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Abstract:OBJECTIVETo assess the influence of gender, time of the day and gestational age on fetal 
heart rate (FHR) parameters between appropriate-for-gestational-age (AGA) and small-for-
gestational age (SGA) fetuses using a portable fetal ECG monitor employed in the home 
setting.METHODSWe analysed and compared the antenatal FHR data collected in the home setting 
on 61 healthy pregnant women with singleton pregnancies from 24 weeks gestation. Of the 61 
women, 31 had SGA fetuses (estimated fetal weight below the tenth gestational centile) and 30 
were pregnant with AGA fetuses. FHR recordings were collected for up to 20 h. Two 90 min intervals 
were deliberately chosen retrospectively with respect to signal recording quality, one during day-
time and one at night-time for comparison.RESULTSOverall, success rate of the fetal abdominal ECG 
in the AGA fetuses was 75.7% compared to 48.6% in the SGA group. Based on randomly selected 
episodes of heart rate traces where recording quality exceeded 80% we were able to show a 
marginal difference between day and night-time recordings in AGA vs. SGA fetuses beyond 32 weeks 
of gestation. A selection bias in terms of covering different representation periods of fetal 
behavioural states cannot be excluded. In contrast to previous studies, we neither controlled 
maternal diet and activity nor measured maternal blood hormone and heart rate as all mothers 
were monitored in the home environment.CONCLUSIONBased on clinically unremarkable, but 
statistically significant differences in the FHR parameters between the AGA and SGA group we 
suggest that further studies with large sample size are required to assess the clinical value of 
antenatal fetal ECG monitoring. 
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2. Performance of computerized cardiotocography-based short-term variation in late-onset small-
for-gestational-age fetuses and reference ranges for the late third trimester. 
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Abstract:PURPOSEFetal Doppler changes are well characterized in early-onset small-for-gestational-
age (SGA) and fetal growth restriction (FGR) but less well characterized where the condition is late-
onset. The aim of the study was to evaluate the role of computerized CTG (cCTG)-based short-term 
variation (STV) in late-onset SGA and FGR as an additional monitoring modality and to establish STV 
reference ranges in late third trimester healthy pregnancies.METHODSOf 86 late-onset SGA fetuses 
diagnosed after 32 weeks, 66 were diagnosed with FGR. 138 healthy pregnancies acted as controls. 
All underwent umbilical artery pulsatility index (PI), middle cerebral artery PI, cerebroplacental ratio 
and mean uterine artery PI. cCTG recordings were analyzed by Sonicaid FetalCare software for STV 
calculation as described by Dawes/Redman.RESULTSMedian interval between inclusion and delivery 
was 13 (interquantile range = 4-30) days in the FGR group, 22 (12-37) days in the SGA group and 25 
(10-40) days in the control group. STV was not different between controls (11.2 ms, 9.7-13.1), late-
onset SGA (11.2 ms, 8.1-12.6) and FGR (10.5 ms, 8.5-12.4) fetuses. A greater proportion of late-onset 
SGA fetuses had STV < 5th percentile (7/86) compared to controls (4/138) (8.1% vs. 2.9%, p = 0.077). 
In the control group a significant positive correlation was seen between STV, and 1-min (ρ = 0.195, 
p = 0.026), 5-min (ρ = 0.247, p = 0.004) and 10-min (ρ = 0.211, p = 0.014) Apgar 
values.CONCLUSIONSWe report no significant difference in STV median values between controls, 
SGA and FGR pregnancies. However, more SGA fetuses had a low STV compared to controls. 
Prospective longitudinal studies are needed to investigate if low STV is a useful surveillance method 
for late-onset FGR. 
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Abstract:Background: Early-onset fetal growth restriction represents a particular dilemma in clinical 
management balancing the risk of iatrogenic prematurity with waiting for the fetus to gain more 
maturity, while being exposed to the risk of intrauterine death or the sequelae of acidosis. Objective: 
The Trial of Umbilical and Fetal Flow in Europe was a European, multicenter, randomized trial aimed 
to determine according to which criteria delivery should be triggered in early fetal growth 
restriction. We present the key findings of the primary and secondary analyses. Study Design: 
Women with fetal abdominal circumference <10th percentile and umbilical pulsatility index >95th 
percentile between 26-32 weeks were randomized to 1 of 3 monitoring and delivery protocols. 
