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CHAPTERR 5 

DiurnalDiurnal rhythms in pregnancies complicated by intra-uterine 
growthgrowth retardation 

Chapterr 5A Fetal and maternal diurnal heart rate rhythms in intra-uterine growth 
retardation:: Comparison with diurnal rhythms in normal pregnancy 
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Abstract t 

Objective:Objective: To assess the clinical relevance of diurnal rhythms in fetal heart rate (FHR) 
parameterss in pregnancies with intra-uterine growth retardation (IUGR). 
StudyStudy design; Modified cosinor analysis was applied to the outcomes of computerised 
analysiss of 24-hour FHR-recordings in 26 IUGR-pregnancies and compared to 26 nor-
mall  pregnancies. Repeated recordings were used to estimate the effect of fetal deteriora-
tion.. The effect of clinical variables on diurnal rhythms was assessed by stepwise regres-
sion. . 

Results:Results: Diurnal rhythms in basal heart rate were highly correlated to maternal heart rate 
rhythmss in both IUGR- and normal pregnancies. Rhythms in acceleration count and 
shortt term variability varied more in IUGR. Inversion of rhythms with proceeding fetal 
deteriorationn could explain this variation. 

Conclusions:Conclusions: The large range in chronobiometrical outcomes in IUGR does not allow 
generall  conclusions. Within individual fetuses inversion of diurnal rhythms in accelera-
tionn count and short term variation may predict fetal distress. 

Keywords:: diurnal rhythms, fetal heart rate, IUGR. 
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Introduction n 

Amongg the various methods of clinical surveillance of high risk fetuses, computerised 
fetall  heart rate recording is becoming an important tool in the management of fetal dis-
tress.. Factors such as maternal condition, gestational age, Doppler findings, and fetal 
behaviourr are all known to affect computerised FHR indices. However, littl e is known 
aboutt thee diurnal variations of FHR patterns in intra-uterine growth retardation (IUGR). 
Recently,, we published a study on diurnal rhythms in 26 normal pregnancies' in which 
wee quantified the presence of diurnal rhythms in computerised FHR parameters for in-
dividuall  fetuses. We concluded that the presence of fetal heart rate rhythms in itself may 
nott be a criterion for fetal well-being, but findings from normal fetuses cannot simply be 
appliedd to IUGR fetuses. Indeed, some authors reported that the diurnal rhythms in 
heartt rate variability and acceleration count are lost or inversed in case of severe IUGR2 \ 
However,, their conclusions were based on averaged data for the entire group studied, 
whichh may be very misleading as we have shown before1. The aim of the present study 
wass to assess whether the degree of fetal compromize in IUGR affected the presence of 
diurnall  rhythms, in Basal Heart Rate (BHR), Short Term Variability (STV), Accelera-
tionn Count (ACC) and Deceleration Count (DEC) as the most relevant parameters in 
clinicall  surveillance of high risk fetuses2343. 

Patientss and methods 

Patients Patients 

Twenty-sixx pregnant women with singleton pregnancies, hospitalized in the Academical 
Medicall  Center in Amsterdam for fetal surveillance due to suspected IUGR, partici-
patedd in the study after informed consent. Suspicion of IUGR was defined as an 
ultrasonographicallyy estimated abdominal circumference below the 5th % of a standard 
referencee curve6. In all women IUGR was either accompanied by Doppler abnormalities 
(i.e.. pulsatility index in the umbilical artery >95 percentile of normal reference limits7, 
orr by the presence of pre- eclampsia (PE) or pregnancy-induced hypertension (PIH), or 
byy both. PE and PIH were defined according to the ISSHP (International Society for 
Studiess of Hypertension In Pregnancy) criteria8. IUGR was ascertained by assessment 
off  the individualised birthweight ratio (IBR), which is defined as the ratio between ac-
tuall  birthweight and expected birthweight according to the Dutch birthweight curve9. 
Ann IBR <0.8 is considered as severe growth restriction comparable with a birthweight 
<5thh percentile10. 

FHR-recording FHR-recording 

Fetall  heart rate was continuously recorded for 24 to 26 hours (Hewlett Packard M1350A). 

