvements in nocturnal leg restlessness and involuntary leg
movements. The authors proposed that pramipexole was an effective therapy for the
treatment of RLS (Lin SC et al., 1998). Following that encouraging initial report, a small
randomized trial was conducted in Quebec. Researchers studied 10 RLS subjects with PSG
and RLS symptom questionnaire using a double-blinded crossover study. They found a
significant reduction in PLMs and RLS symptoms of bedtime/nocturnal leg discomfort
(Montplaisir J et al., 1999). A larger randomized trial from Finland evaluated the efficacy
and safety of pramipexole in 2006. In this study (the PRELUDE study), 109 patients with
moderate to severe RLS (based on the IRSS severity score) were randomized in a 3 week,
double-blinded, placebo-controlled, dose-finding study. PSG measures and IRLS severity
scores were assessed. At all doses, the PLM index was reduced and IRLS severity scores
reduced. The authors concluded that pramipexole was an effective and safe therapy for
treatment of both the objective (PSG measures) and subjective (IRLS severity) aspects of RLS
(Partinen M et al., 2006) In a long-term 52 week open-label study, Japanese researchers
found that pramipexole was both effective and safe (with no RLS augmentation), especially
in patients with an IRLS score less than 20 (Inoue Y, et al., 2010). In a more recent,
multicenter trial, pramipexole was evaluated for efficacy and augmentation problems over a
6 month period. This was a 6 month, randomized, double-blinded, placebo-controlled trial in
which 321 patients were recruited. Primary endpoint for efficacy was the change in the IRLS
severity score. In addition, patients maintained a symptom diary and cases that met pre-
defined criteria for suspected augmentation were reviewed by a blinded panel. The study
showed that pramipexole was significantly more effective than placebo in improvements of
IRLS severity (p=0.0077). Over 6 months, the incidence of confirmed augmentation was 9.2%
in the pramipexole group versus 6.0% in placebo and the rate increased with treatment in the
intervention group but not placebo. Overall, the authors felt that pramipexole was effective
and safe but did suggest it should be studied over a longer duration for further assess
augmentation issues (Hogl B, et al., 2011). More recent trials evaluating pramipexole has
focused on comparison with other dopaminergic agonist. In a recent study by Manconi,
pramipexole (mainly a D3 receptor agonist) was compared with bromocriptine (largely a D2
receptor agent) and researchers found that pramipexole was more effective than
bromocriptine in reduction of PLMs and that while both drugs reduced RLS symptoms, the
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pramipexole group had greater symptom improvements (Manconi M et al., Neurology 2011).
The same Italian group also did a recent comparison of pramipexole to ropinirole. Researchers
found that both treatment groups improved RLS symptoms and reduced PLMs on PSG
compared to the placebo group and that there was no significant differences between the
pramipexole and ropinirole treatment arms (Manconi M et al. Mov Disorders 2011). In
summary, pramipexole is a newer nonergot-derived dopamine agonist with preferential action
on the D3 dopamine receptor site. It has been shown to be beneficial for both objective PSG
PLM findings as well as subjective improvements in RLS clinical symptoms. It is generally
well-tolerated although there may be an issue with augmentation long-term.

Rotigotine is another newer nonergot-derived dopamine agonist. It is formulated as a once
daily transdermal patch and approved to treat RLS in Europe but not FDA-approved for the
USA. It appears to mainly work on the D2, D3, and D4 receptor sites. In one of the earliest
pilot studies to show benefit for RLS patients, German researchers in 2004 evaluated 63
patients. In this randomized, multicentre, double-blind, parallel-group trial, 63 subjects were
studied using the IRLS severity score as the primary endpoint. Researchers found a significant
improvement in the treatment group and concluded that transdermal rotigotine was
efficacious and well-tolerated (Stiasny-Kolster K et al., 2004). More recently in a multicenter,
randomized, double-blind, placebo-controlled 6 month trial, 505 patients with moderate to
severe RLS were placed on placebo or rotigotine with the primary endpoints being the IRLS
severity score and the CGI-1 score. The treatment group had significantly improved IRLS and
CFI-1 outcomes. There was an overall 27% incidence of skin reactions to the transdermal
patch. Overall, the authors concluded that rotigotine significantly reduced the severity of RLS
symptoms and that treatment effectiveness was maintained throughout the 6 month study
period (Hening WA et al., 2010). Rotigotine was also recently assessed in an overnight PSG
study evaluating objective PLM measurements. This study was a multicenter, randomized,
double-blind, placebo-controlled trial that evaluated 67 subjects over a 4 week period. Baseline
and 4 week PSG and subjective questionnaires (IRLS, CGI-1, MOS-S) were obtained. The
authors found significant improvements in both the subjective questionnaires but also the
objective PSG PLM data. The researchers concluded that rotigotine was effective and well
tolerated in the 4 week treatment of both motor symptoms and subjective sleep disturbances
caused by RLS (Oertel WH et al., 2010). Finally, in a long term follow-up study, rotigotine was
shown to provide sustained effectiveness in treating moderate to severe RLS symptoms for up
to 5 years and was generally well-tolerated (Oertel W et al., 2011).

