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CHAPTERR 8 

GeneralGeneral Discussion 

Introductio n n 

Circadiann rhythms are present in many physiological and behavioural phenomena in 
most,, if not all, species. In the last decades a vast amount of studies have shown the 
existencee of circadian rhythms in man and, by now, the importance for our well-being of 
synchronizationn of internal rhythms with the 24-hour day is well established (Shephard 

1997;1997; Moore 1997; Van Someren 1997). Desynchronization, either due to shift work or 
longg flights across several time zones strongly affect one's well-being (Arendt 1987; Czeisler 

1990).1990). Desynchronization can also accompany diseases like blindness or affective disor-
derss (Espezel 1996; Wirz-Justice 1986). Several types of disorders of the circadian system 
aree now recognized, and for some of these disorders treatments are available (Rivkees 

1997).1997). In addition, the importance of the internal circadian rhythms for the results of 
drugg treatments is now getting attention from the field of pharmacology (Reinberg 1996). 

Increasingg evidence indicates that the circadian timing system is a fundamental 
homeostaticc system that influences human physiology and behaviour throughout de-
velopment,, starting during fetal life (Rivkees 1997). The general conclusion from studies 
onn the role of the maternal circadian system for 24h rhythms in myometrial activity, 
hormoness and delivery was, indeed, that an endogenous circadian system governs all 
physiologicall  processes that occur in primate pregnancy and delivery (Honnebier 1993). 

Inn addition to maternal rhythms, circadian rhythms in pregnancy also comprise fetal 
rhythmss in heart rate, movements, breathing, behavioural states and hormones (Meis 

1992).1992). It is still a matter of discussion in what way these fetal rhythms are related to the 
well-establishedd maternal circadian system (Mirmiran 1992). 

Thee most important questions in research on circadian biology are (1) whether a par-
ticularr biological rhythm is "endogenous" and (2) if and how the characteristics of the 
rhythmm under study depend on changes in environmental factors or on the condition of 
thee individual (Honnebier 1993). The main aim of this thesis was to answer these ques-
tionss with respect to fetal and neonatal circadian rhythms as far as the limitations of 
humann studies permit. For this purpose we studied maternal and fetal rhythms in hor-
moness and heart rate parameters in the third trimester of normal pregnancy and in preg-
nancyy complicated by intra-uterine growth retardation (IUGR), as well as neonatal 
rhythmss in heart rate and sleeping behaviour of preterm and term born babies. The 
centrall  question of these studies was whether the expression of circadian rhythms in the 
fetuss and neonate can be regarded as a sign of fetal and neonatal well-being. 
Rivkeess (1997) stated that, with the continued elucidation of circadian system develop-
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mentt and influences on human physiology and illness, it is to be expected that consid-

erationn of circadiann biology will become an increasingly important component of clini-

call  care. This thesis on circadian rhythms in the normal and growth-retarded fetus and 

neonatee was meant to contribute to elucidating of the human circadian system by de-

scribingg its development in the perinatal period. 

Chronobiologicall  nomenclature 

Circadiann rhythms are rhythms with a period length of approximately 24 hours. An 
importantt characteristic of these biological rhythms is that they persist under constant 
environmentall  conditions. The term 'endogenous'  is used to indicate that such rhythms 
arisee within the organism and are not imposed by the environment (Rietveld 1990), Ex-
ogenouss synchronizing cues or 'Zeitgebers' adjust or "entrain "  the biological rhythms 
soo that the organisms remain in phase with their surroundings. In literature on circadian 
rhythmss the term 'diurnal '  is usually used for rhythms of which it is not established that 
theyy persist under constant environmental conditions. However,'diurnal' originally re-
ferss to day-time events as counterpart of'nocturnal' (Halberg 1973). Since our type of 
researchh did not allow a study under freerunning conditions, we have used the terms 
circadian'' and 'diurnal' indifferently. We are aware of the shortcomings of both terms, 
butt the recommended alternative '24h-p eriodicity '  (Honnebier 1993) is not yet a gen-
erallyy accepted term in the field of obstetrics. 

Methodss for  describing circadian rhythm s 

Previouss human studies on putative fetal circadian rhythms were restricted to the de-

scriptionn of the averaged rhythm found in a whole studygroup, whereas no chronobio-

metricall  analyses were performed to assess the significance of rhythms in individual 

pregnanciess (de Vries 1987; Patrick 1982; Visser 1982). As we have demonstrated in Chap-

terr 4, conclusions on circadian rhythms which are obtained from averaging data of a 

groupp may be very misleading. Moreover, the objective demonstration of the statistical 

significancee of the observed rhythms and of their reproducibility are necessary to define 

normall  reference patterns, to detect alterations associated with pathologies, and to show 

thee effects of environmental factors. Among the various mathematical models that have 

beenn applied to assess circadian rhythmicity (Sokolove 1978; Nelson 1979; Van Cauter 

1979;1979; Monk 1992; Brown 1992), we have chosen the modified cosinor method (Van Cau-

terter 1979) for analysing our data. Using this method, possible asymmetry of the waveshape 

cann be accurately described by the inclusion of a second (i.e. 12-hour period) or third 

(i.e.. 8-hour period) harmonic curve. The cosinor method is especially suited for data 

whichh are limited to a 24- hour span {Minors 1990). A prerequisite for the cosinor method 
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iss that measurements are equally spaced and that the variable studied follows a sinusoi-
dall  pattern over 24 hours. Fetal and neonatal heart rate are variables that can be very well 
fittedd by the cosinor method. In contrast, rest-activity is an example of a variable for 
whichh the cosinor methods sometimes fails to detect a circadian rhythm (Van Sotneren 

1999).1999). We are aware of the limitations of this method. However, we choose to analyse all 
variabless studied in the same way, because such an approach enabled us to compare 
chronobiometricall  outcome parameters between the various variables studied, and be-
tweenn individual fetuses and infants. We refrained from applying more recently devel-
opedd non-parametric analysing methods, because such methods are not suited for data 
seriess limited to 24 hours. 

Computerisedd fetal heart rate analysis 

Nowadays,, several computer analysis programs (Farmakides 1995) are applied for fetal 
surveillance,, of which the commercially available Oxford 8002 program developed by 
Dawess and Redman (Dawes 1996) is the one most commonly used in clinics. 
Sincee it was not possible to analyse 24-hour recordings with any of the commercially 
availableavailable systems, we developed a new FHR analysis program (described in Chapter 2), 
forr analysing long-term recordings. The method of analysis of our program was based 
onn the Dawes/Redman parameters, because these have been validated and adjusted thor-
oughlyy in many studies for over more than 20 years (Dawes 1996; Street 1990; Visser 

