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Chapter 1

Introduction

General introduction

The study of motility, at very early epochs, refers to the general ability of the infant to perform movements as well as to perform a peculiar category of movements patterns. The latter appear without external stimulation of the infant and they represent his motor “repertoire”.

The scientific research gives a strong interest with this infant’s equipment because of its implications both in clinician and scientific field. The knowledge of complete motor abilities of the new-born allows the paediatrician to judge accurately the effective health of the infants as well as the degree of maturation of the Central Nervous System (CNS). To perform the neurologic evaluation of the infants, paediatricians use particular scales (Brazelton, 1984; Saint-Anne Dergassies, 1974; Dubowitz and Dubowitz, 1981; Korner et al., 1987) assessing motor ability of the infants; these scales evaluate the tonus, reflex and spontaneous activity of the infants and they enable to foresee any possible deviations of infant motor development and consequently to intervene on it. 

Analysis of motility is also important to judge the general status and maturation as well as the first expression to interact with external environment of the infants since motility is strictly linked to the organization of infants’ behavioural states (Parmelee and Stern, 1972). The latter implies the ability of the infants to sustain a particular state for a long-lasting period as well as to gradually pass from one state to another (Prechtl and O’Brien, 1982). A possible  deficit in the organizaton of behavioural states can be represented by rough changes of states and of motor and postural behaviours. Moreover the motor answers of the infant to external stimulation have to be evaluated relating them to the behavioural state of the infant.

A condition in which an accurate assessment of motility patterns is particularly useful is when the infant is born before the term age (that is a “pre-term” infant). 

Pre-term infants are those born before 36 weeks of gestational age and this situation allows to study the ontogenesis of organization of CNS and its interaction with external events at very early epochs. 

Information on motility patterns during the last weeks preceding the term age is still scarce and fragmented as well as information concerning the trend of motility patterns during the 24 hour particularly in preterm infants.

This is the reason of my interest to analyse the development of motility patterns and the daytime distribution in preterm infants between 34 to 40 weeks with special regard to their relationships with the precocious organization of behavioural state and in particular the waking state. The emergence and the features of waking states at very early epoch of development is a topic offering a wide opportunity of investigation. At the present data concerning these aspect are not numerous and incomplete due to the difficulty to identify this behavioural state during the first epochs of life.

In particular in the following sections (Chapter 2) will attempt to offer a general view on qualitative and quantitative motility characteristics at early epochs of age, on the main recording techniques of motility in infancy (Chapter 3) and on biological rhythms and temporal distribution of motility and other physiological variables during early development (Chapters 4 and 5).

Successively (Chapter 6), a study, that has been part of my activity during my doctoral course, will be presented. In this study, aimed to widen knowledge on motility development during early epochs of post-natal life, in particular motility patterns from 34 to 40 weeks of post-conceptional age and their distribution during 24 hours have been investigated. This work has been published in Developmental Psychobiology (see reference). 

In the second part of the thesis (Chapters 7 and 8) the relationship between motility and behavioural states and the main steps of behavioural states development have been dealt  with. In order to analyse this topic further, two studies, coming from investigations and analysis performed during my Doctoral Course, will be described (Chapters 9 and 10). In the first study the attention has been focalised on the motility pattern characteristic of waking state in preterm infants investigating its distribution during 24 hour period. This study has been published in Neuroscience Letters (see reference). In the second study the analysis of waking state distribution during 24-hour, performed by polygraphic recordings, has been extended to the first year of life. This study has been published in Physiology and Behaviour (see reference).
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Chapter 2

Motility at early ages of development

The ability to perform qualitatively different motility patterns has been observed at very early epochs of development that is in the foetus. These patterns are generated spontaneously without any external stimulation.

De Vries and colleagues (1982;1988), using a particular method of observing fetal behaviour, the ultrasound equipment, reported in the foetus the presence of a large and complex repertoire of endogenously generated activity, consisting of several distinct movement patterns. In particular startles, “quick, generalized movements which always start in the limbs and often spread to trunk and neck. The duration is 1 second or less. Usually they occur singly, but sometimes they may be repetitive. They can be superimposed incidentally on a general movement”, (Cioni et al., 1989) and general movements (“gross movements which are slow and involve the whole body”). They may last from a few seconds to a minute. What is particular about them is the indeterminate sequence of arm, leg, neck and trunk movements. They wax and wane in intensity, force and speed.”, Cioni et al., 1989) are described in foetus 8 weeks old. The repertoire of motility patterns spreads (expands) later on and at 19 weeks foetus show also other patterns such as hiccups, twitches, stretches, isolated arm and leg movements, head retro-flexion and ante-flexion and head rotation, jaw opening, sucking and swallowing and more complex patterns as head-face contact. During the successive weeks these patterns become more numerous and they take up more time. Boué and colleagues (1982) reported that fetal movements appear rather jerky around 12 weeks whereas they are “slow and harmonious” at 17 to 19 weeks. This result is explained taking into account the incidence of movements rather than qualitative changes. In fact jerky movements (startles and hiccups) occur frequently during early pregnancy, whereas the slower kinds of movements are more present later on (de Vries et al., 1988).

Motility changes during development do not concern only qualitative aspects but also quantitative aspects.  

Total activity per hour observed in foetuses from 8 to 19 weeks increases, reaching a plateau after 11 weeks (21-30% of the recording time) (de Vries, 1988). General movements accounted for about 50% of the total fetal activity from 12 to 19 weeks of gestation, but, as previously mentioned,  other motility patterns are observed, even if less frequently (De Vries, 1988). However, the most frequently occurring movements after general movements in the same range of age are startles, retro-flexion of head and isolated arm movements.

A gradual decrease in the incidence of general movements and in their duration was found during the second half of pregnancy (de Vries, 1988).

It is interesting to note that no differences in the various movements patterns were found comparing males and females, whereas with respect to the total activity and to the incidence of general movements some foetuses were  active, some moderately active and some moderately inactive (de Vries, 1988).

Spontaneous motor patterns similar to the ones observed in the foetus are described in pre-term and in full-term new-born infants (Cioni and Prechtl, 1990; Cioni et al., 1989). Motility patterns, in preterm and in fullterm infants, have been studied by direct observation and videorecording.

The repertoire of spontaneous motility patterns in preterm infants, from 28 to 39 weeks of post-conceptional age, is found rather stable (Cioni and Prechtl, 1990). This is true both for the composition of the repertoire and for the quantitative output  of most of the motility patterns. Only a weak developmental trend of decrease in rate was observed for twitches and stretches. 

Changes in the quality of general movements occur after birth. General movements appear initially with a writhing character, whereas during the first post-term weeks they change to a fidgety character. This development trend is similar in preterm and fullterm infants, although the writhing character persists longer in fullterm infants and the onset of a fidgety character comes later than in preterm infants (Cioni and Prechtl, 1990).

Concerning quantitative changes Cioni and Prechtl (1990) found a stable motor activity from 28 to 39 weeks that is not in agreement with previous studies (Peirano et al., 1986; Prechtl et al., 1979) in which a decrease near term has been reported.

After term age, modifications of motor activity during development are analysed mainly by putting motility in relation to behavioural state, in particular with sleep states. Motor activity  decreases from 39 weeks to 6 months in each sleep state (Vecchierini-Blineau et al., 1989; Vecchierini-Blineau et al., 1994). More specific details about qualitative and quantitative differences of motility patterns according to sleep states will be presented in the following section  dealing with the relationship between motility and behavioural states.     
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Chapter 3

Recording techniques of motility in infancy

The infants’ motility can be detected with the aid of many instruments. Motor activity can be recorded in order to obtain information on motility per se or in order to study behavioural states of the infant. In this respect, some methods of motility recording  have been tested to ascertain their reliability to detect different behavioural states (Thoman and Tynan, 1979; Sadeh et al., 1991).

Movements detection can give information concerning the amount and quality of motility and it also allows to exclude movement artefacts on other polygraphic channels. Artefacts on EEG channels are also used for motor activity evaluation.

Motility can be considered as the main parameter to evaluate the behavioural state of infants (Erkinjuntti et al., 1990) or as one parameter that, together with others (EEG, EOG, ECG, etc), contribute to behavioural state evaluation.
Some authors identified different qualitative characteristics of motility according to the behavioural state of the infant (Cioni et al., 1989; Hadders – Algra et al., 1993; Stefanski et al., 1984). This procedure obviously can be performed by observation of infant behaviour. 

Among mechanogram recording, motility can be detected by static charge-sensitive mattress, wrist actometers and piezo-electric quartz transducers (Curzi-Dascalova and Mirmiran, 1996).

Charge-sensitive mattress. This device is a little mattress adapted to the size and weight of the infant useful to detect global motility but also small movements of the limbs. With the assistance of this system, respiratory rate and with less reliability,  heart rate can be simultaneously detected. The principle of the charge-sensitive mattress is the following: body movements induce a static charge distribution in the active layers of the mattress. These static charges induce potential differences between two metal plates, located under the mattress and isolated from each other by a stiff insulating plate (Erkinjuntti et al., 1990).

Wrist actometers. These devices, like a wrist, record motility using three-dimensional accelerometers placed inside the actometer. Since the wrist actometer can only be placed on the upper or lower limbs of the infants, information on small body movements or facial movements is not available, however this system is useful to detect general motility of the infant. The size of the wrist actometers can be adapted to the size of the infant; so much so that this system has been utilized also in preterm infants (Sadeh et al., 1991).

In addition, taking into account the feasibility to maintain this device in both infant and adult subjects for long  periods, this system has been used to investigate circadian rhythmicity of (motor) activity. 