78 8 



INTRAUTERINEE GROWTH RETARDATION 

Inn most patients recording started between 10.00 and 12.00 A.M. For patients from whom 

wee obtained more than one recording, we selected the recording nearest to the moment 

off  fetal distress for analysis. All patients had bedrest. During recording, patients contin-

uedd their normal activities depending on their individual condition (watching televi-

sion,, seeing visitors, and leaving bed for bathroom visits). Meals were served at 8.30 A.M., 

01.000 P.M., and 06.00 P.M.. Lights went off around 10.00 P.M until about 7.30 A.M, with 

aa light intensity of about 25 lux compared with a light level of 250-500 lux during day 

time. . 

MaternalMaternal heart rate recording 

Simultaneouslyy with FHR, maternal heart rate was measured every 3 minutes during 24 

-- 26 hours, using a Polar sporttester {Polar Electro OY, Finland). 

FHR-analysis FHR-analysis 

Fetall  heart rate was sampled at a rate of 4 Hz. Analysis of fetal heart rate and fetal activity 

wass performed off-line, using a computer program for long-continued FHR-analysis 

(FetalHrt(FetalHrt 2.3, Dobbe, Academic Medical Centre, Amsterdam, the Netherlands), as described 

elss where'.With this program fetal basal heart rate (BHR),the occurrence of accelerations 

(ACC)) and decelerations (DEC), and fetal heart rate variability, measured as short term 

variabilityy (STV) and long term variability (LTV) were calculated according to the Dawes 

algorithm".. For analysis of diurnal rhythms mean BHR, STV and ACC-and DEC were 

calculatedd per hour. 

AnalysisAnalysis of diurnal rhythms 

Forr analysis of diurnal rhythms we used the same methods as we described previously 
forr normal pregnancies'. The averaged data per hour of BHR, ACC, and STV were 
analyzedd for each subject separately by a modified Cosinor analysis12. Because human 
circadiann rhythms are often asymmetrical, the asymmetry of the waveshape is described 
byy the inclusion of components other than the 24-hour period. For each individual we 
fittedfitted combinations of 24-h, 12-h and 8-h cosines to the data series. For each FHR-
parameterr it was then decided which was the best fit to describe the data in the majority 
off  subjects, as determined with F-statistics. The fitted function was defined by its mesor 
(rhythmm adjusted mean), amplitude (50% of the difference between the maximum and 
thee minimum of the best fit  curve), acrophase and nadir (time of the maximum and 
minimumm of the best fit curve). Software package Table-Curve (Jandel Scientific.Erkrath, 

Germany)Germany) was used for fitting cosine functions to the data. 

Maternall  heart rate data were also averaged per hour. Circadian analysis was performed 
inn the same way as described for the FHR-parameters. 
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StatisticalStatistical analysis 

Wee compared the prevalence and characteristics of diurnal rhythms in FHR-parameters 

off  the 26 complicated pregnancies with 26 normal pregnancies studied previously1. 

StepwiseStepwise regression was used to study the involvement of various clinical variables in 

chronobiometricall  outcome variables: Strength of the rhythm {= explained variance 

(RJ));; amplitude; mesor, and time of acrophase and nadir. Clinical variables studied were: 

1.. Diastolic blood pressure; 2. gestational age; 3. time interval between recording and 

delivery,, or fetal death in those cases in which we decided against intervention because 

off  very poor prospects; 4. presence of Doppler abnormalities at the time of recording; 5. 

individualisedd birthweight ratio; 6. anti-hypertensive treatment with methyldopa 7. fe-

tall  sex, and 8. season of recording (summer versus winter). Given the large number of 

possiblee predictors as compared to the number of observations, stability of the regres-

sionn results was verified by randomly exluding observations; only stable results are re-

ported.. Cross-correlations between diurnal rhythms in MHR and fetal BHR were cal-

culatedd to assess phase relationships between these rhythms. In all analyses, significance 

wass tested at the 5% level (p<0.05). 

Results s 

OutcomeOutcome of pregnancy 

Tablee I. summarizes the patient characteristics of the study group. Gestational age at 
recordingg varied between 26 and 38 weeks, comparable with the group of normal preg-
nancies1.. Seven women were treated with methyldopa. Twenty-one patients suffered 
fromm pre-eclampsia (PE). Pregnancy induced hypertension (PIH) was present in two 
patients,, whereas in three patients IUGR was not accompanied by hypertension. Two 
patientss had received one dose of Phenobarbital (75 mg intramuscularly) within 24 hours 
beforee the start of recording. No other medication was given. The interval between re-
cordingg and end of pregnancy varied from 1 to 21 days. In four pregnancies the end of 
thiss interval was defined by fetal death; all other pregnancies were terminated by caesarean 
sectionn because of fetal distress. In 19 pregnancies fetal distress occurred within one 
weekk after recording. The individualised birthweight ratio (IBR) was < < 0.8 in all but one 
fetus.. This fetus (IBR- 0.85) died prenatally - four days after the recording - at a gesta-
tionall  age of 26 weeks. 