1991;1991; Guzman 1996). For the first time, we now described the Dawes/Redman algorithms 
mathematically,, with the additional help of the late professor Dawes. In our opinion, 
knowledgee of applied algorithms leads to a better understanding of the FHR-param-
eterss among clinicians, who often base their decision for or against elective delivery on 
FHRR results. The program was evaluated by comparing the results of 42 recordings with 
thatt of the commercially available Sonicaid System 8002 CTG Analysis System, imple-
mentedd with Dawes' algorithms (see Chapter 2). From this comparison we concluded 
thatt the program offers a suitable alternative for FHR analysis for clinical use. Since our 
softwaree features the possibility to change limiting analysis parameters, this offers many 
opportunitiess for research purposes (e.g. analysing heart rate recordings of other spe-
cies).. The possibility to select any region of a recording for analysis is of advantage in the 
studyy of temporal effects of drug treatment. From a technical point of view, we have 
addedd some critical notes to the Dawes' analysis methods. These especially refer to the 
durationn of 3.75 ms chosen for epochs. It must be realized that, since averaging removes 
higherr frequency components, a higher variability may be observed when shorter ep-
ochss are used. Therefore, the numerical values of Short Term Variation (STV), Range 
andd Long Term Variation (LTV), and thus the clinical interpretation, are all dependent 
onn the epoch duration that was chosen. We propose less rigid and therefore more sensi-
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tivee alternatives for detecting accelerations and decelerations, as well as for the defini-

tionss of STV and LTV, although they have not yet been thoroughly examined. We em-

phasizee that these critical notes are put forward from a technical point of view. From a 

clinicall  point of view, these parameters have proven to yield a quite reliable interpreta-

tionn of the fetal condition (Dawes 1996; Street 1990; Visser 1991; Guzman 1996). How-

ever,, although the diagnostic accuracy of currently available computerised fetal heart 

ratee analysis systems appears to be at least level with that of experienced clinicians (Devoe 

1996),1996), there is still need for further research. Close collaboration between engineers and 

clinicianss is a prerequisite for further advances in this field (van Geijn 1996). 

Thee role of the fetal brain in the generation of prenatal circadian rhythm s 

Previouss studies on circadian rhythms in human pregnancy indicated that the observed 

24hh rhythms of the fetus are to a large extent driven by the mother (Honnebier 1993). 

Thiss idea was primarily based on the immaturity of thee human SCN at birth as found by 

immunocytochemistry,, in combination with the disappearance of rhythms after birth 

andd their gradual development in the neonatal period (Honnebier 1989;Swaab 1990; 1994). 

Inn addition, coincident with the appearance of various overt circadian rhythms in the 

infant,, a rapid increase in AVP staining SCN was found during the first postnatal months. 

However,, there are also arguments for an active fetal role in the generation of prenatal 

rhythms.. Absence of neuropeptide immunoreactivity alone does certainly not mean that 

thee neurons are not there, nor that they are not functional, and not all neurotransmitters 

inn the fetal SCN have been quantified yet. The presence of melatonin receptors was shown 

ass early as the 18th week of gestationn (Reppert 1992). By measuring metabolic activity in 

thee fetal SCN, Reppert and Schwartz (1984) demonstrated that a circadian clock is oscil-

latingg in both fetal rat and monkey. Using the same technique, Shibata (1988) showed 

thatt disruption of the maternal circadian system does not prevent the development of 

circadiann rhythms in the rat fetus. This finding points to an active role of the fetal brain 

inn the generation of prenatal rhythms. Human research faces, of course, too many re-

strictionss to come to strong conclusions. In this controversy, a case of a twin pregnancy 

withh discordant anencephaly (described in Chapter 3) offered a unique opportunity to 

verifyy the idea that the fetal brain is crucial for the expression of overt circadian rhythms. 

Thee presence of a clear diurnal rhythm in fetal heart rate in three normal twin pregnan-

ciess and the absence of these rhythms in the anencephlic fetus despite an intact maternal 

diurnall  rhythm supported our idea that the fetal brain is involved in the expression of 

prenatall  circadian rhythms. The finding that the normal fetus in the discordant anen-

cephalicc twin did not show a significant diurnal rhythm either, maybe explained by the 

disturbingg influence of its anencephalic twin-brother. The results from this study also 

strengthenedd the idea that the presence of diurnal rhythms in fetal heart rate may be a 
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signn of fetal well-being (Meis 1992). In our later study of 26 normal pregnancies to test 
thiss hypothesis, we found that 7 healthy fetuses did not show a significant diurnal rhythm 
inn basal heart rate. This latter finding seemed to contradict the crucial role of the fetal 
brainn in the expression of diurnal rhythms. However, the absence of a diurnal rhythm in 
thee normal fetuses may well be explained by the presence of strong ultradian rhythms 
whichh hampered the detection of diurnal rhythms. In the anencephalic twin the overall 
oscillationn in fetal heart rate was so much smaller that this could not possibly have inter-
feredd with the detection of a diurnal rhythm. In addition, in none of the normal fetuses 
wass such a low F statistic found as in the anencephalic fetus (0.29). Even more remark-
ablee was the loss of correlation with the diurnal rhythm of the mother in the case of the 
anencephalicc fetus. In all normal pregnancies the maternal rhythm in either heart rate 
orr actvity was positively correlated to the heart rate rhythm of the fetus but phase-lagged 
betweenn -2 and +2 hours. We dare to conclude from these combined findings that in-
deedd the fetal brain, and most probably the fetal SCN, is necessary for the fetal entrain-
mentt by the mother. This conclusion still fits the concept that fetal rhythms are to a large 
extentt driven by the mother (Honnebier 1993). However, the observed fetal rhythms are 
nott driven by passive responses to maternal rhythms. Our interpretation is as follows: 
thee fetal circadian clock is set by the clock of the mother by the mechanism of entrain-
ment,, for which the presence of a "normal" fetal brain, with probably a functional SCN, 
iss necessary. Animal studies showed the potential function of maternal communication 
off  circadian phase to the fetus for both postnatal adaptation and the initiation of partu-
ritionn {Reppert 1989). 

Maternal-fetall  entrainment 

Animall  studies have shown that an intact maternal SCN is a necessary factor for mother-
fetuss entrainment of prenatal circadian rhythms {Reppert and Schwartz 1986). Among 
thee many possible maternal Zeitgebers are Cortisol (and/or corticotropin-releasing hor-
mone,, CRH),melatonin>glucoseavailability,body temperature and uterine contractures. 
Wee found significant maternal rhythms in Cortisol and melatonin in nearly all 17 nor-
mall  pregnancies in which we studied these hormone rhythms. In only a minority of 
thesee women were significant diurnal rhythms in estriol and progesterone present. How-
ever,, in none of the hormones measured was the strength of the diurnal rhythm corre-
latedd with the strength of diurnal rhythms in fetal heart rate parameters. The presence of 
aa positive phase-relationship of diurnal rhythms in basal heart rate (BHR) and Cortisol 
andd a negative phase-relationship of BHR and melatonin does not give a definite answer 
too the question whether one of these hormones may act as Zeitgebers for fetal diurnal 
rhythms. . 
Otherr authors have suggested that the exposure of the fetus to maternal adrenal-cortical 
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rhythmss maybe a major Zeitgeber for fetal circadian rhythmicity (Challis 1981; Patrick 

1981;Arduini1981;Arduini 1986; 1987). However, in none of these studies were sophisticated chrono-

biometricall  methods used to assess the significance of rhythms. Results were based on 

averagedd group data, except for one study of a non-representive case of a totally adrena-

lectomizedd woman with a history of radiation of the sella turcica. As radiation effects in 

thee hypothalamic area were very likely in this patient, this case does not seem appropri-

atee tor a study on circadian rhythms. Contrary to these earlier reports we found that 

maternall  administration of betamethasone caused arrhythmicity in maternal plasma 

Cortisoll  levels, but did not alter the prevalence and correlation of diurnal rhythms in 

BHR,, STV, and accelerations in nine IUGR-fetuses. These findings contradict a crucial 

rolee of maternal Cortisol in the generation of FHR-rhythms. Melatonin, another possi-

blyy major Zeitgeber (Davis 1988; Houghton 1993). is not likely to be the sole factor for 

entrainmentt either. We endorse the idea that there is a high degree of redundancy in the 

mechanismss subserving fetal entrainment (Hastings 1998). This concept is derived from 

aa series of extirpation studies (Reppert and Schwartz 1986), which showed that neither 

adrenalectomyy nor pinealectomy alone were able to prevent maternal entrainment in 

rat. . 