Piezo-electrical quartz transducers. They are very light sensors attached to one or more limbs. They can be used to detect activity of  a particular limb (upper or lower) or global motor activity (the transducers are placed on more limbs).

Behavioural observation. Data collected from  behavioural observation are very useful to define behavioural states; in addition they give important information on the qualitative aspect of states.

Information about the subject’s  behaviour can be usually reported a)  on paper; b) via computer keyboard; c) via an analog/digital connector that transfers the data to a computerized system for further analysis; d) on a magnetic tape.

The on-line observation of infant behaviour is probably the most simple and less expensive method to obtain data, but its reliability depends on the observer’s attention.

On the other hand, the off-line behaviour analysis depends on the quality of video recording as well as the resolution of the system. However video recording is necessary to observe the behaviour for long periods as such during the night. 

It is also necessary that a well trained observer is able to take note of each particular, mainly during a change of state. The information usually collected, relates to posture (prone, supine, lateral), behavioural state as assessed visually (eyes wide open, open, awake, eyes half closed, drowsy, sleeping etc.) and general appearance (quiet, smiling, yawning, in pain, crying, cyanotic, sweating). 

Recently a new method named time lapse video has been used to economise the time of analysing the video tracing (Anders and Keener, 1985).

This method permits the researcher to perform long lasting recordings (usually 24-hour) with low environment illumination. In addition, the time lapse video allows to save time in the analysis of the tracing because the video can be analysed at a faster speed. It is also possible to analyse the tracing at normal speed when the researcher needs a more careful analysis. 
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Chapter 4

Biological rhythms during the first epochs of development

Several behavioural and physiological variables in humans as well as in animals show fluctuations over time. A biological rhytmicity has been established when these oscillations of  variables repeat themselves periodically (Minors and Waterhouse, 1981). Biological rhythm can be defined as circadian (when the period is about 24 hour), ultradian (when the period is less than 24 hour) and infradian (when the period is  more than 24 hour). Usually at early epoch of life biological variables present ultradian rhythmicities whereas circadian rhytmicities are established across development (Mills, 1975). Factors modulating these modifications are various and refer to both maturative processes and environmental characteristics. During the fetal period maternal factors are also involved. Indeed, circadian rhytmicities of some physiological variables, observed in the foetus, disappear during the first months after birth and emerge later on probably modulating by other internal and external factors (Mirmiran and Lunshof, 1996).

 It is difficult to study the development of circadian rhythmicity because the rhythm has two components: the endogenous one due to a biological clock mechanism and the exogenous one due to environmental factors (Weinert et al., 1994). The difficulty is to distinguish the effects of the two components. In the adult this problem is solved maintaining the subject in a constant routine and reducing near zero the effects due to external factors. This approach is obviously not available for both pre-term and full-term newborns.  Moreover in the foetus it is difficult to isolate the influence of maternal factors to generate biological rhythms. In the adult the structure responsible for rhythmicity production is the supachiasmaticus nucleus; in the dead foetus this “biological clock” has been found only after the first half of the gestation period (Weinert et al., 1994). This result does not exclude the influence on the foetus’ biological clock by the mother (Mirmiran et al., 1992). Due to the difficulty of separating the foetus from the mother the research has been directed to investigate the development of rhytmicities in pre-term infants to know at which age they emerge. 

The following chapter will deal with the results from studies concerning the early occurrence of rhythmicities of biological variables in both foetus, preterm and fullterm infants.
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Chapter 5

Temporal distribution of motility and other physiological variables during early development

Cyclic fluctuation in spontaneous motor activity with a cycle time of 1-5 minutes has been observed in foetuses (de Vries et al., 1982) as well as in newborns (Robertson, 1982). In the foetus cyclic motility seem to be present at very early ages: by midgestation according to Robertson (1985) and perhaps earlier, starting from the 10th postmenstrual week according de Vries and co-workers (1982). This cyclic organization becomes stable during the second half of gestation (Robertson, 1985).  

The evidence of the continuity of cyclic motility from fetal to neonatal period has been reported by Robertson (1987). Newborn cyclic motility during active sleep has been found similar  to fetal cyclic motility in the months before birth, while in the other states it differs from the fetal one (Robertson,1987). 

Cyclic motility has been observed in all states with some differences: in active sleep it was weaker and less regular than during the non-sleep states. These differences may provide some clues about mechanisms regulating cyclic motility (Robertson, 1987). It is interesting to note that no differences have been found in the parameters of cyclic motility among the non-sleep states (drowsy, awake, fussy and crying), in spite of evident differences in the amount of movement during those states. Robertson (1987) suggests that the mechanisms responsible for the cyclic variation in motor output  and for its level, are independent: cyclic motility would be due to the modulation of baseline levels of activity (which is different among states)  and the periodic decrease in movement would not be due to fatigue. However, the mechanisms responsible for the increase of rate of cyclic motility in active sleep remain unclear.    

Motility rhythm periodicity with lower frequency components (40-100 min.) has been found in the foetus (Sterman and Hoppenbrouwers, 1971), in the preterm infants (Hayes et al., 1993) and in the newborns (Kleitman 1963). This alternation of quiescence and activity period is the basis of the “basic rest-activity cycle” (BRAC) considered as forerunner (precursor) during development of the upcoming sleep-wake rhythm. The turning point in this developmental process seems to be at 35 weeks of post-conceptional age (Faienza et al., 1990). From 35 weeks there is a “clustering” of spontaneous motor activity and a reduction of variability. A parallel change in the internal structure of ultradian cycles has been observed: “their quantitative reduction is balanced by their lengthening, as well as by a more homogeneous distribution of energy peaks” (Faienza et al., 1990). This tendency towards a higher stability is necessary to sleep-wake cycle emergence.  

 The studies previously mentioned, analysed time course of motility taking into account short periods of time-recording. Some authors were interested to describe motility distribution across longer epochs, in particular taking into account 24-hour period. 

De Vries et al., (1987) reported significant diurnal changes in the global activity in the fœtus from 20-22 weeks of gestation. In particular the incidence of general movements showed the lowest values in the morning and the highest during the evening. 

This trend of motor activity has been observed also at successive ages (Patrick et al., 1982; Roberts et al., 1979). Roberts reported in foetuses observed between 28 and 39 weeks a “well-defined circadian variation” in fetal activity with fetal trunk movements peaking between 2200 and 0100 hours. Patrick, by continuous measures of gross fetal motility during 24 hour, observed a peak in activity between 2100 and 0100 hour at 38 to  39 weeks’ gestational age. In preterm infants the little information on this topic derives from Mirmiran and co-workers (1990;1991) who found no significant diurnal variations in body motility   between 28 and 34 weeks postconceptional age.  Circadian rhythm of motility after term age has been studied prevalently in its relation with rest-activity cycle (Kleitman, 1963) and more generally with sleep-wake rhythm cycle.

As for temporal distribution of other physiological variables, in the foetus from 20-22 weeks onwards, significant diurnal variation of heart rate and breathing movements have been found (De Vries et al., 1987). As for general movements, also fetal breathing movements showed the lowest values in the morning and the highest during the evening, whereas fetal heart rate has been found lowest between 2400 and 0600 hours. Interestingly in preterm infants a stable rhythmicity of different physiological variables has not been found. Tenreiro et al., (1991) reported no regular circadian and ultradian rhythms of heart rate and temperature in preterm infants (24-29 weeks of gestational age), observed during the during the first 17 weeks after birth: rhythmicities appeared and disappeared erratically. 

Mirmiran and Kok (1991) found temperature and heart circadian rhythmicity in more than half of the sample in pre-term infants between 29 and 32 weeks. After term age, Weinert and co-workers (1994) reported that heart circadian rhythmicity is poorly developed during the first 4 weeks, while on the contrary temperature circadian rhythmicity is present at this age. A well established heart rate circadian rhythmicity, with highest values during the day and lowest values during the night, has been found in infants from 3 months onwards by Hellbrügge (1960) and from 2 months onwards by Mills (1975). Similar finding has been reported by Fagioli and Salzarulo (1985) who observed that the circadian rhythm of heart rate exists for all the behavioural states. “Therefore heart rate is simultaneously submitted to at least two different rhythmic influences, the first one caracterized by a circadian periodicity (not necesseraly sleep-dependent) and the second one charcaterized by an ultradian periodicity linked to the behavioural state” (Fagioli and Salzarulo, 1985). 

Data about the development of biological rhythms suggest the existence of a functioning internal biological clock at very early ages of development (see data on preterm infants) but show also some discrepancies (precocious circadian rhythmicities that disappear at successive steps of development) that can be explained taking into account both maternal factors, mainly effective during the fetal life (Arduini et al., 1986 ), and external factors (light dark cycle, periodic maternal care), mainly effective during the post-natal period (Glotzbach et al., 1995; Tenreiro et al., 1991).

In the following chapter has been presented a study aimed to investigate the development of motility patterns  in preterm infants in the last weeks before term age as well as to describe the daytime distribution of these patterns. This study has been object of an article and the exact reproduction (text, tables and figures), as published in Developmental Psychobiology, is reported in the following chapter.
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ABSTRACT

The motility of ten low-risk infants, aged between 34 and 40 weeks of postmenstrual age, has been continuously recorded for 24-hour. Four codes were distinguished: code 1 (absence of motility or occasional occurrence of startles), code 2 (presence of small general or isolated body movements, startles, smiles, grimaces and other facial activity), code 3 (forceful and prolonged general movements, startles and stretches), code 4 (vigorous and abrupt general body movements accompanied by crying). Changes with age concern mainly the increase of the duration of code 1 (quiescence) episodes. Confrontation between day and night showed higher levels of motility during the night than during the day. Last weeks before term represent a time for increase in the ability to sustain a quiet behaviour and to reorganise day-night motility distribution. 

