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CHAPTERR 7 

Short-termShort-term effects on fetal heart rate parameters 
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Abstract t 

ObjectiveObjective To assess whether maternal food intake must be considered an important vari-
ablee in fetal heart rate (FHR) monitoring. 

MethodsMethods We determined various FHR parameters in 25 healthy pregnant women at 36-
422 weeks of gestation. 2-h FHR recordings were made twice in a randomized counter-
balancedd fashion, once without and once after a 450 Kcal breakfast. 
ResultsResults There were no dramatic differences in any of the studied parameters (basal FHR, 
long-termm and short-term variation, incidence of heart rate pattern A) between the ma-
ternall  fasting and non-fasting states. 

ConclusionsConclusions Maternal food intake does not have an important effect on the outcome 
parameterss of FHR monitoring. 

Introduction n 

Numerouss studies have appeared on the effects of maternal blood glucose concentra-
tionn on fetal body and breathing movements'9. It is generally accepted that fetal body 
movementss are unaffected by moderate to high glucose levels, either naturally induced 
(meals)) or induced by an oral or intravenous glucose load'6, with a few exceptions' *: 
fetall  breathing activity has been found to increase 1-2 h after maternal meals, a glucose 
drink,, or bolus injection'"''. Surprisingly, reports on the possible effect of maternal glu-
cosee intake on fetal heart rate (FHR) parameters are almost non-existent. 
Inn two 24-h studies of diurnal variations in fetal movements and heart rate, no mention 
iss made of any relationship between the maternal meals and FHR'1". Gilli s et ai ob-
servedd increases in long-term FHR variability and the number of accelerations 30-60 
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minn after a 50-g maternal glucose drink (mimicking the effect of a 800 Kcal meal), but 

foundd no change in basal heart rate1 ]. They speculated that the increase in FH R variation 

wass related to glucose- induced changes in fetal behavioural state. 

FHRR monitoring is commonly used to assess the fetal condition in the clinic and, in-

creasingly,, in the patient's home environment. However, the effect on FHR parameters 

off  changes in maternal blood glucose level that occur under physiological conditions is 

unknown.. To assess whether the maternal fasting or non-fasting state has any implica-

tionss for FHR monitoring in the near-term fetus, we investigated FHR parameters on 

twoo occasions, once without and once following a 450 Kcal standard breakfast. Fetal 

behaviourall  state cycling was taken into account. 

Patientss and Methods 

Twenty-fivee healthy women with singleton near term pregnancies participated in the 

studyy after informed consent had been obtained. All women were non-smokers and had 

noo history of (gestational) diabetes. Mean gestational age at recording was 37  ̂ weeks 

(rangee 36-41 weeks). The interval between the second recording and delivery was 14 

dayss on average (range 1- 36 days). Thirteen girls and twelve boys were born between 

3737++ -- and 42+0 weeks of gestation (mean 40+0 weeks). Mean birth weight was 3345 g (range 

25800 - 4600 g). All infants weighed > 10th centile for gestational age and had an Apgar 

scoree > 7 at 5 min. Four women underwent caesarean section because of fetal distress (n 

== 2) or abnormal presentation (n = 2). Two other infants were admitted to the neonatal 

caree unit because of suspected infection. Although this was confirmed in one, the other 

babyy developed viral meningitis caused by the Coxsackie B virus; he recovered without 

furtherr complications. All other women had uneventful deliveries and normal pregnancy 

outcomes.. There were no significant differences in outcome variables between the groups 

fastingg on day 1 or day 2. 

FHRR monitoring took place in the home environment of the women to minimize mater-

nall  exercise and stress. In each woman, two 2-h FHR recording were made within a pe-

riodd of four days. Both recordings were made at the same time in the morning to avoid 

thee influence of diurnal fluctuations in FHR3'-. On both occasions the women had been 

fastingg overnight before recording. On one of the two days at which recording took place, 

thee women continued to fast during the recording, on the other day they had consumed 

aa standard breakfast just before start of the FH R recording. Treatment order, i.e. whether 

thee breakfast was given on the first or second day of recording, was in a random counter-

balancedd fashion. The standard breakfast consisted of two sandwiches and one glass of 

milkk or juice (420-450 Kcal)13. Coffee or tea were not permitted because of reported 

effectss of caffeine on FHR14. We chose a recording length of 2 h, as blood glucose levels in 

pregnancyy remain high for about that period of time',13. We did not determine maternal 

bloodd glucose level in our subjects, as other studies already established that the glucose 