Apartt from the possible entraining factors mentioned above, there are a lot of maternal 

behaviourall  rhythms (i.e. food intake; sleeping behaviour; social life) which may act in 

concertt to entrain the fetal biological clock. The influence of social cues must not be 

neglectedd as it has been shown that even the rhythmic ingestion of food can entrain 

fetusess in SCN-lesioned pregnant rats (Reppert 1989). The potent influence of rhythmic 

foodd intake on circadian rhythms is not in contradiction with our conclusion that it 

makess no difference for the assessment of the fetal condition whether FHR monitoring 

iss performed after maternal fasting or breakfast (Chapter 7). Possible entrainment ef-

fectss on FHR parameters by the timing of breakfast are not nullified by skipping break-

fastt once. In addition, while important effects of maternal food intake for the assessment 

off  the fetal condition were absent, we did find small but significant differences in BHR 

andd accelerations between maternal fasting and non-fasting state. Whether the influ-

encee of ambient light acts as an entraining factor in the human fetus, as has been shown 

forr precocious animals (Jacques 1987; Torrealba 1993), can only be speculated. The retino-

hypothalamicc tract has been identified in a human newborn with a gestational age of 36 

weekss (Glotzbach 1992). It would be an interesting issue for further research whether the 

humann fetal clock responds to light in utero. By application of "bili-blankets", developed 

forr phototherapy in neonatology, on the abdominal skin of pregnant women, experi-

mentss with different light-regimes could be performed in the human fetus. Besides, post-

mortemm histopathological and tracing studies (Dai et al. 1998) of the retinohypotha-

lamicc tract in human fetuses of different gestational age are needed. 
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Mechanismss for  the generation of circadian rhythm s in FHR-parameters 

Thee studies on circadian rhythms in pregnancyy in the present thesis especially focussed 
onn fetal heart rate. Firstly, fetal heart rate is the most accessible parameter that can be 
obtainedd in the human fetus. Secondly, monitoring of fetal heart rate is important for 
fetall  surveillance, and more knowledge on various physiological and pathological influ-
encess on heart rate parameters is needed to increase their relevance for clinical care. 
Animall  experiments and mathematical methods indicate that an endogenous circadian 
rhythmm in heart rate is mediated by the circadian pacemaker in the SCN. Information 
fromm the SCN reaches the heart via sympathie innervation (Warren 1994; Lemmer 1995; 

UeyamaUeyama 1999). 

Studiess in rodents have demonstrated that the SCN affects the pineal and the adrenal 
neuronallyy via the paraventricular nucleus (PVN) and the intermedio-lateral cell col-
umnn of the spinal cord (Buijs 1997; Tedemariam-Mesbah 1998). In humans the ana-
tomicall  organization of the hypothalamus is largely similar to that in rodents (Dai 1998a; 

1998b;1998b; 1998c), and it is therefore assumed that the SCN drives the heart rate rhythm via 
sympathiee pathways in PVN, brain stem, and spinal cord (Tedemariam-Mesbah 1998; 

ScheersScheers 1999). Assuming that fetal heart rate is driven by similar mechanisms, the ab-
sencee of a diurnal heart rate rhythm was to be expected in the case of fetal anencephaly 
Fromm clinical studies (Panina 1995; van Ravenswaaij-Arts 1990) and studies in pregnant 
baboonss (Stark 1999) it is concluded that mean heart rate and heart rate variability are 
governedd by different mechanisms. From this point of view it was not surprising that 
circadiann rhythms in mean heart rate in growth-retarded fetuses were comparable to 
heartt rate rhythms in normal fetuses, whereas diurnal rhythms in both STV, and LTV, 
andd accelerations seemed to change with fetal deterioration. We suggest that the loss of 
thee known inverse relationship of heart rate and heart rate variability that we observed 
inn the study group of growth-retarded fetuses maybe explained by the different govern-
ingg mechanisms of these parameters. Interestingly, our results in growth retarded fe-
tusess are comparable to those found in patients with congestive heart failure, who are 
characterizedd by an imbalance of the autonomic nervous system (Panina 1995). The 
autonomicc dysfunction in these patients consists of an augmentation of sympathetic 
drivee and a withdrawal of parasympathetic tone, which results in loss of circadian rhythms 
inn heart rate variability, while a circadian variation in mean heart rate is preserved (Panina 

1995).1995). The circadian rhythm in heart rate seems to reflect a consistent prevalence of the 
sympatheticall  component during the day and a prevailing parasympathetical compo-
nentt during the night. Heart rate variability on the other hand, seems to be more sensi-
tivee to the changing dynamic control mechanisms that regulate autonomic activity, like 
fluctuationss in blood pressure, ventilation, and hypothalamic activity (Panina 1995). A 

differencee in sensitivity to autonomic activity might also explain why changes in heart 
ratee variability and accelerations are the first signs of fetal deterioration or hypoxia. 
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Maskingg factors of circadian rhythm s in pregnancy 

Ass none of our studies took place under constant environmental conditions, we must 

realizee that various "external masking effects" may have influenced the observed circa-

diann rhythms. Furthermore, there are always masking factors that are due to the behav-

iourr of the individual (i.e."internal masking factors") which influence circadian rhythms, 

evenn under constant conditions. Both external and internal masking may either distort 

orr improve circadian rhythms. If internal masking effects and the endogenous clock are 

inn phase with each other, the effect is an amplification of the observed rhythm (Minors 

1989).1989). The finding that maternal and fetal heart rate rhythms in normal and IUGR-

pregnanciess were highly correlated, but phase-lagged between -2 to +2 h pointed at in-

ternall  masking influences of hormones, activity or emotions in both mother and fetus. 

AA clear example of external masking was the shift of the acrophase in BHR from after-

noonn to evening in patients with IUGR. One may explain this shift by the attenuating 

effectt of an after-dinner rest on the expected acrophase in the afternoon. The studies on 

thee short-term effects of maternal food intake and maternal betamethasone administra-

tionn on fetal heart rate parameters took into account the masking effects of these factors 

onn circadian heart rate rhythms. The well-established ultradian rhythms in fetal behav-

iour,, which are organized into behavioural states in the near term fetus and show ranges 

fromm about 10 to 40 minutes with a rest-activity cycle ranging from 60-90 minutes (Pillai 

1992;1992; Visser 1982), certainly have a strong influence on circadian rhythms. In some of 

thee minority of normal fetuses that showed no significant diurnal rhythm in heart rate, 

wee found strong ultradian rhythms which seemed to overrule the presence of diurnal 

rhythms.. In this respect, it is interesting that the amplitude of the diurnal rhythm in 

BHRR was relatively large in growth-retarded fetuses with a short interval to go before the 

developmentt of fetal distress. As it is known that ultradian rhythms attenuate with pro-

gressivee deterioration of the fetal condition (Visser 1990a),we proposed that the increase 

inn amplitude with a worsening fetal condition in fact reflected the decreased masking by 

ultradiann rhythms. Parameters of heart rate variability and accelerations are even more 

influencedd by ultradian fetal rest-activity cycles. This might have contributed to the rela-

tivelyy lower prevalences of circadian rhythms in STV and ACC in both normal and 

growth-retardedd fetuses compared to BHR-rhythms. However, in the deteriorating fe-

tus,, other mechanisms may be responsible for the relatively low prevalence of STV and 

ACCC rhythms. As we have mentioned in the previous paragraph, heart rate variability is 

moree sensitive to changes in autonomic activity that occur as compensation for fetal 

hypoxiaa than heart rate. This may result in a decreasing circadian rhythm. In addition, 

thee known absolute decrease in STV and ACC in the compromized fetus may hamper 

thee detection of circadian rhythms (Snijders 1992). 

