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SUMMARY Y 

Increasingg evidence indicates that the circadian timing system is a fundamental 
homeostaticc system that influences human physiology and behavior throughout devel-
opment,, starting during fetal life. Indeed, circadian rhythms in many maternal and fetal 
variabless have been observed during pregnancy. Whereas the importance of the mater-
nall  circadian system for the generation of circadian rhythms has been well established, 
thee contribution of the fetus to the observed prenatal circadian rhythms is still being 
discussed.. This thesis has addressed the questions whether (1) fetal diurnal rhythms in 
humann pregnancy are "endogenous" and (2) how the characteristics of diurnal rhythms 
changee with the fetal condition in normal pregnancy and pregnancy with intra-uterine 
growthh retardation. Special attention was paid to circadian rhythms in computerised 
fetall  heart rate (FHR) parameters and their possible implications in clinical care of high 
riskk pregnancies. In addition, we described maternal influences on fetal biological 
rhythmss before and after birth. Since our type of research did not allow a study under 
freerunningg conditions, we did not make a distinction between the terms 'circadian' and 
'diurnal'' with respect to the rhythms studied. 

Chapterr 1 reviewed the literature on circadian rhythms, focussing on information on 
thee development of circadian rhythms in perinatal life, as obtained from both in vitro 
andd in vivo animal and human studies. In addition, we reviewed literature on fetal heart 
ratee monitoring, which is the most accessible way of obtaining information on fetal cir-
cadiann rhythms. Chronobiometrical methods for analysing circadian rhythms were 
brieflyy summarized with special attention to Cosinor-analysis as applied in this thesis. 
Inn Chapter 2 we described an interactive computer program, which was specially de-
signedd for analysing continuous 24-hour FHR recordings. We were the first to present a 
mathematicall  description of the commonly used analysis algorithms developed by Dawes 
andd Redman Knowledge of applied algorithms may lead to a better understanding of 
thee FHR-parameters among clinicians, who often base their decision for or against elec-
tivee delivery on FHR results. 

Fromm the results of a comparative study of analysis outcomes from our program and the 
commerciallyy available Oxford 8002 Team cardio-toco-graphic (CTG) analysis system, 
wee concluded that our program offers a suitable alternative for FHR analysis for clinical 
use.. Besides, our software features various options for changing analysis parameters and 
selectingg regions for analysis, which offers great advantages for research purposes. The 
diagnosticc accuracy of currently available computerised fetal heart rate analysis systems 
appearss to be at least at the same level as that of experienced clinicians. Still, we encour-
agee close collaboration between engineers and clinicians for further advances in this 
field. . 
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Chapterr 3 reported on a discordant anencephalic twin pregnancy, which was studied to 

testt the hypothesis that the fetal brain is necessary for the expression of circadian fluc-

tuationss in fetal heart rate. We found a clear diurnal rhythm in fetal heart rate in three 

normall  twin pregnancies, while these rhythms were absent in the anencephalic fetus, 

despitee an intact maternal diurnal rhythm. These findings supported our hypothesis 

thatt the fetal brain plays a crucial role in the expression of fetal circadian rhythms. Moreo-

ver,, these results also strengthened the idea that the presence of diurnal rhythms in fetal 

heartt rate may be a sign of fetal well-being. 

Inn Chapter 4 we reported the findings of a study of 26 individual normal third-trimes-

terr pregnancies in which we quantified diurnal rhythms in various computerised fetal 

heartt rate parameters, and fetal movements. Aim of this study was to assess whether the 

presencee of diurnal rhythms is an expression of fetal well-being, as well as to define nor-

mall  reference patterns to detect alterations associated with pathologies.We found that 

thee majority of fetuses showed a circadian rhythm in basal heart rate (BHR), whereas 

significantt rhythms in heart rate variability, accelerations, and activity were present in 

onlyy 30% to 50% of the fetuses. The absence of a diurnal rhythm in some of the normal 

fetusess may well be explained by the presence of strong ultradian rhythms which ham-

peredd the detection of diurnal rhythms. The normal variation in neural development 

mayy also partly account for differences between fetuses. From the close relationship found 

betweenn maternal heart rate and fetal heart rate, we concluded that the mother probably 

entrainss fetal circadian rhythms. The presence of a positive phase-relationship of diur-

nall  rhythms in BHR and Cortisol and a negative phase-relationship of BHR and mela-

toninn did not give a definite answer to the question whether one of these hormones may 

actt as "Zeitgeber" for fetal diurnal rhythms. 

Chapterr 5 focussed on diurnal rhythms in FHR-parameters in pregnancies with intra-

uterinee growth retardation (IUGR). Firstly, we assessed the possible clinical relevance of 

diurnall  rhythms in FHR-parameters in IUGR by comparing diurnal rhythms of 26 

growth-retardedd fetuses with the data from 26 normal pregnancies. Diurnal rhythms in 

BHRR were highly similar between both study groups. Rhythms in acceleration count 

(ACQQ and short term variability (ST V) varied widely in IUGR, which could be explained 

byy inversion of rhythms in some deteriorating fetuses. The large range in chronobio-

metricall  outcomes in IUGR did not allow general recommendations for FHR-monitor-

ingg at a special time of day. However, within individual fetuses inversion of diurnal 

rhythmss in ACC and ST V may predict fetal distress. 

