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The Cyclic Alternating Pattern and the Brain-Body-Coupling During Sleep

Summary

Sleep measurement is based on conventional rules,
which simplify the complex architecture of this manda-
tory phsyiological activity. The dynamic development of
sleep shows a regular cyclic nature, which is reflected
also in the microstructural organization of phasic EEG
events. In NREM sleep, arousals rarely appear in isola-
tion but are most commonly arranged in sequences
recognized as the cyclic alternating pattern (CAP). Com-
posed of EEG features endowed with properties of acti-
vation (phase A) and deactivation (phase B), CAP trans-
lates a condition of sustained arousal instability. Due
to the close temporal relation between CAP, autonomic
functions and behavioral activities, CAP operates as a
master clock that entrains different rhythms in a com-
mon temporal pattern. Crucially participating in the
build-up, maintenance and attenuation of slow wave
sleep, CAP represents a fundamental pillar of sleep pro-
cesses together with the homeostatic drive, the ultra-
dian cyclicity and the circadian oscillation. The pivotal
role of CAP in the basic sleep mechanisms justifies its
involvement in the pathophysiology of most sleep dis-
orders and offers new perspectives in clinical manage-
ment strategies. The absence of CAP (defined as non-
CAP) corresponds to a sustained condition of stabil-
ity extended to both brain and body. CAP and non-CAP
metrics overcome the rigid limitations of conventional
stage scoring and provide a more flexible and genuine
neurophysiological substrate to shed light upon the
brain-body coupling during sleep.
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»Cyclic alternating pattern“ und ,,Brain-Body-
Coupling® im Schlaf

Die Beurteilung des Schlafes erfolgt gemass kon-
ventioneller Kriterien, die die komplexe Architektur
dieser essenziellen physiologischen Aktivitat verein-
fachen sollen. Physiologischer Schlaf folgt in periodi-
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schen Zyklen, was sich im EEG in der Mikrostruktur der
Schlafphasen widerspiegelt. Im NREM Schlaf kommen
isolierte Arousals nur sehr selten vor, meist kommt es
zu Sequenzen, die als “cyclic alternating pattern” (CAP)
bezeichnet werden. Mit Sequenzen transienter elekt-
rokortikaler Ereignisse von Aktivierung (Phase A) und
Deaktivierung (Phase B) reprasentiert CAP eine Schlafin-
stabilitat und ein relativ niedriges Arousal-Niveau. Auf
Grund des engen zeitlichen Zusammenhangs zwischen
CAP, autonomer Funktionen und Verhalten funktioniert
CAP als ein Uibergeordneter Zeitgeber zu Koordinierung
verschiedener Rhythmen in einer gemeinsamen zeit-
lichen Periodizitat. Gemeinsam mit ultradianen Zyklen
und zirkadianen Oszillationen wirkt CAP als zentraler
Pfeiler des Schlafes im Aufbau, in der Aufrechterhal-
tung und Vertiefung des Delta-Schlafes mit. CAP spielt
in diesen grundlegenden Schlafmechanismen eine
zentrale Rolle, daher versteht sich auch die wichtige
pathophysiologische Bedeutung von CAP in den meis-
ten Schlafstorungen, wodurch sich neue klinische
Perspektiven fiir Behandlungsstrategien eré6ffnen.
Fehlen von CAP (definiert als non-CAP) ist assoziiert mit
einem anhaltenden Zustand von Stabilitdt, libertragen
auf Hirn und Kérper. Mittels CAP und Non-CAP gelingt
es, starre Limitationen der konventiellen Schlaf-Sta-
dien-Einteilung zu liberwinden, was eine flexiblere,
authentischere und neurophysiologischere Sicht auf
das Brain-Body-Coupling wahrend des Schlafes erlaubt.

Schliisselworter: Cyclic alternating pattern, Schlaf, EEG,
Arousal

Le tracé alternant cyclique et le couplage du cer-
veau et du corps durant le sommeil

Lanalyse conventionnelle du sommeil repose sur
des régles rigides, qui tendent a simplifier I'architecture
complexe de cette activité physiologique essentielle. Le
sommeil est cyclique par nature, entre autre dans I'or-
ganisation des événements EEG phasiques observés sur
une courte échelle de temps (microstructure du som-
meil). Au cours du sommeil non-REM, ces événements
phasiques  (“arousals”) apparaissent rarement de
maniere isolée, mais sont le plus souvent organisés en

The Cyclic Alternating Pattern and the Brain Body Coupling During Sleep | L. Parrino, G. Milioli, A. Melpignano, I. Trippi



séquences appelées tracé alternant cyclique (“cyclic al-
ternating pattern”, CAP). Composé d’éléments EEG sug-
gérant I'activation (phase A) et la désactivation (phase
B), le CAP est I'expression d’une instabilité prolongée
du sommeil. En raison de la concomitance entre CAP,
fonction autonome et mouvement, le CAP peut étre
vu comme le chef d’orchestre qui régule les différents
rythmes les uns par rapport aux autres. En participant
de maniére cruciale dans I'événement, le maintien et
I'atténuation du sommeil a ondes lentes, le CAP repré-
sente — avec le processus homéostatique, le rythme
ultradien et le rythme circadien — I'un des piliers fon-
damentaux du processus sommeil. Le réle majeur du
CAP dans les mécanismes fondamentaux du sommeil
explique son implication dans la pathophysiologie de la
plupart des troubles du sommeil, et offre de nouvelles
perspectives de traitement en clinique. Labsence de
CAP correspond quant a elle a une stabilité prolongée
du cerveau, comme du reste du corps. Quantifier les
phases de CAP et d’absence de CAP permet de contour-
ner les limitations rigides du scorage des phases de
sommeil, et offre un cadre flexible, correspondant plus
a la réalité neurophysiologique, pour étudier les rela-
tions cerveau-corps pendant le sommeil.

Mots clés :
micro-éveils

Tracé alternant cyclique, sommeil, EEG,

Introduction

The current method of sleep analysis, according to
the AASM system, is centered on sleep macrostructure
that identifies rapid-eye movement sleep (REM) and
non-REM with its different stages (NREM1, NREM2,
NREM3) based on 30-second scoring epochs [1].