7.1.5 Other pharmacological treatments for RLS

A number of other therapies have be evaluated for RLS including opioids, gabapentin and
pregabalin, clonazepam, and case reports of melatonin, buproprion, and other agents.
Overall, there is a long experience with opioids and those drugs have been especially useful
in dopaminergic resistant RLS with augmentation problems. Clonazepam has also been
widely used but is not particularly efficacious and now has been largely replaced by
dopaminergic agents. In April 2011, the FDA approved extended release gabapentin for use
in moderate to severe RLS. This anticonvulsant agent has recently been shown to be
beneficial in RLS and may be especially useful when dopamine agents provide incomplete
resolution of RLS symptoms and/or augmentation issues arise. Please remember that the
extended release form of gabapentin gives different concentrations of drug than the shorter
acting form. Finally, it is important to note that all epilepsy drugs carry a suicide warning
label including gabapentin.
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7.2 Non-pharmacological treatments for RLS

7.2.1 Exercise

Traditionally, one of the basic clinical recommendations in treating RLS symptoms involves
exercise and stretching maneuvers. This has been endorsed by the RLS Foundation
(www.rls.org) in their latest patient brochure although the data supporting this is limited.
There have been earlier studies by suggesting that exercise close to bedtime is
counterproductive for RLS. In a large study, Ohayon assessed the prevalence of RLS and
PLMD in the general population. During the multivariate analysis of the secondary results, the
researchers (Ohayon, 2002) found that physical exercise close to bedtime (within 2 hours for at
least 15 minutes exercise 3 or more times per week) was associated with an increased risk of
RLS (OR 1.34, p<0.05) and PLMD (OR 1.43, p<0.05). However, in a conflicting study from 2000,
Phillips et al. found that a lack of exercise was significantly associated with RLS. In a telephone
survey of over 1800 participants, a single question (modified from the 1995 IRLSSG criteria)
was used to screen for RLS. In this study, there was an age-adjusted prevalence of RLS of
10.0% and a lack of exercise (less than 3 hours/month) was significantly associated with RLS
(OR 3.32). In 1996, a Brazilian study evaluated 11 volunteers with to study the effect of acute
physical activity on RLS and PLMD. In this report using a baseline PSG followed the next day
by exercise and then a repeat PSG, there was a reduction in PLMD noted on the second night
PSG (de Mello, 1996). In the only randomized-controlled trial of exercise in RLS, Aukerman
studied 28 individuals in a 12 week exercise trial. The average age was 53.7 years and 39% of
study subjects were male. Subjects were randomized to either a control group with usual
activities or to an exercise group. The exercise program consisted of 3 days a week aerobic and
lower extremity resistance/conditioning training. The IRLSSG severity scale and an RLS
ordinal severity scale were checked at 0, 3, 6, 9, and 12 weeks. Of the 28 subjects, most (23)
completed the trial with 11 in the exercise training group. The researchers found that the
exercise group had a significant improvement in RLS symptoms compared to the control
group with a p = 0.001 for the IRLSSG severity score and p < 0.001 for the RLS ordinal scale.
The research team concluded that a prescribed exercise program is effective in improving RLS
symptoms (Aukerman MM 2006).

7.2.2 Sequential compression devices

There is a hypothesis that reduced blood flow to the extremities may play a role in RLS
symptoms. Research has been undertaken to ascertain whether sequential (pneumatic)
compression devices may alleviate RLS symptomatology. In a small preliminary study from
2005, researchers from New Jersey evaluated 6 patients using enhanced external counter
pulsation (EECP) devices on the legs for one hour daily Monday to Friday for 7 weeks
(Rajaram SS, 2004). All 6 patients met the 2003 IRLSSG criteria and were assessed with the
IRLS rating scale (IRLSSS) before and after the intervention. It should be noted that 3
subjects did not complete the IRLSSS until 4-5 months after EECP treatment. Further
complicating the results, 4 of the 6 patients suffered from diabetic peripheral neuropathy
and no electromyography or nerve conduction studies were done before or after EECP
treatment to assess any potential neuropathy changes. Nevertheless, the research team
found that the IRLS rating scale was significantly improved after EECP intervention and
suggested that decreases in vascular flow may affect the nervous system (peripheral or
central) causing the sensory symptoms of RLS. In a more rigorous prospective, randomized,
double-blinded sham-controlled trial, Lettieri and Eliasson studied 35 subjects in 2009.
Consecutive patients attending a sleep clinic for RLS for approached for recruitment. 41 RLS
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patients were assessed for eligibility with 6 excluded (4 not meeting inclusion criteria and 2
refused to participate). The remaining 35 patients were randomized into either therapeutic
or sham treatment with a sequential compression device for 1 hour daily for 4 weeks.
Validated questionnaires were administrated at the start and end of the intervention. These
forms included the International Restless Legs Syndrome Study Group Severity Scale
(IRLSSS), the Johns Hopkins Restless Legs Severity Scale (JHRLSS), and the restless legs
syndrome quality of life instrument (RLS-QLI). Iron therapy and RLS pharmacological use
was similar between the sham control and intervention groups. The researchers found
significant improvements in the IRLSSS, JHRLSS, and the RLS-QLI for the intervention
group and suggest that pneumatic compression devices are a useful adjunctive or
alternative therapy for RLS (Lettieri CJ, 2009).