116 6 



SHORT-TERMM EFFECTS ON FHR 

responsee after a standard breakfast is highly reproducible16 r . 
FHRR monitoring was performed with a portable cardiotocograph (Oxford Sonicaid, 
Chichester,, UK). Maternally perceived fetal movements were noted by means of a 
handheldd pushbutton and also stored into this device. FHR and fetal movements were 
analysedd off-line using the Sonicaid System 800018. Mean basal heart rate, short-term 
(STV)) and long-term variation (LTV), and the numbers of accelerations and movements 
weree calculated over 30-min episodes. The 2-h FHR records were also judged visually 
andd divided into episodes of fetal heart rate patterns (HRPs) A and B1920. HRPs C and D 
weree not observed among our recordings. HRPA shows a stable basal heart rate with 
narroww bandwidth oscillation and only occasional accelerations. HRPB has a much wider 
bandwidthh with frequent accelerations coinciding with fetal body movements. In the 
healthyy near term fetus, the presence of behavioural states 1F ('quiet' sleep) and 2F ('ac-
tive'' sleep) can be accurately identified by the episodes of HRPs A and B, respectively19. 
AA three-factor ANOVA including two repeated measure factors, i.e. treatment condition 
(fastingg vs breakfast) and time (the four 30-min episodes), and one grouping factor (treat-
mentt order) was used to evaluate each FHR parameter. The Newman-Keuls post hoc 
testt was performed to determine differences between the 30-min episodes when appro-
priate. . 

Results s 

Treatmentt order (fasting on recording days 1 or 2) had no effect on any of the param-

eterss listed in Table 1. Data were therefore combined for further analysis. 

Alll  fetuses showed normal alternation between episodes of HRPA and HRPB, both dur-

ingg maternal fasting and after breakfast. Neither treatment condition affected the epi-

sodee durations of HRPs A and B or their percentage incidences. HRPA occurred for 24.4 

(2.2)%% and 27.5 (3.4)% of total recording time during maternal fasting and after break-

Tablee I Fetal heart rate parameters during maternal fasting and following a standard 450 Kcal 

breakfast.. FHR monitoring was carried out for 2 h. Data are presented as mean M for each of 

fourfour successive 30-min episodes. 

FastingFasting After breakfast 

0-33 min 30-60 min 60-90 min 90-120 min 0-30 min 30-60 min 60-90 min 90-120 min 
Parameter r 

HRPAA (% of time) 26.5(6.0) 30.1(6.1) 19.0(4.9) 22.3(5.7) 34.0(6.4) 19.9(5.2) 24.6(4.8) 30.7(6.4) 

Basall  FHR (bpm) 134(2) 131(2) 133(2) 133(2) 134(2) 133(2) 137(2)*  134(2) 

Accelerationss (No.) 6.1(0.6) 7.0(0.7) 7.7(0.7) 7.5(0.7) 5.2(0.6)*  7.6(0.7) 7.4(0.6) 7.8(0.7) 

Long-termm variation (ms) 46.6(2.0) 48.3(2.6) 52.4(3.0) 53.1(4.1) 45.1(2.7) 51.9(3.6) 48.5(2.8) 49,4(3.4) 

Short-termm variation (ms) 8.1(0.4) 8.5(0.4) 8.9(0.4) 8.9(0.6) 7.9(0.4) 8.9(0.4) 8.2(0.4) 8.6(0.5) 

Movementt count (No.) 18.4(3.8) 22.3(5.0) 18.6(2.5) 18.2(3.0) 13.8(2.0) 20.1(4.1) 17.2(2.9) 16.8(3.5) 

**  :P<0 .05 
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fast,, respectively (N.S.). However, HRPA was not equally distributed over the 2 h of re-
cording,, although the effects of time and treatment condition were not statistically sig-
nificantt (Table 1). 

Thee only significant results were a slight increase in basal FHR at 60-90 min and a de-
creasedd number of accelerations at 0-30 min after breakfast (P < 0.05 for both effects of 
time;; Table 1). 

Discussion n 

Thiss study compared FHR parameters in a group of fetuses who were monitored both 

duringg maternal fasting and after a standard breakfast. There were no dramatic differ-

encess in FHR parameters between both treatment conditions. Two small changes were 

found:: a decreased number of accelerations and an increase in basal FHR which oc-

curredd 0-30 min and 60-90 min after breakfast, respectively. 