Under physiological conditions, sleep macrostruc-
ture presents an operational framework based on the
following principles and rules:

1. Falling asleep always occurs in non-REM sleep,

2. the brain takes about 25 minutes to reach deep
sleep,

3. the first REM sleep episode appears approximately
10 minutes after the end of deep sleep,

4. NREM3 prevails in the first part of the night, while
REM sleep dominates in the second half.

This asymmetry reflects the gradual attenuation of
the intensity of slow wave sleep during the night, like
a spring loaded during the waking hours and progres-
sively discharged across the night. Because it increases
after sleep deprivation and drops when the waking
period is short, deep sleep is considered an important
marker of sleep homeostasis.

The alternation of NREM and REM sleep consti-
tutes the sleep cycle. Each sleep cycle has a duration
of approximately 90 minutes. Sleep macrostructure
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resembles a 5-wagon train, each coach lasting about
an hour and a half. The first three wagons, which con-
stitute the core sleep, are controlled predominantly by
the acid gamma-aminobutyric acid (GABA), a sedative
neurotransmitter. The last two couches compose the
so-called optional sleep and are modulated by an acti-
vating neurotransmitter, acetylcholine, which prepares
the brain to the morning awakening. The turning point
between the two types of sleep, in particular between
the third and the fourth wagon, coincides with a deli-
cate phase of sleep continuity and is often the time of
awakening for many insomniacs.

However, the quality of sleep is not only based
on its duration, depth and continuity as arousals are
also involved in the restorative properties of sleep.
Although scored as single features, arousals rarely
appear in isolation, while they are mostly organ-
ized in sequences like a swarm of flying birds. The
regular organization of arousals, known as CAP (cy-
clic alternating pattern), defines the microstructure
of sleep and measures the amount of unstable sleep.

Accordingly, the quality of sleep is based on 4 pillars:

+ Duration (total sleep time)

+ Intensity (amount of deep sleep)

+ Continuity (nocturnal awakenings)
+ Stability (CAP parameters).

The rules of CAP and non-CAP

CAP is the most comprehensive method for the de-
tection and measurement of sleep microstructure. CAP
spans across long periods of NREM sleep, it overcomes
the boundaries of standard rigid epochs and offers a
dynamic contribution to the static framework of con-
ventional scoring. CAP reveals the presence of a com-
plex scaffold, hidden but perfectly integrated beneath
the surface of conventional sleep stages [2].

CAP is definied as a periodic EEG activity occurring
under conditions of reduced vigilance (sleep, coma). It is
characterized by sequences of CAP cycles defined by an
A phase (transient electrocortical events that are dis-
tinct from background EEG activity) and by the follow-
ing B phase (return to background EEG activity).

A CAP sequence is composed of at least two consec-
utive CAP cycles (Figure 1).

The absence of CAP for more than 60 s is scored as
non-CAP (NCAP) and coincides with a condition of sus-
tained physiological stability [3]. Isolated A phases are
classified as NCAP (Figure 2).

The last A phase that closes a CAP sequence is not
included in the scoring of CAP and is scored as NCAP.

Therefore every CAP sequence begins with an A
phase and ends with a B phase. The amplitude of pha-
sic activities initiating a phase A must be 1/3 higher
than the background voltage.

Epileptologie 2016; 33
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Figure 1: Cyclic alternating pattern (CAP) during NREM sleep. A CAP cycle is defined as a sequence of A phase and B phase. At
least two full CAP cycles in succession are needed to define a CAP sequence; thus, the minimum content of a sequence is A-B—
A-B—-A. Montage, from top to bottom: right electrooculogram (EOG-R); electroencephalogram (EEG; bipolar EEG derivations
using international electrode placement FP2—F4, F4-C4, C4—P4, P4-02, Fp2—-F8, F8-T4, T4-T6, Fz—Cz, Cz—Pz, Fp1-F3, F3-C3,
C3-P3, P3-01, Fp1-F7, F7-T3, T3-T5); chin electromyogram (milo); finger photoplethysmogram (Pleth); heart rate (BEAT).

Each CAP phase, both A and B, is 2 - 60 s in duration.
This cutoff relies on the consideration that the great
majority (about 90%) of A phases occurring during
sleep are separated by an interval of less than 60 s [4]. If
two consecutive phases A are separated by an interval <
2 s they are counted as a single phase A. CAP sequences
are not interrupted by a sleep stage shift if CAP scoring
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requirements are satisfied. Therefore, a CAP sequence
can contain a variety of different phasic activities and
extend across adjacent sleep stages.

CAP sequences commonly precede the transition
from non-REM to REM sleep and end just before REM
sleep onset. REM sleep is characterized by the lack of
EEG synchronization; thus phase A features in REM
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Figure 2: Absence of cyclic alternating pattern (NCAP) during NREM sleep. Montage, from top to bottom: Right electroocu-
logram (EOG-R); electroencephalogram (EEG; bipolar EEG derivations using international electrode placement Fp2—F4, F4—C4,
C4-P4, P4-02, Fp2-F8, F8-T4, T4-T6, Fz—Cz, Cz—Pz, FP1-F3, F3-C3, C3-P3, P3-01, Fp1-F7, F7-T3, T3-T5); chin electromyogram

(milo); finger photoplethysmogram (Pleth); heart rate (BEAT).

Epileptologie 2016; 33 The Cyclic Alternating Pattern and the Brain Body Coupling During Sleep | L. Parrino, G. Milioli, A. Melpignano, I. Trippi



sleep consist mainly of desynchronized patterns (fast
low-amplitude rhythms), which are separated by a
mean interval of 3 - 4 min [5]. Consequently, under nor-
mal circumstances, CAP sequences do not occur in REM
sleep.

However, sleep disorders characterized by repetitive
A phases recurring at intervals < 60 s (for example, peri-
odic REM-related sleep apnea events), can produce CAP
sequences in REM sleep.