FHRFHR parameters: basal heart rate, short-term variability, acceleration and deceleration 
count. count. 

Fig.. la.-c. shows the mean deviations around the daily mean ) of the BHR, STV, 

andd ACC at 1-hour intervals for the 26 IUGR fetuses and the 26 normal fetuses (fig. 
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ld-f) .. Decelerations (not shown) were so scarce that no further analysis was performed 

onn these data. In the majority of cases that showed a significant diurnal rhythm in any 

heartt rate parameter, this rhythm was best described by a combined 24-h/12-h cosine 

function.. The chronobiometrical outcome data of the significant 24-h/12-h fits were 

thereforee used in all further analyses. 

BasalBasal heart rate 

Thee prevalence of a significant diurnal rhythm in BHR in growth retarded fetuses (88%) 

wass not different from that in normal fetuses (73%) (Chi-square test: p:0.17). In Table II 

wee compared the chronobiometrical outcome data of the 22 significant 24-h/12-h fits of 

thee growth retarded fetuses in this study, with the 18 significant 24-h/12-h fits of the 

normall  fetuses. (For the combined 24-h/12-h cosine function significance was reached 

withh an F statistic (4,23) >2.87). The mean mesor of the best fits was 143 bpm, which is 

higherr than in the normal fetuses (137.4 bpm) (p=0.003) (Table II) . The amplitude was 

nott significantly different between both study groups (p=0.15). Whereas the nadir in 

BHRR was found in the latter part of the night for both growth retarded and normal fe-

tuses,, the acrophase occurred almost six hours later in the growth retarded fetuses (Ta-

blee II) . 

Tablee I Characteristics of 26 IUGR- and 26 normal pregnancies (median and range, unless oth-

erwisee indicated) 

IUGR R Controls s 

Gestationall  Age at recording (weeks) 

Intervall  Recording - Delivery (days)* 

Birthweightt (grams) 

Individualisedd Birthweight Ratio 

Dopplerr abnormalities present (n) 

Preeclampsiaa present (n) 

Highestt diastolic blood pressure (mm Hg) 

Apgarr Score at 5' 

pHH umbilical vene at birth 

Seasonn of recording: summer vs. winter (n)** 

311 (26-38) 

5.55 (1-21) 

1152(610-2265) ) 

0.66 (0.37- 0.85) 

18 8 

22 2 

108(75-130) ) 

8.5(3-10) ) 

7.20(7.01-7.28) ) 

13:: 13 

(26-38) ) 

44(5-103) ) 

3454(2410-4465 5 

1.11 (0.8-1.4) 

--

--

75(65-85) ) 

10(8-10) ) 

--

11:: 14 

**  In four cases fetal death defined the end of the interval. 
***  Summer ranged from 21 March till 21 September. 
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IUGRR fetuses Normall fetuses 

122 1! 12 2 

BHR R 

STV V 

ACC C 

timee (hours) 

Figg 1 Diurnal pattern of basal heart rate (BHR) in beats per minute (bpm), short term variabil-
ityy (STV) in milliseconds (ms), acceleration count per hour (ACC) in 26 IUGR fetuses (a-c) and 
inn 26 normal fetuses (d-f). Data are shown as deviation from the mean . Dashed area 
representss the night period during which lights were oft. 
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ShortShort term variation 

Twelvee IUGR fetuses showed a significant diurnal rhythm in STV. In seven of them the 
rhythmm was best described by a combined 24h/ 12h cosine fit. Both acrophases and nadirs 
inn the individual growth retarded fetuses were largely scattered over night and day re-
spectivelyy (Table II) . In the control group the distribution over the night and day of 
acrophasess and nadirs of the individual fits was more than two times smaller than in the 
growthh retarded fetuses. The mesor and amplitude of the two groups studied were not 
significantlyy different {p-0.08 and p=0.7 respectively). However, in the IUGR-group, 
confidencee intervals were large (Table II) . 