Inn the present study, episodes of HRPs A and B were found with normal cyclic alterna-

tion,, both during fasting and after breakfast. We found no difference in the overall 

incidencess of HRPA between the maternal fasting (24.4%) and fed state (27.5%). These 

valuess correspond well with previously reported incidences of HRPA in the near term 

fetuss w : i . However, the percentage of time spent in HRPA(%HRPA) varied considerably 

overr the 2 h of recording and was highest during the first 30 min after breakfast (not 

significant;; Table 1). This may explain the somewhat lower values of the number of 

accelerationss (P < 0.05), LTV, STV, and fetal movement count during this episode as 

comparedd with the other 30-min episodes. Basal FHR is known not to be different be-

tweenn HRPs A and B2122. 

Thee small increase in FHR 60-90 min after breakfast was not related to the distribution 

off  fetal quiet sleep (Table 1). This change most likely was an effect of chance due to the 

multiplee statistical comparisons, although an effect of glucose cannot be ruled out com-

pletely.. In near term pregnant women, the blood glucose level after overnight fasting is 

aboutt 4mMol/Lsl\ Maternal glucose increases to a maximum of 6mMol/L 30-60 min 

afterr a 450 Kcal breakfast, followed by a gradual decrease to about 5 mMol/L during the 

nextt hour. Fetal glucose levels correlate well with the maternal levels and the glucose 

peakk in the fetal blood occurs approximately 10 min after the maternal peak1"1"4. So, the 

observedd increase in FHR (3-4 bpm) 60-90 min after breakfast might have been due to 

thee raised fetal glucose content which was at its maximum at that time. Others, however, 

inducingg a much higher increase in blood sugar level by a 50-g glucose drink, found 

unalteredd basal FHR, whereas FHR variation and the number of accelerations were in-

creased". . 

Ourr results on FHR parameters and fetal movement count are in line with the majority 

ott studies that showed no change in fetal body movements after meals or induced rises 

inn glucose concentration1"'1. All valuess obtained in this study fell within the normal range 
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forr each parameter23. We conclude that it makes no difference for the assessment ot the 

fetall  condition near term whether FHR monitoring is performed after maternal fasting 

orr after breakfast. 
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Abstract t 

Objective:Objective: To study the short-term (0-48 h) effects of maternal betamethasone adminis-
trationn on computerised fetal heart rate (FHR) parameters. 

StudyStudy design: In 36 pregnancies at increased risk for preterm delivery, FHR was recorded 
immediatelyy before the start of betamethasone treatment and for 48 h (at 6-h intervals) 
thereafter.. Multiple linear regression models were used to assess the possible effects on 
FHRR parameters of gestational age, diurnal rhythm, clinical indication for treatment, 
numberr of courses, and use of tocolytic drugs. 

Results:Results: Within 12 h after the start of treatment, significant increases occurred in FHR 
accelerations,, and short-term and long-term FHR variability (36%, 28% and 22%, re-
spectively),, whereas basal FHR showed a 5% decrease. Short-term variability decreased 
byy 10% at 42-48 h. The observed changes were most pronounced in fetuses at 29-34 
weekss of gestation. Decelerations only occurred in 4 out of 11 compromised fetuses dur-
ingg therapy. 

Conclusions:Conclusions: There are particular changes in FHR parameters during the first 48 h after 
betamethasonee administration. These changes are transient, but may have adverse ef-
fectss on the compromised fetus. 

Introduction n 

Syntheticc corticosteroids (betamethasone, dexamethasone) are widely used in the peri-

natall  period to enhance lung maturity. Antenatal steroid administration to pregnant 

womenn with threatened preterm delivery has proven to successfully prevent sequelae of 

prematurity,, such as the respiratory distress syndrome1. In contrast, the effects of post-

natall  steroids given to premature infants with bronchopulmonary dysplasia are equivo-

cal2.. So far, no long-term adverse effects of antenatal corticosteroid therapy given once 

inn pregnancy have been found \ but this type of studies needs extension. Recent findings 