Phase A subtypes

Phase A activities can be classified into three sub-
types, referring to the reciprocal proportion of EEG syn-
chrony and EEG desynchrony, as follows:

1. Subtype Al. EEG synchrony (high-amplitude slow
waves) is the predominant activity. If present, EEG
desynchrony (low-amplitude fast waves) occupies <
20% of the entire phase duration.

2. Subtype A2.The EEG activity is a mixture of slow and
fast rhythms with 20 - 50% of phase A occupied by
EEG desynchrony.

3. Subtype A3. The EEG activity is dominated by rapid
low-voltage rhythms with more than 50% of phase
A occupied by EEG desynchrony.

Different subtypes of phase A can occur within the
same CAP sequence (Figure 3).

The majority of EEG arousals occurring in NREM
sleep (87%) is included within the CAP sequences and
basically coincide with a phase A2 or A3 [6]. In particu-
lar, 95% of subtype A3 events and 62% of subtype A2
events meet the AASM criteria for arousals [7].
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The significance of CAP

CAP sequences and NCAP periods physiologically ap-
pear during the night with a nonstochastic distribution.
A detailed investigation showed that the non-triggered
EEG fluctuations centered on the 20 - 40 s periodicity of
CAP are involved in the subtle mechanisms that control
the production and attenuation of sleep slow-wave ac-
tivities [8]. Comparing spectral assessment [9, 10] and
EEG visual scoring of NREM sleep in healthy individu-
als, the amount of slow rhythmic oscillations (spectral
analysis) parallels the number of CAP cycles (visual detec-
tion), with a striking agreement between spectral power
gatherings and visually scored A phases [11]. Within the
sleep cycle, 90% of the A phases detected in the descend-
ing branches and 92% of the A phases detected in the
troughs are subtype Al. In contrast, 64% of the A phases
identified in the ascending branches are subtypes A2
(45%) and A3 (19%). These findings indicate that both
slow and rapid EEG activating complexes are involved
in sleep architecture [12]. Build-up and maintenance of
deep sleep are guaranteed by a process of periodic EEG
instability accompanied by mild neurovegetative fluctua-
tions that accompany the downward shift from wake-
fulness (Al subtypes). Conversely, the breakdown of
slow-wave sleep and the introduction of REM sleep are
mostly associated with desynchronized EEG activities
and powerful activation of muscle and autonomic func-
tions (A2 and A3 subtypes). Therefore, in addition to their
manifold EEG features, the A phases are characterized by
a non-random distribution across the night, which as-
sumes a clear-cut periodicity during NREM sleep within
the framework of CAP. For this reason, CAP is a “master
clock” that determines the pace within which temporal
patterns can be generated and implemented [13, 14].
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Figure 3: Three CAP A phase subtypes. The phase A subtypes delimitated by the boxes.

The dotted lines indicate the fast low-amplitude portion of the A phase.

Montage, from top to bottom: right electrooculogram (EOG-R); electroencephalogram (EEG; bipolar EEG derivations using
international electrode placement Fp2—F4, F4—C4, C4—P4, P4—02); chin electromyogram (milo); finger photoplethysmogram

(Pleth); heart rate (BEAT).
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Measuring CAP

EEG features are highly sensitive markers of brain
development. Accordingly, during a person’s life-span
physiological changes can be determined by sleep anal-
ysis at different ages. CAP parameters undergo dynamic
variations across natural maturation and they can be
used to establish the normal ranges of sleep. Studies
conducted in childhood sleep disorders, neuro-psy-
chological disabilities, and cognitive retardation have
revealed specific alterations of CAP parameters in the
different pathological conditions [15, 16].

A phases

A bell-shaped curve describes the normal percent-
ages of Al subtypes in different age groups, conversely,
a linear increase is observable in subtypes A2 and A3
from infancy to advanced age, similar to the arousal
patterns during a life span [17] (Table 1).

CAP rate

CAP rate is the most widely exploited microstructur-
al parameter for clinical purposes. CAP rate quantifies
sleep instability and it is defined by the ratio of total
CAP time in NREM sleep to total NREM sleep time. CAP
rate increases when sleep is disturbed by internal or ex-
ternal factors, and its variations reflect the perception
of sleep quality, with higher values of CAP rate related
with poorer sleep quality.

In normal subjects, CAP rate is characterized by a
low night-to-night intraindividual variability. Across
development CAP rate undergoes complex variations
(Table 1).

CAP and the autonomic nervous system

CAP represents an integrative tool to enhance
knowledge on the interaction between EEG activity
and autonomic functions during sleep. CAP translates
a state of instability [18] which is not only confined to
the cerebral activities but reverberates upon behavio-
ral and autonomic functions in a mutually entrained
synchronized oscillation. Indeed, the CAP phenome-
non provides a fluctuating web of agreement and or-
der among EEG rhythms, blood pressure, muscle tone
and heart rate [19]. On the contrary, during NCAP both
arousal and autonomic functions interact in a condi-
tion of sustained stability [20]. The relation between
sleep microstucture and autonomic functions has been
investigated in healthy subjects by means of spectral
analysis of heart rate variability during sleep [21]. A sig-
nificant difference was found between CAP and NCAP
conditions in the low frequency (LF) and high frequency

Epileptologie 2016; 33

Table 1: The age-related values of cyclic alter-
nating pattern (CAP) rate and percentages of
CAP A phases subtypes in healthy subjects.

Age CAPrate (%) Al(%) A2-A3(%)
Infant 129 69.7 30.3
Preschool-aged children  25.9 63.2 36.8
School-aged children 334 84.4 15.6
Peripubertal children 62.1 85.5 14.5
Teenagers 43.4 713 28.7
Young adults 31.9 61.4 38.6
Middle aged subjects 37.5 62.0 38.0
Elderly persons 55.3 46.6 53.4

(HF) components, which increased and decreased dur-
ing CAP, respectively. Similar results were described in
healthy children and adolescents [22]. By means of the
product of the coherence and cross-power of the HRV
and the corresponding ECG-derived respiration signal,
Thomas et al. [23] showed spontaneous abrupt transi-
tions between high- and low-frequency cardiopulmo-
nary coupling regimes in NREM sleep. The two distinct
regimes demonstrated a closer relationship with CAP
compared to the standard sleep stages.