Accelerations. . 
Inn only five growth-retarded fetuses a significant diurnal rhythm was present in accel-
erationn count per hour. In four of them the diurnal rhythm was best described by a com-
binedd 24h/ 12h fit. This low prevalence is comparable with that in normal fetuses (p=0.7). 

Tabell  II Prevalence of fetal diurnal rhythms in 26 IUGR-pregnancies and 26 normal pregnan-
cies.. Chronobiometrical outcome data are given for significant 24h/12h-fits as means % Con-
fidencefidence Intervals). 

BHRR STV ACC 

IUGRR Controls IUGR Controls IUGR Controls 

Significantt diurnal 

rhythmm n (%) 

Significant t 

24hh + 12hf i tn(%) 

MESORR of signif. 

24hh + 12hfit* 

AMPLITUD EE of 

signif.. 24h+12h fit* 

ACROPHASEE of 

signif.. 24h+12h fit* 

NADI RR of 

signif.. 24h+12h fit* 

233 (88%) 

222 (85%) 

143.0 0 

(140.4-145.6) ) 

6.0 0 

(4.7-7.2) ) 

20:10 0 

(18:51-21.29) ) 

05:47 7 

(03:57-07:37) ) 

19(73%) ) 

18(69%) ) 

137.4 4 

(134.9-139.9) ) 

7.4 4 

(5.8-8.9) ) 

14:23 3 

(12:26-16:20) ) 

04:30 0 

(03:58-05:02) ) 

12(46%) ) 

77 (27%) 

6.57 7 

(2.91-10.23) ) 

1.79 9 

(0.58-3.0) ) 

03:25 5 

(22:08-08:42) ) 

19:29 9 

(12:09-02:49) ) 

122 (46%) 

10(38%) ) 

9.52 2 

(7.74-11.30) ) 

1.96 6 

(1.38-2.54) ) 

02:26 6 

(23:41-05:11) ) 

12:34 4 

(09:54-15:14) ) 

5(19%) ) 

4(15%) ) 

10.3 3 

(0-29.6) ) 

5.8 8 

(0-13.3) ) 

16:34 4 

4(15%) ) 

3(12%) ) 

21.0 0 

(14.1-27.8) ) 

6.0 0 

(3.1-8.9) ) 

03:29 9 

(12:53-20:15)) (22:38-08:2 

06:15 5 

(02:13-10:1 1 

15:07 7 
T)) (08:32-21:4 

**  Basal Heart Rate (BHR) with mesor and amplitude in beats per minute, Short Term Variation (STV) with mesor 

andd amplitude in milliseconds, and Acceleration Count (ACC), with mesor and amplitude in number of accelerations 

perr hour, Acrophase and amplitude in hour: minutes. 
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Thee mean mesor of the individual fits was comparable in growth retarded fetuses and 
normall  fetuses (p=0.2). Neither did the amplitude differ between both groups (p=0.1). 
However,, in the IUGR-group acrophases of the significant fits occurred during the day 
andd nadirs occurred at night, whereas the rhythms in the control group were the exact 
opposite,, with acrophases at night and nadirs during the day. 

Cross-correlationCross-correlation between mean maternal heart rate and fetal basal heart rate. 

Inn 16 patients we were able to measure maternal heart rate (MHR) and fetal BHR simul-
taneously.. All these women showed a significant diurnal rhythm in mean MHR which 
wass best described by a combined 24h/12h cosine fit  (F statistic (4,23) >2.87). Of these 
166 pregnancies, 15 fetuses (94%) showed a similar significant diurnal rhythm in BHR. 
MHRR and fetal BHR showed a significantly positive correlation, with coefficients vary-
ingg between 0.46 and 0.99 with a time lag between maternal and fetal heart rate between 
-22 to +2 hours.These findings were comparable with normal pregnancies, in which cor-
relationn coefficients ranged from 0.37 to 0.89, with similar time lags (Fig. 2A+B). 

A.. Mean fits of MHR and FHR B. Mean fits of MHR and FHR 

inn 16 pregnancies with IUGR in 14 normal pregnancies 

122 18 0 6 12 12 18 0 6 12 

clocktimee (hours) 

Figg 2 Mean fits of maternal heart rate (MHR) and fetal basal heart rate (BHR) in 16 IUGR preg-
nanciess (A) and in 14 normal pregnancies (B). Dashed area represents the night period during 
whichh lights were off. 

<S4 4 



INTRA-l'THRIX HH GROWTH RETARDATION 

EffectEffect of clinical variables on FHR rhythms. 

