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CHAPTERR 2 
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Abstract t 

Thiss paper introduces a newly developed program for fetal heart rate (FHR) analysis. It 
incorporatess the only internationally accepted analysis method described by Dawes et 
al.. (1977 - 1991) and was specially designed to analyse long-term recordings for study-
ingg the effects of the circadian rhythm on FHR analysis results. The program features 
thee possibility to analyse these long-term recordings, to adapt limiting analysis param-
eters,, and is interactive, allowing the user to select interesting regions for analysis. It also 
featuress the possibility to automatically subdivide a recording into regions of shorter 
durationn and to analyse these regions sequentially. These features are not supported in 
commerciallyy available programs. A detailed description of the analysis algorithms is 
presentedd since the analysis method was never fully published. The program outcomes 
weree validated by making simultaneous recordings with a commercially available CTG 
analysiss system, which is implemented with Dawes' analysis methods. No substantial 
differencess were found for the analysis parameters which are widely used for clinical 
surveillancee of high-risk pregnancies. 

Introductio n n 

Computerisedd fetal heart rate (FHR) analysis is becoming an important tool for clinical 

surveillancee of high-risk pregnancies. Although computerised FHR analysis is generally 

recognisedd as a major improvement in monitoring high-risk pregnancies (GUZMAN, 

1996),, more knowledge on the (patho-) physiological mechanisms behind FHR pat-

ternss will make it even more important. It is known, for example, that fetal heart rate and 

fetall  activity show a day-night rhythm (see for a review: MEIS, 1992). To assess the influ-

encee of these so-called circadian rhythms on the outcomes of computerised FHR analy-

sis,, we recorded FHR continuously over 24 hours in both normal and complicated preg-

33 3 



nancies.. Commercially available systems for FHR monitoring and analysis are fully au-

tomated,, have strict conditions for recording duration and cannot process 24-hour re-

cordings.. Also, the analysis method or limiting parameters cannot be adapted to the 

desiress of researchers. Since it was not possible to analyse 24-hour recordings with one 

off  the commercially available systems, we developed an FHR analysis program, which is 

especiallyy suitable for analysing long-term recordings and for analysing selected parts of 

thesee recordings. 

Thee analysis method used by the program is based on the only internationally accepted 

methodd for clinical use described by Dawes and Redman in a series of articles (DAWES 

etal.,, 1977- 1991). In these publications Dawes and Redman describe the development 

off  their fetal heart rate analysis system and the adjustment of the algorithms to their 

clinicall  experience on more than 43,000 FHR records. This paper, however, fully de-

scribess the resulting algorithms in detail, which Dawes and Redman refrained from. The 

publicationss of Dawes et al. were reviewed and detailed information was also gained 

tromm personal communication with the late professor Dawes. The description leads to a 

betterr understanding of the FHR-parameters, which are widely used among clinicians 

forr the assessment of fetal condition in high-risk pregnancies. 

Methodss &  Material s 

Equipment Equipment 

AA fetal CTG monitor {M1350A, Hewlett-Packard) was used to make FHR recordings. 

Thee instrument uses pulsed ultrasound techniques to determine the FHR. The ultra-

soundd probe is placed on the abdomen of the patient, fixed by elastic bands, in such a 

wayy that the tetal heart is within the ultrasound beam. The ultrasound probe features 

sevenn crystals providing a wide beam for locating and tracking the fetal heart. The beam 

narrowss when the fetal heart is detected, hereby reducing ultrasound exposure. Using 

thiss technique it is possible to measure heart rate recordings from 25 weeks of gestation. 

DataData acquisition 

AA separate communication program (called'1350.EXE') receives one data block per sec-
ondd from the CTG recorder containing four equidistant (0.25 sec) heart rate samples 
each.. In general, the heart rate (HR in beats per minute, BPM) is calculated from the 
beat-to-beatt interval (T in msec) with HR=6E4/T. A new heart rate value comes avail-
ablee at each next beat and is calculated from the previous beat-to-beat interval. This 
resultss in a discrete heart rate curve with steps of variable duration. The CTG recorder 
usess moving window averaging to be able to supply one heart rate value every 0.25 sec.The 
heartt rate samples are stored in a series of files containing up to 7200 samples each. This 
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COMPUTERISEDD FHR ANALYSI S 

wayy it remains possible to import the raw data files into spreadsheet programs for de-

tailedd analysis and presentation purposes. 