Ann example of increased circadian rhythmicity caused by internal masking might be the 

correlationn between circadian rhythms in Cortisol and heart rate. Other authors (Arduini 
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1986;1986; 1987; Meis 1992 ) interpreted this correlation as an example of multi-oscillarity, in 
whichh the circadian rhythm in heart rate was thought to be completely dependent on the 
oscillatoryy maternal Cortisol levels. However, we do not subscribe to their theory, be-
causee we have shown that the fetal heart rate rhythm is maintained after maternal 
betamethasonee administration, which abolished maternal Cortisol rhythms. Naturally, 
wee admit that there are many other masking factors which may influence observed fetal 
rhythmss in pregnancy, because studies in pregnancy are exemplary for the phenom-
enonn of masking. It is important to realize that masking must be distinguished from 
entrainment.. Whereas entrainment implies direct influence of "Zeitgebers" on the SCN, 
maskingg is based upon factors from outside the biological clock that influence overt 
rhythmss without direct SCN involvement. 

Circadiann rhythmicit y as measure of fetal well-being? 

Whenn the presence of fetal diurnal heart rate rhythms in itself indeed reflects fetal well-
beingg as has been suggested previously (Meis 1992), then circadian rhythmicity in heart 
ratee is expected to be a universal finding in normal pregnancy. Although the majority of 
thee normal fetuses which we studied showed a circadian rhythm in heart rate, only a 
minorityy of normal fetuses showed a circadian rhythm in heart rate variability and 
accelerations,, which confined this statement to only one fetal heart rate parameter {i.e. 
BHR).. Moreover, we observed that especially diurnal rhythms in BHR were even more 
pronouncedd in severely compromized fetuses shortly before the occurrence of hypoxia. 
Inn the above paragraphs we already described some plausible mechanisms which may 
explainn this phenomenon. On account of these findings in normal and growth-retarded 
fetusess we conclude that the presence of fetal heart rate rhythms in itself cannot be re-
gardedd as sign of fetal well-being. However, in repeated recordings of deteriorating fe-
tusess we found some striking changes in the phases of diurnal rhythms in STV and ACC. 
Thesee changes occurred simultaneously with absolute decreases of these parameters, 
whichh are known to relate to imminent fetal distress (Snijders 1992). In this respect, the 
observedd inversion in diurnal rhythmicity in ACC is most interesting, because this in-
versionn preceded signs of fetal distress by about one week. The inversion in the diurnal 
rhythmm in STV occurred somewhat later, just before fetal distress was apparent. We hy-
pothesizedd that a change in autonomic activity in the fetus is responsible for these changes. 
Thiss possibility fits into the concept that FHR-parameters differ in their sensitivity to 
adaptingg mechanisms that cause changes in autonomic activity. As accelerations repre-
sentt fetal activity well in pregnancy beyond 30 weeks of gestation (Natale 1984), this 
seemss the most sensitive fetal parameter to monitor compensating changes to hypoxia 
inn the fetus. The observation that fetal activity is the first changing parameter in the 
coursee of fetal deterioration in IUGR was also made by Ribbert (1993), who found changes 
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inn qualitative movements as the first sign of imminent fetal distress. Accelerations in 
heartt rate can, however, be easier and more accurately monitored than fetal movements. 
24HH FHR- recording is therefore at present the most obvious means to detect circadian 
phase-changess as first signs of imminent fetal distress in compromized fetuses. 
Thee theory that changing autonomic activity in the fetal brain is responsible for the first 
visiblee signs of impending distress is supported by a study of Weiner (1994). He found 
thatt loss of middle cerebral artery vasodilatation as expression of loss of autonomic re-
activityy preceded deterioration of FHR by a few days. From our studies, we cannot de-
ducee whether the changing phase in ACC and STV must be regarded as an autonomic 
compensationn mechanism or a loss of autonomic reactivity. Therefore, it would be an 
interestingg issue for further research to study the possible correlation between cerebral 
Dopplerss and diurnal rhythms. Animal experiments will be needed to elicit the exact 
pathwayss by which the observed changes are effected. For example, carotid sinus nerve 
denervationn in fetal sheep experiments have shown that the carotid sinus nerve afferents 
appearr to have a delicate influence on tonic sympathetic and parasympathetic activity in 
normoxia.. In acute hypoxia, with small changes in pH, the carotid sinus nerve reflex 
seemss responsible for the observed changes in heart rate variation (Kozuma 1997). How-
ever,, the mechanisms by which heart rate variation falls during long term hypoxia is still 
unknown.. In respect to long term hypoxia, as occurs in IUGR, Kozuma (1997) suggested 
possiblee changes in the gain of the carotid chemo- reflex, in circulating catecholamines, 
orr in brainstem activity. Another adaptive neuroendocrine response to hypoxia that may 
bee related to the observed changes in autonomic activity is the vasopressin response 
becausee of its role in the redistribution of blood flow in favour of essential organs like 
thee brain, the pituitary, the heart and the adrenals (Iwamoto et al. 1979; Pohjavuori and 

FyhrquistFyhrquist 1980; Daniel 1983; Wood and Tong 1999). 

Implication ss for  clinical management in IUGR fetuses 

Thee results of our studies on circadian rhythms in normal and IUGR-pregnancy may 

contributee to a better understanding of the various (patho-)physiological aspects of fe-

tall  behaviour. To this end, knowledge on fetal circadian rhythms may help the clinician 

too interpret computerised outcomes of FHR tracings correctly. However, as we have stated 

inn our studies of both normal and IUGR pregnancies, our findings do not permit gen-

erall  recommendations for the clinical care of high risk fetuses. Firstly, even in the group 

ott normal fetuses, the prevalence and characteristics of the diurnal rhythms differed 

largelyy among individual fetuses. The averaged diurnal variance in STV of 4 msec, which 

wee found in this group, only applied to half the number of the fetuses studied. Besides, 

thee question is whether FHR monitoring should take place at the time of day at which 

variabilityy is highest or lowest. We do not simply subscribe to the conclusions from other 
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authorss who recommend evening testing, because at that time of day STV is relatively 
highh (Petrikovsky 1996). In the group of IUGR-fetuses the range in chronobiometrical 
variabless was even considerably larger than among the normal retuses. This large range 
inn outcome data does not permit general recommendations for performing FHR moni-
toringg in IUGR-pregnancies at a special time of day. However, in individual IUGR-fe-
tusess changes in diurnal rhythms in ACC and STV may be valuable for predicting fetal 
distress.. In particular an inversion in the diurnal rhythm in ACC may be a first sign of 
impendingg fetal distress, even if FHR-variability is still in the normal range. Because 24h 
FHRR monitoring is too great a burden for the patient with the current available equip-
ment,, clinical management of thee patient with IUGR can only profit from this observa-
tionn if cardiotocographic devices are further developed for the patient's convenience. 