Inn three stepwise multiple regression analyses, the influence of (1) the diastolic blood 
pressuree ; (2) gestational age; (3) interval till delivery or fetal death; (4) pulsatility index 
off  the umbilical artery; (5) IBR; (6) anti-hypertensive treatment with methyldopa; (7) 
fetall  sex, and (8) season of recording on the strength of the rhythm of the fits for BHR, 
ACCC and STV was assessed. As only two patients were treated with Phenobarbital, this 
variablee was not included in the regression. Visual inspection of diurnal rhythms in these 
patientss did not suggest any differences due to Phenobarbital. Regression results are 
shownn inTablc III . Regarding BHR,the strength of the rhythm was negatively correlated 
withh both gestational age at recording and diastolic blood pressure. For ACC, the strength 
off  the rhythm was positively correlated with gestational age at recording as well as with 
thee interval till delivery. The diurnal rhythm in STV was not significantly correlated with 
anyy of the variables studied. Regarding only the significant fits for BHR, the amplitude 
off  the fit  was negatively correlated with diastolic blood pressure and interval until deliv-
ery,, and positively correlated with gestational age. The mesor only had a significantly 
negativee correlation with gestational age at time of recording (Table III) . Too tew fetuses 
showedd a significant rhythm in STV and ACC to conduct regressions with the amplitude 
andd mesor of the significant fits as dependent variable. Cross-correlation did not yield 
significantt outcomes either. 

Tablee III Results of the stepwise regression analyses for variables which influence the strength ot 

thee rhythm of the 24h/12h fits for BHR and ACC, and the amplitude and mesor of the significant 

24h/12hh fits for BHR. R- - coefficient of multiple determination, F = F-statistic, (..,..)= degrees of 

freedom,, beta = standardized partial regression coefficient, p = significance. 

variablee beta p 

StrengthStrength of the rhythm of the 24h/12h fits for BHR: R' = 0.35,F(2, 23)=6.27, p<0.007 

Gestationall  age at recording -0.45 0.015 

Diastolicc blood pressure -0.36 0.045 

StrengthStrength of the rhythm of the 24h/12h fits for ACC: R = 0.39,F(2, 23)=7.25,p<0.004 

Gestationall  age at recording 0.54 0.004 

Intervall  until delivery or fetal death 0.40 0.02 

AmplitudeAmplitude of the significant 24h/12h fits for BHR: R: = 0.74, F(3, 17)=16.15, p<0.00003 

Diastolicc blood pressure -0.65 0.0001 

Gestationall  age at recording 0.57 0.0003 

Intervall  until delivery or fetal death -0.28 0.04 

MesorMesor of the significant 24h/12h fits for BHR: R = 0.27, F(l, 20)=7.55, p=0.01 

Gestationall  age at recording -.52 0.0i2 
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Figg 3 Mesor and time of acrophase and nadir of ACC, STV and BHR in a series of four 24-h 
recordingss in one patient, showing the inversion of the diurnal rhythm in ACC and STV, together 
withh the fall in the daily mean (mesor) of these variables. Recordings took place at 32, 33,35, and 
366 weeks of gestation. Dashed area represents the night period during which lights were off. 
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TheThe effect of fetal deterioration on diurnal rhythms: Findings from repeated measurements. 

Wee had the opportunity to perform repeated 24-h FHR-recordings until shortly before 
fetall  distress in four patients. In all these data series the rhythm in ACC inverted at the 
timee that the acceleration count per hour fell. Also the rhythm in STV inverted at the 
timee that the STV dropped. The rhythm in BHR did not change. As an example of these 
findings,, fig. 3 shows the changes in both mesor and rhythm of ACC, STV and BHR in 
onee patient, who was recorded four times between 32 and 36 weeks of gestation. A 
caesareann section for fetal distress was performed two days after the last recording. A 
boyy was born (venous umbilical pH 7.20;birthweight 1750 grams i.e. IBR 0.6; birthweight 
centilee 5%). In this fetus the rhythm in ACC inverted at 35 weeks, with the acrophase 
shiftingg from night to day, about one week before fetal distress occurred. At 36 weeks, 
twoo days before caesarean section, the rhythm in STV inverted. The rhythm in BHR 
remainedd unchanged during the course of our observations. 