These were: fetal heart rate variability based on computerized cardiotocography; and early or late 
ductus venosus Doppler changes. A safety net based on fetal heart rate abnormalities or umbilical 
Doppler changes mandated delivery irrespective of randomized group. The primary outcome was 
normal neurodevelopmental outcome at 2 years. Results: Among 511 women randomized, 362/503 
(72%) had associated hypertensive conditions. In all, 463/503 (92%) of fetuses survived and cerebral 
palsy occurred in 6/443 (1%) with known outcome. Among all women there was no difference in 
outcome based on randomized group; however, of survivors, significantly more fetuses randomized 
to the late ductus venosus group had a normal outcome (133/144; 95%) than those randomized to 
computerized cardiotocography alone (111/131; 85%). In 118/310 (38%) of babies delivered <32 
weeks, the indication was safety-net criteria: 55/106 (52%) in late ductus venosus, 37/99 (37%) in 
early ductus venosus, and 26/105 (25%) in computerized cardiotocography groups. Higher middle 
cerebral artery impedance adjusted for gestation was associated with neonatal survival without 
severe morbidity (odds ratio, 1.24; 95% confidence interval, 1.02-1.52) and infant survival without 
neurodevelopmental impairment at 2 years (odds ratio, 1.33; 95% confidence interval, 1.03-1.72) 
although birthweight and gestational age were more important determinants. Conclusion: Perinatal 
and 2-year outcome was better than expected in all randomized groups. Among survivors, 2-year 
neurodevelopmental outcome was best in those randomized to delivery based on late ductus 
venosus changes. Given a high rate of delivery based on the safety-net criteria, deciding delivery 
based on late ductus venosus changes and abnormal computerized fetal heart rate variability seems 
prudent. There is no rationale for delivery based on cerebral Doppler changes alone. Of note, most 
women with early-onset fetal growth restriction develop hypertension.Copyright © 2018 Elsevier 
Inc. 
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4. Fetal monitoring indications for delivery and 2-year outcome in 310 infants with fetal growth 
restriction delivered before 32 weeks' gestation in the TRUFFLE study 
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Abstract:OBJECTIVE: In the TRUFFLE (Trial of Randomized Umbilical and Fetal Flow in Europe) study 
on the outcome of early fetal growth restriction, women were allocated to one of three groups of 
indication for delivery according to the following monitoring strategies: (1) reduced fetal heart rate 
(FHR) short-term variation (STV) on cardiotocography (CTG); (2) early changes in fetal ductus 
venosus (DV) waveform (DV-p95); and (3) late changes in fetal DV waveform (DV-no-A). However, 
many infants per monitoring protocol were delivered because of safety-net criteria, for maternal or 
other fetal indications, or after 32 weeks of gestation when the protocol was no longer applied. The 
objective of the present posthoc subanalysis was to investigate the indications for delivery in 
relation to 2-year outcome in infants delivered before 32 weeks to further refine management 
proposals.METHODS: We included all 310 cases of the TRUFFLE study with known outcome at 2 
years' corrected age and seven fetal deaths, excluding seven cases with inevitable perinatal death. 
Data were analyzed according to the allocated fetal monitoring strategy in combination with the 
indication for delivery.RESULTS: Overall, only 32% of liveborn infants were delivered according to the 
specified monitoring parameter for indication for delivery; 38% were delivered because of safety-net 
criteria, 15% for other fetal reasons and 15% for maternal reasons. In the CTG-STV group, 51% of 
infants were delivered because of reduced STV. In the DV-p95 group, 34% of infants were delivered 
because of abnormal DV and, in the DV-no-A group, only 10% of infants were delivered accordingly. 
