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Abstract 

Fetal responses to the stress of labour and delivery are constituted by a combination of 

changes in neuronal, hormonal and organ based reactions. The aim of electronic fetal monitoring is to 

identify fetuses at risk of hypoxia during birth, thus enabling timely intervention to avoid an adverse 

outcome. Visual assessment of fetal heart rate (FHR) patterns is associated with substantial variation 

in interpretation and there is data to demonstrate the benefits of computer support decision tools. 

Therefore, the aims of this project were to validate computer-based methods with enhanced data 

analysis to monitor fetal reactivity, using alterations in RR intervals and ST waveform of the fetal 

ECG as signs of autonomic nervous system and myocardial metabolic reactivity changes associated 

with intrapartum stress. A new mathematical model was used for quantifying FHR variability 

(FHRV). A polynomial function was applied to a sequence of real RR data, producing an RR trend. 

The difference between the RR trend and the actual beat-to-beat interval at every heartbeat was 

calculated and a Residual value was obtained. The closer to zero the lesser the FHRV was. In the 

thesis, the parameters were set to allow for baseline FHR shifts. These Residual features were then 

tested for their ability to identify four index cases with loss of reactivity in connection with adverse 

outcome. The parameter settings required to identify the index cases were then tested for accuracy in a 

large EU database of > 7800 deliveries. The analysis showed that 2.3% of these deliveries revealed 

non-reactive FHR features associated with an increased risk of neonatal care. Only one of 59 cases 

with metabolic acidosis showed consistently reduced FHRV. In a subsequent case-controlled study of 

spontaneous vaginal deliveries we demonstrated that active pushing was associated with a FHRV rise 

in 100% of deliveries with metabolic acidosis as compared to 89% of the cases without metabolic 

acidosis. Metabolic acidosis was also associated with a significantly more pronounced rise in FHRV 

and in cases with more severe acidosis the rise was followed by a decrease in FHRV. A combined 

FHRV and T/QRS rise occurred in 88% of the metabolic acidosis cases as compared to 5% of controls 

(p<0.001). The FHRV and ST parameters were also validated experimentally in an animal model of 

intrauterine inflammation in fetal lambs. These data showed that baseline FHRV increased with 

increasing maturity, while inflammation caused fetal demise particularly in preterm fetal lambs, which 

was associated with an increase in FHRV in connection with ST waveform depression and negative T 

waves. In summary, settings obtained in index cases with loss of reactivity and adverse outcome 

indicated increased risk of neonatal care, but could not be used to identify fetuses with metabolic 

acidosis per se. Instead, the initial pattern of reaction to develop metabolic acidosis in normal vaginal 

delivery was a substantial increase in FHRV followed by a decrease as the acidosis progressed. The 

Residual method may in the future help to identify fetuses at risk and provide additional support in 

decisions to intervene.  
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