"Presetting""  of circadian rhythm s for  postnatal lif e 

Thee presence in prenatal life of a functional clock, which is entrained by the maternal 
clock,, suggests that the circadian time keeping system may be of adaptive value for the 
speciess even in early development (Reppert 1989). Studies in various eutherian mam-
malss have shown that maternal "presetting" of the fetal clock is involved in both postna-
tall  adaptation and the initiation of parturition (Reppert 1989). We assumed that "preset-
ting""  may be of adaptive value for the human as well in preparing the circadian timing 
systemm of the fetus for later independent life (Mirmiran 1992). The proposed "preset-
ting""  of the biological clock in the fetus implies that prenatally observed rhythms will be 
maintainedd in the direct postnatal period. We were the first to investigate to what extent 
thee prenatally observed rhythms in 15 growth-retarded human fetuses sustained their 
phasee and amplitude after preterm birth. The presence of circadian rhythms in heart 
ratee was comparable before and after birth, which reinforced the concept of a functional 
biologicall  clock. This idea was further strenghtened by the fact that all these preterm 
bornn children were nursed in an environment with minimized time cues. Therefore, cir-
cadiann time cues were not likely to be responsible for the observed rhythms. On the 
contrary,, our data could not prove that the biological clock may indeed be "preset" in 
prenatall  life. Phaselags between pre- and postnatal rhythms varied from -10 to +10 hours, 
whereass prenatal maternal and fetal heart rate rhythms showed phase-relations within -
22 to +2 hours (Chapter 4 and 5). We therefore conclude that the combined results of our 
studiess suggest that a functional biological clock is present in the human fetus and is 
synchronizedd by the mother. However, this maternal-fetal synchronization may not reach 
intoo the postnatal period. It is remarkable that we found postnatal circadian rhythms in 
heartt rate in the majority of the children studied, whereas other studies in preterm in-
fantss revealed the presence of ultradian rhythms but no apparent circadian rhythms 
(Glotzbach(Glotzbach 1995; Tenreiro 1991). Differences in analysing methods, infant-care sched-
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ules,, and patient differences probably may have accounted for the discrepancies in re-

sults.. In this respect, it is interesting that a study of Mirmiran (1991), which was con-

ductedd at the same neonatal intensive care unit (NICU) as our study but used different 

analysingg methods (chi-square periodogram), also demonstrated the presence of circa-

diann rhythms in body temperature and heart rate in about 50% of preterm infants. At 

thiss NICU, children were nursed in constant ambient lighting and temperature. Given 

thee restrictions of human research, this setting seems to be the closest one can get to a 

"constantt environment". Therefore, we do not assume that the absence of circadian 

rhythmss in other studies is due to settings with more minimized circadian time cues 

thann at our NICU. It is more likely that the longer observation periods in some studies 

(e.g.(e.g. Tenreiro 1991) brought in interference of illnesses that hampered detection of circa-

diann rhythms. We do not know to what extent the results in this particular group of 

growth-- retarded preterm born infants are representive of the circadian system in nor-

mall  human development. However, a "normal" control group, studied in the same set-

tings,, will never be available since even preterm-born appropriate for gestational age 

(AGA)) infants can not be regarded as "normal". Whether neurological adaptation to 

extra-uterinee life due to prematurity, or prenatal stress due to IUGR might accelerate 

maturationn of the SCN is not known. The earlier general view of accelerated brain matu-

rationn in fetuses that were subjected to "stress" in utero (Cunningham 1993), is contra-

dictedd by various recent publications (Friedman 1995; Chari 1996), in which an associa-

tionn between preeclampsia/IUGR and accelerated fetal neurologic and physical devel-

opmentt was denied. 

Developmentt  of circadian sleep-wake patterns in term and preterm born infants 

Pretermm birth and subsequent hospital stay at a neonatal intensive care unit disrupts 

maternall  entrainment. Prenatal maternal entrainment may have important physiologi-

call  consequences for postnatal life and a temporary lack of entrainment caused by preterm 

birthh was, therefore, presumed to affect the development of the circadian system in the 

neonatall  period. We tested this hypothesis in our study on sustained night-sleeping (i.e. 

"settling"),, which is an example of an overt circadian rhythm with a great practical im-

pactt for parents. The development of a circadian sleeping pattern within a period of 20 

weekss after birth or home-arrival was comparable between term and preterm born 

(SGA)-infants.. Both groups "settled" at a similar postconceptional age and after a simi-

larr period in the home-environment. This latter finding was earlier reported by McMillen 

ett al. (1991), who assumed that length of exposure to environmental time cues maybe 

all-importantt in the entrainment of circadian sleep-wake rhythms. We concluded that 

temporaryy lack of maternal Zeitgebcrs as a consequence or preterm birth does not affect 

thee development of a circadian sleeping pattern. Exogenous factors like parental care-
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givingg at night and weaning status were strongly related to settling, but we cannot indi-

catee at present the causality of these relationships. The significant later settling in preterm 

boysboys compared to preterm girls may either point at a sex-dependent susceptibility to the 

negativee effects on IUGR on CNS development or to sex-related differences in the SCN. 

Forr any of these effects there are clues in literature (Kjellmer 1997; Swaab 1996). As our 

studyy was too small to draw conclusions in this respect, this would be an interesting 

issuee for further research. 

Conclusions,, clinical implications, and suggestions for  further  research 

Thiss thesis has addressed the development and the possible role of fetal circadian rhythms 
inn early human development. We have paid special attention to circadian rhythms in 
fetall  heart rate parameters and their possible implications in clinical care of high risk 
pregnancies.. In addition, we have described the maternal influences on the fetal biologi-
call  clock before and after birth. Our data indicate that the fetal brain plays an important 
rolee in the generation of circadian rhythms in fetal heart rate. The maternal circadian 
systemm sets the phase of circadian heart rate rhythms, but these rhythms are not driven 
passivelyy by the mother. There are arguments for redundancy of maternal Zeitgebers, 
whichh is illustrated by the fact that arrhythmicity in maternal Cortisol, a major Zeitgeber 
forr the fetus, does not influence circadian rhythms in fetal heart rate. Our findings that 
changess in the phase of circadian rhythms in heart rate variability and accelerations may 
bee the first visible signs of impending distress indicate changes in autonomic activity in 
thee fetal brain which occur in IUGR as an early indication of fetal deterioration. Rhythms 
inn fetal basal heart rate do not change or diminish by progressive chronic hypoxia. The 
relativelyy low sensitivity of heart rate to changes in autonomic activity compared to heart 
ratee variability, has also been found in adults (Panina 1995). The finding that even strong 
circadiann rhythms in BHR can be found in fetuses with a short interval to go before the 
occurrencee of fetal distress, can be explained from loss of ultradian rest-activity cycles, 
whichh have a masking effect on circadian rhythms. Because of masking, it is not possible 
too assess whether the observed fetal rhythms are endogenously generated. The mainte-
nancee of the presence and phase of prenatal heart rate rhythms in preterm neonates 
nursedd in a "constant" environment indicates a functional circadian system at this early 
stagee of human development. Another argument for the endogenous nature of the ob-
servedd fetal circadian rhythms is the absence of rhythmicity in case of anencephaly. 
Thee results of this thesis can lead to a better understanding of one of the various (patho-) 
physiologicall  aspects of fetal behaviour. The acquired knowledge on fetal circadian 
rhythmss may be helpful for the clinician in the correct interpretation of computerised 
outcomess of FHR tracings. In individual fetuses changing of circadian rhythms may 
helpp in predicting fetal distress. However,we refrain from general recommendations for 
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clinicall  care, because of the known heterogeneity among growth-retarded fetuses, and 

thee many not yet elucidated questions on "the best time of delivery" in these compromized 

fetuses. . 