7.2.3 Massage therapy

Massage therapy has been long recommended as an additional therapy for RLS symptoms.
However, there is a dearth of scientific evidence to support this claim. In a case report from
2006, Russell presented a 35 year old women with RLS type symptoms. There was no
indication whether the patient actually met the 2003 IRLSSG criteria. It was noted that the
patient had previously tried ropinirole without benefit. In this case report, the patient was
treated with twice weekly massage therapy of 45 minute duration to the lower extremities for
a 3 week period and reported improvements on a subjective symptom intensity scale from
40% at baseline to 10% at the end of therapy (Russell M, 2006). Interestingly, 2 weeks following
the end of the massage intervention, the patient reported a return of her symptoms. Overall,
there is a lack of scientific evidence to routinely support the use of massage therapy in RLS.

7.2.4 Acupuncture

Acupuncture has also been recommended by some as a therapy for RLS. Nonetheless,
similar to massage therapy, there is minimal evidence to recommend acupuncture for RLS
symptoms. In a Cochrane review, the authors found out of 14 potential studies only 2 met
the inclusion criteria to be valid and both trials had methodological and/or reporting issues.
Overall, the Cochrane reviewers felt that there was no significant data to support the use of
acupuncture in RLS (Cui Y, 2008).

7.2.5 Endovenous laser ablation & sclerotherapy

Recently, Hayes and colleagues have reported on the use of endovenous laser ablation and
sclerotherapy for the treatment of RLS. They screened 89 patients for RLS using the 2003
IRLSSG criteria. A total of 35 patients met inclusion criteria with 16 assigned to the control
group and 19 to the interventional group. IRLS scores were obtained at baseline and 6 weeks
later and showed a significant symptom improvement of 80% in the interventional group.
The authors suggest that endovenous laser ablation therapy improves symptoms in RLS
patients with superficial venous insufficiency (Hayes CA, 2008). The only other study
assessing the efficacy of sclerotherapy in RLS was published by Kanter in 1995. In that
paper, 1397 patients presenting to a varicose vein clinic were screened for RLS using an
interview and a questionnaire (pre-1995 IRLSSG). Of these, 312 patients (22%) were felt to
have RLS with 113 patients receiving treatment with sclerotherapy. The vast majority of
patients (98%) reported subjective initial improvement in RLS symptoms although a
substantial minority reported recurrent symptoms at 2 year follow-up (Kanter AH, 1995).
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8. Conclusion

RLS is a common medical disorder which remains underdiagnosed. The underlying etiology
is still not fully elucidated but there is increasing understanding of some mechanisms of
disease especially in secondary RLS. Many treatment options are available although issues
of augmentation and rebound continue to cause problems with RLS control. It is highly
recommended that health care providers be aware of RLS symptoms and recognize the
disease in their patients.
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1. Introduction