Comment t 

Inn the present study, we focussed on the identification of diurnal rhythms in BHR, STV, 
andd ACC as the most relevant parameters in clinical surveillance of high risk fetuses2 \ 
Byy comparing diurnal heart rate rhythms in growth retarded fetuses with those in nor-
mall  fetuses ',we showed that the findings in normal fetuses cannot simply be applied to 
growthh retarded fetuses. 

ComparisonComparison of diurnal rhythms in FHR parameters between growth retarded fetuses and 

normalnormal fetuses. 

Thee many similarities in the prevalence and characteristics of the diurnal rhythm in 
BHRR between growth retarded and normal fetuses (Table II) confirm earlier conclu-
sionss that this rhythm is to a large extent driven or synchronized by the mother13. The 
highh correlation between MHR and BHR in both normal and growth retarded fetuses is 
ann important argument for this conclusion. Therefore the diurnal rhythm in BHR seems 
too have littl e value for detecting fetal deterioration. Multiple regression showed that the 
amplitudee of the diurnal rhythm in BHR was even larger in fetuses in relatively worse 
condition,, with a short interval to go before the development of fetal distress. It is known 
thatt with progressive deterioration of the fetal condition in growth retarded fetuses 
ultradiann rhythms become less clear4. It is obvious that the disappearance of ultradian 
rhythmss results in a less concealed diurnal rhythm and an even higher correlation be-
tweenn BHR and MHR than in normal fetuses. The growth retarded fetuses only differed 
fromm the normal fetuses in that respect that the acrophase in BHR occurred in the evening 
insteadd of in the afternoon. This shift in acrophase is easily explained: most patients 
compliedd with the advised after-dinner rest and, as a consequence of resting, MH R and 

87 7 



CHAPTERR 5 

BHRR fell at the time of the expected daily maximum. This interference with the normal 

diurnall  pattern was not seen in the healthy pregnant women, probably because these 

womenn were not used to resting during the day. Multiple regression showed that the 

amplitudee of the fetal BHR rhythm was negatively correlated with diastolic blood pres-

sure.. It is well known that in preeclamptic women the normal fall in blood pressure (BP) 

duringg the night is attenuated or even inversed in relation to the severity of the disease 

byy an unknown mechanism14. In normal pregnancy, the nocturnal fall of blood pressure 

iss accompanied by a parallel fall of heart rate (HR). Thus, the negative correlation be-

tweenn the amplitude of the BHR rhythm and the level of blood pressure may reflect the 

simultaneouss attenuation of HR and BP rhythm. 

Mostt striking in the outcomes of diurnal analysis of STV in growth retarded fetuses is 

thee large scattering of all chronobiological parameters (Table II) . The wide confidence 

intervall  for the mesor of STV shows the large inter-fetal variability in fetal condition 

withinn the IUGR studygroup. This heterogeneity is also manifest trom the interval be-

tweenn recording and delivery or fetal death, which, in the study group, varied between 1 

andd 21 days (Table I.). The olten unpredictable course ot fetal deterioration is a problem 

commonlyy encountered in observational studies on IUGR1"" \ These inter-fetal differ-

encess affected also the amplitude, acrophase and nadir of the individual best fits of ST V-

rhythms.. The finding that the range of both acrophase and nadir was more than twice as 

largee as in normal fetuses gives rise to the assumption that the diurnal rhythm in STV 

mayy be altered in some growth-retarded fetuses. 

Thee most interesting aspect of the outcomes of diurnal analysis of ACC, is that the 

acrophasess and nadirs of the ACC-fits in growth retarded fetuses show an opposite diur-

nall  pattern compared to those in normal fetuses. This finding is in agreement with the 

feww earlier reports on diurnal rhythms in growth-retarded fetuses. One of these studies 

reportedd disappearance of diurnal rhythms in accelerations and variability one week 

beforee delivery in fetuses who suffered from fetal distress at birth2. Another study found 

absencee or inversion of diurnal rhythms in heart rate variability in growth-retarded fe-

tusess compared to normal fetuses'. However, these authors did not perform chronobio-

metricc analyses on their data, and only drew conclusions from averaged data for the 

wholee study group. We have shown in our previous study that results obtained in such a 

wayy must be interpreted with caution, because inter-fetal differences were large1. 