Analysis Analysis 

EVALUATIONN OF ANALYSIS RESULTS 

Recordingss were made in 42 women, gestation ranging from 25 to 42 weeks, all admitted 
too the hospital for fetal surveillance on various indications. The analysis program was 
evaluatedd by comparing the results of these 42 recordings with those of a commercially 
availablee CTG Analysis System (Oxford Sonicaid System 8002 Team) implemented with 
Dawes'' algorithms. The commercial system uses ultrasound techniques to determine 
thee FHR but does not feature any heart rate output signal. For this reason the CTG monitor 
wass used simultaneously to acquire the heart rate recording as a set of raw data files. 
Thesee raw data files were used for off-line analysis by the program. 

STUDYY OF THE EFFECTS OF THE ORCADIAN RHYTHM 

Thee influence of the circadian rhythm on analysis results was determined from 24-hour 
recordingss of 26 normal fetuses. It was assessed whether the 24-hour variation of a par-
ticularr FHR parameter really represented a statistically significant circadian rhythm. A 
detailedd description of this technique is beyond the scope of this article but is reported 
byy Lunshofetal. (1998). 

Theory y 

Thiss section describes the FHR analysis method and the way the parameters are deter-
minedd from a heart rate recording obtained with the CTG monitor. When looking at a 
heartt rate recording (see figure 1), the heart rate can be seen to vary continuously when 
consideringg a long period (> 1 minute, long-term variation) but also when considering 
aa shorter period of time (1 minute, short-term variation). Sometimes the recording shows 
aa considerable increase in heart rate ('acceleration') after which it is restored to the level 
off  before the increase. To be able to quantify these temporal changes in heart rate (dis-
cussedd in the next paragraphs), a reference curve is derived from the heart rate curve, 
whichh is not affected by temporal changes in heart rate. With this so called 'baseline', it 
cann be assessed when the heart rate is increased and to what extent. Since some analysis 
parameterss are derived from the heart rate data in relation to the baseline, it is very im-
portantt that the baseline is determined appropriately. 

Thee remainder of this paragraph explains the analysis algorithms sequentially. Since the 
recording,, stored on disk, may contain artefacts, these are first removed by a two-step 
rejectionn algorithm. Then the baseline is determined, after which other FHR parameters 
cann be derived that describe the heart rate variation. 
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CHAPTERR 2 

RejectionRejection algorithm 

Whenn loading heart rate files, the program applies a two-step rejection algorithm (Dalton 
ett al., 1977) that assesses which heart rate samples of the recording must be declared 
invalid.. First, an out of range rejection is featured to exclude high or low FHR values 
outsidee the range 30-200 BPM. The next rejection step filters spikes (short peaks) from 
thee recording caused by external effects (movements or electromagnetic interference). 
Too assess whether a heart rate sample is recognised as a spike, the underlying heart pe-
riodd is considered. This interval (T in msec) is derived from the sample heart rate (HR) 
withh T =6E4/HR. The average inter beat interval of each sample i is compared to the 
averagee of the valid fraction of the former three samples (Tv,(i)) and is declared invalid 
iff  it falls outside the range: 

0.66  T (i) < T (i) < 1.55  T (i) 
avgvv ' sv ' avg 

Iff  none of three previous intervals is valid, the sample is not rejected. 

FHR-epochsFHR-epochs and FHR-minutes 

Thee whole recording is subdivided into epochs, lasting 3.75 seconds each, to conform to 
Dawes'' literature. For each epoch the average heart rate is determined from the valid 
(nott rejected by the rejection algorithm) heart rate samples. In this way, 16 heart rate 
valuesvalues per minute are obtained (see figure 2). A remarkable consequence of the Dawes 
methodd is that a whole minute is declared invalid even if only one of its epochs is invalid. 
Thee average inter beat interval during epoch i is called TE(i) and is calculated from HRE(i) 
withinn that epoch and is expressed in msec: TE(i)=6E4/HRE(i). 
Thee remainder of this document refers only to the average heart rate or interval within 
epochss (HRE or TE) or within minutes (HRM). 
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Fig.. 1 The program displays the recording after opening the files. This 30-minute recording shows 
continuouss slow variation in the heart rate as well as periods of considerable increase in heart rate 
calledd 'accelerations'. The baseline is derived from the heart rate recording by low pass filtering 
andd is used as a reference for the determination of heart rate parameters. 
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BaselineBaseline determination 