EEG arousals commonly produce autonomic nerv-
ous system activation, with extensive and rapid para-
sympathetic withdrawal, consistently with the in-
creased sympathetic modulation of systemic vascular
resistance and cardiac contractility [24, 25]. Although
with lower intensities, even K-complexes and delta-
bursts, which are not scored as conventional EEG arous-
als, are associated with significant changes in heart
rate, consisting of tachycardia followed by bradycardia
[26]. These findings indicate a reciprocal interaction
between what happens upstairs (brain) and downstairs
(body). Endowed with different activation properties
the phase A subtypes of CAP (from A1l to A3) allow dur-
ing sleep a variety of adaptive adjustments to both in-
ternal and external inputs. The relation between the
different types of A phases and cardiovascular system
(heart rate) have been studied in normal and pathologi-
cal conditions [27, 28].

CAP in sleep disorders

Physiologic, paraphysiologic and pathologic move-
ments during NREM sleep are always organized around
a basic, stereotyped, transient activation of the brain
regulated by the arousal system [29]. In addition to

The Cyclic Alternating Pattern and the Brain Body Coupling During Sleep | L. Parrino, G. Milioli, A. Melpignano, 1. Trippi



being a physiological component of sleep, CAP can be
triggered by different external stimuli (tactile, thermal,
acoustic, painful, etc.). It has been noticed that apply-
ing separately the same arousing stimulus during the
phase B of the CAP cycle, this immediately assumes the
morphology of the other component; when the stimu-
lus is delivered during phase A the inverse transforma-
tion never occurs. This stereotyped reactivity persists
throughout the successive CAP phases with lack of ha-
bituation. Conversely, the same stimulus presented dur-
ing NCAP causes an electrocortical response character-
ized by brief, high-voltage slow waves, with tendency to-
ward progressive habituation [4, 30]. However, a strong
or prolongued stimulus delivered during NCAP induces
the sudden appearance of repetitive CAP cycles with the
same morphology and reactive behaviour of spontane-
ous CAP sequences that may lead to a lighter stage shift
or continue until NCAP is completely recovered.
Coherently, CAP rate increases under noise stimu-
lation [30] or in conditions of sleep disruption such as
insomnia [31 - 33], depression [34], eating disorders
[35], upper airway resistance syndrome (UARS) [36],
obstructive sleep apnea syndrome (OSAS) [37], periodic
limb movements [38], sleep related hypermotor epi-
lepsy (former nocturnal frontal lobe epilepsy) [29, 39 -
43], primary generalized [44] and focal lesional epilepsy

[45]. In contrast, CAP rate decreases during sleep-pro-
moting conditions such as narcolepsy [46, 47], admin-
istration of hypnotic drugs [31, 32, 48 - 50], continu-
ous positive airway pressure (CPAP) treatment in OSAS
[15, 16], and night-time recovery sleep after prolonged
sleep deprivation [51]. Neurodegenerative disorders,
e.g. multiple system atrophy [52], mild cognitive im-
pairment and Alzheimer disease [53], characterized by
an interrupted interaction between brain and body, are
also associated with low amounts of CAP rate.

CAP is not only influenced by sleep disorders, but
in turn it modulates the frequency and distribution
of sleep-related events. In particular, phase A triggers
bruxism [54, 55], sleepwalking [56, 57], epileptic events
[58, 59], periodic limb jerks [38], and rhythmic move-
ments during NREM sleep [60]. Conversely, phase B is
associated to the repetitive respiratory events of sleep-
disordered breathing, followed by the robust autonom-
ic activation during the following phase A that restores
post-apnea breathing [37].

Sleep-disordered breathing

CAP offers a favorable background for phasic and re-
petitive sleep-related manifestations (Figure 4).
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Figure 4. Modulation of EEG response to respiratory events. The figure reports examples of respiratory events (boxes) in which
airway re-openings occur with different EEG patterns (delimitated by black triangles). The asterisks show the pulse wave ampli-

tude drops. From the left to the right, a hypopnea without EEG response, an apnea with phasic delta activity (A1 subtype of

CAP), a hypopnea with EEG arousal (A3 subtype of CAP), an apnea with a mixture of slow and fast rhythms (A2 subtype of CAP)
and a hypopnea with EEG arousal (A3 subtype of CAP). Montage, from top to bottom: electrooculogram (EOG); electroencepha-

logram (EEG; bipolar EEG derivations using international electrode placement Fp2—F4, F4-C4, C4—P4, P4-02 and monopolar
derivation C4—M1); chin electromyogram (ChinA); nasal pressure airflow (flow-RA), oronasal thermal sensor (termistore), rib

cage (thorax) and abdominal (abdomen) movements, and oxymetry (SpO2) finger photoplethysmogram (Pleth).
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It is known that increased amounts of arousals are a
regular finding in OSAS [37, 61, 62].

However, typical manifestations of secondary corti-
cal events are also the respiratory effort-related arous-
als (RERAs). More specifically, RERAs are defined by ob-
structive upper airway flow reductions (which do not
meet the criteria of apnea or hypopnea) associated with
progressive negative esophageal pressure lasting at
least 10 s and culminating in an arousal [63].

In the estimation of cerebral impact of respiratory
events in NREM sleep, the CAP metrics offer more ex-
tensive information than AASM rules. While the arousal
index was statistically similar in mild and moderate-se-
vere OSAS patients, sleep instability, expressed by CAP
time, showed a progressive enhancement from normal
subjects to mild and moderate-severe OSAS patients.
The moderate-severe OSAS showed a significant in-
crease of CAP rate and A3 phases, while a normal CAP
rate coexisted with a higher amount of A3 subtypes in
the mild group [64].