REM sleep behavior disorder (RBD) is a parasomnia characterized by dream-enacting
behavior and vivid, action-filled or unpleasant dreams and presents a risk for self-injury
and harm to others (e.g., a bed partner) due to abnormal REM sleep during which control
of muscle tonus is lacking. Polysomnography is required to establish the diagnosis and
represents the diagnostic gold standard for revealing loss of REM-related muscle atonia
with excessive sustained or intermittent elevation of submental EMG tone or excessive
phasic submental or limb EMG twitching. Idiopathic RBD (iRBD) has a male
preponderance and usually emerges after the age of 50 and has a known association with
neurodegenerative diseases, in particular the a-synucleinopathies such as Parkinson’s
disease (PD), dementia with Lewy body disease and multiple system atrophy (Schenck &
Mahowald, 2002). Even more important, evidence is growing that iRBD precedes
parkinsonism by years or even decades, and that iRBD might present an early stage in the
development of neurodegenerative disorders (Schenck et al., 1996). Thus, to identify
clinical RBD as early as possible appears to be useful for early diagnosis, a clinical trial
with a potentially neuroprotective substance, and also for epidemiological studies. To
meet the need for an easily applicable diagnostic screening tool, Stiasny-Kolster et al.
developed and validated a specific screening scale for assessment of RBD, the RBD
screening questionnaire (RBDSQ) (Stiasny-Kolster et al., 2007). Subsequently we
developed a Japanese version of the RBDSQ (RBDSQ-]) after obtaining approval from the
patent owner and investigated its validity and reliability (Miyamoto et al., 2009). We
found that detection of RBD using the RBDSQ-] would be useful in the stepwise
diagnostic process. We will discuss screening methods for RBD and describe RBD
screening questionnaires, including the RBDSQ-J.

2. Prevalence of REM sleep behavior disorder

The overall prevalence of RBD remains largely unknown. A large telephone survey using
the Sleep-EVAL system for assessing violent behaviors during sleep in the general
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population (4972 individuals aged 15-100 years) in the United Kingdom suggested an
estimated prevalence of RBD of about 0.5% (Ohayon et al., 1997). A study of 1034 elderly
subjects aged 70 years or above in the Hong Kong area found an estimated prevalence of
polysomnography (PSG)-confirmed RBD of 0.38% (Chiu et al., 2000). There is a male
predominance (87%) with primarily men over the age of 50 being affected (Schenck &
Mahowald, 2002). Boeve summarized the demographics and clinical phenomenology of
RBD (Table 1) (Boeve, 2010a).

Male gender predilection

Age of onset typically 40-70 years (range 15-80 years)

Abnormal vocalizations -orating, yelling, swearing, screaming

Abnormal motor behavior- limb flailing, punching, kicking, lurching out of bed

Altered dream mentation - typically involves a chasing/attacking theme with insects, animals or other
humans being the aggressors and the patient being the defender

Exhibited behaviors mirror dream content

Behaviors tend to occur in the latter half of the sleep period

Table 1. Demographics and clinical phenomenology of RBD (Modified from Boeve, 2010a)

3. Diagnosis for REM sleep behavior disorder

Until recently, the diagnosis of RBD was based on clinical manifestations, namely the
presence of limb or body movements associated with dream mentation and at least one of
the following: (1) harmful or potentially harmful sleep behaviors during sleep; (2) dreams
that appear to be acted out; and (3) sleep behaviors that disrupt sleep continuity.
Polysomnographic observations of patients were not necessary for diagnosis according to
the International Classification of Sleep Disorders-1 (ICSD-1).

Eisensehr et al. and Gagnon et al. pointed out the limitations of these criteria because one
half of the cases of RBD with PD would have been undetected based clinical interviews
alone (Eisensehr et al., 2001; Gagnon et al., 2002). RBD-like features can occur with other
sleep conditions such as obstructive sleep apnea syndrome (OSAS), sleepwalking, night
terrors, and sleep-related seizures (see below 4). In the second version of the ICSD (ICSD-2),
PSG findings were required to establish the diagnosis. The first essential criterion is the
presence of REM sleep without atonia. The second criterion is the presence of either sleep-
related injurious or disruptive behaviors revealed by history or abnormal REM sleep
behaviors documented during PSG recording. Time-synchronized video recording is
essential for helping to establish the diagnosis of RBD during PSG. The last two criteria are
exclusion criteria, which are the absence of epileptiform activity during sleep and the
presence of other sleep disorders or medical or neurological disorders that could better
explain the sleep disturbance. The diagnostic criteria are listed in Table 2.
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A, Presence of REM sleep without atonia: EMG finding of excessive amounts of sustained or intermittent
elevation of submental EMG tone or excessive phasic submental or (upper or lower) limb EMG
twitching.

B. At least one of the following is present:

i. Sleep related injurious, potentially injurious, or disruptive behaviors by history
ii. Abnormal REM sleep behaviors documented during polysomnographic monitoring

C. Absence of EEG epileptiform activity during REM sleep unless RBD can be clearly distinguished from
any concurrent REM sleep related seizure disorder.

D. The sleep disturbance is not better explained by another sleep disorder, medical or neurological

disorder, mental disorder, medication use, or substance use disorder.

Table 2. Diagnostic criteria for REM sleep behavior disorder in ICSD-2

4. Differential diagnosis of REM sleep behavior disorder

RBD is a relatively rare condition and is largely unknown to most physicians (see above 2),
therefore it is often misdiagnosed and mistreated.