Key-words: preterm infants, motility, circadian rhythms, behavioural states.

INTRODUCTION

The development of motor activity has been described both in qualitative and quantitative terms. Among qualitative descriptions, new methods of observing fetal behaviour, in particular using ultrasound equipment, have revealed that the fetus has a large and complex repertoire of endogenously generated activity, consisting of several distinct movement patterns. These movements emerge 7-8 weeks after conception (de Vries, Visser, & Prechtl, 1982) and the repertoire expands rapidly during the following weeks. 

Central patterns generators (CPGs) are likely to be responsible for these movements. In fact, animal experiments on isolated parts of the CNS (mainly spinal cord and brainstem–spinal cord preparations of fetal and neonatal rats) have provided convincing evidence of endogenous generated neural activity, and information on the neural mechanisms of theses CPGs (Smotherman, Robinson, & Robertson, 1988; Marden & Calabrese, 1996; Nishimaru, Iizuka, Ozaki, & Kudo, 1996). Multisource models for this cyclic motility, located in the spinal cord, with limited influence from higher motor centers, have been proposed (Robertson, 1990). Direct experimental evidence of central origin of early motor patterns cannot be obtained in humans. However, as suggested by Prechtl (1997), similar CPGs, probably located in the spinal cord and the brainstem, must be responsible for spontaneous movements observable in human fetuses and newborns. 

When fetal movements were compared with those previously described in preterm and fullterm infants, it was evident that they were practically identical in their spatial and temporal features (Prechtl, 1984). These observations provide strong evidence for a continuum of many neural functions from prenatal to postnatal life (Prechtl, 1984). Endogenous generators, located in the fetal and the neonatal brain, are considered to be responsible for this spontaneous motility (Prechtl, 1997).
In relation to postmenstrual age (PMA), minimal changes have been found in the characteristics of spontaneous movement patterns (Cioni & Prechtl, 1990). Approaching term age, the movements of both fetuses and preterm infants show a slight decrease in amplitude, and in waxing and waning, and an increase in forcefulness. Prechtl and co-workers (Prechtl & Hopkins, 1986, Hadders-Algra & Prechtl, 1992; Prechtl, Einspieler, Cioni, Bos, Ferrari, & Sontheimer, 1997) have shown that important changes in the quality of the spontaneous movement patterns take place at about two months post-term, both in fullterm and preterm infants (Cioni & Prechtl, 1990). In particular, general movements change from a “writhing” character (slow, forceful movements with limited variation in speed and amplitude) to a “fidgety” character (ongoing flow of tiny, elegant movements occurring irregularly all over the body). 
Quantitative data on the development of spontaneous movement patterns mainly relate to their incidence in fetuses (Patrick, Campbell, Carmichael, Natale, & Richardson, 1982 ; de Vries, Visser, & Prechtl, 1988), in preterm infants (Cioni & Prechtl 1990; Peirano, Curzi-Dascalova, & Korn, 1986) and in the postterm months for fullterm infants (Peirano, Curzi-Dascalova, Morel-Kahn & Lebrun, 1988; Vecchierini-Blineau, Nogues & Louvet, 1989, Vecchierini-Blineau, Nogues, Louvet & Desfontaines, 1994; Hayes & Mitchell, 1998). All these studies, except that of Patrick and colleagues, were based on relatively short recordings, which can give only a partial image of the developmental trend of  motility. 

Patrick et al. (1982) reported no significant changes in the incidence of gross fetal body movements per hour during a 24-h period in the last 10 weeks of pregnancy. De Vries et al. (1988), on the other hand, reported a decrease in the incidence of general movements during the second half of pregnancy (21-37 weeks). However, this disagreement might be due to differences in age (the major changes in amount of motility in de Vries’ work are between 21 and 29 weeks of PMA) and in the duration of the recordings (24 hours in Patricks’ work and 60 minutes in de Vries’).

Hayes, Kumar, & Delivoria-Papadopoulos, (1994) reported no significant modifications in incidence of different movement patterns (general movements, startles, twitches, facial movements, head movement, gross leg and arm movements) in a group of premature infants between 25 and 34 weeks of PMA. Between 28 and 39 weeks, Cioni and Prechtl (1990) found few significant changes approaching term age in the incidence of spontaneous movement patterns. On the other hand, Peirano et al. (1988) reported a remarkable decrease in movement time between two groups of infants at 37-38 and 39-41 weeks of PMA. A trend of decrease in number and mean duration of body movements and in the percentage of time spent with movements was also shown by Vecchierini-Blineau et al. (1989, 1994) between 1 and 6 months of age. After 9 months, a decline in movement bout duration and an increase in bout frequency, has been reported (Hayes & Mitchell, 1998).

Despite the interest of the aforementioned topics, studies on the developmental aspects of motility and on its temporal distribution in the last months of gestation are still quite rare and, as indicated above, their results are not always concordant. 

This work aimed at to describe changes between 34 weeks and the term age of the different levels of motor activity recorded on the whole 24-h period, distinguishing frequency and duration. The duration of each bout, in particular, is an important expression of the ability to sustain a physiological condition (see Fagioli & Salzarulo, 1982; Wolff, 1984, 1987). 

 In addition, we investigated the temporal distribution of different kinds of motility across the 24-hour cycle, in order to address the question of whether daily variations of motility patterns exist before term and whether they are modified around term age.

This study is the first attempt  to approach those topics thanks to 24 hour recordings in preterm and near term infants.

METHOD

Subjects

Infants were selected, from the cases admitted to the neonatal ward of the University of Pisa, because of their low-risk condition, according to the following selection criteria: reliably known postmenstrual age, birth weight > 10 and < 90 percentile, Apgar score >7 at 5 minutes, no chromosomal or other genetic abnormalities, no symptoms of cardiopolmonar complications, cranial ultrasound scan with no signs of abnormalities, with the possible exception of very mild abnormalities which are not related to functional abnormalities such as intraventricular haemorrhage grade 1 according to Volpe (1995) or transient periventricular echodensity lasting less than 7 days (de Vries, Eken, & Dubowitz, 1992); EEG executed in the first days of life with no abnormalities related to brain lesions and/or unfavourable outcome (Biagioni, Bartalena, Boldrini, Cioni, Giancola, & Ipata, 1994; Biagioni, Boldrini, Bottone, Pieri, & Cioni, 1996), and neonatal neurological examination showing no abnormal signs (Cioni, Ferrari, Einspieler, Paolicelli, Barbani, & Prechtl, 1997).

In addition, all subjects had to be in a stable physical condition at the time of  observation, with no evidence of infective, metabolic or hematological abnormalities in the days preceding the recording.

None of the infants had to assume drugs potentially disruptive for his/her behaviour.

Ten infants (5 males and 5 females) fulfilled the above criteria and were recruited for this study, and their characteristics are listed on Table 1. The mean gestational age was 36 weeks (range 33-39); PMA at recording ranged from 34 to 40 weeks. The infants were recorded as soon after birth as their condition was stably optimal: for this reason their postnatal age ranged from 3 days to 4 weeks.

	Name
	Sex
	Birth weight
	Gestational age at birth
	Cranial ultrasound findings
	Postmenstrual age at recording
	Mode of feeding at recording

	Co
	F
	1560
	33
	IVH 1
	34
	gavage

	To
	M
	1940
	36
	
	36
	bottle

	Go
	F
	2050
	36
	
	36
	gavage

	Bo
	F
	1800
	35
	
	37
	gavage

	Pi
	M
	1700
	33
	TPVD
	37
	bottle/gavage

	Ba
	M
	2550
	38
	
	38
	bottle

	An
	M
	1920
	35
	TPVD
	38
	bottle

	Lu
	F
	2480
	38
	
	39
	bottle

	Pu
	F
	3550
	39
	
	40
	bottle/gavage

	Nu
	M
	2800
	37
	
	40
	bottle

	Mean and SD
	2235 ( 610.94
	36 ( 2.05
	37.5 ( 1.9
	
	


Table 1 Characteristics of the subjects. Abbreviations: F=female, M=male, IVH 1=intraventricular haemorrhage graded according to Volpe, 1995, TPVD=transient periventricular density graded according to de Vries et al. 1992.

The subjects were clinically followed after the observation: their neurological examination at discharge from the NICU was normal and their development, evaluated every three months, remained normal up to the last check (at about 12 months of corrected age).

Procedure

Recording of infant behaviour. All infants were observed and videorecorded in the incubator, located in a quiet room of the NICU; older infants, already in a cot, were put back  into the incubator at neutral temperature for the duration of the recording. In these cases a period of adaptation of about 30 minutes was given prior to the beginning of the observation. S-VHS video-camera and recorder (Panasonic SG-DP200) was used, placed on a tripod, positioned approximately one metre above the incubator, at an angle of 45°. The camera recorded, at normal speed, infant behaviour and all interventions (medications, feedings etc) carried out by the NICU staff. Nutrition was provided either by oro-gastric tube or by bottle (Table 1). Feedings were scheduled at every 3-4 hours in all cases.

All observations began in the morning between 09.00 and 10.00 and lasted about 24 hours (mean 21.6, range 19.08 - 24.1). In our NICU, light intensity is maintained at full light during the day (range of light intensity measured in lux (lumen/m2): 1000-2200), whereas during the night (generally between 21.00 and 08.00) it is reduced (range 30-1000 lux). 