Secondly,, we investigated the role of maternal Cortisol as putative "Zeitgeber" for fetal 

diurnall  rhythms by recording fetal heart rate both before and after maternal betametha-

sonee treatment in nine IUGR-pregnancies. Maternal and fetal heart rate rhythms did 

nott change after betamethasone administration, and were highly correlated on both oc-

casions.. We concluded from these findings that adrenal-cortical hormonal control is not 
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thee major maternal "Zeitgeber" for fetal circadian rhythms in IUGR. 

Inn the first section of Chapter 6 we focussed on circadian rhythms in the perinatal pe-

riod. . 

Byy comparing prenatal with postnatal rhythms in 15 preterm born small-for-gestational 
agee (SGA)-children, information could be collected on both the presence of a functional 
biologicall  clock early in the third trimester of pregnancy and the role of maternal 
"Zeitgebers""  for the expression of fetal and neonatal circadian rhythms. The presence of 
significantt circadian heart rate rhythms in the majority of these children, nursed in an 
environmentt with minimized time-cues, was in support of a functional biological clock 
inn early human development. However, our data could not prove that the biological clock 
mayy indeed be "preset" in prenatal life. Phaselags between pre- and postnatal rhythms 
variedd from -10 to +10 hours, whereas prenatal maternal and fetal heart rate rhythms 
showedd phase-relations within -2 to +2 hours. These combined findings indicate that 
thee maternal-fetal synchronization may not reach into the postnatal period. 
InIn the second section of this chapter the hypothesis was tested that preterm birth and 
subsequentt hospital-stay may interfere with the start of sustained night-sleeping or 
"settling"inn children. We found, however, a similar development of circadian sleeping 
patternss in term and preterm born infants. Environmental influences like parental care 
givingg and nursing seemed to be major determinants of time ot settling. 
Inn Chapter 7 the clinical relevance of short-term effects of maternal food intake and 
maternall  betamethasone treatment on fetal heart rate was evaluated, while taking into 
accountt the influence of diurnal rhythmicity. The influence of maternal food intake on 
thee outcomes of computerised analysis of fetal heart rate was quantified in a randomized 
counterbalancedd study. It was concluded that it makes no difference for the assessment 
off  the fetal condition whether FHR monitoring is performed after maternal fasting or 
breakfast. . 

Inn respect to the short term effects of maternal betamethasone treatment on computer-
isedd fetal heart rate parameters, we found significant changes in FHR-parameters occur-
ringg within 12 h after the start of treatment. These changes were not related to time of 
dayy of recording, and therefore not due to circadian variation. Although these changes 
weree transient, adverse effects on the compromized fetus could not be precluded. 
Thee combined results of our studies were discussed in Chapter 8. We concluded that 
thee fetal brain is likely to contribute to the expression of diurnal FHR-rhythms. From 
ourr findings in fetuses and preterm born neonates, we assumed that a functional bio-
logicall  clock is present in the human fetus and is synchronized by the mother. The ma-
ternal-fetall  synchronization probably does not reach into the postnatal period. Cortisol, 
whichh was proposed to be one of the major maternal Zeitgebers for prenatal rhythms, 
doess not seem to play a crucial role in the generation of FHR-rhythms. We rather en-
dorsee the idea that there is a high degree of redundancy in the mechanisms subserving 
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fetall  entrainment. Due to the large individual differences in observed rhythms, diurnal 
FHR-rhythmss in themselves cannot be regarded as a sign of fetal well-being. However, 
inn individual fetuses changes in the phases of diurnal rhythms in ACC and STV may be 
thee first sign of imminent fetal distress. Technical developments are needed to allow clini-
call  application of this finding. Since heart rate variability is more sensitive to changes in 
autonomicc activity that occur as compensation for fetal hypoxia, than heart rate, this 
mightt explain why changes in ACC] and STV are the first signs of fetal deterioration or 
hypoxia. . 

Thee studies on circadian rhythms in pregnancy in the present thesis especially focussed 
onn fetal heart rate because this is the most accessible parameter that can be obtained in 
thee human fetus, and because monitoring of fetal heart rate is important for fetal sur-
veillance. . 

Wee considered that the findings of this thesis must be interpreted as results of human 
studies,, with all their innate restrictions, and included several suggestions for future re-
searchh to expand our knowledge on the human circadian system and its influences on 
fetall  physiology and illness. Only with more information on the developing human cir-
cadiann system, can we expect circadian biology to become an increasingly important 
componentt of the clinical care of the youngest, which will hopefully lead to improve-
mentss in obstetric and neonatal practice. 
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