The differential diagnosis of recurrent dream enactment behavior includes NREM
parasomnia, nocturnal panic attacks, nocturnal seizures, nightmares, nocturnal wandering
associated with dementia, and OSAS (Boeve, 2010a). A complaint of nocturnal disruptive
behaviors is the major clinical feature of several other conditions, such as primary and
secondary disorders of arousal, dreaming, and panic disorders (Table 3).

Primary disorders of arousal (from NREM sleep)
Confusional arousals
Sleepwalking
Sleep terrors
Secondary arousal disorders
Obstructive sleep apnea syndrome (pseudo RBD)
Sleep-related epilepsy
Psychiatric diseases
Sleep-related dissociative disorder
Panic disorder
Posttraumatic stress syndrome

Table 3. Differential diagnosis of RBD

Primary arousal disorders from NREM sleep include confusional arousals, sleepwalking, and
sleep terrors. In contrast to RBD, sleepwalking and sleep terrors are more frequent in children
and rarely appear de novo in middle-aged or elderly individuals. They are also characterized
by confusion and retrograde amnesia upon awakening at the time of nocturnal episodes; these
phenomena are not seen in patients with RBD. In general, RBD involves attempted enactment
of altered dreams and rapid awakening from an episode that usually occurs two or more
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hours after sleep onset. In contrast, sleepwalking and sleep terror episodes often emerge
within two hours after sleep onset, are not usually associated with rapid alertness, and are
rarely associated with dreaming in children. Adults can have associated dreaming, but it is
usually more fragmentary and more limited than RBD dreams.

Severe OSAS and nocturnal epilepsy may mimic the symptoms of RBD. Patients with severe
OSAS may present with unpleasant dreams and dream-enacting behaviors (Iranzo &
Santamaria, 2005). Continuous positive airway pressure (CPAP) therapy can eliminate
abnormal nocturnal behaviors. Sleep-related seizures usually present with repetitive
stereotypical behaviors.

When a diagnostic clarification is necessary, particularly when the risk for injury is high, the
behaviors occur at any time of the night, other features suggesting an evolving
neurodegenerative are present, or loud snoring and observed apnea suggestive of OSA are
present, PSG with simultaneous video monitoring is warranted (Boeve, 2010a).

5. The need for screening and screening methods for RBD

PSG is clearly necessary for establishing the diagnosis of RBD, but the procedure requires
appropriate monitoring equipment, including time synchronized video recordings, specially
trained technologists, bed availability in a sleep laboratory, and clinicians who can interpret
the data. The procedure is costly, especially for patients with limited insurance coverage.
Subjects must be willing and able to sleep in a sleep laboratory and undergo monitoring. Some
patients with coexisting neurologic disorders are too cognitively or physically impaired to
tolerate and undergo an adequate study, are too uncooperative to permit all of the monitoring
equipment to remain in place, are at risk for falls during the night, or are institutionalized.
RBD cannot be accurately assessed in the home. Due to the limited number of sleep disorder
centers in many countries, PSG is not possible even when clearly medically warranted. As it is
impractical to perform PSG in large numbers of subjects in epidemiologic studies of sleep
disorders, the availability of a simple, short, reliable, and accurate measure to screen for the
presence of various sleep disorders would be highly valuable (Boeve, 2010a).

A recent study suggested that a clinical interview by expert clinicians could provide good
sensitivity (100%) and specificity (99.6%) in diagnosing RBD in non-PD patients (Eisensehr
et al, 2001). The interobserver reliability of ICSD-R criteria for RBD was also found to be
substantial (Bologna, Genova, Parma and Pisa Universities group for the study of REM sleep
Behaviour Disorder (RBD) in Parkinson’s Disease, 2003). Nevertheless, conducting a useful
clinical interview may require considerable expertise, training, time and resources. In
addition, waiting times might be long for and access limited to clinical and PSG assessments
in some medical settings. Hence, an easily applicable questionnaire may be considered as a
supplemental assessment tool in clinical practice to provide a quick and accurate appraisal
of RBD symptoms in order to prioritize assessment and intervention.

We describe RBD screening questionnaires such as the Mayo Sleep Questionnaire (MSQ),
RBDSQ (English/German version and Japanese version) and RBDQ-HK.

5.1 Mayo sleep questionnaire

RBD is a parasomnia that can develop in otherwise neurologically-normal adults as well as
in those with a neurodegenerative disease. Confirmation of RBD requires PSG. A simple
screening measure for RBD is desirable for clinical and research purposes. Boeve et al.
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developed the Mayo Sleep Questionnaire (MSQ), a 16-item measure to screen for the
presence of RBD, periodic legs movement disorder (PLMD), restless legs syndrome (RLS),
sleepwalking, OSAS and sleep-related leg cramps (Boeve, 2010a; Boeve et al., 2002a, 2002b,
2010b, 2011). The data presented herein refer to the primary question on RBD (Question 1);
if the primary question is answered affirmatively, subquestions are asked (subquestions 1b-
e) as shown in Table 4.