Afterr applying the rejection algorithm the baseline is obtained from the heart rate curve 

usingg a low pass Infinite Impulse Response (IIR) filter. The IIR filter is configured as a 

two-wayy exponential smoothing filter using equation: 

TE ff (i) = C  TE(i) + (1-C)  TE f ( i - l ) with i = [1..N] 

Wheree TEf i) is the average heart interval of epoch number i, TEf(i) represents the fil-
teredd heart interval of epoch number i, obtained after each of the two filtering steps, N is 
thee number of epochs within the region marked for analysis and C represents the filter 
coefficient.. Dawes chose C = 0.05 (personal communication), giving a cut-off frequency 
att 1/600 Hz and a 40 dB/decade roll-off. The resulting time constant of about 100 sec 
guaranteess a slowly varying baseline from which prominent heart rate changes can be 
clearlyy distinguished (see figure 1). 

Thee beginning of the baseline and parts of the recording that follow after signal loss, 
showw transients, because the history of the signal is unknown and because of the filter's 
settlingg time. This deviation from the preferred baseline introduces errors in the deter-
minationn of FHR parameters at the time of the transient and especially affects short-
lastingg recordings. Dawes et al. (1982) described a method to estimate the baseline start-
ingg point (TE ) which serves as the signal history level (TEf(0) in equation above) for 
thee IIR filter, and is used to replace invalid parts of the recording before filtering. Appen-
dixx A describes how the baseline starting point is found. Furthermore, large variations, 
likee 'accelerations' or 'decelerations', would influence the baseline substantially. For this 
reason,, al TEs differing more than 'some' limit from TE , , are set to TE before filter-
ing.. Dawes chose a two-step limit in such a way that after filtering, the heart rate continues 

66 epochs 
perr minute 

FHR.II)) " 15 samples 
[•••••• per 3.75 sec epoch 

NN epochs 

FHRK16)) FHRellT) FHRe(32) 

FHRmlli i FHRra(2i i FHRraljl l 

tt(NN r 

F H R m i MM i 

MM  minu tes 

M inu te s s 

Fig.. 2 The FHR is obtained four times per second. An epoch lasts 3.75 seconds and contains 15 
samples.. One measurement minute holds 16 epochs. Epochs in a recording are numbered starting 
att 0. The 1st.. 16th epoch reside in the first FHR-minute etc. The 0'" epoch is not included in the first 
FHR-minutee (see 3.5. Short term variation). A full M minutes recording contains N epochs. 
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abovee or below the baseline for 10 minutes at the most. The procedure starts with a 60 
msecc limi t for TE and is adj usted to 150 msec if the heart rate curve continues more than 
100 minutes above or below the baseline. 

AccelerationsAccelerations and decelerations 

Inn obstetrics onee speaks about an 'acceleration' to denote a period of increased heart rate 
(relativee to the baseline). In fetuses of more than 30 weeks of gestation,'accelerations' 
relatee to fetal movement (NATALE, 1984), whereas 'decelerations' (periods of reduced 
heartt rate) can be associated with acute moments of fetal hypoxia (VISSER, 1990). In 
youngerr fetuses, these relations are less clear (PILLAI , 1990). An increase in heart rate is 
identifiedd as an 'acceleration' if the heart rate curve rises at least 10 BPM above the base-
linee for at least 15 sec. The magnitude of the 'acceleration', with unit 'Raised BPM', is 
foundd by dividing the area enclosed by the heart rate and baseline curves (in BPM*sec) 
byy the duration (in seconds, defined by two consecutive baseline crossings). 
'Decelerations',, with unit'Lost BPM', are determined just like'accelerations'but relate to 
aa significant decrease in heart rate below the baseline. 