Coding of activity. During off-line analysis of the videos, codes were given to infant activity using 1-minute time sampling method; the coding system was based on observation of neonatal motility and its relationship to behavioural states reported by Stefanski, Schulze, Bateman, Kairam, Pedley, Masterson & Stanley (1984) and Hadders-Algra, Nakae, Van Eykern, Klip-Van den Nieuwendijk & Prechtl (1993). Four motility codes were distinguished:

Code 1: characterised by no body movements or occasional occurrence of startles. Occasionally increased muscle tone reflected in antigravitary posturing of the extremities can be observed. Rhythmic jaw jerks lasting 1 to 2 seconds are also seen.

Code 2: characterised by the presence of small body movements, including slow intermittent writhing movements, jerky startles and small movements of an extremity, smiles, grimaces and other facial activity and occasional whimpers. Slow and fluent or sometimes fragmented generalised movements may be seen.

Code 3: characterised by the presence of gross generalised body movements, often forceful, varying in speed and amplitude, with prolonged startles, marked stretching and writhing.

Code 4: characterised by the presence of generalised body movements, usually vigorous, forceful and abrupt. High frequency tremor may be superimposed upon movements. Frequent and regular contractions of the diaphragm may be present as well.

No code score was given when technical problems (nurses standing in front of the camera, delay in the introduction of a new cassette in the recorder, etc.) stopped the recording or did not allow a reliable coding. The mean percentage of no code score and the standard deviation were 20.1(10.5.

The study design of this research was only concerned with body activity and not with behavioural state; however, it should be mentioned that according to the description provided by the authors (Hadders-Algra et al., 1993; Stefanski et al., 1984), code 1 is likely to be related to quiet sleep, code 2 to periods of active sleep, and codes 3 and 4 to active wakefulness and crying, respectively.

Data analysis. Each minute of the recording was classified by one of the authors (F.G.) according to the prevalent motility code (the one shown for the majority of the time of that minute, either continuously or discontinuously). The minutes with external intervention (see above) and the type of intervention (e.g. feeding, touching, cleaning, medical checks) were also noted. Interobserver agreement with another author (E.B.), evaluated using kappa (Cohen, 1960) on 36 hours of recording from 3 different infants, was 0.81.

The percentage of epochs for each motility code out of the total number of epochs in the 24 hours was calculated for each infant, excluding “no code” periods from computation. 

In addition, we considered the number and the median duration of the episodes of each motility code. An episode of a given code was defined as a sequence of epochs  uninterrupted by epochs of a different code. We excluded from this computation all episodes where the onset or offset was due to an external intervention. The number of episodes was calculated as a relative number per hour, because of the different durations of recordings. In order to investigate modifications with age of percentage, number and duration of episodes of each motility code, regression analysis was performed. To evaluate differences between motor activity codes for percentages, number and duration, Friedman test was carried out. Further, we tested differences between all the possible pairs of motor activity codes by the Wilcoxon matched pairs test for small samples (Siegel 1956).
According to the boundaries generally used (Fagioli & Salzarulo,1982), the observation periods were also divided into two, day time (08.00-20.00) and night time (20.00-08.00). Values of the relative percentages, numbers and median durations of the different codes for day and night periods were also computed for all infants. Wilcoxon matched pairs test for small samples was performed to investigate day-night differences for percentages, number and duration of each motility code. 

The research project was approved by the Ethical Committee of the Stella Maris Scientific Institute. Informed consent was obtained from all parents.

RESULTS

Global data (whole 24-hours)

Percentages of each motility code, together with the number of episodes, and their median duration for each subject are listed in Table 2.

In order to evaluate the relationship between PMA and motor activity code, a linear regression was computed for each parameter, i.e. the percentage, number and median duration of each motility code. As far as the percentages of each motility code is concerned, no significant changes, as a function of PMA, were observed (code 1: r=-0.57, n.s., df=8; code 2: r=0, n.s., df=8; code 3: r=0.21, n.s., df=8; code 4: r=0.40, n.s.,df=8). Equally no significant changes with age were observed for the number of episodes of each motility code (code 1: r=-0.40, n.s., df=8; code 2: r= -0.43, n.s., df=8; code 3: r=0.30, n.s., df=8; code 4: r=0.10,n.s., df=8). A significant change with age concerned the code 1 duration that increased from 34 weeks to 40 weeks of PMA (code 1: r=0.62, p=0.05, df=8), whereas we did not find any significant change for duration of other codes (code 2: r=0.36, n.s, df=8; code 3: r= -0.19, n.s., df=8; code 4: r= -0.10, n.s., df=8).

Statistical comparisons between different motor activity codes for percentage, number per hour and duration are shown in table 3. 

Significant differences between the percentages of motor activity codes were found. The comparisons between all the pairings of codes showed significant differences for all the pairs, except that between code 3 and code 4. The infants spent most of their time in code 2, followed by code 1 and by code 3 and code 4. There is a significant difference for  the number of episodes of  motor activity codes; this result comes out from the difference between code 2 compared to the others, showing the highest number of episodes per hour. As far as median duration of motor activity codes is concerned,  significant differences were observed; the duration of code 1 is significantly different from all the codes and code 2 is significantly different from code 3. The duration of code 1 is the longest with respect to the duration of other motility codes and it is more than the double of that of code 2.

Day–night comparisons

Table 4 reports the values of the percentage, number and median duration of each code for all subjects, for day time (8:00-20:00) and  night time (20:00-8:00) respectively.

Comparing day and night for all the subjects, percentage and number of episodes of code 1 were greater during the day than during the night (Wilcoxon matched-pairs: T=5, p<0.02; T=6, p<0.05 respectively).  By contrast, there were higher percentage and greater number of episodes of code 3 during the night than during the day (Wilcoxon matched-pairs: T=1,5, p<0.01; T=5, p<0.02 respectively). No significant day-night differences were noted for percentage and number of episodes of the other codes. Likewise no significant day-night differences were observed for the median duration of each code. For each finding that was not statistically significant, a power test was performed to estimate the probability 1-( of rejecting the null hypothesis against all alternative one (Meyers, 1979), which took the minimal relevant difference as that corresponding to the lowest difference for each indicator. The 1- ( value did not exceed the value of 0.40. 

Because external interferences may account for the day-night differences, we considered the number and the type of external interventions in the two periods. Their medians and ranges were almost identical (median 13.5 and range 7-32 for day time, median 13 and range 7-38 for the night). Care procedures were given according to a rather fixed time schedule, and medical checks were minimal, being the infants in a stable condition. For this reason, also the nature of these interventions did not differ. 

DISCUSSION

This study thanks to 24-hour recordings is the first which could appreciate the daily production and distribution of motility patterns in the last weeks before term; the distinction between number and duration of episodes shows how the global amount of activity is attained.

The infants spent the majority of their time in code 2 motility, less time in code 1 and still less in codes 4 and 3. If we accept that code 2 is compatible with active sleep and code 1 with quiet sleep (Hadders-Halgra et al., 1993), our results are in agreement with previous studies (Parmelee & Stern, 1972; Curzi –Dascalova, Peirano & Morel-Kahn, 1988) that reported more active sleep than quiet sleep between 34 and 40 weeks.

The results of our study indicate that there are few changes in the last six weeks before term age, with respect to percentage of time spent in each movement category and number of episodes. These data are in agreement with those previously reported by Cioni and Prechtl (1990), who did not show the decrease in motor activity near term in low–risk preterm infants. 

Nevertheless, there are some changes which deserve comment. The most interesting findings are the increase in the duration of quiescence bouts and the particular trends of day-night distribution of motility patterns. 

The former shows the increasing ability of the infant to sustain a condition, which is, in our opinion, even more informative than the global amount of quiescence per 24 hours. This result can be interpreted in terms of increase in inhibitory control (Hoppenbrouwers, Hodgman, Harper, & Sterman,1982). A relationship can be established with younger pre-term babies and with full-term babies in their first year of life. Quiescence bouts duration  similar to that of our younger infants has been shown in the fetus, between 19 and 22 weeks, by de Vries, Visser, Mulder & Prechtl (1987); this suggests that the capacity of sustained inhibition of motility does not change in the age range 19-37 weeks. Also, Hayes et al. (1994) did not find in preterm infants, between 24 and 35 weeks of conceptional age, significant changes with age in the duration of quiescence periods. On the other hand, we know that quiet sleep  episode duration, including as criterion also absence of movements, increases throughout the first year of life (Fagioli & Salzarulo 1982). If we accept that code 1 in our population could largely correspond to quiet sleep, we have an insight into the relationship between pre-term and post-term development of quiescence bouts; the process of quiet sleep lengthening would seem to start shortly before term age.

Day-night comparison for the percentages and number of episodes of codes 1 and 3 provides interesting results. Percentage and number of episodes of code 1 are greater during the day than during the night, whereas there are higher percentages and greater number of episodes of code 3 during the night. Data from table 4 suggest that the differences in the percentages of both codes 1 and 3 tend to disappear approaching the age of term. It is interesting to remember that the prevalence of high motility during the day takes place from the first month of life on, as it was shown by Whitney and Thoman (1994). Differences between night and day in preterm infants can only be inferred from data provided by Mirmiran & Kok (1991) and Glotzbach, Edgar & Ariagno (1995); in these studies a temporal (circadian like) modulation of motility was extremely rare . An increase, similar to ours, of motor activity during the night with respect to the day has been observed in the fetus by Patrick et al. (1982) and by Roberts, Little & Cooper (1979). This day-night difference in the fetus has been explained as due to maternal influences (Arduini, Rizzo, Parlati, Giorlandino, Valensise, Dell'Acqua & Romanini, 1986), even if the mechanisms involved are still obscure (de Vries et al., 1987). However, the existence of such differences out of the uterus in preterm infants should rule out this kind of explanation for our data.