ChangesChanges in diurnal rhythms in STV and ACC in relation to fetal detoriation 

Regardingg diurnal rhythms in four pregnancies longitudinally, it is striking that the 

acrophasee and nadir of the rhythm in STV changed dramatically just before pregnancy 

wass terminated because of fetal distress. Simultaneously with this change in phase, the 

firstt signs of fetal distress were visible as a drop in the mesor of ACC, and a beginning 

decreasee in the mesor of STV It seems thus very likely that diurnal rhythmieity in STV 
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alterss by worsening of the fetal condition. It is even more interesting that an inversion in 
diurnall  rhythmicity in ACC seems to precede signs of fetal distress by about one week. 
Although,, of course, we cannot draw a final conclusion from this relatively limited data-
series,, it seems of great interest to confirm this outcome in further studies. It the rever-
sionn in ACC-rhythm will turn out to be a consistent announcement of fetal distress, it 
mayy be important for the management of high risk pregnancies. 

ConclusionsConclusions with regard to the origin of diurnal rhythms in fetal heart rate 

Fromm human and animal studies it is known that diurnal fluctuations in parasympathetic 

tonee control the circadian rhythm in mean heart rate1718. We assume that in the fetus, the 

diurnall  rhythm in BHR is also under control of the autonomic nervous system.Apart 

fromm the maternal influence on the diurnal rhythm in BHR, we know from a previous 

studyy on diurnal FHR rhythms in a discordant anencephalic twin pregnancy1" that the 

fetall  brain is necessary for the expression of a diurnal rhythm in mean heart rate. This 

fitss the concept that the fetal biological clock, the suprachiasmatic nucleus (SCN), that is 

closelyy connected with the autonomic centres in the hypothalamus plays an active role 

inn establishing a diurnal rhythm in heart rate20. 

Thee change in diurnal rhythms in STV and ACC which we found in some growth-re-
tardedd fetuses forms a further argument for an active role of the fetal brain in establish-
ingg diurnal rhythmicity, because the shift or inversion of diurnal rhythm in these pa-
rameterss occurred without a change in BHR and MHR rhythm. As the rhythm in MHR 
parallelss the rhythm in blood pressure, a possible inversion of blood pressure in severe 
casess of preeclampsia does not seem to be the cause of this shift in STV and ACC rhythm. 
Itt seems more plausible that a change in autonomic activity in the fetal brain is responsi-
blee for changes in fetal activity patterns as a first indication of impending distress. This 
possibilityy is in agreement with the outcome of a study of Weiner et al.21 in which the loss 
off  middle cerebral artery vasodilationn as expression of loss of autonomic reactivity pre-
cededd deterioration of FHR tracings by a few days. It would be an interesting issue for 
furtherr research to study the possible correlation between cerebral Dopplers and diur-
nall  rhythms. However, as long as we have no strict evidence for an overt functioning of 
thee SCN before birth22, we must admit that the change in ACC and STV rhythms may 
alsoo be caused by maternal stimulation. Our clinical impression is that the anxious mother 
iss during daytime frequently stimulating the fetus mechanically in order to get a response 
thatt will reassure her that the baby is still alive. In case of reduced fetal activity as energy 
savingsaving mechanism in the compromized fetus, this tactile stimulation could cause an 
"artificial""  shift in the acrophase of ACC and STV from night to daytime. 

ConclusionsConclusions for clinical management of IUGR fetuses 

Inn this study we showed that findings on diurnal heart rate rhythms in normal fetuses 
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cannott simply be applied to growth retarded fetuses. Especially the large range in chrono-

biometricall  variables in IUGR fetuses does not permit general recommendations for 

performingg FHR monitoring at a special time of day. Within individual IUGR fetuses, 

changess in diurnal rhythms in ACC and STV may indeed be valuable for predicting fetal 

distress.. In particurlar when an inversion in the diurnal rhythm of ACC accompanies a 

decreasee in the amount of ACC, this may be a first sign of impending fetal distress, even 

iff  FHR-variability is still in the normal range. We realize that 24h FHR monitoring is 

oftenn too great a burden for the patient, and is therefore not a useful addition to the 

clinicall  management of the patient with IUGR. Nevertheless, for the right interpretation 

off  FH R monitoring, clinicians should be informed on the impact of diurnal fetal rhythms 

ass one of the various (patho-) physiological aspects of fetal behaviour on the outcome 

off  computerised FHR parameters. 
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Abstract t 

Inn nine IUGR-pregnancies 24-hour FHR-recordings were made before and after 

betamethasonee treatment to study the influence of Cortisol on diurnal FHR-rhythms. 