Short-TermShort-Term Variation (STV) 

Variabilityy in heart rate is controlled by the autonomic nervous system (PANINA, 1995). 
Itt distinguishes STV, range and long-term variation (see figure 3). With deterioration of 
thee fetal condition, variability decreases and the heart rate might even become constant 
inn the succumbing fetus. The STV (Dawes et al., 1991; Street et al., 1991), normally pre-
sentedd in a graph, is defined as the average change in heart interval (msec) between con-
secutivee epochs and is calculated for each minute't': 

Fig.. 3 Heart rate variability is represented by the short-term variation (a) and range (b) curves. 
Thee episode status (c) is drawn in the same window and is derived from the range curve using the 
detectionn limits indicated by (d) (see text). It distinguishes three levels, indicating: an episode of 
highh variability (fetal activity), an episodes of low variability (fetal quiescence) and not classified 
(greyy line). Notice the moment of signal loss (e). 
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ii  I6(t-1) + 16 

STV(t)) = — I I ATE(i) - ATE(i-l ) I 
166 i=16(t-l)+l 

Thee 0th epoch was not included in the determination of HRM( 1) but is used here to be 

ablee to find the 16 differences within the first STV minute. The STV is not computed in 

minutess with invalid epochs or when a 'deceleration' is in progress (variability during 

'decelerations'' has other meanings than normal variability). The short term variation is 

alsoo presented as a number (STV ) by averaging the STV values of all valid minutes 

withinn the analysis region. 

FHR-RangeFHR-Range and episodes 

Thee 'range' is a parameter that relates to the maximum variability. It is determined for 
eachh minute from the difference between the highest and lowest of both the fetal heart 
intervall  and basal heart interval (the baseline describes the basal heart rate vs. time). 
Thee range curve is used to identify episodes of high and low variability (Dawes et al., 
1985).. Episodes of high variability are often related to fetal activity (Pillai et al., 1990), 
whichh is not necessarily related to movement, as it is for'accelerations', whereas episodes 
off  low variability relate to fetal quiescence or ill condition (if there is no alternation with 
highh episodes). For the calculation of the "range" (Dawes et al., 1990; Street et al., 1991) 
inn measurement minute't', a set of epoch intervals, ST| (t), of both the epoch heart rates 
andd the baseline values is recorded. Baseline values are included to recognise continuous 
'accelerations'' which is important for high episode (activity) and low episode (quies-
cence)) distinction: 

STt(t)) = [TE(16(t-l) + l),...,TE(16(t-l) + 16),TEbasc(16(t-l) + l),...,TEbasc(16(t-l) + 16)] 

wheree TE ^(i) represents the interval belonging to the baseline at epoch i. Let STF(t) be 

thee set of intervals for measurement minute"t", then the"Range" is defined as the differ-

encee between the highest and lowest interval: 

R(t)) = MAX{S TE(t)l - MIN |STE(t)} 

Thee range in minute "t" (R(t)) is not determined (Street et al., 1991) if: 1) One or more 

epochss are (declared) invalid within that minute; 2) A 'deceleration' is in progress be-

causee variation during decelerations do not signify the same favourable effect as during 

otherr pieces of a recording (like at the time of accelerations), 3) All HREs in that minute 

"t""  drop below the corresponding baseline values. 

Ann episode of high variability is detected if the range, R(t), remains higher or equal to 32 

msecc for at least 5 of 6 minutes. An episode of low variability is detected it the range, 

R(t),, remains below or equal to 30 msec for at least 5 of 6 minutes. 
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LongLong Term Variation (LTV) 

Thee LTV is a number that indicates variability within the analysis region. Clinicians use 

thee LTV together with the STV and range parameters to assess the condition of the fetus. 

Sincee it is based on the 'range', which is defined per minute, it is used as a 'long-term' 

variabilityy parameter compared to the STV, which represents variability between 'ep-

ochs'.. One would expect LTV to be defined in a similar way as STV but representing 

heartt rate variability within a prolonged period of time; the definition is slightly differ-

ent,, though. The LTV (Dawes et al., 1985,1990; Street et al., 1991) is defined as the aver-

agee 'range' within the analysis region, whereas the STV is determined from the average 

'change'' in TE per minute. In normal pregnancies the range in one minute will most 

likelyy be larger than the STV (as can be seen in figure 3 within that minute and so will the 

LTVV With progressive deterioration of fetal condition, both STV and LTV gradually fall 

(STREET,, 1991). The LTV is calculated from the range by averaging over the valid number 

off  minutes (K) in an analysis region of M minutes: 

ii t H - ( M - l ) 

LTVMM = -L Z R(t) 
RR t=ti 

withh tl being the first minute within the analysis region. R(t) is assumed 0 for invalid 
minutes. . 