In the search for explanations, in our study no differences in the intervals between feedings, nor in the number and the type of external interventions, were found. The only exception was light intensity, that was full light during the day and dim at night, but this is a condition which should favour results opposite to those obtained.

McMillen, Kok, Adamson, Deayton, & Nowak, (1991) showed that the length of exposure to light-dark cycles, more than neurological maturity, determines the entrainment of circadian rhythms in preterm infants. However, such exposure required some weeks before having clear effects. The majority of our infants were recorded within one or two weeks of postnatal age. Therefore, an effect of time elapsed between age at birth and time of the recording cannot be ascertained. The study design does not allow one to distinguish between the effect of gestational age and the effect of postnatal age. 

We can conclude that 34-40 weeks of PMA is the time for important changes in the duration of quiescence bouts and of daily distribution of motor activity, possibly of behavioural states; further changes are observed throughout the first year of life (Mills 1975; Fagioli & Salzarulo 1982, Fagioli, Bes, & Salzarulo,  1988; Vecchierini-Blineau et al., 1994). 
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Chapter 7

Behavioural states during development and their relationship with motility patterns

The issue concerning the definition and the emergence of behavioural states is an old problem which is still topical. A behavioural states definition has been provided by Prechtl : “constellations of certain functional patterns and physiological variables which may be relatively stable and which seem to repeat themselves” (Prechtl et al., 1968). This definition has represented a long-lasting guideline for the description of the emergence and the development of different sleep states both in the pre-natal and in the first epochs of post-natal life (Nijhuis et al., 1982; Dreyfus-Brisac, 1974).

Criteria utilized to identify behavioural states were not always identical among the different sleep research laboratories. This could explain the differences in the results concerning the amount of each state at different ages as well as the period of development in which the states appear. Nevertheless, it is worthwhile to emphasize the similarity in the results concerning the modification of each state with age. 

The appearance and the developmental trend of behavioural states are clearly linked to the maturation of the CNS (Curzi-Dascalova and Mirmiran, 1996; Prechlt and O’Brien, 1982).

The behavioural state represents the ability of the brain to sustain levels of organization that can appear spontaneously, or can be elicited and recur cyclically (Parmelee and Stern, 1972). The two major maturational changes involved in the organization of behavioural state refer to the increasing in the proportion of quiescent periods in each parameter useful to define a state (respiratory regularity, body activity, eye movements) and to the increase association of parameters with each other (Parmelee and Stern, 1972). During the first year of life sleep states (active sleep, quiet sleep) and waking states (alert activity, inalert activity and crying) have been described. 

 The main problem in defining behavioural states at early epochs of development  is to know which are the more appropriate parameters to describe behavioural states and if these change across development.

	
	Weeks conceptional age
	Months past term

	
	24
	28
	32
	36
	40
	3
	8

	Body movements
	(
	+
	++
	+++
	++++
	++++
	++++

	Eye movements
	
	+
	++
	+++
	++++
	++++
	++++

	Respiration pattern
	
	
	(
	++
	+++
	++++
	++++

	EEG
	
	
	(
	++
	+++
	++++
	++++

	Chin EMG
	
	
	
	+
	+++
	++++
	++++


Table 1 Schematic organization of the usefulness of measures in defining state in premature and young infants. (From Parmelee and Stern, 1927)

Table 1 shows the modification with age in the utility of parameters utility to define appropriately behavioural state (Parmelee and Stern, 1972). As we can see at very low gestational ages (24-28 weeks) only body movements (with eye movements when detectable) seem to be appropriate to identify states. At later ages (from 36-40 weeks onwards) we can use other parameters (respiration, EEG chin EMG) and motility maintain its usefulness in defining behavioural states.

Both in pre-term and in full-term infants (Parmelee and Stern, 1972; Curzi-Dascalova and Mirmiran, 1996) active sleep  is defined by eyes closed or semi-closed, presence of rapid eye movements, frequent body and face movements and irregular respiration. Quiet sleep is defined by eyes closed, absence of body movements (limited to isolated startles) and irregular respiration. 

The waking state definition at very early ages creates many difficulties. According to Dreyfus-Brisac (1968), before 28 weeks it is impossible to distinguish both sleep and waking states: there is only a undifferentiated sleep state characterized by recurrent motility and it is difficult to recognize a waking state. From 28-30 weeks onwards we can detect, only sporadically, the constellation of parameters useful to define active sleep, (Dreyfus-Brisac, 1974). From 36-37 weeks onwards we can observe active and quiet sleep as well as organized behavioural state, even though active sleep, as organized state, occurs before quiet sleep state.  The waking state is very rare and it is defined by eyes open, body motility and sometimes crying (Dreyfus-Brisac, 1974).

As previously indicated, motility has been considered one of the index useful in defining behavioural states. This is the reason behind several studies on motility patterns related to behavioural states as well as on motility development in relation to the latter. 

Hadders-Algra et al.(1993) described the effect of behavioural state on general movements organization in healthy full-term by behavioural observation.  This study is particularly interesting because it offers a detailed description of the difference in quality of general movements in each behavioural state. For example general movements in quiet sleep are rare and when present “ they consisted of short-lasting small and slow movements, which were often interrupted by small, abrupt, startle-like jerks. Occasionally the movements started with a startle” (Hadders-Algra et al., 1993). Different general movements are the ones observed in active sleep: “they consist of  a waxing and waning of small, slow, graceful and fluent movements. The general movements as a whole gave the impression of being fragmented: tiny pauses interrupted the continuity between movements of the various part of the body” (Hadders-Algra et al., 1993).

The relationship between motor activity and sleep states during development, in particular from 31 to 41 weeks of post-conceptional age, have been studied by Peirano et al. (1986) taking into account movements of upper and lower limbs recorded by piezoelectric crystal transducers. The researchers found no changes with age in time passed with movements before 38 weeks considering both upper and lower limbs. Whereas a decrease of time passed with movements has been reported after 39 weeks. It is interesting to note that the percentage time with movements was found higher in active sleep compared to quiet sleep whatever the age. This predominance has been observed for both upper and lower limbs movements.

The decrease with age of motor activity (number of movements and time spent in movements) has been reported also in infants from birth to 6 months by Vecchierini-Blineau and colleagues (1994). Global motility has been recorded with piezo-electric accelerometers. Results are in agreement with those previously reported by Peirano and co-workers (1986), showing that the number of movements per sleep hour was higher in active sleep as compared to quiet sleep during the whole epoch of development studied. An interesting result concerns the distribution of number of movements throughout the sleep stage according to the sleep state and age. Number of movements were uniformly distributed at all ages during active sleep; it during quiet sleep has been observed in the neonatal period only. In older infants the number of movements increased at the beginning and at the end of the episodes of quiet sleep.

Data reported in this section show how global motility observed during sleep, at early ages of development, is influenced by inhibitor mechanisms. However, the modification of global body activity and the relationship between body movements and sleep states closer and closer follows different pathways in active and quiet sleep.  
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Chapter 8
Sleep and waking states trends from pre-term infants to the end of the first year of life

Several authors believe that before 36-37 weeks, both in pre-term infants (Dreyfus-Brisac, 1974; Parmelee and Stern, 1972) and in the foetus (Nijhuis et al., 1982) well organized behavioural states cannot be distinguished. During development, changes in the organization and in the distribution of behavioural states take place. In particular the main modifications concerning sleep states relate to the episode number, the global amount and the distribution during 24 hour.  These aspects are obviously strictly linked to changes in sleep-wake rhythm. 

In the newborn there is polyphasic sleep-wake rhythm, that is many sleep episodes alternating with brief waking episodes during 24 hour (from 6 to 9 according to Kleitman, 1963 and Salzarulo and Fagioli, 1992). 

Together with two main sleep states - active and quiet sleep- previously described, authors define a third condition named transitional or indeterminate or ambiguous  sleep that presents characteristics both of active and quiet sleep and appears usually during the transition between two behavioural states. 

During the first days of life the sleep global amount is 16-17 hour with 6-9 sleep episodes; during the first 4 months the sleep global amount decreases to 14-15 hours and arrives to 13-14 hours at 6-8 months (Parmelee et al., 1961; Parmelee et al., 1964). 

The main changes in the organization of sleep concern: the increase of quiet sleep (in particular the duration of quiet sleep episodes mainly during the first half of the night, while the episode number remains stable); the decrease of both active sleep (in particular episodes number during the day) and transitional sleep (Fagioli and Salzarulo 1982; Navelet et al., 1982) and the reduction of awakenings (number and duration) during the night (Navelet etal., 1982; Hoppenbrowers et al., 1988; Louis et al., 1997; Ficca et al., 1999). 

The modification in the day-night distribution of sleep-wake rhythm are strictly linked to the ability of the infants to maintain for prolonged periods behavioural states. From 6 weeks newborns are able to sustain 5-6 hours of uninterrupted sleep. Gradually they are able to sleep continuously for 8-9 hours during the night and between  12-16 weeks a distinction between diurnal and nocturnal sleep-wake patterns emerges. At this age the diurnal period is characterized by the prevalence of waking state (the longest uninterrupted period of waking is 4 hours)  interrupted by brief sleep episodes (Parmelee et al., 1961; Parmelee et al, 1964).