The sleeping brain can solve respiratory challenges
even without involving a cortical arousal. Convention-
al EEG arousals are elicitated only if thalamo-cortical
structures are unsuccessful in modulating breathing or
when ascending reticular volleys are necessary to re-
establish respiration [65]. EEG activation also enhances
the autonomic nervous function as reflected by a great-
erincrease of heart rate during arousals. However, heart
rate acceleration can be elicitated also by delta bursts
and autonomic activation can occur without a simulta-
neous EEG arousal [21, 26].

When patients with OSAS are treated effectively
with nasal continuous positive airway pressure (CPAP),
the ventilatory-induced reduction of CAP rate, which
correlates significantly with daytime sleepiness, is asso-
ciated with a robust curtailment of subtypes A3 and a
progressive recovery of the Al percentages [15, 16].

Insomnia

Patients with chronic insomnia and normal blood
pressure values lack physiological nocturnal dipping of
both systolic and diastolic values. The missing reduction
of blood pressure dipping is linked to brain cortical acti-
vation during sleep even without arousal rate variations
[66]. These findings suggest a pivotal role of hypera-
rousal and increased CAP in the missed modulation of
autonomic functions during sleep.

The enhancement of CAP time and CAP rate in in-
somniac patients is a universal feature, independent
of cultural or genetic constraints. A study on a large
sample of Caucasian patients with primary insomnia
showed that CAP parameters consistently correlate
with a poor quality of sleep and can be useful to value
the effectiveness of hypnotic drugs [49]. Japanese pa-
tients affected by psychophysiologic insomnia showed
similar results in a randomized crossover comparative
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study with placebo which demonstrated that hypnotic
medication (with zolpidem) increases sleep stability
with a reduction of CAP rate and improves subjective
sleep perception [67].

Wavelet energy and entropy of CAP parameters al-
lows to quantify objective differences between insom-
niac patients and normal controls. In particular, insom-
nia sleep recordings present a longer duration and a
higher EEG complexity of B phases between successive
A1l subtypes during the build-up phases of slow wave
sleep. Moreover, A3 subtypes show an increased dura-
tion and a more irregular structure [68].

CAP analysis can be a useful tool also to understand
and manage sleep state misperception in insomniac
patients. Misperceptors have normal CAP rate in slow
wave sleep but considerably higher amounts of CAP rate
in stage 1 and 2. Compared with objective polysomno-
grafic findings, misperceptors report lower amounts of
subjective awakenings (average: 4 vs 11) separated by
longer intervals. Objective awakenings are always sepa-
rated by periods of superficial sleep (stages 1 and 2) en-
dowed by high amounts of CAP. A shallow and unstable
sleep between two separate objective awakenings is
perceived as an experience of continuous wakefulness,
creating a mismatch between PSG data and subjective
interpretation [33].

Nocturnal Frontal Lobe Epilepsy

Nocturnal Frontal Lobe Epilepsy (NFLE) is character-
ized by a clinical spectrum of paroxysmal motor mani-
festations ranging from major seizures to paroxysmal
arousals and minor motor events. A common feature is
the onset of all episodes during NREM sleep, with dif-
ferent distribution with the sleep stages. Major attacks
prevail in NREM3 leading abruptly to a wake condition
as paroxysmal arousals and minor motor events may
recur every night, sometimes several times per night,
arising mainly from CAP in stage NREM2 [69]. These
nocturnal manifestations cause enhanced sleep frag-
mentation and higher percentages of wakefulness, as
well as increased amounts of CAP time, CAP rate, CAP
cycles, and mean duration of CAP sequences [40, 42].

In NFLE patients, the robust enhancement of CAP is
associated with a balanced enhancement of all phase A
subtypes (especially phases A1), but without relevant
changes of respective percentages [42]. This feature dif-
fers from other sleep disorders with high values of CAP
rates, such as OSAS, where an increase of subtypes A2
and A3 and a significant reduction of phase A1, are ob-
served [15, 16].

Antiepileptic medication reduces the amount of ob-
jectively recorded seizures and most conventional sleep
measures (i.e. REM latency, wake after sleep onset, sleep
efficiency) recover normal values [43]. Nevertheless,
NREM sleep instability remains pathologically high (CAP
rate +26% compared to controls), and is associated with
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Figure 5: Vegetative instability during inter-ictal EEG abnormalities in NFLE patient.

The phase A subtypes delimitated by the black triangles. The asterisks show the pulse wave amplitude drops (markers of auto-
nomic activation). Montage, from top to bottom: electrooculogram (EOG); electroencephalogram (EEG; bipolar EEG derivations
using international electrode placement Fp2—-F4, F4—C4, C4—P4, P4-02, Fp1-F3, F3-C3, C3-P3, P3-01); chin electromyogram
(EMG-Sub); heart rate (pulse); finger photoplethysmogram (Pleth).

persistence of daytime sleepiness. The residual high
NREM sleep instability is probably related to the persis-
tence of epileptic discharges that act as internal triggers
of subcontinuous arousal fluctuations during NREM
sleep [43]. In turn, these arousal swings promote a gait
effect on the occurrence of nocturnal motor events, es-
pecially in the form of minor motor events that could be

the expression of stereotyped innate motor sequences
triggered by arousal facilitation and codified by central
pattern generators [70, 71].

In patients with NFLE the electrocardiographic RR
interval decreases in the post epochs of all A phases
suggesting an involvement of sympathetic pathways.
Although the decrease in RR interval signal and the in-
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Figure 6: Paroxysmal arousals arising from cyclic alternating pattern (CAP) in stage NREM3.

The phase A subtypes delimitated by the black triangles. The asterisks show the pulse wave amplitude drops (markers of auto-

nomic activation). The dotted lines indicate the paroxysmal arousal event.

Montage, from top to bottom: electrooculogram (EOG); electroencephalogram (EEG; bipolar EEG derivations using international
electrode placement Fp2-F4, F4—C4, C4—P4, P4-02, Fp2-F8, F8—T4, T4-T6, Fp1-F3, F3—C3, C3—P3, P3—01, Fp1-F7, F7-T3, T3-T5
and monopolar derivation C4—A1); chin electromyogram (EMG-Sub); heart rate (Pulse); finger photoplethysmogram (Pleth).
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crease in LF power during post epochs is more evident
during A3 subtypes, all the phase A subtypes present a
similar latency of 4 seconds in the minimum of the RR
series. These findings suggest that the CAP phenom-
enon exerts an influence on the autonomic response,
which is independent from the type of activation and
from the time of sleep.