121 1 



CHAPTERR 7 

inn the fetus and neonate have focused attention on a variety of extrapulmonary effects of 
corticosteroids,, including short-term side effects on metabolic, endocrine, immunologi-
cal,, cardiovascular, and CNS function41!. Maternal betamethasone administration has 
beenn described to transiently reduce fetal movements and heart rate variability, which 
aree commonly used as indicators of the fetal condition711. These reductions were most 
profoundd 48-72 h after the first of two injections of betamethasone (doses 24 h apart) in 
studiess that comprised 1-h recordings made on each of five successive days. Betametha-
sonee readily crosses the placenta and fetal levels keep pace with the rapidly increasing 
maternall  levels during the first few hours after administration of this drug12. It may, there-
tore,, be anticipated that betamethasone already exerts an effect on the fetus shortly after 
injectionn to the mother, but this information is not available. We studied the temporal 
effectt of maternal betamethasone administration on various fetal heart rate (FHR) pa-
rameterss during the first 48 h after the start of treatment, and took into account the 
possiblee influences of the time of day at which betamethasone was administered, time of 
dayy at which FHR recording occurred,gestational age, clinical indication for steroid treat-
ment,, use of tocolytic drugs, and the number of courses of betamethasone administra-
tion. . 

Subjectss and Methods 

Subjects Subjects 

Thiss study was approved by the local ethical committee. Thirty-six pregnant women at 

255 - 32 (mean 29.5) weeks of gestation (wGA) and at high risk for preterm delivery par-

ticipatedd after informed written consent was obtained. Six patients participated twice in 

thee study. There was one twin pregnancy and the two fetuses were recorded simultane-

ously.. Forty-three sets of observations were obtained. Clinical information and outcome 

off  pregnancy are presented in Table 1. All infants did well in the neonatal period, except 

forr one case who showed respiratory distress syndrome (Table 2). Five study groups were 

distinguished.. Women with threatened preterm labour(TPL) were treated with either 

ritodrinee (group 1) or nifedipine (group 2). The use of these tocolytic drugs was 

randomizedd as part of an ongoing study to compare their tocolytic effects and maternal 

andd fetal side-effects1 \ Group 3 comprised pregnancies complicated by preeclampsia (n 

== 1), intrauterine growth retardation (IUGR; n - 1), or both (n = 9). Preeclampsia was 

definedd as the presence of both diastolic blood pressure > 90 mmHg and proteinuria > 

0.33 g/L.u IUGR fetuses were defined as having an ultrasonographically estimated weight 

<< 5th ccntile of a standard reference curve1 \ Doppler blood flow velocity waveforms of 

thee umbilical artery were abnormal in all pregnancies in this group (Pulsitility Index < 

5thh centile for gestational age)ih, except for one pregnancy complicated by preeclampsia 
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only.. Six out of the ten preeclamptic patients were treated with methyldopa. During the 
488 hour study period, four patients in this group underwent Caesarean section (CS) on 
accountt of suspected fetal distress (Table 2). Their results were excluded leaving a total 
off  39 sets of observations for analysis. Women with preterm rupture of the membranes 
(PROM)) without uterine contractions formed another group (group 4). Group 5 com-
prisedd pregnant women treated with betamethasone for'miscellaneous reasons' e.g. vagi-
nall  bleeding, placenta previa, or cervical cerclage. The patients in groups 4 and 5 did not 
receivee any other medication than betamethasone. 

Tablee 1 Clinical data and outcome of pregnancy in five distinctt groups of patients treated with 
betamethasonee to enhance fetal lung maturation. Data are presented as mean (range) or number 
( " )

Patientss («) 

Completedd sets of 

observationss (n) 

Gestationall  age 

att recording (d) 

att birth (d) 

Intervall  recording 

too delivery (d) 

Delivery y 

Vaginall  («) 

CS(«) ) 

Birthh weight (g) 

Birthh weight centile 

(mode) ) 

Apgarr < 7 at 5' (n) 

Sex x 

Male(w) ) 

Femalee (n) 

Pretermm labor 

groupp 1 gr o uP 2 

(Ritodrine)) (Nifedipine) 

6**  5 

77 7 

217(210-224)) 198(180-226) 

237(211-269)) 237(193-289) 

20(1-56)) 29(3-106) 

44 3 

22 2 

2150(1715-3110)) 2000(1045-3200) 

50-755 25-50 

00 0 

66 1 

11 4 

I U G R / P E E 

groupp 3 

11 1 

9 9 

210(197-224) ) 

216(198-237) ) 