In particular Wolff (1984, 1987) highlighted the increase during the first three months of the mean duration of waking episodes. The waking state during development changes not only in the amount but also in the qualitative aspects.

During the two first months two different kinds of waking state are present: alert inactive and active waking. In the first kind of wakefulness the infant is “alert, relatively immobile and capable of making discrete visual pursuit movements”, whereas during active waking the infant is “motorically active but its responses to environmental events are relatively non specific” (Wolff, 1987). A third kind of waking state emerges after the second month and increases progressively from the second to the sixth month. In this condition, named “alert activity”, the infant can perform goal directed actions and “visual pursuit or other controlled movements patterns are no longer incompatible with generalized movements” as in alert inactive condition (Wolff, 1987).

Taking into account the organization of sleep episode, the infants usually fall asleep in active sleep. After a period (5-20 minutes) of active sleep and of transitional sleep (few minutes) the quiet sleep emerges (10-20 minute). This period is followed by a brief transition phase and a new active sleep episode (Fagioli and Salzarulo, 1995). This cycle (active sleep-quiet sleep) repeats itself several times. During the early epochs of development the duration of the cycle is about 45-50 minutes, from 6 months onwards only an increase in the duration has been found as well as a progressive increase of quiet sleep amount within the cycle (Fagioli and Salzarulo 1982).  

Taking into account the polygraphic  characteristics of active and quiet sleep, in particular EEG features becoming more defined with age, from 35-36 weeks they differ between two sleep states by relatively continuous activity during active sleep and relatively discontinuous activity in quiet sleep (Lamblin et al., 1999). EEG tracing during active sleep is similar to those described in adults: the tracing is “wakefulness-like” except for slow waves (2-4 Hz, 50-80 microvolt) on the occipital regions.

During quiet sleep the EEG is characterized by slow waves  (0.5-3 Hz) organized in burst interrupted by fast activity (named “tracè alternant”) or by continuous slow waves lasting some minutes (Dreyfus-Brisac, 1970). The second and 4th and 5th months of life can be considered as a turning point in sleep development. Indeed, during the second month the tracé alternant disappears and spindles appear (Dreyfus-Brisac, 1979)  with the plateaux of eye movements bursts (Ktonas et al., 1990). During the 4-5 months the slow wave sleep (SWS) appears within quiet sleep episode with a periodicity of 100 minutes (Bes et al., 1991). This new activity is part of a crucial re-organization of quiet sleep, whose characteristics become similar to the one of the adult (Salzarulo and Fagioli 1999).

During the second semester a slowing down of increasing with age of quiet sleep amount has been observed (Fagioli and Salzarulo 1982). Louis and co-workers (1997) in a similar study with recordings lasting 24 hour observed a decrease of the global amount of sleep (due to the progressive reduction of diurnal naps), a reduction of REM sleep and indeterminate sleep  amount and an increase of stage 2 NREM during the first two years. During the night also a reduction of waking amount as well as of nocturnal awakenings  have been found (Louis et al., 1997). The global amount of nocturnal sleep increases as well as of the NREM sleep (stage 2). In addition, during the day an increase in the duration of sustained waking episodes has been shown (Louis et al., 1997).

Similar data have been reported by Salzarulo and Fagioli  (1999) who found a reduction of REM sleep during 24 h located in the diurnal period and an increase of NREM sleep due mainly to the increase of the duration of NREM phases with SWS. Finally a decrease of indeterminate sleep from 3-4 h on 24 h, during the first weeks, to 1 hour, at the end of the first year of life, has been found (Fagioli and Salzarulo, 1982). This reduction has been considered as expression of an “increasing organization of sleep episode” (Salzarulo and Fagioli 1999) with special regard also to the increase of the proportion of total sleep cycle on total sleep time observed during the first year of life.
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Chapter 9

Wakefulness at early ages: a neglected topic

Studies reported in the previous chapter deal with the sleep-wake rhythm organization at early ages, and focus mainly on sleep states across development. Some unsolved questions remain, concerning waking state organization  as well as waking state distribution during 24 hour at very early ages. The development of wakefulness seems a “neglected topic” (Hopkins, in press). Nevertheless some authors,  despite the greater attention in their work to sleep characteristics and organization, have dealt with waking states features and development. 

Kleitman (1963), for example, distinguishes between wakefulness of necessity and wakefulness of choice. The first “primitive” kind of wakefulness, at birth, would be the “wakefulness of necessity”: a state of uncomfortable conditions that becomes sleep when the discomfort is ended and that is regulated by sub-cortical structures. The second kind of waking state, “wakefulness of choice”, occurs at a later age when the infant starts to interact with the environment, and performs goal-directed movements, effective in the physical as well as social environment. Qualitative differences in waking states, occurring during development, are reported also by Wolff (1987). Wolff’s classification has been reported previously (Chapter 8). Among waking states classifications the “waking activity” (characterized by the presence of diffuse motor activity) is the most frequent at early ages (Becker and Thoman, 1982). Waking activity is a stable condition, not influenced by the social context (infant with mother or infant alone), and tends to decrease with age (Becker and Thoman, 1982). The subsequent kind of waking state, the “alert activity”, described by Wolff (1987) as starting to emerge during the second month, probably corresponds to “the wakefulness of choice” reported by Kleitman (1963), taking into account the similarities of qualitative characteristics reported by these authors. At this age, wakefulness is a more independent state from both internal and external perturbations, that is it has become a real “behavioural state” (Hopkins, in press).

Data on qualitative characteristics of waking states at very early ages are scarce, whereas more information concern quantitative changes in the amount of wakefulness.

Nijhuis et al. (1982) reported the foetus to be awake for the 7 % of the recording time (i.e. 2 hours), even at term age. A similar amount has been reported for preterm infants matched for gestational age, showing also an increasing differentiation between sleep and wakefulness reaching 40 weeks post-conceptional age (Mirmiran, 1995).

An interesting question concerns the discontinuity or continuity in wakefulness features at the transition from the intra-uterine environment to the  extra-uterine one at term age. Quantitative data on wakefulness amount after birth seem to be in favour of “discontinuity” hypothesis. Desmond et al. (1963), for example, reported that infants are awake during the first six hours immediately after birth. This “wakefulness preponderance” after the first postpartum day (compared to “sleep preponderance” during the fetal life) has been reported also in other studies (Berg et al., 1973; Prechtl, 1965; Wolff, 1987). However, this phenomenon becomes much less evident already 48 hours after birth (Wolff, 1987) and it is probably due to  high levels of adrenaline and noradrenaline hormones released during delivery (Lagercrantz and Slotkin, 1986).

The developmental trend of wakefulness amount is to increase with age. The global duration of waking state comes from 24 % of observation time, at 2 weeks, to 64% by the end of the third month. As previously mentioned (Chapter 8) the uninterrupted periods of wakefulness become longer with age and they progressively allocate during the day, whereas the sleep periods allocate preferably during the night. A well-organized and stable circadian sleep-wake rhythm becomes evident from 2-3 months onwards (Coons and Guilleminault, 1982).  

The data reported in this chapter offers a global view on the present knowledge concerning wakefulness features as well as wakefulness development across age. 

It appears evident how tricky the problem of the precocious emergence of wakefulness is. This is probably due to the difficulty to define a behavioural state at very early age as well as to the modifications in the features of wakefulness across development. The problem is well present in the field of scientific research on early human development and many investigations on these topics are in progress (Salzarulo and Ficca, in press).  

The studies presented in the following chapters are aimed to highlighting the wakefulness development with special attention to the changes with age in the 24-hour distribution. Investigations are performed in preterm infants – throughout behavioural observation – and in infants across the first year of life – throughout polygraphic investigation.  In particular, in chapter 10 and 11 the exact reproduction (text, tables and figures) of the articles as published, respectively, in Neuroscience Letters and in Physiology and Behavior has been reported.
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ABSTRACT

Wakefulness distribution during the 24-h period was studied in ten low-risk preterm infants throughout video-recording. The highest amount of wakefulness was found in the nighttime period between 2:00 and 5:00. This result is different from what was observed in infants during the first year of life, and similar to what was found in the foetus.   

Key words: preterm, wakefulness, motility, biological rhythms.

Lavie [8] showed that in the adult a “forbidden zone” for sleep, i.e. a time when the subject is more likely awake (whatever his previous sleep-wake history), exists in the evening. 

Recently, we found that, in their first year of life, full-term infants show the greatest amount of wakefulness at the same hours of the adult [4]; thus, we proposed that the “forbidden zone” for sleep might start to emerge quite early during development.

As for previous ages, a preliminary study [3] showed in preterm infants a higher amount of wakefulness at night-time than at day-time.  

Here we look closer at the 24-hour waking distribution of preterm and near-term babies, by using the same time intervals adopted for full-term born infants in their first year of life [4], in order to assess the existence of a favoured time of wakefulness at such an early epoch of development.

Ten low-risk infants (5 males, 5 females) were selected among those admitted to the neonatal ward of the University of Pisa, according to previously published criteria [3], suitable to exclude any clinical complication. Mean gestational age was 36 weeks (range 33-39); postmenstrual age (PMA) at recording ranged from 34 to 40 weeks: postnatal age from 3 days to 4 weeks.

All infants were observed and video-recorded in the incubator, located in a quiet room of the neonatal ward; older infants, already in a cot, were put back into the incubator at neutral temperature for the recording, which began after about 30 minutes of adaptation. A S-VHS video-camera, positioned approximately one meter above the incubator, at an angle of 45°, and a video-recorder (Panasonic SG-DP200) were used. Infant’s behaviour and all interventions (medications, feedings etc) carried out by the neonatal ward staff were recorded at normal speed. Nutrition was provided either by oro-gastric tube or by bottle. Feedings were scheduled at every 3-4 hours in all cases.