The majority of infants in the DV groups were delivered for the safety-net criterion of spontaneous 
decelerations in FHR. Two-year intact survival was highest in the DV groups combined compared 
with the CTG-STV group (P = 0.05 for live births only, P = 0.21 including fetal death), with no 
difference between DV groups. A poorer outcome in the CTG-STV group was restricted to infants 
delivered because of FHR decelerations in the safety-net subgroup. Infants delivered because of 
maternal reasons had the highest birth weight and a non-significantly higher intact 
survival.CONCLUSIONS: In this subanalysis of infants delivered before 32 weeks, the majority were 
delivered for reasons other than the allocated monitoring strategy indication. Since, in the DV group, 
CTG-STV criteria were used as a safety net but in the CTG-STV group, no DV safety-net criteria were 
applied, we speculate that the slightly poorer outcome in the CTG-STV group might be explained by 
the absence of DV data. The optimal timing of delivery of fetuses with early intrauterine growth 
restriction may therefore be best determined by monitoring them longitudinally, with both DV and 
CTG monitoring. Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. 
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5. Doppler-based fetal heart rate analysis markers for the detection of early intrauterine growth 
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Abstract:Introduction: One indicator for fetal risk of mortality is intrauterine growth restriction 
(IUGR). Whether markers reflecting the impact of growth restriction on the cardiovascular system, 
computed from a Doppler-derived heart rate signal, would be suitable for its detection antenatally 
was studied.Material and Methods: We used a cardiotocography archive of 1163 IUGR cases and 
1163 healthy controls, matched for gestation and gender. We assessed the discriminative power of 
short-term variability and long-term variability of the fetal heart rate, computed over episodes of 
high and low variation aiming to separate growth-restricted fetuses from controls. Metrics 
characterizing the sleep state distribution within a trace were also considered for inclusion into an 
IUGR detection model.Results: Significant differences in the risk markers comparing growth-
restricted with healthy fetuses were found. When used in a logistic regression classifier, their 
performance for identifying IUGR was considerably superior before 34 weeks of gestation. Long-
term variability in active sleep was superior to short-term variability [area under the receiver 
operator curve (AUC) of 72% compared with 71%]. Most predictive was the number of minutes in 
high variation per hour (AUC of 75%). A multivariate IUGR prediction model improved the AUC to 
76%.Conclusion: We suggest that heart rate variability markers together with surrogate information 
on sleep states can contribute to the detection of early-onset IUGR. 
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Abstract:OBJECTIVESTo explore whether, in early fetal growth restriction (FGR), the longitudinal 
pattern of fetal heart rate (FHR) short-term variation (STV) can be used to identify imminent fetal 
distress and whether abnormalities of FHR recordings are associated with 2-year infant 
outcome.METHODSThe original TRUFFLE study assessed whether, in early FGR, delivery based on 
ductus venosus (DV) Doppler pulsatility index (PI), in combination with safety-net criteria of very low 
STV on cardiotocography (CTG) and/or recurrent FHR decelerations, could improve 2-year infant 
survival without neurological impairment in comparison with delivery based on CTG monitoring only. 
This was a secondary analysis of women who delivered before 32 weeks and had consecutive STV 
data recorded > 3 days before delivery and known infant outcome at 2 years of age. Women who 
received corticosteroids within 3 days of delivery were excluded. Individual regression line 
algorithms of all STV values, except the last one before delivery, were calculated. Life tables and Cox 
regression analysis were used to calculate the daily risk for low STV or very low STV and/or FHR 
decelerations (below DV group safety-net criteria) and to assess which parameters were associated 
with this risk. Furthermore, it was assessed whether STV pattern, last STV value or recurrent FHR 
decelerations were associated with 2-year infant outcome.RESULTSOne hundred and forty-nine 
women from the original TRUFFLE study met the inclusion criteria. Using the individual STV 
regression lines, prediction of a last STV below the cut-off used by the CTG monitoring group had 
sensitivity of 42% and specificity of 91%. For each day after study inclusion, the median risk for low 
STV (CTG group cut-off) was 4% (interquartile range (IQR), 2-7%) and for very low STV and/or 
recurrent FHR decelerations (below DV group safety-net criteria) was 5% (IQR, 4-7%). Measures of 
STV pattern, fetal Doppler (arterial or venous), birth-weight multiples of the median and gestational 
age did not usefully improve daily risk prediction. There was no association of STV regression 
coefficients, a low last STV and/or recurrent FHR decelerations with short- or long-term infant 
outcomes.CONCLUSIONThe TRUFFLE study showed that a strategy of DV monitoring with safety-net 
criteria of very low STV and/or recurrent FHR decelerations for delivery indication could increase 2-
year infant survival without neurological impairment. This post-hoc analysis demonstrates that, in 
early FGR, the daily risk of abnormal CTG, as defined by the DV group safety-net criteria, is 5%, and 
that prediction is not possible. This supports the rationale for CTG monitoring more often than daily 
in these high-risk fetuses. Low STV and/or recurrent FHR decelerations were not associated with 
adverse infant outcome and it appears safe to delay intervention until such abnormalities occur, as 
long as DV-PI is within normal range. Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. 