6(1-16) ) 

0 0 

11 1 

1050(500-1750) ) 

10-25 5 

3 3 

5 5 

6 6 

PROM M 

groupp 4 

5 5 

5 5 

196(175-215) ) 

211(184-226) ) 

15(3-44) ) 

5 5 

0 0 

1540(1185-1895) ) 

50-75 5 

0 0 

4 4 

1 1 

Miscellaneous s 

groupp 5 

9 9 

11 1 

204(176-228) ) 

2511 (220-285) 

47(7-93) ) 

7 7 

2 2 

2390(1700-3510) ) 

25-50 0 

0 0 

6 6 

3 3 

Totall group 

36 6 

39 9 

206(175-228) ) 

230(184-289) ) 

24(1-106) ) 

19 9 

17 7 

1780(500-3510) ) 

25-50 0 

3 3 

22 2 

15 5 

IUCJR:: intrauterine growth restriction; PE: preeclampsia; PROM: preterm rupture of membranes; 

**  : including one pair of twins; CS: Caesarean section; d: days; g: grams. 
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BetamethasoneBetamethasone treatment 

Betamethasonee (Celestone Chronodose, Schering-Plough, Berlin, Germany; 24 mg) was 

administeredd intramuscularly in two doses 24 h apart. Since clinical practice did not 

alloww for standardization ot betamethasone administration, the timing of the first dose 

variedd widely among the patients. This occurred between 08:00 and 20:00 h in 95% of 

thee cases and on average between 13:00 and 14:00 h. Betamethasone treatment was re-

peatedd ten days later (second course) if delivery had not occurred and preterm delivery 

wass still expected. 

FetalFetal heart rate recordings 

Fetall  heart rate was monitored with a cardiotocograph (Oxford, Sonicaid Ltd., Chiches-
ter,, UK) and analyzed off-line by the System 8000 FHR analysis program17. Basal FHR 
(bpm),, short-term (STV; ms) and long-term variation (LTV; ms), and the numbers per 
hourr of accelerations (ACC; > 15 bpm and > 15 s) and decelerations ( > 15 bpm and > 
155 s) were calculated by this program for each recording. Seven recordings lasting 90 
minn each were obtained from each individual during the study period. One recording 
wass made immediately before the administration of the first dose ot betamethasone (con-
troll  recording). Thereafter six other recordings were made at intervals of approximately 
66 h during the next 48 h, except during the night (24:00 - 07:00 h). 

StatisticalStatistical analysis 

Statisticall  analysis was carried out in three main steps. First, using linear regression analy-

sis,, we tested whether the FHR parameters of the control recordings were influenced by 

thee time of day at which these recordings had been made. Three groups of recordings 

madee at 07.00 - 12.00 h, 12.00 - 18.00 h, and 18.00 - 24.00 h, were compared using two 

dummyy variables. 

Second,, a multiple linear regression model with dummy variables was used to deter-

minee it FHR parameters changed significantly from their pre-treatment levels after 

betamethasonee administration. Dependent variables were the FHR parameters during 

eachh 6-h episode, expressed as the absolute change from their pre-treatment level. Inde-

pendentt variables were a series of eight dummy variables, indicating the time lapse be-

tweenn the first dose of betamethasone and the start of recording. The first dummy was 

givenn the value 1 if the recording was made during the first 6-h episode after administra-

tion,, and the value 0 if not. The second dummy was given the value 1 if the recording fell 

inn the second 6-h episode, and 0 if otherwise. Dummies 3 through 8 were defined simi-

larly. . 

Inn order to avoid biased significance levels, multiple observations on the same individual 

weree taken into account by including tor each ot these individuals a s eparate dummy 

variable. . 
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Tablee 2 Clinical data and pregnancy outcome of four preeclamptic patients who underwent 
Caesareann section (CS) within the study period because of suspected fetal distress based on ab-
normalitiess of the FHR pattern. 