Furtherr research on possible correlations between diurnal rhythms and cerebral Dopplers 

inn growth retarded fetuses could help to better understand the often so unpredictable 

coursee ot fetal deterioration. In addition, animal experiments will be needed to elicit the 

exactt pathways by which the observed changes are effectuated. In this thesis we have 

tocussedd on diurnal rhythms in computerised FHR-parameters, because these are the 

mostt relevant clinical measures of the fetal condition. Prechtl (1992) argued that changes 

inn the quality - more than the quantitity - of complex movements are reliable markers of 

neurall  dysfunction with high prognostic value. However, qualification of fetal behav-

iourr is not suited for long- term studies on diurnal rhythms. Development of sophisti-

catedd ambulant ultrasound devices that accurately register fetal heart rate and move-

mentss would allow long-term studies on diurnal rhythms of the quantity of fetal behav-

iour.. Such long-term studies would also enable the application of non-parametric ana-

lysingg methods which facilitate detection of circadian rhythms and the disturbance of 

somee variables such as activity (Van Someren 1999). Comparison of circadian rhythmicity 

betweenn preterm SGA and AG A infants of comparable postnatal and postconceptional 

agee might add useful information to solve the controversy with respect to the effect of 

prenatall  stress on neurological maturation (Cunningham 1993; Friedman 1995; Chari 

1996).1996). In addition, the possible influence of sex-differences on development of circadian 

rhythmss could be studied in this way. Environmental light- experiments in these preterm 

infantss would amplify the knowledge on the development of the retinohypothalamic 

tractt at a preterm stage (Glotzbach 1992). Such experiments would also throw more light 

onn the effect of environmental light on brain development in general and the SCN in 

particularr in the neonatal period(Affln« et al. 1986; Fajardo et al 1990; Miller et al 1995). 

Postmortemm histopathological and tracing studies of both SCN and retino- hypothalamic 

tractt (RHT) (DaietaL 1998a, 1998b, 1998c) in brains of preterm infants/fetuses are needed 

too confirm experimental results. 

Wee are aware that the findings of this thesis must be interpreted as results of human 

studies,, with all their innate restrictions. Although experiments in animals help us a great 

deall  in unraveling the various aspects of the circadian system, the results of those ex-

perimentss cannot be simply transferred to the human. Only by achieving more knowl-

edgee on the development of the human circadian system and its influences on fetal physi-

ologyy and illness, can we expect to obtain useful new instruments for clinical care of the 

fetuss and newborn. With the continued elucidation of the developing human circadian 

system,, it is to be expected that consideration of circadian biology will also become an 

increasinglyy important component of the clinical care of the youngest. A chronobiological 

approachh may lead to improvements in the obstetric and neonatal practice. 

146 6 



GF.NF.RALL DISCUSSION 

References s 
1.. Arduini D, Rizzo G, Parlati E, Giorlandino CValensise H, Dcll'Acqua S, Romanini C (1986) Modifica-

tionss of ultradian and circadian rhythms of fetal heart rate after fetal-maternal adrenal gland suppres-
sion:: a double blind study. Prenat Diagn 6:409- 19. 

2.. Arduini D, Rizzo G, Parlati E, Dell'Acqua S, Romanini C, Mancuso S (1987) Loss of circadian rhythms of 
fetall  behaviour in a totally adrenalectomized pregnant woman. Gynecol obstet Invest 23:226-9. 

3.. Arendt J, Alshous M, English (, Marks V, Arendt JH, Marks M, Folkard S (1987) Some effects of fet-lag 
andd their alleviation by melatonin. Ergonomics 30:1397-1393. 

4.. Brown EN.Czeisler (1992) The statistical analysis of circadian phase and amplitude in constant-routine 
core-temperaturee data. / Biol Rhythms Vol 7, No 3:177-202. 

5.. Buijs RM, Wortel J, van Heerikhuize f J, Kalsbeek A (1997) Novel environment induced inhibition of 
corticosteronee secretion: physiological evidence for a suprachiasmatic nucleus mediated neuronal 
hypothalamo-adrenall  cortex pathway. Brain Res 758:229-36. 

6.. Challis J, patrick J, Ricahrdson B, Tevaarwerk G (1981) Loss of diurnal rhythm in plasma estrone, estradiol 
andd estriol in women treated with synthetic glucocorticoids at 34 to 35 weeks' gestation. Am ƒ Obstet 
GynecolGynecol 139:338-43. 

7.. Chari RS, Friedman SA, Schiff E, Frangieh AY, Sibai BM (1996) Is fetal neurologic and physical develop-
mentt accelerated in preeclampsia? Am ƒ Obstet Gynecol 174:829-32. 

8.. Cunningham FG.MacDonald PC.Gant NF.Levcno KJ.Gilstrap LC III . (1993) Williams'obstetrics. 19h 

ed.. Norwalk Connecticut: Appleton & Langc, 154. 
9.. Czeisler CA, Hohnson MP, Duffy JF, Brown EN, Ronda JM, Kronauer RE (1990) Exposure to bright light 

andd darkness to treat physiologic maladaptation to night work. N Engl ƒ Med 322:1253-59. 
10.. Dai J, Van Der Vliet J, Swaab DF, Buijs RM (1998) Human retinohypothalamic tract as revealed by in 

vitroo postmortem tracing, ƒ Comp Neurol 397:357-370. 
11.. Dai J, Swaab DF, Van Der Vliet J, Buijs RM (1998) Postmortem tracing reveals the organization of 

hypothalamicc projections of the suprachiasmatic nucleus in the human brain, ƒ Comp Neurol 400:87-
102. . 

12.. Dai J, Van Der Vliet, Swaab DF, Buijs RM (1998) Postmortem anterograde tracing of intrahypothalamic 
projectionss of the human dorsomedial nucleus of the hypothalamus, ƒ Comp Neurol 401:16-33. 

13.. Daniel SS, Stark RI, Zubrow AB, Fox HE, Husain MK, James LS (1983) Factors in the release of vaso-
pressinn by the hypoxic fetus. Endocrinology 113:1623-8. 

14.. Davis FC, Mannion I (1988) Entrainment of hamster pup circadian rhythms by prenatal melatonin in-
jectionss to the mother. Am ƒ Physiol 24:R439-48. 

15.. Dawes GS, Moulden M, Redman GW (1996) Improvements in computerised fetal heart rate analysis 
antepartumm [Review]. JPeritiat Med 24( 1 ):25-36. 

16.. Devoe LD (1996) Computerised fetal heart rate analysis and neural networks in antepartum fetal sur-
veillance.. Curr Opinion Obstet Gynecol 8:112-22. 

17.. Espezel H, Jan JE, O'Donnel ME, Milner R (1996) The use of melatonin to treat sleep-wake-rhythm 
disorderss in children who are visually impaired. / Vis Impairment Blindness jan-teb:43-50. 

18.. Fajardo B, Browning M, Fisher D, Paton J (1990) Effect of nursery environment on state regulation in 
very-low-birth-weightt premature infants. Infant Behav Dev 13:287- 303. 

19.. Farmakides G, Weiner Z (1995) Computerised analysis of the fetal heart rate. Clin Obstet Gynecol 38:863-
78. . 

20.. Friedman SA, Schiff E, Kao L, Sibai BM (1995) Neonatal outcome after preterm delivery for preeclampsia. 
AmAm ƒ Obstet Gynecol 172:1785-92. 

21.. Geijn van HP (1996) Developments in CTG analysis. Baillière's Clin Obstet Gynaecol 10:185-209. 
22.22. Glotzbach ST, Sollars P, pariagno RLet al. (1992) Development of the human retinohypothalamic tract 

[abstract'].. Soc Neurosci Abs 18:857. 
23.. Glotzbach ST, Edgar DM, Ariagno RL (1995) Biological rhythmicity in preterm infants prior to dis-

chargee from neonatal intensive care. Pediatrics 95:231-7. 
24.. Guzman ER, Vintzileos AM,Marings M, Bentino C, Houlihan C, Hanley M (1996): The efficacy of indi-

viduall  computer heart rate indices in detecting acidemia in birth in growth-restricted fetuses', Obstet 
Gynecol,, 87, pp. 969-974. 