Programm features 

Whenn loading heart rate sample files, the program (see flow diagram in figure 4) applies 

thee described two-step rejection algorithm to skip invalid heart rate samples before av-

eragingg within HREs. Since HREs are used for further analysis it is possible to save them 

too an epoch file (ASCII). These epoch files can also be loaded instead of sample files. The 

heartt rate curve is displayed as soon as the HREs are available. The user can invalidate 

portionss of the recording and is enabled to select a part of the recording for analysis. 

Afterr analysing the selected region, the baseline is displayed superimposed on the heart 

ratee curve (see figure 1). The STV, Range and episode status are displayed in a separate 

graphh (see figure 3). Statistical results like average FHR, average baseline, STV, LTV, du-

ration,, percent of signal loss/acceleration/deceleration' count and high/low episode count 

aree available in a separate window (see figure 5). 

Thee program gives the user the option to subdivide the recording in smaller portions for 

automaticc analysis while the results are appended to an export file. This is especially 

usefull  for analysing long-term recordings. 

Sincee the program is especially designed for research purposes, most of its limiting pa-

rameterss (rejection limits,'acceleration/deceleration' detection limits, high/low episode 

detectionn limits) can be adjusted. It is also possible to select alternative analysis methods 

(whichh go beyond the scope of this article). 
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F i g.. 4 Flow d i a g r am of fetal heart rate analysis p r o g r a m. 
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Resultss of Analysis 

Analysiss results (epoch based): 
Epochh interval 
Firstt epoch nbr 
Lastt epoch nbr 
Regionn duration 
Epochh signal loss 
Meann baseline 
Meann HR 
SDD of mean HR 
Accelerationn count 
Meann Acceleration 
Meann Ace. duration: 35.16 sec 
Decelerationn count: 6 
Meann Deceleration : Unknown 
Meann Dec. duration: Unknown 

Minutee classification: 

3.755 sec 
0 0 
565 5 
2122.500 sec 
0.188 % 
141.766 BPM 
141.900 BPM 
7.366 BPM 
8 8 
8.977 Raised BPM 

Analysiss results (minute based) 
Firstt ninute 
Lastt minute 
Analysiss minutes 
STU U 
Inualidd STU minutes 
LTU U 
Inualidd LTU minutes 
Loww episode count 
Durationn low episodes 
Highh episode count 
Durationn high episodes 

1 1 
35 5 
355 min 
7.522 msec 
2.866 % 
39.933 msec 
2.866 % 
1 1 
100 min 
2 2 
177 min 

Categoryy A 
Categoryy B 
Categoryy C 
Categoryy D 
Unclassified d 

5:266 mm:ss (15.37%), 3 periods, aug. 1:49 mn:ss 
17:000 mm:ss (48.06%), 3 periods, aug. 5:46 mm:ss 
10:000 mm:ss (28.27%), 4 periods, aug. 2:30 mm:ss 

2:566 mm:ss (8.30%), 2 periods, aug. 1:28 nm:ss 

Ace .. Distributio n 

Dec.. Distributio n 

Ace .. Dur . Distr . 

Dec.. Dur . Distr . 

Expor t t 

Repor t t 0k k 

Fig.. 5 Statistical results like average FHR, average baseline, STV, LTV, duration, percent of signal 
loss,'acceleration/deceleration'' count and high/low episode count are available in a separate win-
dow.. Classification of a fetal heart rate recording into categories is under investigation and is not 
describedd in this paper. 

Results s 

EvaluationEvaluation of the technique 

Outcomess of simultaneous FHR recordings analysed with the described program and 

thee commercial system are given in table l. BHR (or Basal Heart Rate, which is described 

byy the baseline) was the only parameter of which the results differed significantly al-

thoughh this difference is of minor importance (1 BPM, 0.7%; paired T-test; p=0.04). 

Nonee of the other quantified FHR parameters showed significant differences. Although 

the'deceleration11 parameter shows a big difference, this difference is not statistically sig-

nificantt because of the low 'deceleration' count. The difference in signal loss between 

bothh systems is probably due to the unavoidable different position of the two ultrasound 

transducerss on the abdomen of the patient, especially at younger pregnancies (i.e. before 

322 weeks). 
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Tablee 1 Results of FHR analysis made by the program and the commercially available analysis 
system.. Average values are presented (95% confidence intervals). 