Case**  IUGR Doppler Indication for CS Interval GA at Birth pH Remark 

abnormalityy beta-CS birth(wk) weight (g) 

11 + + prolonged bradycardia 22 h 30'4 1040 7.19 

22 + + prolonged bradycardia 23 h 30"1 1075 7.13 

33 + + flat FHR pattern; 27 h 28 '; 855 7.07 IRDS 

repetitivee decelerations 

44 - - flat FHR pattern; 41 h 32 : 1750 7.24* 

repetitivee decelerations 

IUGR:: intrauterine growth restriction; Doppler abnormality: increased pulsatility index of the umbilical artery; 

+ / - :: presence or absence; 

Intervall  beta-CS: interval (h) between the first dose ot betamethasone administration and CS; 

pH:: pH of the umbilical vein at birth; * arterial pH of the baby within 1 h after birth; 

IRDS:: idiopathic respiratory distress syndrome. 

Thee estimated regression coefficients gave the average change in FHR parameter for each 
off  the eight successive 6-h episodes. The t-test was used to determine whether a particu-
larr coefficient was significantly different from zero, indicating a significant rise or fall in 
thee FHR parameter in that episode. Note that by using dummies rather than time series 
analysis,, we avoided imposing a monotonously increasing or decreasing trend. 
Third,, to test whether the outcome measures of step 2 were affected by the time of day at 
whichh FHR recording had taken place, we re-estimated the equations of step 2 by follow-
ingg the step 1 procedure. Only for those intervals in which step 2 revealed a significant 
changee in any of the FH R parameters, additional regression procedures were carried out 
too study the effects of the clinical indication for treatment, gestational age at recording 
(pregnanciess < 29 wGA vs those >29 wGA),and the number of courses of corticosteroid 
administrationn (one or two). The effects of these variables were evaluated with the t-test 
usingg P < 0.05 as level of significance. 

Results s 

Theree was no significant relationship between the time of day at which the control re-

cordingss were made and the values of any of the FHR parameters (step 1 of analysis). 

Forr all sets of observations combined (n = 39), the effects on each FHR parameter of the 

firstfirst and second doses of betamethasone are shown in Fig. \a-d. Step 2 of analysis showed 

aa significant decrease in basal FHR 6-12 h after the first dose, whereas FHR variation 

(bothh LTV and STV) andACC gradually increased during the first 12 h, reaching a maxi-

mall  change from pre-treatment levels 6-12 h after injection. The mean changes were -
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Fig.. 1 Mean changes (  SEM) from baseline levels of (a) basal fetal heart rate (BHR), (b) the 
numberr of accelerations (ACC), (c) long term variation (LTV), and (d) short term variation (STV) 
duringg the 48 h study period after the start of betamethasone treatment as observed in the total 
groupp (n - 39 sets ot observations). The arrows indicate the time of administration ot the first 
andd second doses of betamethasone. 
* :P<0.05;; **:P<0.01 
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5%,, 22%, 28%, and 36%, for FHR, LTV, STV, and ACC, respectively (P < 0.01 for all). 
Basall  FHR and its variation were negatively correlated both before treatment ( R = -0.54 
andd R = -0.48 for LTV and STV, respectively) and 6-12 h after the first dose of 
betamethasonee ( R = -0.57 and R = -0.55, respectively; n =39 and P < 0.01 for all four 
relationships.. After the second dose, there were no significant changes in FHR, LTV, or 
STV,, but ACC increased again 0-6 h after injection (28% from pre-treatment level; P < 

0.01;; Fig. \,b). At the end of the48-h study period, LTV and STV were both reduced by 
10%% as compared with control values, but only for LTV the change was statistically sig-
nificantt {P < 0.05; Fig. l,c). Decelerations hardly occurred among the recordings and 
weree not further analysed. 

Afterr inclusion of the time of day at which the serial recordings had been made (step 3 of 
analysis),, most t-values were slightly reduced because of the presence of two extra dum-
miess in the model. However, the described changes in FH R, ACC, LTV, and STV, and also 
theirr levels of significance remained unaffected. 

Thee changes in FHR parameters seen in the total group occurred similarly in each of the 
distinctt clinical groups and did not differ significantly between these groups. Gestational 
agee at the time of drug administration appeared to be an important variable. All changes 

_0__ #1 _B_ #2 - ._ #3 _A_ #4 

Cont.. 0-6 6-12 12-1818-2424-3030-3636-4242-48 Cont. 0-6 6-12 12-1818-2424-3030-3636-4242-48 

Timee (h) -- Time (h) 

Fig.. 2 Course of basal FHR (a), long-term FHR variation (b),and the numbers per hour ot FHR 
accelerationss (c) and decelerations (d) in four fetuses of preeclamptic patients who were deliv-
eredd during the 48-h study period because ot emerging clinical signs ot fetal distress. 
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inn FHR parameters which occurred 0-12 h after the first dose of betamethasone were 

significantt in the fetuses studied between 29 and 33 wGA (n = 24), but not in the younger 

fetusess (n = 15). Also the increase in ACC seen 0-6 h after the second dose of 

betamethasonee was only significant in the fetuses treated atter 28 wGA (P < 0.01). As 

gestationall  age at the time of betamethasone administration was highly correlated with 

thee number of courses, there was no significant additional effect of the latter per se. 