25.. Halberg F,Katinas GS (1973) Chronobiologic glossary. Int'l ƒ Chronobiol 1:31-63. 

147 7 



CHAPTERR 8 

26.. Hastings MH, Duffield GE, Smith EJD, Maywood ES, Ebling FJP (1998) Entrainment of the circadian 
systemm of mammals by nonphotic cues. Chronobiol Itit  15(5):425-45. 

27.. Honnebier MB OM, Swaab L)F, Mirmiran M (1989) Diurnal rhythmicity during early human 
development.In:: Research in perinatal medicine IX. Development ot'circadian rhythmicity and pho-
toperiodismm in mammals. Ed. Reppert SM. Perinatology Press, Ithaca, U.S.A. pp 221-37. 

28.. Honnebier MBOM (1993) The role of the circadian system during pregnancy and labour in monkey 
andd man. Thesis, University of Amsterdam. 

29.. Houghton DC, Walker D\V, Young IR, McMillen IC (1993) Melatonin and the Light- Dark Cycle sepa-
ratelyy influence daily behavioural and hormonal rhythms in the pregnant ewe and sheep fetus. 
EndocrinologyEndocrinology 133:90-8. 

30.. Iwamoto HS, Rudolph AM, Keil LC, Heymann M A (1979) Hemodynamic responses of the sheep fetus 
too vasopressin infusion. Circ Res 44:430-6. 

31.. Jacques SL, Weaver DR, Reppert SM (1987) Penetration of light into the uterus of pregnant mammals. 
PhotochemPhotochem and Photobiol Vol 45, No 5:637-41. 

32.. Kjellmer ELiedholm M, Sultan B,Wennergren M,Wallin GotborgCThordstein M. Long-term effects of 
intrauterinee growth retardation. Review. Act Paediatr 1997 (S);422:83-4. 

33.. Kozuma S, Watanabe T, Bennet L Green LR, Hanson MA (1997) The effect of carotid sinus denervation 
onn total heart rate variation in normoxia, hypoxia and post-hypoxia in fetal sheep. Br J Obstet Gyn 104:460-
5. . 

34.. Lemmer B, Witte K, Minors D, VVaterhouse I (1995) Circadian rhythms of heart rate and blood pressure 
inn four strains of rat: Differences due to, and separate from, locomotor activity. Biol Rhythm Res 26:493-
504. . 

35.. MannNP, HaddowR, Stokes L.Goodley S, Rutter N (1986) Effect of night and day on preterm infants in 
aa newborn nursery: randomised trial. Br Med J 293:1265-7. 

36.. McMillen IC and Nowak R (1989). Fetal diurnal rhythms-signal or noise? In: Advance in Fetal Physiol-
ogy.. Ed: Reppert SM. Perinatology Press. 

37.. McMillen IC, Kok JSM,Adamson TM, Deayton JM, Nowak R (1991) Development of circadian sleep-
wakee rhythms in preterm and full-term infants. Pediatr Res 29:381 - 4. 

38.. MeisPJ (1992) Chronobiologyof pregnancy and the perinatal time span. In: Biologic Rhythms in Clini-
call  and Laboratory Medicine. Y. Touitou, E. Haus (Eds.), Springer-Verlag Berlin Heidelberg. 

39.. Miller CL, White R, Whitman TL ct al. (1995) The effect of cycled versus non-cycled lighting on the 
growthh and development of preterm infants. Infant Behav Dev 18:87- 95. 

40.. Minors DA, Waterhouse JM (1989) Masking in humans: the problem and some attempts to solve it. 
ChronobioiogyChronobioiogy Intern'! 8:29-53. 

41.. Minors DS, Waterhouse JM (1990) Circadian rhythms in general. Occupation Med: State of the Art Re-
viewss Vol 5, No 2: 165-82. 

42.. Mirmiran M, Kok JH, Boer K, Wolf H (1992) Perinatal development of human circadian rhythms: role 
off  the foetal biological clock. Neuwsci Biobehav Rev 16:371- 8. 

43.. Mirmiran M, Lunshof S (1996) Perinatal development of human circadian rhythms. In Progress in Brain 
Research,Research, Vol 111, pp 217-26. Bun's RM, Kalsbeek A, Romijn HJ, Pennartz CM A, Mirmiran M (eds), 
Elsevier,, Amsterdam 

44.. Monk TH, Reynolds Cfd, Machen MA, Kupfer DJ (1992) Daily social rhythms in the elderly and their 
relationn to objectively recorded sleep. Sleep 15:322-9, 

45.. Moore RY (1997) Circadian rhythms: basic neurobiology and clinical applications. [Review]. Animal 
ReviewReview of Med 48:253-66. 

46.. Natale R, Nasello FRCS, Turliuk R (1984) The relationship between movements and accelerations in 
fetall  heart rate at twenty-four to thirty-two weeks'gestation. Aw; ƒ Obstet Gynecol 148:591-5. 

47.. Nelson W, Ton YL, Halberg F, Lee JK (1979) Methods for cosinor rhythmometry. Chronobiologia 6:305. 
48.. PaninaG, Khot UN, Nunziata E,Cody RJ, Binkley PF (1995) Assessment of autonomic tone over a 24-

hourr period in patients with congestive heart failure: Relation between mean heart rate and measures of 
heartt rate variability. Am Heart ƒ 129:748-53. 

49.. Patrick J, Campbell K, Carmichael L, Natale R, Ricahrdson B (1982) patterns of gross fetal body move-
mentss over 24 hour observation during the last 10 weeks of pregnancy. Am ƒ Obstet Gynecol 142:363-71. 

148 8 



GENERALL DISCUSSION 

50.. Patrick J, Challis J, Campbell K, Carmichael L, Richardson B, Tevaarwcrk Ci (1981) Effects of synthetic 
glucocorticoidd administration on human fetal breathing movements at 34 to 35 weeks'gestational age. 
AmAm } Obstet Gynecol 139:324-8. 

51.. Petrikovsky BM, Kaplan GP (1996) Diurnal non-stress test variations in healthy term fetuses: a call for 
eveningg appointments for fetal testing. Early Hum Dev 44:127-30. 

52.. Filial M, James DK, Parker M (1992) The development of ultradian rhythms in the human fetus. Am ƒ 
ObstetObstet Gynecol 167:172-7. 

53.. Pohjavuori M and Fyhrquist | (1980) Hemodynamic significance of vasopressin in the newborn infant. 
ƒƒ Pedum 97:462-5. 

54.. Prechtl HFR (1992) The organization of behavioural states and their dysfunction. Sem Perinat 16(4):258-
63. . 

55.. Reinberg AE (1996) Circadian rhythm in the sensitivity of target systems to drugs: an underestimated 
phenomenon.. Review. Bulletin de l'Academie Nationale de Medecine 180(3):533-43. 

56.. Reppert SM, Schwartz WJ (1984) The suprachiasmatic nuclei of the fetal rat: characterization of a func-
tionall  circadian clock using NC-labeled deoxyglucosej Neurosci 4:1677-82. 

57.. Reppert SM, Schwartz WJ (1986) Maternal and endocrine extirpations do not abolish maternal coordi-
nationn of the fetal circadian clock. Endocrinology 119:1763-7. 