All observations began in the morning between 09.00 and 10.00 and lasted about 24 hours (mean 21.6, range 19.8 – 24.1). Light intensity was maintained at full light during the day (range of light intensity measured in lux (lumen/m2): 1000-2200), and was reduced during the night (range 30-1000 lux). 

During off-line analysis of the videos, minute-by-minute codes were given to infant activity, using a coding system based on the observation of neonatal motility and its relationship to behavioural states reported by Stefanski et al. [12] and Hadders-Algra et al. [5]. Four motility patterns were distinguished [3]. In particular, the pattern characteristic of wakefulness has been defined as follows: presence of gross generalized body movements, often forceful, varying in speed and amplitude, with prolonged startles, marked stretching and writhing. The pattern characteristics of crying were: presence of generalized body movements, usually vigorous, forceful and abrupt; high frequency tremor sometimes superimposed upon movements; frequent and regular contractions of the diaphragm also possible [5,12]. 

No coding was given in case of technical problems (nurses standing in front of the camera, delay in the introduction of a new cassette in the recorder, etc.).

Eighty percent of the recording time was scored, after discarding the no-code epochs. Each minute of the recording was classified according to the prevalent motility code (the one shown for the majority of the time of that minute, either continuously or discontinuously). The minutes with external intervention (see above) were also noted. 

The 24-hour period was split in eight 3-hour intervals (8:00-11:00; 11:00-14:00; 14:00-17:00; 17:00-20:00; 20:00-23:00; 23:00-2:00; 2:00-5:00; 5:00-8:00).

The percentages of wakefulness and crying, both considered as waking state, were calculated for each time-interval.

The percentage of waking time out of the recording time in each time interval was the dependent variable in a one-way within subjects ANOVA with “time interval” as factor. All results from ANOVAs were corrected for sphericity according to Greenhouse-Geisser method, in order to meet requirements for compound symmetry. Least of squares post-hoc analysis was performed, in order to compare all possible pairings of time-intervals.

The mean percentage of waking and sleep states during the whole 24-hour period were respectively 21,13% and 78,87%. 

The percentage of waking state during the eight 3-h intervals is shown in  Fig. 1. The interval with the lowest presence of wakefulness (12%) was 8:00 - 11:00, whereas the interval with the highest presence of wakefulness (44%) was 2:00 - 5:00. 

The one-way ANOVA showed a significant effect of time interval (F1,9=18.16; p=0.002). The percentage of wakefulness in the 2:00-5:00 interval was significantly higher  than in the other time-intervals, except the one immediately preceding (i.e., 23:00-2:00); in addition, the value in the 23:00-2:00 interval was significantly higher than the one in the 8:00-11:00 interval (Table 1). 
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Table 1. Post-hoc comparison (LSD) of waking amount between time-intervals.

The present study is the first one, based on 24-hour recordings, showing the time distribution of wakefulness in preterm and near term infants.

Motility patterns identify wakefulness characterized by gross motility [5,6,12,13]. This kind of waking  condition corresponds to the one named “wakefulness of necessity” by Kleitman [7] which is largely prevalent in the early epochs of development. Other features of wakefulness which are not grasped by the method we used are negligible at this age and become relevant later [14].

Our results indicate that the waking distribution is not uniform across 24-hour, with the highest  peak of wakefulness located between 2:00-5:00. This result resembles what found by Patrick et al. [10] and Roberts et al. [11] in the foetuses, who showed a greater amount of motor activity at night than at day. However, the present data look different from those observed in a previous study [4] in older full-term born infants where a peak of wakefulness between 17 and 20 was observed.

The similarity between results found in foetuses and in preterm infants on one side and in infants and in the adults on the other side, suggests crucial modifications after term age in the mechanisms determining the occurrence of waking state.

The explanation for the increased wakefulness during the night found both in foetuses and in preterm infants, remains puzzling. The different environment of the two populations (uterine vs extra-uterine) could be an argument to exclude a role of environmental factors. Moreover, in preterm infants some effects of external conditions such as light-dark cycles, were found to be effective for the entrainment of circadian rhythm only after several weeks, and after term age [9]. 

In the foetus the night-day difference has been explained evoking maternal influences [1], but mechanisms involved are unclear [2]. The difference observed in the time location of the peaks of wakefulness in  preterm and foetus , on one side, and infants (as well as in the adults), on the other, supports the existence of a time of higher propension to wakefulness already at very early ages, but the mechanisms responsible for this time location seem to be different. Probably the same clock-like mechanism suggested by Lavie [8] to explain the “forbidden zone” for sleep in the adult can be assumed also for the early ages, although the factors regulating it at different steps of development remain unclear.
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Abstract
An evening forbidden zone for sleep has been shown for adults. This research was aimed to ascertain the prevalence of waking in the evening in early development. Twelve infants, aged between 2 weeks and 11 months 3 weeks, were each recorded once over a 24-h period. Recordings included EEG, EOG, EMG, respiration, ECG and behavioural observation. Four states were defined by combining behavioural and electrophysiological  data. Wakefulness was defined by the presence of eyes open, eye movements and additionally body movements, and irregular respiration. In infants younger than 2 months and half a greater amount of wakefulness was observed in the time interval between 17 and 20. Older infants show uniform high amount of wakefulness during daytime. Our data corroborate the hypothesis that evening hours are those most frequently characterised by  the behavioural waking state, suggesting that a forbidden zone for sleep exists early in development and that its time placement corresponds to the one observed in the adult.

Key words: infants, waking, sleep, forbidden zone of sleep 

1. Introduction

In the adult, a higher day-time sleep propensity is located in the early afternoon, whereas there are difficulties falling asleep during the evening hours, whatever the subject’s previous conditions 1. This evidence was confirmed by an elegant experimental design, based on an ultrashort sleep-waking schedule, which was intended “to investigate the possible existence of the ultradian rhythmicity in napping behaviour during the day”2. The time window located before the nocturnal sleep gate represents  a “forbidden zone” for sleep during which “sleep propensity reaches a nadir”3.

The question whether unpermissive areas to sleep are an early feature in humans, is of utmost importance in both clinical and developmental perspectives. Anedoctal reports from parenthood indicate evening as a time when infants are particularly active, with fussiness, frantic motility and frequent crying and report difficulty inducing sleep at that time. Experimental manipulation of sleep-wake rhythm at early ages to test this common report is of little feasibility. In this study, carried out without experimental manipulation of the sleep-wake rhythm, infants were continuously monitored through polygraphic recordings and behavioural observation, to investigate the distribution of wakefulness across the 24 hours in the first year of life. This is the first contribution showing an unfavourable time for sleep in infants similar to that of the adults, identified by means of polygraphic 24-hour recordings and statistically supported.

2. PRIVATE 
MethodTC  \l 1 "Method"
Twelve healthy infants aged between 2 weeks and 11 months 3 weeks  all products of normal full-term pregnancy and uncomplicated delivery, and free from perinatal and postnatal CNS pathology were submitted once to an uninterrupted polygraphic recording lasting 24-hour in a laboratory room under constant temperature (22-24(C). The infants, except during the nursing cares, spent the whole 24-hour period in continuous bedrest; they were fed according to a schedule comprising 7 meals in the young infants and 4 in older ones. The sleep-wake rhythm across the recording period did not differ from the one of preceding and following days, as assessed by mothers’ evaluation.

The polygraphic recording technique and the scoring procedure, already described in previous studies from our group4,5, included: EEG (3 channels); EOG; chin EMG; respiration recorded through transthoracic impedance; ECG. During the recording an observer was always present and took note of  infants’ behaviours on the polygraphy paper when they occurred: body movements (generalized and/or localized to limbs or head) and other behaviours: opening and closing of the eyes, eye movements; sucking, smiling, grimacing, yawning; crying, sobs, hiccups, vocalizations.

The sample was divided in two sub-groups according to age: young infants, less than 2 months and 2 weeks old (n=5), and older infants, more than 3 months old (n=7), similarly to what had been previously done5,6.

2.1. Data analysis 

Four states were defined by combining behavioural and electrophysiological data: quiet sleep, paradoxical sleep, ambiguous sleep and wakefulness. The waking state was defined by the presence of eyes open, eye movements and additionally body movements, and irregular respiration. The minimum length of each state was 2 minutes, shorter changes being included in the preceding state. Only data on wakefulness will be shown in this study.

The 24-hour period was split in eight 3-hour intervals (8-11; 11-14; 14-17; 17-20; 20-23; 23-2; 2-5; 5-8).

The percentage of waking time out of the recording time in each time interval was the dependent variable in a two-way ANOVA with one between-subjects factor (age group) and one within-subjects factor (time interval). Moreover, two separate univariate ANOVAs for each age subgroup, again with the percentage of wakefulness as dependent variable and “time-interval” as within subjects factor allowed to perform least squares post-hoc analysis7, in order to compare all possible pairings of time-intervals. All results from ANOVAs were corrected for sphericity according to Greenhouse-Geisser method, in order to meet requirements for compound symmetry.

3. Results
PRIVATE 
The percentage of waking state in young and older infants during the eight 3-hour intervals is shown in Figure 1.TC  \l 1 "The percentage of waking state in young and older infants during the eight 3-hour intervals is shown in Figure 1."
Two-way ANOVA showed a significant effect of both factors “age”, with higher amount of wakefulness in older infants (F(1,10) = 14.96, p<0.01) and “time-interval” (F(7,70)=5.5, p<0.01), as well as of  their interaction (F(7,70)=2.90, p<0.05).