Fourr preeclamptic patients underwent CS within the study period, as clinical signs of 

fetall  distress emerged after betamethasone administration (Table 2). These included: 

pathologicall  decelerations or a flat FHR tracing with repetitive decelerations. Impaired 

fetoplacentall  blood flow (raised umbilical-artery PI values but no absent end-diastolic 

flow)flow) had been demonstrated before the start of treatment in 3/4 fetuses (Table 2). Com-

puterisedd FHR analysis (results not known to the physicians) demonstrated no major 

changee in basal FHR (Fig. 2,a), but a gradual decrease in LTV (Fig. 2,fr), STV (data not 

shown),, and ACC (Fig. 2,c). The number of pathological decelerations on the other hand 

increasedd considerably over time (Fig. 2,d).Three fetuses appeared to be acidotic at birth 

(Tablee 2). Although determination of the umbilical cord pH failed in case 4, the arterial 

pHH value obtained within 1 h after birth (7.24) indicates that also this fetus most likely 

wass acidotic at birth (Table 2). 

Comment t 

Thee present study aimed to determine the acute effects on FHR parameters of two doses 

off  betamethasone maternally administered 24 h apart. The study was confined to the 

firstfirst 48 h of therapy, but, as three 90-min recordings were made per day, the corticoster-

oidd effects were investigated much more extensively than in previous studies. In those 

studiess FHR monitoring was performed for 30-60 min on each of five successive days, 

butt evaluation of the betamethasone effects did not start until about 24 h after the first 

dosee had been given711. Therefore, the present study was designed to provide essential 

informationn about the early cardiovascular effects of betamethasone. Such data are not 

onlyy important for obstetric management in case of threatened preterm delivery, but 

alsoo for clinical surveillance of the neonate when treated with corticosteroids. 

Inn the total study group, we found primary effects , i.e. a decrease in basal FHR and 

increasess in FHR variability and ACC 0-12 h after the first betamethasone dose, with 

thee largest effects 6-12 h post injection. Secondary effects, appearing after the second 

dosee of betamethasone showed that ACC were increased again (0-6 h) and that FHR 

variabilityy was decreased (18-24 h), whereas basal FHR remained unchanged during 

thiss 24 h period. These effects were most pronounced in the fetuses studied between 29 

andd 34 wGA, but were not related to the time of day at which betamethasone was admin-

istered,, time of day at which FHR recording occurred, clinical indication for treatment, 

usee of tocolytic or antihypertensive drugs, or the number of courses. 
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AA FHR-decreasing effect of corticosteroids has also been found in studies on preterm 
humann infants (dexamethasone) and fetal sheep (betamethasone, dexamethasone, Cor-
tisol)1821.. The decrease in FHR generally occurred within one to several hours after the 
startt of corticosteroid administration, indicating the involvement of cytosolic glucocor-
ticoidd receptors (GRs), and was associated with an increase in arterial blood pressure18 

2222.. The latter is a known effect of corticosteroids and is assumed to result from increased 
peripherall  vascular resistance22 24. The decrease in FHR is generally believed to be caused 
byy a vagally- mediated baroreceptor response to increased systolic blood pressure18 ". 
Corticosteroidss may foster hypertension by augmenting vascular tone through 
potentiationn of the action of vasoconstrictor hormones, such as norepinephrine, angi-
otensinn II, arginine vasopressin, endothelin, and thromboxanes, but the precise mecha-
nismm is far from understood24. Corticosteroids may also influence FHR directly either 
throughh enhanced epinephrine synthesis within the heart25 or through binding to GRs 
inn brainstem nuclei26. The finding that all observed changes in FHR parameters were 
onlyy statistically significant in the fetuses at 28-34 wGA, suggests non-functional GRs, 
orr absence or lack of GRs in the fetal brain, heart, or vessels before that age. 
Thee increase in FHR variability can be explained to a large extent by the known inverse 
relationshipp between basal FHR and its variation27, which was also found in a previous 
studyy on the effects of corticosteroids7. It has been demonstrated in normal pregnancy 
thatt about 50% of the variation in FHR variability is accounted for by changes in heart 
ratee itself8. To this extent heart rate variability reflects the degree of autonomic nervous 
systemm control of heart rate28. Our results are in keeping with this finding, although the 
amountt of explained variation was lower in the present study (~ 30%). The increase in 
FHRR variability may also have resulted from changes in peripheral vascular resistance 
mediatedd through increased levels of catecholamines, which feed back via the barore-
ceptorr loop 29. 