58.. Reppert SM, Weaver DR, Rivkees SA (1989) Prenatal function and entrainment of a circadian clock. In: 
Researchh in perinatal medicine IX. Development of circadian rhythmicity and photoperiodism in mam-
mals.. Ed. Reppert SM. Perinatology Press, Ithaca, U.S.A. pp 25-44. 

59.. Reppert SM (1992) Pre-natal development of a hypothalamic biological clock. In: Progress in brain re-
searchh Vol. 93. Eds. Swaab DF, Hofman M, Ravid R, Leeuwen van FW, pp 119-32. 

60.. Ribbert LSM (1993) Assessment of fetal well-being in growth retardation. Thesis, State University of 
Groningen,, the Netherlands. 

61.. Rietveld WJ (1990) The central control and ontogeny of circadian rhythmicity. Eur J Morphology Morphology 28(2-
4):301-7. . 

62.. Rivkees SA (1997) Developing circadian rhythmicity. Basic and clinical aspects. Review. Pediatric Clinics 
ofof North America 44(2):467-87. 

63.. Scheers AJL, van Doornen LJP, Buijs RM (1999) Light and diurnal cycle affect human heart rate: Possible 
rolee for the circadian pacemaker, } Biol Rhythms 14(3):202-12. 

64.. Shephard RJ, Shek PN (1997) Interactions between sleep, other body rhythms, immune responses, and 
exercise.. [Review]. Canadian Journal of Applied Physiology. 22(2):95-l 16. 

65.. Shibata S, Moore RY (1988) Development of a fetal circadian rhythm after disruption of the maternal 
circadiann system. Dev Brain Res 41:313-7. 

66.. Snijders R, Ribbert L, Visser G, Mulder E (1992) Numeric analysis of heart rate variation inintrauterine 
growth-retardedd fetuses: A longitudinal study. Am ƒ Obstet Gynecol 166:22-7 

67.. Sokolove PG, Bushell WN (1978) The chi square periodogram: Its utility for analysis of circadian rhythms. 
]Theor]Theor Biol 7l:\3l. 

68.. Stark RI, Garland M, Daniel SS, Tropper P, Myers MM (1990) Diurnal rhythms of fetal and maternal 
heartt rate in the baboon. Early Hum Dev 55:195-209. 

69.. Street P, DawesGS,Moulden M, Redman CWG (1991) Short-term variation in abnormal antenatal fetal 
heartt rate records. Am ƒ Obstet Gynecol 165, pp. 515-523. 

70.. Swaab DF, Hofman MA, Honnebier MBOM (1990) Development of vasopressin neurons in the human 
suprachiasmaticc nucleus in relation to birth. Dev Brain Res 52:289-93. 

71.. Swaab DF, Zhou JN, Ehlhart T, Hofman MA (1994) Development of vasoactive intestinal polypeptide 
neuronss in the human suprachiasmatic nucleus in relation to birth and sex. Dev Brain Res 79:249-59. 

72.. Swaab DF, Van Someren EJWr, Zhou JN, and Hofman MA (1996). Biological rhythms in the human life 
cvcle.andd their relationship to functional changes in the suprachiasmatic nucleus. Buijss RM et al (Eds.). 
ProgressProgress iti  Brain Research;] 11:349- 368. 

73.. Tcclemariam-Mesbah R,Ter Horst GJ, Postema F, Wortel J, Buijs RM (1998) Anatomical demonstration 
off  the suprachiasmatic nucleus-pineal pathway. / Comp Neurol 406:171-82. 

74.. Tenreiro S, Dowse HB, D'Souza S, Minors D, Chiwick M, Simms D, Waterhouse J (1991) The develop-
mentt of ultradian and circadian rhythms in premature babies maintained in constant conditions. Early 
HumHum Devel 27:33-52. 

149 9 

file://l:/3l


CHAPTERR 8 

75.. Torrealba F, parraguez VH, Reyes T, Valcnzuela G, Seron-Ferre M.( 1993). Prenatal development of the 
retinoo hypothalamic pathway and the suprachiasmatic nucleus in the sheep, ƒ Comp Comp Neurol 338:304-16. 

76.. Ravenswaaij van-Arts CMA, Hopman JC, Kollée LAA, Stoelinga GBA (1990) The influence of physi-
ologicall  parameters on long term heart rate variability in healthv preterm infants, ƒ Perinat Med 
18(31):131-8. . 

77.. Ueyama T, Krout KE, Van Nguyen X, Karpitskiy V, Kollert A, Mettenleiter TC, Loewy AD (1999) Supra-
chiasmaticc nucleus: a central autonomic clock. Nat Neurose 2( 12): 1051 -3. 

78.. Van Cauter E (1979) Method for characterization of 24-h temporal variation of blood components. Am 
JJ Physiol 2$7:E255-64. 

79.. Van Someren EJW, Swaab DF, Colenda CC, Cohen W, McCall WV, Rosenquist PB (1999) Bright light 
therapy:: improved sensitivity to its effects on rest-activity rhythms in Alzheimer patients by application 
ott nonparametric methods. Chronobiol Internat 16(4):505-18. 

80.. Van Someren EJW. (1997) Rest-activity rhythms in aging, alzheimer's disease and parkinsons disease. 
Thesis,, University of Amsterdam. 

81.. Visser GH A,Goodman JDS, Levine L)H, Dawes GS (1982) Diurnal and other cyclic variations in human 
fetall  heart rate near term. Am ) Obstet Gynecol 142:535-44. 

82.. Van Cauter E (1979) Method for characterization of 24-h temporal variation of blood components. Am 
JJ Physiol 237:E255-64. 

83.. Visser GH A, Goodman JDS, Levine DH, Dawes GS (1982) Diurnal and other cyclic variations in human 
fetall  heart rate near term. Am ƒ Obstet Gynecol 142:535-44. 

84.. Visser G, Bekedam D, Ribbert I. (1990a) Changes in antepartum heart rate patterns with progressive 
deteriorationn of the fetal condition. Int ƒ Biomed Comput 25:239-46. 

85.. Visser GHA, Sadovsky G, Nicolaides KH (1990b) Antepartum heart rate patterns in small-for-gesta-
tional-agee third-trimester fetuses: Correlations with blood gas values obtained at cordocentesis. Am J 
ObstetObstet Gynecol 162, pp. 698-703. 

86.. Vries de JIP, Visser GHA, Prechtl HFR (1985) The emergence of fetal behaviour [[.Quantitative aspects. 
EarlyEarly Hum Devel 12:99-120. 

87.. Vries de JIP (1987) Development of specific movement patterns in the human fetus. Thesis, State Uni-
versityy Groningen. 

88.. Warren WS, Champney TH, Cassone VM (1994) The suprachiasmatic nucleus controls the arcadian 
rhythmm of heart rate via the sympathetic nervous system. Physiol liehav 55:1091 -99. 

89.. Weiner Z, Farmakides G, Schulman H, Penny B (1994).Central and peripheral hemodynamic changes 
inn fetuses with absent end-diastolic velocity in umbilical artery: Correlation with computerised fetal 
heartt rate pattern. Am ƒ Obstet Gynecol 170:509-15. 

90.. Wirz-Justicc A, Anderson J (1990) Morning light exposure for the treatment of winter depression: the 
onee true light therapy? Psychopharmacology Bulletin 26:511-20. 

91.. Wood CE and Tong H (1999). Central nervous system regulation of reflex responses to hypotension 
duringg fetal life. Am ƒ Physiol Physiol 277 (Regulatory Integrative Comp Physiol 46): Rl 541-R1552. 

150 0 