Maternall  and fetal rhythms were correlated and did not change after betamethasone. We 

concludee that diurnal FHR-rhythms are synchronized by the mother by another mecha-

nismm than adrenal control. 

Introduction n 

Inn a previous study on diurnal rhythms in normal pregnancy, we quantified rhythms in 
variouss computerised fetal heart rate (FHR) parameters. We concluded that the diurnal 
rhythmm in basal heart rate (BHR), which was present in 73% of the fetuses and was cor-
relatedd to the maternal heart rate (MHR) rhythm, is driven by the mother by an un-
knownn mechanism1. It has been postulated by others that the diurnal variation in mater-
nall  Cortisol controls fetal rhythms2. In 9 pregnancies with intra-uterine growth retarda-
tionn (IUGR) we tested this hypothesis by comparing maternal and fetal heart rate rhythms 
beforee and after betamethasone treatment, which abolishes the diurnal rhythm in ma-
ternall  Cortisol completely. 

Patientss and Methods 

Fromm a study group of 26 IUGR-pregnancies, nine patients treated with betamethasone, 

weree selected for this study. Betamethasone was given intramuscularly in 2 doses of 14 

mg,, 24 h apart. Atter informed consent, we made two 24-h FHR-recordings (Hewlett 

PackardPackard M1350A, Boeblingen Germany): One recording was made prior to the first in-

jectionn of betamethasone, a second recording started one day after the second dose. In 

twoo women, we measured plasma-cortisol at 3h-intervals during both 24-h FHR-record-

ings.. MHR was measured simultaneously with FHR (Polar Electro OY, Finland). FHR-

parametcrss for analysis were: basal heart rate (BHR), acceleration count (ACC), and short 

termm variability (STV).The methods for analysis ol FHR-parameters and diurnal rhythms 

weree described in a previous article'. A paired t-test was used to compare the chronobio-
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metricall  outcome parameters of the recordings made before and after betamethasone 

treatment. . 

Results s 

Plasma-cortisoll  showed a significant diurnal rhythm before betamethasone treatment. 
Afterr treatment, plasma-cortisol levels were 10- to 20-fold lower (around 0.05 |imol/l) 
andd did not show any rhythmicity. Six fetuses of the study group showed a significant 
rhythmm in BHR both before and after betamethasone administration. One fetus showed 
aa significant rhythm in BHR before, but not after betamethasone therapy. In one other 
fetuss the opposite occurred. The prevalence of a diurnal rhythm in BHR of 78% (7/9) 
bothh before and after betamethasone therapy, was comparable to 73% in normal preg-
nanciess (p=0.8 x2-test) and 88% in all 26 IUGR-pregnancies (p=0.5). The prevalence of 
aa diurnal rhythm in STV and ACC was 11% (1/9) before - and 44% (4/9) after 
betamethasonee therapy (p=0.14). None of the fetuses showed a rhythm in ACC before 
betamethasonee administration, whereas three fetuses (33%) showed a significant rhythm 
inn ACC after therapy (p=0.07). These prevalences of diurnal rhythms in STV and ACC 
didd not significantly differ from those in all 26 IUGR-pregnancies, and in 26 normal 
pregnancies.. In all women measured, a significant rhythm in MHR was present both 
beforee and after betamethasone which was correlated to the rhythm in fetal BHR (Fig-
uree 1). The amplitude of the BHR rhythm was the only parameter that was significantly 
lowerr (4.8 versus 6.3 bpm) after betamethasone therapy (paired t-test:p=0.03) 
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Figg 1. Mean fits of maternal heart rate (MHR) and fetal basal heart rate (BHR) in six 1UGR preg-
nanciess before (A) and after maternal betamethasone treatment (B). In (B) the mean MHR fit 
representss five patients, as MHR sampling failed in one patient. Dashed area represents the night 
periodd during which lights were off. 
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Comment t 

Thee finding that the prevalence and correlation of diurnal rhythms in MHR and BHR 

weree not altered by maternal administration of betamethasone contradicts a crucial role 

off  maternal Cortisol in the generation of FHR-rhythms. As diurnal rhythms in BHR, 

STT V and ACC in these 9 IUGR-pregnancies were comparable to those found in larger 

studygroupss of both IUGR- and normal pregnancies, we assume that our conclusion is 

nott restricted to IUGR-pregnancies only. Further studies in other types of patients are 

neededd to corroborate our idea that FHR rhythms are driven by the mother, allbeit by 

anotherr mechanism than adrenal control. 
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