Itt is unclear why ACC were increased 0-12 h and 24-30 h after the first dose of 
betamethasone.. The increase in the secondary phase of this study has also been reported 
byy others9. Fetal body movements have been found to be reduced 24-48 h after the start 
off  betamethasone treatment71011. Although there is a strong association between ACC 
andd fetal body movements in near-term pregnancy, this relationship is poor before 32 
wGA,, i.e. the age at which most fetuses were monitored in the present study30. In addi-
tion,, no changes were found in limb movements and nuchal muscle activity after 
betamethasonee infusion into the fetal sheep19. So, it seems unlikely that the increases in 
ACCC are due to increased fetal bodily activity. However, the possibility exists that 
corticosteroidss lower the threshold for accelerations to occur. 

Thee primary and secondary effects of betamethasone on FHR parameters were, apart 
fromm the increases in ACC, not identical. The secondary effects included unaltered basal 
FHRR between 24 and 48 h and a decrease in FHR variability 42-48 h after the first dose of 
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betamethasone.. These observations in the secondary phase of the study corroborate 
previouss results7"11. At the end of our study period, we just noticed the beginning of the 
significantt decreases in LTV and STV which have been previously demonstrated to last 
untill  the fourth day after the start of betamethasone treatment7 ". The secondary effects 
ott betamethasone may involve the relatively slow action of corticosteroids on cytosolic 
GRss in the fetal brain. The primary effects may merely reflect the immediate effect of 
corticosteroidss on non-genomic GRs in the regulation of peripheral vascular tone.There 
iss no evidence to date that corticosteroids may jeopardize the fetal condition. In an ex-
tensivee Doppler study of fetal and uteroplacental blood flow velocity waveforms, Cohlen 
etet al.:i>  found no changes in resistance to blood flow nor signs of fetal brain sparing (in-
dicativee of hypoxemia) after maternal betamethasone administration. Moreover, nei-
therr in the present study nor in previous reports, a corticosteroid-induced change was 
foundd in the occurrence of FHR decelerations, which are also important markers of fetal 
hypoxemia710.. Remarkably, in pregnancies with umbilical artery absent end-diastolic 
flow,, betamethasone treatment was recently shown to be transiently associated with im-
provedd fetoplacental blood flow {and presumably improved fetal oxygenation)30,but this 
resultt awaits thorough evaluation in independent future studies. However, it has been 
shownn in chronically instrumented fetal sheep, that a single dose of 12 mg dexametha-
sonee administered to the ewe resulted in a 10-20% reduction in fetal arterial PG\ by 1 h 
afterr the injection. This reduction remained present for the next 24 h; i . Although hy-
poxicc levels were never reached in these healthy sheep fetuses, this observation, as pointed 
outt by the authors, raises questions as to the possible hazard of corticosteroid therapy in 
thee compromised human fetus. Indeed, we found fetal deterioration, as indicated by a 
rapidd increase in FHR decelerations, to occur in 4/11 IUGR fetuses after betamethasone 
administration.. We did not refrain from intervention in these four cases who all turned 
outt to be acidotic at birth. If, or to what extent, betamethasone treatment was causally 
relatedd to the retal deterioration cannot be concluded from this study and further re-
searchh is warranted. However, it may be hypothesized that corticosteroids augment hy-
poxiaa in the compromised fetus who can otherwise still cope with its intrauterine needs 
underr marginally hypoxic conditions. We argue for termination of pregnancy in cases 
withh pre-existing abnormal Doppler waveform patterns which show an increase in FHR 
decelerationss during or immediately after betamethasone therapy. The transient changes 
inn FHR parameters usually seen in most other cases likely do not jeopardize the fetal 
condition. . 
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