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Abstract:Background: Abnormal blood flow patterns in fetal circulation detected by Doppler 
ultrasound may indicate poor fetal prognosis. It is also possible that false positive Doppler 
ultrasound findings could lead to adverse outcomes from unnecessary interventions, including 
preterm delivery. Objectives: The objective of this review was to assess the effects of Doppler 
ultrasound used to assess fetal well-being in high-risk pregnancies on obstetric care and fetal 
outcomes. Search methods: We updated the search of Cochrane Pregnancy and Childbirth's Trials 
Register on 31 March 2017 and checked reference lists of retrieved studies. Selection criteria: 
Randomised and quasi-randomised controlled trials of Doppler ultrasound for the investigation of 
umbilical and fetal vessels waveforms in high-risk pregnancies compared with no Doppler 
ultrasound. Cluster-randomised trials were eligible for inclusion but none were identified. Data 
collection and analysis: Two review authors independently assessed the studies for inclusion, 
assessed risk of bias and carried out data extraction. Data entry was checked. We assessed the 
quality of evidence using the GRADE approach. Main results: Nineteen trials involving 10,667 women 
were included. Risk of bias in trials was difficult to assess accurately due to incomplete reporting. 
None of the evidence relating to our main outcomes was graded as high quality. The quality of 
evidence was downgraded due to missing information on trial methods, imprecision in risk estimates 
and heterogeneity. Eighteen of these studies compared the use of Doppler ultrasound of the 
umbilical artery of the unborn baby with no Doppler or with cardiotocography (CTG). One more 
recent trial compared Doppler examination of other fetal blood vessels (ductus venosus) with 
computerised CTG. The use of Doppler ultrasound of the umbilical artery in high-risk pregnancy was 
associated with fewer perinatal deaths (risk ratio (RR) 0.71, 95% confidence interval (CI) 0.52 to 0.98, 
16 studies, 10,225 babies, 1.2% versus 1.7 %, number needed to treat (NNT) = 203; 95% CI 103 to 
4352, evidence graded moderate). The results for stillbirths were consistent with the overall rate of 
perinatal deaths, although there was no clear difference between groups for this outcome (RR 0.65, 
95% CI 0.41 to 1.04; 15 studies, 9560 babies, evidence graded low). Where Doppler ultrasound was 
used, there were fewer inductions of labour (average RR 0.89, 95% CI 0.80 to 0.99, 10 studies, 5633 
women, random-effects, evidence graded moderate) and fewer caesarean sections (RR 0.90, 95% CI 
0.84 to 0.97, 14 studies, 7918 women, evidence graded moderate). There was no comparative long-
term follow-up of babies exposed to Doppler ultrasound in pregnancy in women at increased risk of 
complications. No difference was found in operative vaginal births (RR 0.95, 95% CI 0.80 to 1.14, four 
studies, 2813 women), nor in Apgar scores less than seven at five minutes (RR 0.92, 95% CI 0.69 to 
1.24, seven studies, 6321 babies, evidence graded low). Data for serious neonatal morbidity were 
not pooled due to high heterogeneity between the three studies that reported it (1098 babies) 
(evidence graded very low). The use of Doppler to evaluate early and late changes in ductus venosus 
in early fetal growth restriction was not associated with significant differences in any perinatal death 
after randomisation. However, there was an improvement in long-term neurological outcome in the 
cohort of babies in whom the trigger for delivery was either late changes in ductus venosus or 
abnormalities seen on computerised CTG. Authors' conclusions: Current evidence suggests that the 
use of Doppler ultrasound on the umbilical artery in high-risk pregnancies reduces the risk of 
perinatal deaths and may result in fewer obstetric interventions. The results should be interpreted 
with caution, as the evidence is not of high quality. Serial monitoring of Doppler changes in ductus 
venosus may be beneficial, but more studies of high quality with follow-up including neurological 
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development are needed for evidence to be conclusive.Copyright © 2017 The Cochrane 
Collaboration. Published by John Wiley & Sons, Ltd. 