Analyzing the pulse wave amplitude (PWA) drops
as a marker of autonomic activation [27], it can be ob-
served that the persistence of inter-ictal EEG abnor-
malities, determines a sustained condition of vegetative
instability characterized by a periodic activation of the
sympathetic tone (Figure 5).

This means that clinical management of NFLE can-
not be considered complete and satisfactory whenever
intensive EEG paroxysms fuel high amounts of CAP rate.

A recently published article updates the definition
of the disorder and establishes new diagnostic criteria.
NFLE is now changed into SHE (Sleep-related Hypermo-
tor Epilepsy), reflecting the evidence that the attacks
are associated with sleep, that seizures may arise from
extra-frontal sites and that the motor features of the
seizures are highly characteristic [72]. The paper con-
firms that an increase of sleep instability is very com-
mon in SHE, particularly when multiple events occur in
NREM sleep (Figure 6) [40, 42, 69].

Conclusions

Sleep is not an organ and therefore cannot be
touched or physically quantified. We cannot taste, smell
or take a picture of sleep because sleep is a function. A
daily mandatory activity that reflects the need to rest
and allows brain and body to carry out specific and non-
negotiable performances.

The rules of sleep architecture demand that all
parts of the apartment (brain and body) participate in
a democratic interaction and reciprocal support in order
to warrant survival in a condition of prolonged uncon-
sciousness.

During CAP, sleep microstructure embraces parallel
layers of EEG, motor and autonomic functions in coher-
ent columns of activation (phase A of CAP) and deacti-
vation (phase B of CAP) in a cyclic polyphonic image of
arousal instability.

During NCAP, the entire apartment reaches a sta-
ble multi-voice configuration both upstairs (brain) and
downstairs (body).

This approach overcomes the rigid limitations of
conventional stage scoring and provides a more flex-
ible neurophysiological substrate to investigate and shed
light upon the brain-body coupling during sleep.

Epileptologie 2016; 33

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The AASM Manual for the Scoring of Sleep and Associated Events. Version
2.1. Darien, lllinois: American Academy of Sleep Medicine, 2014

Parrino L, Grassi A, Milioli G. Cyclic alternating pattern in polysomnogra-
phy: what is it and what does it mean? Curr Opin Pulm Med 2014; 20:
533-541

Terzano MG, Parrino L, Fioriti G et al. Morphologic and functional fea-
tures of cyclic alternating pattern (CAP) sequences in normal NREM
sleep. Funct Neurol 1986; 1: 29-41

Terzano MG, Parrino L. Functional relationship between micro- and ma-
crostructure of sleep. In: Terzano MG, Halasz P, Declerck AC (eds): Phasic
Events and Dynamic Organization of Sleep. L.E.R.S. Monograph Series
Volume 7. New York: Raven Press, 1991: 101-119

Schieber JP, Muzet A, Ferriere PJ. Phases of spontaneous transitory acti-
vation during normal sleep in humans. Arch Sci Physiol (Paris) 1971; 25:
443-465

Parrino L, Smerieri A, Rossi M, Terzano MG. Relationship of slow and
rapid EEG components of CAP to ASDA arousals in normal sleep. Sleep
2001; 24: 881-885

Terzano MG, Parrino L, Rosa A et al. CAP and arousals in the structural
development of sleep: an integrative perspective. Sleep Med 2002; 3:
221-229

Achermann P, Borbély AA. Low-frequency (< 1 Hz) oscillations in the hu-
man sleep electroencephalogram. Neuroscience 1997; 81: 213-222

De Carli F, Nobili L, Beelke M et al. Quantitative analysis of sleep EEG
microstructure in the time-frequency domain. Brain Res Bull 2004; 63:
399-405

Ferri R, Rundo F, Bruni O et al. Dynamics of the EEG slow-wave synchroni-
zation during sleep. Clin Neurophysiol 2005; 116: 2783-2795

Ferrillo F, Gabarra M, Nobili L et al. Comparison between visual scoring
of cyclic alternating pattern (CAP) and computerized assessment of slow
EEG oscillations in the transition from light to deep non-REM sleep. J Clin
Neurophysiol 1997; 14: 210-216

Terzano MG, Parrino L, Boselli M et al. CAP components and EEG synchro-
nization in the first 3 sleep cycles. Clin Neurophysiol 2000; 111: 283-290
Terzano MG, Parrino L, Spaggiari MC et al. Mutual co-operation bet-
ween cyclic alternating pattern and major dynamic events of sleep. In:
Barthouil P (Coordination scientifique). Insomnie et imidazopyridines.
Amsterdam: Excerpta Medica, 1990: 262-270

Terzano MG, Parrino L, Smerieri A et al. CAP and arousals are involved
in the homeostatic and ultradian sleep processes. J Sleep Res 2005; 14:
359-368

Parrino L, Smerieri A, Boselli M et al. Sleep reactivity during acute nasal
CPAP in obstructive sleep apnea syndrome. Neurology 2000; 54: 1633-
1640

Parrino L, Thomas RJ, Smerieri A et al. Reorganization of sleep patterns in
severe OSAS under prolonged CPAP treatment. Clin Neurophysiol 2005;
116:2228-2239

Parrino L, Boselli M, Spaggiari MC et al. Cyclic alternating pattern (CAP)
in normal sleep: polysomnographic parameters in different age groups.
Electroencephalogr Clin Neurophysiol 1998; 107: 439-450

Parrino L, Ferri R, Bruni O, Terzano MG. Cyclic alternating pattern (CAP):
the marker of sleep instability. Sleep Med Rev 2012; 16: 27-45

Haldsz P, Terzano M, Parrino L, Bédizs R. The nature of arousal in sleep. J
Sleep Res 2004; 13: 1-23

Terzano MG, Parrino L, Smerieri A et al. Atlas, rules, and recording tech-
niques for the scoring of cyclic alternating pattern (CAP) in human sleep.
Sleep Med 2001; 2: 537-553

The Cyclic Alternating Pattern and the Brain Body Coupling During Sleep | L. Parrino, G. Milioli, A. Melpignano, 1. Trippi



21.