1. Have you ever seen the patient appear to “act out his/her dreams”while sleeping?
(punched or flailed arms in the air, shouted or screamed).

If yes,

(a) How many months or years has this been going on? (data on this subquestion were not analyzed in thiz
analysis)

(b) Has the patient ever been injured from these behaviors (bruises, cuts, broken bones)?

(c) Has a bed partner ever been injured from these behaviors (bruises, blows, pulled hair)?

(d) Has the patient told you about dreams of being chased, attacked or that involve defending
himself /herself?

(e) If the patient woke up and told you about a dream, did the details of the dream match the movements

made while sleeping?

Table 4. Primary question on RBD in the Mayo Sleep Questionnaire (MSQ)
(from the website: http:/ /www.mayoclinic.org/pdfs/MSQ-copyrightfinal.pdf.)

Among the community-dwelling elderly, the MSQ has high sensitivity (100%) and
specificity (95%) for diagnosis of RBD and was particularly specific for RBD in the absence
of an OSA feature (Boeve, 2010b).

Boeve et al. also assessed the validity of the MSQ by comparing the responses of patients’
bed partners with the findings (REM sleep without atonia) on PSG. The study subjects were
176 individuals (150 males; median age 71 years (range 39-90)) with the following clinical
diagnoses: normal (n=8), mild cognitive impairment (n=44), Alzheimer’s disease (n=23),
dementia with Lewy bodies (n=74), and other dementia and/or parkinsonian syndromes
(n=27). Sensitivity and specificity for question 1 on the MSQ for PSG-proven RBD were 98%
and 74%, respectively. They concluded that the MSQ has adequate sensitivity and specificity
for the diagnosis of RBD among aged subjects with cognitive impairment and/or
parkinsonism (Boeve et al, 2011).

5.2 RBDSQ
Stiasny-Kolster et al. in 2007 developed the original German/English RBD Screening

Questionnaire (RBDSQ) (Stiasny-Kolster et al., 2007). The RBDSQ is a 10-item patient self-
rating instrument that assesses sleep behavior with short questions that have to be answered
by either “yes” or “no” by the patient. Since patients do not always have a long-time
companion, the bed partner’s input was encouraged but not required. Items 1 to 4 address
the frequency and content of dreams and their relationship to nocturnal movements and
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behavior. Item 5 asks about self-injuries and injuries of the bed partner. Item 6 consists of
four subitems that assess nocturnal motor behavior more specifically, e.g., questions about
nocturnal vocalization, sudden limb movements, complex movements, or items around the
bed that fell down. Items 7 and 8 deal with nocturnal awakenings. Item 9 focuses on
disturbed sleep in general and item 10 on the presence of any neurological disorder. The
maximum total score for the RBDSQ is 13 points. The RBDSQ was applied to 54 RBD
patients (mean age 53.7 years, range 19-79) who had been clinically diagnosed with iRBD
(n=19), narcolepsy (n=33), early PD (n=2)) and 160 patients without RBD (age 50.8 years,
range 20-83) who had been diagnosed as having RLS (n=73), narcolepsy (n=27), OSAS
(n=21), hypersomnia (n=10), PLMD (n=8), insomnia (n=4), sleepwalking (n=4), epilepsy
(n=3), nightmares (n=1), sleep bruxisum (n=1), or depression. (n=1). Also studied were 133
healthy subjects (mean age 46.9 years, range 20-72). Using a cut-off value of five points on
the RBDSQ as a discriminatory variable, the questionnaire revealed a sensitivity of 96% and
a specificity of 56%, correctly diagnosing 66% of subjects with sleep disorders. They
mentioned that the lower specificity might be due to the fact that most of their control
patients had sleep disturbances or neurological disorders that are known to be associated
with periodic leg movements, e.g., RLS, PLMD, narcolepsy, and OSAS. This selection bias
predisposed to positive answers for items that are related either to limb movements such as
items 4, 5, 6.2, and 7 or to the presence of sleep and/or neurologic disorders such as for
items 9 and 10, leading to higher RBDSQ total scores and thus to a lower specificity.
Considering its high sensitivity, the RBDSQ represents an adequate tool to detect subjects
with RBD. In subjects without additional neurologic or sleep disorders, the specificity was
high, but in patients with either neurologic diseases or sleep disorders, the specificity is
poorer but acceptable. The authors demonstrated the RBDSQ might be applied within a
stepwise diagnostic process (questionnaire, interview, PSG).