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Abstract:METHODS: Monitoring data of 317 pregnancies with FGR that delivered before 32 weeks 
were analyzed, excluding those with absent outcome data or inevitable perinatal death. Women 
were allocated randomly to one of three groups of indication for delivery according to the following 
monitoring strategies: (1) reduced fetal heart rate short-term variation (STV) on CTG; (2) early 
changes in fetal DV waveform; and (3) late changes in fetal DV waveform. Primary outcome was 2-
year survival without neurological impairment. The association of the last monitoring data before 
delivery and infant outcome was assessed by multivariable analysis.RESULTS: Two-year survival 
without neurological impairment occurred more often in the two DV groups (both 83%) than in the 
CTG-STV group (77%), however, the difference was not statistically significant (P=0.21). Among the 
surviving infants in the DV groups, 93% were free of neurological impairment vs 85% of surviving 
infants in the CTG-STV group (P=0.049). All fetal deaths (n=7) occurred in the groups with DV 
monitoring. Of the monitoring parameters obtained shortly before fetal death in these seven cases, 
an abnormal CTG was observed in only one case. Multivariable regression analysis of factors at study 
entry demonstrated that a later gestational age, higher estimated fetal weight-to-50th percentile 
ratio and lower umbilical artery pulsatility index (PI)/fetal middle cerebral artery-PI ratio were 
significantly associated with normal outcome. Allocation to DV monitoring had a smaller effect on 
outcome, but remained in the model (P<0.1). Abnormal fetal arterial Doppler before delivery was 
significantly associated with adverse outcome in the CTG-STV group. In contrast, abnormal DV flow 
was the only monitoring parameter associated with adverse outcome in the DV groups, while fetal 
arterial Doppler, STV below the cut-off used in the CTG-STV group and recurrent decelerations in 
fetal heart rate were not.CONCLUSIONS: In accordance with the findings of the TRUFFLE study on 
monitoring and intervention management of very preterm FGR, we found that the proportion of 
infants surviving without neuroimpairment was not significantly different when the decision for 
delivery was based on changes in DV waveform vs reduced STV on CTG. The uneven distribution of 
fetal deaths towards the DV groups was probably a chance effect, and neurological outcome was 
better among surviving children in these groups. Before 32 weeks, delaying delivery until 
abnormalities in DV-PI or STV and/or recurrent decelerations in fetal heat rate occur, as defined by 
the study protocol, is likely to be safe and possibly benefits long-term outcome. Copyright © 2017 
ISUOG. Published by John Wiley & Sons Ltd.OBJECTIVES: In the recent TRUFFLE study, it appeared 
that, in pregnancies complicated by fetal growth restriction (FGR) between 26 and 32 weeks' 
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gestation, monitoring of the fetal ductus venosus (DV) waveform combined with computed 
cardiotocography (CTG) to determine timing of delivery increased the chance of infant survival 
without neurological impairment. However, concerns with the interpretation were raised, as DV 
monitoring appeared to be associated with a non-significant increase in fetal death, and some 
infants were delivered after 32 weeks, at which time the study protocol no longer applied. This 
secondary sensitivity analysis of the TRUFFLE study focuses on women who delivered before 32 
completed weeks' gestation and analyzes in detail the cases of fetal death.Copyright © 2017 ISUOG. 