Analysiss parameter 

Recordingg duration (min) 

Basall  heart rate (BPM) 

Accelerationn count 

Decelerationn count 

Shortt term variability (ms) 

Highh episode count 

Loww episode count 

Commerciall  system 

34 4 

142.7 7 

5.7 7 

0.6 6 

6.8 8 

8.5 5 

9.3 3 

(31-37) ) 

(139.4-146.0) ) 

(4.4-7.1) ) 

(0.2-1) ) 

(6.2-7.4) ) 

(5.7-11.3) ) 

(6.3-12.3) ) 

New w 

34 4 

143.7 7 

5.3 3 

0.2 2 

6.8 8 

8.7 7 

8.7 7 

program m 

(31-37) ) 

(140.6-146.8) ) 

(3.8-6.8) ) 

(0.03-0.4) ) 

(6.0-7.6) ) 

(5.3-12.1) ) 

(5.3-12.0) ) 

D% % 

0.0 0 

+0.7 7 

-7.0 0 

-66.7 7 

0.0 0 

+2.4 4 

-5.4 4 

Significance e 

--

+ + 

--

--

--

--

--

Signall  loss was 3.5% (2.0-5.0) for the Hewlitt-Packard M1350A and 6.6% (3.8-9.4) for the Oxford 
Sonicaidd system 8002 Team. 

EffectsEffects of arcadian rhythm 

Thee influence of circadian rhythms was determined for those FHR parameters that are 
relevantt in monitoring high-risk fetuses, i.e. BHR, 'accelerations', 'decelerations', STV 
andd LTV. The program proved very convenient for this purpose since it was possible to 
automaticallyy subdivide the 24-hour recordings into regions of one hour. The analysis 
resultss of all these one-hour regions were automatically appended to an ASCII file. This 
ASCIII  file was read by third party software for presentation. Figure 6 shows the hourly 
meanss of the basal heart rate (BHR), the STV and the 'acceleration' count of 26 normal 
humann fetuses. A detailed discussion of these results is reported by Lunshof et al. (1998). 

Discussion n 

Forr the study of the influence of the circadian rhythm on FHR parameters, 24-hour re-

cordingss were made using ultrasound techniques. Literature on bioeffects of ultrasound 

(MII  LLER et al., 1998) in pregnancy indicates that, although ultrasound at high intensities 

iss associated with biological effects, at diagnostic levels such bioeffects are not reported 

evenn at prolonged exposure. The American Institute for Ultrasound in Medicine (AIUM ) 

andd the Food and Drug Administration (FDA, USA) published intensity levels below 

whichh no significant biological effects are confirmed (AIUM , 1988). Calculations made 

byy TNO, health-research, Leiden, the Netherlands, showed that, irrespective of thee dura-

tionn of FHR-recording the ultrasound output of the used CTG monitor was far below 

acceptedd intensity limits. 
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Fig.. 6 Hourly mean deviation ) from daily mean of Basal Heart Rate (BHR) in beats per 
minutee (BPM) and Short Term Variability (STV) in milliseconds (msec) and the mean'accelera-
tion'' count per hour (ACC) in 26 normal human fetuses. Black bars indicate the night period 
duringg which lights were off (from Lunshof et al., 1998). 

Althoughh Dawes' analysis methods are widely accepted, from a technical point of view 

somee peculiarities must be considered. Dawes' analysis is based on the mean FHR inter-

vall  of 3.75 second epochs. Since averaging removes higher frequency components within 

thee epochs, a different variability may be observed, when epochs of different duration 

aree used. Therefore, the numerical values of STV, Range and LTV, and thus the clinical 

interpretation,, all depend on the specific epoch duration that was chosen. 

Thee range, describing the maximum variability within each measurement minute, is 

definedd in such a way that its magnitude increases at times of high FHR variation, as 

wouldd be expected, but also at times of increased heart rate ('accelerations').'Accelerations' 

indicatee an increase in FHR in relation to the baseline and not necessarily an increase of 

'variation'' of the heart rate curve itself. 