5.3 RBDSQ-J

We developed a Japanese version of the RBDSQ (RBDSQ-]) after obtaining approval from
the patent owner and investigated its validity and reliability (Miyamoto et al., 2009). The
RBDSQ-] was administered to 52 consecutive patients with iRBD diagnosed according to
criteria in the ICSD-2 (mean age 66.4 years; 36 males, 16 females), 55 consecutive OSAS
patients who had responded well to CPAP therapy (mean age 63.1 years; 44 males, 11
females) after a diagnosis of RBD was ruled out by history and PSG and 65 apparently
healthy subjects (mean age 64.6 years; 37 males, 28 females).

The mean RBDSQ-] scores for the iRBD group, the OSAS group and the healthy subjects
were 7.5, 1.9, and 1.6 points, respectively. Sensitivity and specificity using a cut-off of 4.5
were high in differentiating the iRBD group from healthy subjects or the OSAS group. An
RBDSQ-] score cut-off of 5.0 was considered useful for differentiating the iRBD group from
the healthy subjects or the OSAS group. Cronbach’s alpha for the entire RBDSQ-] was 0.866.
The RBDSQ-J score had no correlation with the duration of RBD (mean disease duration in
the iRBD group from symptom onset was 4.6 years, range 0.2 to 18 years). Answers to some
items varied or had lower sensitivity. For example, for items 5, 6.2, and 6.3 a bed partner
would be needed to provide answers, and the situations referred to in items 6.4 and 8 were
often obscure. In evaluation of reliability, items that enlarged the kappa coefficient were 1, 2,
5 and 6.1 for iRBD. It can be proposed that future evaluations should use weighted scores
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for RBDSQ-]J items, which may improve the accuracy of the questionnaire. The RBDSQ-] has
high sensitivity, specificity, and reliability and would be applicable as a screening method
for iRBD in an elderly Japanese population. Early-onset patients (=50 years) were reported
to have significantly more past and present psychiatric diagnoses and antidepressant usage
than late-onset patients (>50 years) (Teman et al., 2009). It may be necessary to validate the
RBDSQ-] in early-onset patients.

Nomura et al. evaluated the usefulness of the RBDSQ-] among patients with PD (Nomura et
al,, 2011). A total score of 6 points on the RBDSQ-] represented the best cut-off value for
detecting RBD. This cut-off value for RBD secondary to PD was approximately 1 point
higher than that reported for iRBD in studies performed by Stiasny-Kolster et al. and
Miyamoto et al. However, the cut-off value with the RBDSQ-] for PD patients would
become equal to the above-indicated value for iRBD patients if item 10 were removed.
Nomura et al. showed that the RBDSQ-] may be useful for detecting RBD among a PD
population regardless of the RBD symptoms. In addition, positivity for item 6.1 might
represent a key criterion for analyzing populations with non-violent RBD.

5.4 RBDQ-HK

The existing RBD questionnaires may overlook the prevalence, frequency and severity of
the clinical symptoms. There remains an obstacle for physicians to quantitatively observe
and monitor treatment progress in clinical settings without the availability of timely PSG.
Screening instruments for diagnosis of RBD are limited and there are none for quantifying
the severity of the disease. Li et al. developed and validated a 13-item self-reported RBD
questionnaire for diagnostic and monitoring purposes (Li et al., 2010). The patient always
answered and the bed partner sometimes also answered in addition to the patient. Items
1-5 (Q1-Q5) were pertinent to patients’ dreams and nightmares and the last eight items
(Q6-Q13) elicited information on the typical behavioral consequences as a result of
patients” dream enactments. Each item assesses two scales: lifetime occurrence and recent
1-yr frequency (5 point scale: 3 times or above per week; 1-2 times per week; once or a few
times per month; once or few times per year; none). Scores are weighted in 7/13 questions
according to the clinical importance of the behavioral manifestations of RBD. Scores range
from 0-100. In a study to validate the instrument, 107 PSG-confirmed RBD patients (mean
age 62.5 y) with the diagnosis of cryptogenic RBD, symptomatic RBD (PD, dementia, PD
with dementia, narcolepsy), RBD-like disorder) and 107 controls (mean age 55.3 y)
participated. The best RBDQ-HK cut-off score for RBD detection was 18-19, with 82%
sensitivity, 87% specificity, and 86% positive predictive value; there was high test-retest
reliability. Among the RBD cases, the scores of RBDQ-HK based on patients” self-reports
were slightly lower compared to those provided by both patients and their relatives (e.g.,
bed partner)[self-report: 40.56(21.26) vs. self and relatives: 54.89(17.34), p=0.05]. The
RBDQ-HK can be completed by patients with or without other informants such as a bed
partner. However, abnormal nocturnal behaviors can go unnoticed in some RBD cases
(e.g., when there is no assault or injury to self or bed partner), making the sensitivity of
the RBDQ-HK different between those living and sleeping on their own and those living
and sleeping with others. Hence, input on RBDQ-HK from relatives of patients is
encouraged as it may enhance accuracy of the diagnosis and provide a better appraisal of
treatment progress.