Published by John Wiley & Sons Ltd. 
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Abstract:OBJECTIVETo compare longitudinal trends of cardiotocographic (CTG) parameters between 
small-for-gestational-age (SGA) and normal fetuses, from 24 to 41 weeks of pregnancy.METHODSA 
prospective cohort study was carried out in singleton pregnancies without fetal malformations. At 
least one CTG was performed in each of the following intervals: 24-26 weeks+6 days, 27-29 weeks+6 
days, 30-32 weeks+6 days, 33-35 weeks+6 days, 36-38 weeks+6 days and ≥39 weeks. Tracings were 
analyzed using the Omniview-SisPorto® 3.6 system. Cases with a normal pregnancy outcome, 
including a birthweight ≥10th percentile for gestational age, were compared with two groups of SGA 
fetuses: with birthweight <10th percentile (SGA<p10) and <3rd percentile (SGA<p3; a subgroup of 
the latter). Generalized linear mixed-effects models were used for analysis.RESULTSA total of 176 
fetuses (31 SGA) and 1256 tracings (207 from SGA fetuses) were evaluated. All CTG parameters 
changed significantly throughout pregnancy in the three groups, with a decreasing baseline and 
probability of decelerations, and an increasing average long-term variability (LTV), average short-
term variability (STV) and accelerations. Baseline showed a more pronounced decrease (steeper 
slope) in SGA fetuses, being higher in these cases at earlier gestational ages and lower later in 
pregnancy. Average LTV was significantly lower in SGA<p3 fetuses, but a parallel increase occurred in 
all groups. There was a considerable inter-fetal variability within each group.CONCLUSIONA unique 
characterization of CTG trends throughout gestation in SGA fetuses was provided. A steeper descent 
of the baseline was reported for the first time. The findings raise the possibility of clinical application 
of computerized CTG analysis in screening and management of fetal growth restriction. 
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10. Cardiotocography and the evolution into computerised cardiotocography in the management 
of intrauterine growth restriction. 
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Source: Archives of gynecology and obstetrics; Apr 2017; vol. 295 (no. 4); p. 811-816 
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Abstract:Timely recognition and appropriate management of high-risk pregnancies, such as 
intrauterine growth restriction (IUGR), are of paramount importance for every obstetrician. After the 
initial screening of IUGR fetuses through sonographic fetometry and Doppler, the focus is shifted to 
the appropriate monitoring and timing of delivery. This can, especially in cases of early IUGR, 
become a very difficult task. At this point, cardiotocography (CTG) is introduced as a major tool in 
the day-to-day monitoring of the antenatal well-being of the IUGR fetus. Since the first introduction 
of CTG up to the nowadays widely spreading implementation of computerised CTG in the clinical 
practice, there has been great progress in the recording of the fetal heart rate, as well as its 
interpretation. Focus of this review is to offer an understanding of the evolution of CTG from its 
early development to modern computerised methods and to provide an insight as to where the 
future of CTG is leading, especially in the monitoring of IUGR. 
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11. Cardiotocographic parameters in small-for-gestational-age fetuses: How do they vary from 
normal at different gestational ages? A study of 11687 fetuses from 25 to 40 weeks of pregnancy. 

Author(s): Amorim-Costa, Célia; de Campos, Diogo Ayres; Bernardes, João 

Source: The journal of obstetrics and gynaecology research; Mar 2017; vol. 43 (no. 3); p. 476-485 

Publication Date: Mar 2017 

Publication Type(s): Journal Article 

PubMedID: 28165176 

Available  at The journal of obstetrics and gynaecology research -  from Wiley Online Library Science 
, Technology and Medicine Collection 2017  

Abstract:AIMThe aim of this study was to assess how cardiotocographic (CTG) parameters differ 
between small-for-gestational-age (SGA) and normal fetuses at different gestational 
ages.METHODSThis was a retrospective cross-sectional study using the first antepartum tracing of 
singleton pregnancies with no malformations. Fetuses with birthweight ≥10th percentile for 
gestational age and other normal pregnancy outcome criteria (term birth, normal umbilical artery pH 
and Apgar scores, no intensive care unit admission) were compared with fetuses with birthweight 
<10th and <3rd percentiles for gestational age (SGA < p10 and SGA < p3, a subgroup of the latter). 