Onee would expect LTV to be considered for a prolonged period compared to STV. This 

iss not the case, however. In the unlikely case of TEs changing continuously between a 

maximumm above and a minimum below the baseline, the STV and LTV would give the 

samee result. 
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Duee to averaging techniques, a fetal CTG monitor needs time to settle when the heart 
ratee suddenly changes. This so called 'step response' was tested for the used CTG moni-
torr by simulating the beating fetal heart with a loudspeaker attached to the ultrasound 
probe.. The loudspeaker was stimulated with a 120 BPM (2 Hz) saw tooth signal and 
suddenlyy changed rate (within one interval) to 150 BPM (2.5 Hz). The CTG monitor 
showedd an average rise time (10-90%) of 1.5 seconds when changing to this new value. 
Thee average fall time was 2.0 seconds when changing from 150 BPM (2.5 Hz) back to 
1200 BPM (2 Hz). These response times vary among different types of CTG monitors 
(Fetall  monitor test, Hewlett-Packard application note shows quick response of HP CTG 
monitors)) and hence the HRE values will vary. For this reason it might be difficult to 
comparee STV results obtained from different types of CTG monitors. 

Conclusions s 

Thiss paper introduces a newly developed program for FHR analysis and presents a de-

tailedd description of Dawes' analysis algorithms. 

Byy comparing the analysis results of the program with the commercial analysis system it 

cann be concluded that the program offers a suitable alternative for FH R analysis for clinical 

use.. Since the software features the possibility to adapt limiting analysis parameters it 

mayy also be of great value for analysis of heart rate recordings of, e.g., experimental ani-

malss like mice or rats. The option to select any region of a recording for analysis could be 

off  great advantage when studying temporal effects of drug treatment, e.g., in clinical 

pharmacology. . 

Thee program will be incorporated in an automation project at the Department of Ob-

stetricss of the Academic Medical Center to analyse high-risk pregnancies immediately 

afterr recording. 

Thee FHR analysis program, called FetalHrt.EXE, is written for the Windows operating 

system.. It is available as shareware for use in experimental settings and can be obtained 

byy contacting the author at the correspondence address. 

APPENDIXX A 

Reducingg transient effects in baseline determination 

Transientt effects are found when a filter is applied to discontinuous signals due to filter's 

settlingg time. A FHR recording shows discontinuities at the beginning of the recording 

andd at times of signal loss. Transient effects can be minimised by replacing invalid or 

unknownn parts of the recording with an estimated value before filtering. 
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Thee estimation method starts with the frequency distribution (with a 0.25 BPM heart 

ratee resolution) of the region to be analysed. Sometimes the frequency distribution shows 

moree than one peak in which peaks at higher rates account for 'accelerations' in the re-

cordingg and the size of the peaks depend primarily on the total 'acceleration' duration. 

Thee first prominent peak at the lower heart rate is a good entry for the estimation of the 

baselinee starting point. The lower peak is found by scanning the frequency distribution 

fromm left (e.g., 100 BPM) to right (e.g., 160 BPM) and a peak search begins from the 

pointt where l/8th of the area under the curve is reached (this prevents less prominent 

heartt rate values from being detected as the peak). A value is detected as the peak if the 

nextt 5 nonzero heart rate elements are of lower frequency. The heart rate belonging to 

thee first detected peak serves as the baseline 'entry' HRE , with interval TE f msecl. 
rr / entry' entry l ' 

InIn figure 7, the indicated top is detected as the peak and the accompanying heart interval 
servess as the baseline reference. 
Thee baseline entry would be a good estimate of the baseline starting point if the record-
ingg started with a considerable increase in heart rate ('acceleration'). If there was only 
littl ee heart rate variation in the first few minutes, however, it would not be a good esti-
mate.. Therefore, the average epoch heart rate of all epochs in the first four minutes (or 
lesss if not available) is calculated, with intervals that fall in the range: TE  i*  10 msec, 

ÖÖ entry ' 

withh i = [1..4] and starting with i=l . If no epochs intervals fall in the range TE 0 
msec,, the range is extended to TErcf.  20 msec and so on until an average epoch heart 
ratee can be determined or still no epoch intervals fall in the range TE  40 msec. If an 

rr O entry 

averagee epoch heart rate can be determined, it serves as the baseline starting point (TE ). 
Otherwisee the baseline starting point is assumed to be 6E4/TE [BPM]. 
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