188 Sleep Disorders

6. Conclusion

We have described screening methods for RBD as well as some of the available RBD
screening questionnaires. All of the questionnaires had high sensitivity in screening for
RBD, but lower specificity. There were some problems and limitations related to these
instruments. These validation studies were mainly performed in middle aged and elderly
subjects. Therefore, validation of RBD screening questionnaires should be done in younger
people. In the case of self-reported questionnaires, information from a bed partner is useful
in achieving higher sensitivity and specificity for the instrument. Boeve suggested that the
MSQ likely to be more appropriate for use in those with cognitive impairment/dementia
since the responses are provided by bed partners (Boeve, 2010a). In any of the instruments
that might be applied but are unable or unwilling to undergo PSG, or who have little or no
apparent REM sleep during PSG, then a diagnosis of probable RBD would be justified
(Boeve, 2010a). OSAS may represent a confounding factor in the clinical diagnosis of RBD
(Comella et al., 2002). To differentiate RBD from OSAS, simultaneously screening for OSAS
by pulse oxymetry may be useful. It is impractical to frequently perform PSG and the
availability of PSG is often limited. Therefore, it is important to evaluate and follow up the
severity of RBD through instruments such as RBDQ-HK. It is also necessary to develop a
severity index for RBD. Tachibana recently developed an RBD severity index (RBDSI) in
Japanese (Tachibana, 2009).

In conclusion, RBD questionnaires may be applied within a stepwise diagnostic process
(questionnaire, interview, polysomnography) for RBD (Table 5).

1st step Screening Questionnaire
2nd step Interview Sleep specialist, Neurologist
3rd step Final diagnosis ~ Video PSG

Table 5. Diagnostic process for RBD

7. APPENDIX

RBD Sereening Questionnaire (RBDSQ-J) (from Mivamoto T, et al., 2009)
(RBD A7V —= 7R E)

English (Japanese) Questions () - Answer (&%)
1. I sometimes have very vivid dreams. Yes ; No
LThIEoEYL B ELELERD, () (W)
2. My dreams frequently have an aggressive or action-packed contents. Yes ) No
BORRIE T, BIE DRI SATE T T 082 L RD, (v (W)
3. The dream contents mostly match my nocturnal behavior. Yes ) No
Br RTWHEEIZ, BOREFICEHEETHIENSL, (F3)] (W)
4. Iknow that my arms or legs move when I sleep. Yes ) No
ETVDRID TRRERNL TWHIED S D, (v (W)

5. It thereby happened that I (almost) hurt my bed partner or myself.
BTONBRIITROREENTOT, TR TWA AN VEADERY, B
BrAELINTBIEbDD,

Yes . No
(EUD) (W)
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6. Ihave or had the following phenomena during my dreams.

BE R TWBLEIZLU TOTEILRLBNC ST, 5555,

6.1- speaking, shouting, sweating, langhing, loudly Yes | No
HEPLL oD, RETERD, RETOOLS, KETHE, ) vng)
6.2- sudden limb movements, “fights™ Yes . No
ITLRERMENNT/ FADELTHBEIIL, Y )
6.3- gesture, complex movements, that are useless during sleep,
e.g. to wave, to salute, to frighten mosquitoes, falls off the bed Yes . No

BTV, FRVOCHBELENEE T2, (B F2IRD. REE 5. MreFE (3 (Wz)
TEVAS, ~yFrbEDD)

6.4 - things that fell down around the bed, e.g. bedside lamp, book glasses. Yes | No
~yRORYOHEELT, (B BIAIF, K, AHX) ) vng)

7. It happens that my movements awake me. Yes A No
FECODRICE 2OBETHBEDLHILLHD, ((Ea (W)

8. After awakening I mostly remember the content of my dreams well. Yes . No
BRI, FORFEEIEVWEZ TS, ((FaD) (W)

9. My sleep is frequently disturbed. Yes A No
IROBIGGTENS, vy (Wz)

10. Ihave/had a disease of the nervous system (e.g. stroke, head trauma,
parkinsonism, RLS, narcolepsy, depression, epilepsy, inflammatory disease of
the brain), which? Yes . No
UTFOWFhOBEROFEL, DHTE-oT e, E3BER-TETAY (1Y) (ng)
() Bz=h | BEERSME, /S —F V9%, DT T BYEREE, JLaL T —,
9O/ TAh A, BOSKIERES)
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