In young infants the percentage of wakefulness significantly differed over time (univariate ANOVA for the factor “time-interval”: F(7,32)=2.65; p<0.05). At post-hoc comparisons (see Table 1), the percentage of wakefulness in the 17-20 interval was found greater than both the one in 11-14 and 14-17 daytime intervals and the one in the nocturnal 23-2, 2-5, and 5-8 intervals.

In older infants, again, there was a significant difference over time in the percentage of wakefulness (univariate ANOVA for the factor “time-interval”: F(7,48)=7.46; p<0.01). However, post-hoc comparisons (see Table 1), while showing values of waking higher in the 17-20 interval than in nocturnal ones (23-2, 2-5, and 5-8 ones), did not show any significant difference between 17-20 interval and all the other day-time intervals. 
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Table 1. Post-hoc comparison (LSD) of waking amount between time-intervals in young and older  infants.

(( = p< .05; ( = p<.01)

4. Discussion
The main evidence from the present results is that in young babies, showing a polyphasic sleep-wake rhythm, the amount of waking between 17 and 20 is higher than in both the preceding intervals and the following ones, and it is also the highest in the whole 24-hour period. This shows that evening hours are those most frequently characterised by  the behavioural state of wakefulness, and that during the interval between 17 and 20 actually it is difficult for a young infant to stay asleep.

As for older infants, they do not show a peak (i.e. greater amount with respect to both preceding and following time intervals) of wakefulness in the same time interval of the young ones. However, this finding does not necessarily imply the disappearance of a forbidden period for sleep, but it should be interpreted as the consequence of the changes in sleep-waking distribution with age. Young infants’ differences in sleep propensity over time  are clearly evidenced in the frame of a polyphasic sleep-wake rhythm. In older infants, instead, the peak of wakefulness between 17-20 cannot emerge on the background of an increased amount of wakefulness in the preceding diurnal time intervals. This would be a condition rather similar to the one of the adult, as proposed by Lavie1; if this is the case, the difficulty to sleep at the end of day-time would remain masked unless an increase of sleep pressure is experimentally induced, as it is achieved in the adult subject with sleep deprivation protocols (obviously not easily feasible in infants). 

The interpretation of this peculiar time distribution of wakefulness in the early epochs of life is puzzling. Regularity of feeding schedules, caretaking procedures and light/ noise/ temperature conditions during the recording period lead us to exclude that changes in the environmental factors might be responsible for our findings. At this regard, we should underline that a relation of hunger to sleep-wake rhythm development was discarded in previous studies of our group4.

Instead, the occurrence at very early ages of a peak of wakefulness in the evening, corresponding to the time of lowest sleep propensity in the adult, looks like as an example of the precocious emergence of the mechanisms which regulate the temporal distribution of sleep and waking8. Other examples are: post-natal ECG rhythm9 and sleep EEG trends related to prior waking duration10.

The well-described relationships in humans between the profile of sleep propensity and the curve of body temperature11 calls attention on the possibility that also in the first weeks of life the fluctuations of body temperature is related to the distribution of sleep and wakefulness during the day. However, separate descriptions for temperature12  and sleep wake cycle5 show that at the age of our infants the curve of the temperature and waking distribution are not closely related. The temperature seldom has a clear circadian modulation12  and, when this exists, the peak is located in the early afternoon13 . Further studies recording simultaneously both temperature and sleep-wake cycle in the same subjects are needed to get a clearer picture of the relationship between the two. 

An interesting alternative hypothesis to be further explored in infants is the one suggested by Lavie 3 for the explanation of the “gate to sleep” and of the“forbidden zone” in the adult. According to a clock-like mechanisms, the sleep propensity function would be generated endogenously and governed over time by ultradian oscillations in the activity of somnogenic structures14. 
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Chapter 12

Conclusions

Results about the development of body motility show no significant changes approaching term age in the amount of different motility patterns, strengthening the hypothesis of a substantial continuity from prenatal to postnatal life. An intriguing result comes from the significant day-night differences in motor activity. Preterm and near term infants are more active during the night than during the day, opposite to what has been observed during the first epoch of post-term development. Also, a more intense motility at nighttime relative to daytime has been showed in the fetus (Roberts et al., 1979; Patrick et al., 1982). This similarity between the fetus during the last weeks of pregnancy and the preterm infants between 34 and 40 weeks suggests that birth (i.e.,  the transition from uterine to extra-uterine environment) does not lead to crucial changes in the distribution of motility.  

The consistence between our results and data from the literature about motility development at early ages has been discussed in the preceding section (chapter 6). Another important issue is the relationship between motility trends in our infants and the development of behavioural states at early epochs of life. The role of motility as a useful index to characterize different behavioural states at very early ages, as well as the issue concerning the difficulty using adequate variables for the identification of behavioural states across human development, have been already discussed in chapter 7. 

The utility of body motility in following the developmental trend of sleep and wakefulness in the fetus, in preterm and in full-term infants has been highlighted by many Authors ( Parmele and Stern, 1972; Hayes et al., 1993; Curzi Dascalova et al., 1988 Nijhuis et al., 1982). This remark is strictly linked to another one concerning terminology: the distinction, for the adult, between REM sleep and NREM sleep, based on eye movements, is replaced in infants by the one between Active Sleep (AS) and Quiet Sleep (QS), with a heavier weight given to the role of motility (Giganti et al., 2000). Obviously the choice of a single variable to name a behavioural state is in disagreement with the definition of the latter;  nevertheless, following motility trends at very early stages of life could give a hint on the trend of the emerging behavioural states. In this perspective, the motility patterns defined in our study (reported in chapter 6) may be compared with behavioural states described both in preterm and fullterm neonates (Prechtl 1974; Stefanski et al., 1984; Hadders-Halgra et al., 1993). In particular, we could associate the motility pattern 1 to the presence of quiet sleep; the  motility pattern 2 to the presence of active sleep; the motility pattern 3 and, above all, 4, characterized by crying, to the presence of wakefulness. The percentage of pattern 2 was found higher than those of pattern 1 and, above all, of pattern 3 and 4. If we interpret these data in terms of  behavioural states, active sleep (pattern 2) is confirmed to be the prevalent baby condition without modification between 34 and 40 weeks. However, it should be underscored that the more stable condition (ability to sustain the same condition over time) is pattern 1; a similar result has been observed in the duration of quiet sleep versus active sleep in fullterm born babies during the first weeks of life (Fagioli and Salzarulo, 1982). Our data would indicate that quiet sleep is the most stable condition even before term. In addition, the duration of pattern 1 episodes gets longer between 34 and 40 weeks. Similarly, the duration of quiet sleep episodes increases throughout the first year of life (Fagioli and Salzarulo 1982) and these results may lead to conclude that the ability to sustain quiescent periods appears precociously before term age. 

The other topic dealt with in this thesis is the distribution of wakefulness across development. We showed differences between preterm infants and infants observed during the first year of life. Taking into account the distribution of wakefulness during the 24 hour, the peak observed during the night in preterm infants disappears at later age, moving to the late afternoon. In addition, in infants older more than three months, the wakefulness is more evenly distributed between 8:00 and 20:00, and the peak of wakefulness between 17:00 and 20.00, observed in younger infants, seems to disappear. Several factors could be involved in these differences found at the different ages. 

The first factor is a methodological one: the main difficulty resides in the impossibility to use the same criteria to define behavioural states across development. This problem is particularly present for the waking state for at least three reasons: first the few information in the literature on this topic (see chapter 9), second, the immaturity of certain variables to define behavioural states (for examples EEG parameter), actually used as main criteria at later ages (see Parmelee and Stern, 1972); third, the difficulty to define a state whose features change dramatically during the first months of  life (Wolff, 1984; Hopkins, in press). In the study presented (chapter 10), wakefulness at very early ages, that is in preterm infants, has been detected through the presence of gross body motility. This waking state corresponds to the “wakefulness of necessity” described by Kleitman (1963), which is prevalent at early ages. We are confident that other characteristics of wakefulness that cannot be detected by this method have little meaning at this stage of development and will become more relevant later on.

Environmental factors could be ruled out taking into account what follows. In preterm infants some effects of external conditions such as light-dark cycles were found to be effective for the entrainment of circadian rhythms only after several weeks, and after term age (Mc Millen et al., 1991). Moreover, the similarities between the activity distribution of fetus (Roberts et al., 1979; Patrick et al., 1982) and preterm infants (Giganti et al., 2001) across 24-hour would lead to rule out any effect of external conditions, taking into account the different environment of the two populations. 

The explanation of the age-related differences in the wakefulness distribution is more likely in a third factor, that is the physiological processes underlying sleep-wake rhythm.

A precocious emergence of the mechanisms regulating the distribution over time of sleep and wakefulness has been proposed by Salzarulo and Fagioli (1992). 

Our results showed the existence of a restricted period during 24-hour  with higher propension to be awake in the evening (in infants) and at night (in preterm). 

We may propose that a biological clock is operating very early in development, independent from the environmental factors (see Lavie’s  study performed in the adult (1985) and the similarity in motor activity distribution between fetus and preterm infants). 

The question remains unsolved about the difference in the time placement of the peak of wakefulness found in preterm infants and infants (as well as in the adult). We may hypothesize that the shift of the peak of wakefulness from the night (in preterm) to the evening (in infants) could be due to maturational changes of structures regulating this clock.
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