22.

23.

24.

25.

26.

2

28.

29.

30.

31.

32.

33.

34.

35.

36.

3

38.

39.

40.

The Cyclic Alternating Pattern and the Brain Body Coupling During Sleep | L. Parrino, G. Milioli, A. Melpignano, I. Trippi

N

N

Ferini-Strambi L, Bianchi A, Zucconi M et al. The impact of cyclic alter-
nating pattern on heart rate variability during sleep in healthy young
adults. Clin Neurophysiol 2000; 111: 99-101

Ferri R, Parrino L, Smerieri A et al. Cyclic alternating pattern and spectral
analysis of heart rate variability during normal sleep. J Sleep Res 2000;
9:13-18

Thomas RJ, Mietus JE, Peng C-K, Goldberger AL. An electrocardiogram-
based technique to assess cardiopulmonary coupling during sleep. Sleep
2005;28:1151-1161

Trinder J, Allen N, Kleiman J et al. On the nature of cardiovascular activa-
tion at an arousal from sleep. Sleep 2003; 26: 543-551

Blasi A, Jo JA, Valladares E et al. Autonomic cardiovascular control fol-
lowing transient arousal from sleep: a time-varying closed-loop model.
IEEE Trans Biomed Eng 2006; 53: 74-82

Sforza E, Jouny C, Ibanez V. Cardiac activation during arousal in humans:
further evidence for hierarchy in the arousal response. Clin Neurophysiol
2000;111:1611-1619

Gonzalez-Salazar JS, Alba A, Mendez MO et al. Characterization of the
autonomic system during the cyclic alternating pattern of sleep. Conf
Proc IEEE Eng Med Biol Soc 2014; 2014: 3805-3808

de Leon-Lomeli R, Murquia JS, Chouvarda | et al. Relation between heart
beat fluctuations and cyclic alternating pattern during sleep in insomnia
patients. Conf Proc IEEE Eng Med Biol Soc 2014; 2014: 2249-2252
Parrino L, Halasz P, Tassinari CA, Terzano MG. CAP, epilepsy and motor
events during sleep: the unifying role of arousal. Sleep Med Rev 2006; 10:
267-285

Terzano MG, Parrino L, Fioriti G et al. Modifications of sleep structure
induced by increasing levels of acoustic perturbation in normal subjects.
Electroencephalogr Clin Neurophysiol 1990; 76: 29-38

Terzano MG, Parrino L. Evaluation of EEG cyclic alternating pattern
during sleep in insomniacs and controls under placebo and acute treat-
ment with zolpidem. Sleep 1992; 15: 64-70

Parrino L, Spaggiari MC, Boselli M et al. Clinical and polysomnographic
effects of trazodone CR in chronic insomnia associated with dysthymia.
Psychopharmacology (Berl) 1994; 116: 389-395

Parrino L, Milioli G, De Paolis F et al. Paradoxical insomnia: the role of
CAP and arousals in sleep misperception. Sleep Med 2009; 10: 1139-
1145

Farina B, Della Marca D, Grochocinski VJ et al. Microstructure of sleep in
depressed patients according to the cyclic alternating pattern. J Affect
Disord 2003; 77: 227-235

Della Marca G, Farina B, Mennuni GF et al. Microstructure of sleep in
eating disorders: preliminary results. Eat Weight Disord 2004; 9: 77-80
Guilleminault C, Lopes MC, Hagen CC, da Rosa A. The cyclic alternating
pattern demonstrates increased sleep instability and correlates with fa-
tigue and sleepiness in adults with upper airway resistance syndrome.
Sleep 2007; 30: 641-647

Terzano MG, Parrino L, Boselli M et al. Polysomnographic analysis of
arousal responses in obstructive sleep apnea syndrome by means of the
cyclic alternating pattern. J Clin Neurophysiol 1996; 13: 145-155
Parrino L, Boselli M, Buccino GP et al. The cyclic alternating pattern plays
a gate-control on periodic limb movements during non-rapid eye move-
ment sleep. J Clin Neurophysiol 1996; 13: 314-323

Nobili L, Ferrillo F, Baglietto MG et al. Relationship of sleep interictal epi-
leptiform discharges to sigma activity (12-16 Hz) in benign epilepsy of
childhood with rolandic spikes. Clin Neurophysiol 1999; 110: 39-46
Zucconi M, Oldani A, Smirne S, Ferini-Strambi L. The macrostructure and
microstructure of sleep in patients with autosomal dominant nocturnal
frontal lobe epilepsy. J Clin Neurophysiol 2000; 17: 77-86

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Terzaghi M, Sartori I, Mai R et al. Coupling of minor motor events and
epileptiform discharges with arousal fluctuations in NFLE. Epilepsia
2008; 49: 670-676

Parrino L, De Paolis F, Milioli G et al. Distinctive polysomnographic traits
in nocturnal frontal lobe epilepsy. Epilepsia 2012; 53: 1178-1184

De Paolis F, Colizzi E, Milioli G et al. Effects of antiepileptic treatment on
sleep and seizures in nocturnal frontal lobe epilepsy. Sleep Med 2013; 14:
597-604

Terzano MG, Parrino L, Anelli S, Halasz P. Modulation of generalized
spike-and-wave discharges during sleep by cyclic alternating pattern.
Epilepsia 1989; 30: 772-781

Terzano MG, Parrino L, Spaggiari MC et al. Discriminatory effect of cyclic
alternating pattern in focal lesional and benign rolandic interictal spikes
during sleep. Epilepsia 1991; 32: 616-628

Ferri R, Miano S, Bruni O et al. NREM sleep alterations in narcolepsy/ca-
taplexy. Clin Neurophysiol 2005; 116: 2675-2684

Terzano MG, Smerieri A, Del Felice A et al. Cyclic alternating pattern (CAP)
alterations in narcolepsy. Sleep Med 2006; 7: 619-626

Parrino L, Boselli M, Spaggiari MC et al. Multidrug comparison (loraze-
pam, triazolam, zolpidem, and zopiclone) in situational insomnia: poly-
somnographic analysis by means of the cyclic alternating pattern. Clin
Neuropharmacol 1997; 20: 253-263

Terzano MG, Parrino L, Spaggiari MC et al. CAP variables and arousals as
sleep electroencephalogram markers for primary insomnia. Clin Neuro-
physiol 2003; 114:1715-1723

Svetnik V, Ferri R, Ray S et al. Alterations in cyclic alternating pattern
associated with phase advanced sleep are differentially modulated by
gaboxadol and zolpidem. Sleep 2010; 33: 1562-1570

Parrino L, Spaggiari MC, Boselli M et al. Effects of prolonged wakefulness
on cyclic alternating pattern (CAP) during sleep recovery at different cir-
cadian phases. J Sleep Res 1993: 2: 91-95

Vetrugno R, D’Angelo R, Cortelli P et al. Impaired cortical and autonomic
arousal during sleep in multiple system atrophy. Clin Neurophysiol 2007;
118:2512-2518

Maestri M, Camicelli L, Tognoni G et al. Non-rapid eye movement sleep
instability in mild cognitive impairment: a pilot study. Sleep Med 2015;
16:1139-1145

Macaluso GM, Guerra P, Di Giovanni G et al. Sleep bruxism is a disorder
related to periodic arousals during sleep. J Dent Res 1998; 77: 565-573
Lavigne GJ, Khoury S, Abe S et al. Bruxism physiology and pathology: an
overview for clinicians. J Oral Rehabil 2008; 35: 476-494

Zucconi M, Oldani A, Ferini-Strambi L, Smirne S. Arousal fluctuations in
non-rapid eye movement parasomnias: the role of cyclic alternating
pattern as a measure of sleep instability. J Clin Neurophysiol 1995; 12:
147-154

Guilleminault C. Hypersynchronous slow delta, cyclic alternating pat-
tern and sleepwalking. Sleep 2006; 29: 14-15

Parrino L, Smerieri A, Spaggiari MC, Terzano MG. Cyclic alternating pat-
tern (CAP) and epilepsy during sleep: how a physiological rhythm modu-
lates a pathological event. Clin Neurophysiol 2000; 111 (Suppl): $39-46
Manni R, Zambrelli E, Bellazzi R, Terzaghi M. The relationship between
focal seizures and sleep: an analysis of the cyclic alternating pattern. Epi-
lepsy Res 2005; 67: 73-80

Manni R, Terzaghi M, Sartori | et al. Rhythmic movement disorder and
cyclic alternating pattern during sleep: a video-polysomnographic study
in a 9-year-old boy. Mov Disord 2004; 19: 1186-1190

Guilleminault C, Stoohs R. Arousal, increased respiratory efforts, blood

pressure and obstructive sleep apnoea. J Sleep Res 1995; 4: 117-124

Epileptologie 2016; 33

159



160

62. Stradling JR, Pitson DJ, Bennett L et al. Variation in the arousal pattern
after obstructive events in obstructive sleep apnea. Am J Respir Crit Care
Med 1999; 159: 130-136

63. Berry RB, Budhiraja R, Gottlieb DJ et al. Rules for scoring respiratory
events in sleep: update of the 2007 AASM Manual for the Scoring of
Sleep and Associated Events. Deliberations of the Sleep Apnea Defini-
tions Task Force of the American Academy of Sleep Medicine. J Clin Sleep
Med 2012; 8: 597-619

64. Milioli G, Bosi M, Grassi A et al. Can sleep microstructure improve dia-
gnosis of OSAS? Integrative information from CAP parameters. Arch Ital
Biol 2015; 153: 194-203

65. Hirshkowitz M. Arousals and anti-arousals. Sleep Med 2002; 3: 203-204

66. Lanfranchi PA, Pennestri MH, Fradette L et al. Nighttime blood pressure
in normotensive subjects with chronic insomnia: implications for cardio-
vascular risk. Sleep 2009; 32: 760-766

67. Ozone M, Yagi T, Itoh H et al. Effects of zolpidem on cyclic alternating
pattern, an objective marker of sleep instability, in Japanese patients
with psychophysiological insomnia: a randomized crossover compara-
tive study with placebo. Pharmacopsychiatry 2008; 41: 106-114

68. Chouvarda I, Mendez MO, Rosso V et al. Cyclic alternating patterns in
normal sleep and insomnia: Structure and content differences. IEEE Trans
Neural Syst Rehabil Eng 2012; 20: 642-652

69. Terzaghi M, Sartori I, Mai R et al. Coupling of minor motor events and
epileptiform discharges with arousal fluctuations in NFLE. Epilepsia
2008; 49: 670-676

70. Terzaghi M, Sartori I, Mai R et al. Sleep-related minor motor events in
nocturnal frontal lobe epilepsy. Epilepsia 2007; 48: 335-341

71. Tassinari CA, Rubboli G, Gardella E et al. Central pattern generators for a
common semiology in fronto-limbic seizures and in parasomnias. A neu-
roethologic approach. Neurol Sci 2005; 26(Suppl 3): s225-232

72. Tinuper P, Bisulli F, Cross JH et al. Definition and diagnostic criteria of
sleep-related hypermotor epilepsy. Neurology 2016; 86: 1834-1842

Ad(dress for correspondence:
Prof. Liborio Parrino

Sleep Disorders Center
Department of Neurosciences
University of Parma

Via Gramsci 14

43126 Parma

Italy

Tel. 0039 0521 704119

Fax 0039 0521 702693
liborio.parrino@unipr.it

Epileptologie 2016; 33 The Cyclic Alternating Pattern and the Brain Body Coupling During Sleep | L. Parrino, G. Milioli, A. Melpignano, 1. Trippi