Each CTG parameter was compared, by gestational age, using both statistical tests and percentile 
curves derived from normal outcome cases. Tracings were analyzed with the OmniviewSisPorto® 3.7 
system.RESULTSA total of 11 687 tracings (from the same number of fetuses) were analyzed: 9701 
normal, 1986 SGA < p10, and 543 SGA < p3. SGA fetuses had lower long- and short-term variability, 
and number of accelerations, with more pronounced differences between around 28 and 35 weeks. 
In contrast, baseline was lower in SGA fetuses from 34 weeks onwards. All differences were more 
pronounced for SGA < p3 fetuses. Similar trends throughout gestation occurred in all groups: 
decrease in baseline, and increase in long- and short-term variability, and 
accelerations.CONCLUSIONSThis study represents an important step for accurate CTG interpretation 
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in SGA fetuses and, consequently, management of fetal growth restriction (FGR), as it contributes to 
differentiate between maturational CTG changes that occur physiologically throughout pregnancy, 
and possible signs of fetal compromise in FGR. 
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Can We Obtain Additional Information Other than CTG Trace? 
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Source: Advances in clinical and experimental medicine : official organ Wroclaw Medical University; 
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Abstract:BACKGROUNDCardiotocography (CTG) is the most widely used procedure despite its low 
specificity for fetal acidosis and poor perinatal outcome. Fetal electrocardiography (fECG) with 
transabdominal electrodes is a new, non-invasive and promising method with greater potential for 
detecting impairment of fetal circulation. This study is the first that attempts to assess the 
usefulness of fECG in comparison to CTG during antepartum period.OBJECTIVESTo determine if a 
single fECG examination along with CTG tracing and Doppler flow measurement in the fetal vessels 
has any additional clinical value in normal and intrauterine growth restricted (IUGR) 
fetuses.MATERIAL AND METHODSThe study included 93 pregnancies with IUGR, 37 pregnancies with 
IUGR and brain sparing effect, and 324 healthy pregnant women. The T/QRS ratio, cerebro-placental 
ratio (CRP), and CTG tracings were analyzed. One-way analysis of variance and Spearman's rank 
correlation coefficient were applied. The relationship between results of the T/QRS ratio and CTG 
examination among the study groups was analyzed.RESULTSThe highest average mean value of the 
T/QRS ratio was recorded in the IUGR group with a normal CPR and a pathologic CTG (0.235 ± 
0.014). The highest average maximum values were observed in the groups of IUGR pregnancies with 
a reduced CPR with normal (0.309 ± 0.100), suspicious (0.330 ± 0.102) and pathologic (0.319 ± 0.056) 
CTGs. Analysis of variance revealed differences between study groups regarding maximum values 
and the difference between maximum and minimal values of T/QRS. Correlations between groups 
were insignificant.CONCLUSIONSHigher values of T/QRS ratio in IUGR pregnancies with normal and 
reduced CPR than in control group regardless of the result of CTG examination may indicate minimal 
worsening of intrauterine fetal well-being in growth retarded fetuses. No relationship between fECG 
examination and CTG tracings suggests that a single fECG does not provide any additional clinically 
significant information determining the condition of the fetus; however, further studies are 
required. 
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IUGR Clinical Management. 
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Abstract:OBJECTIVEThis study used a new method called Acceleration (or Deceleration) Phase-
Rectified Slope, APRS (or DPRS) to analyze computerized Cardiotocographic (cCTG) traces in 
intrauterine growth restriction (IUGR), in order to calculate acceleration- and deceleration-related 
fluctuations of the fetal heart rate, and to enhance the prediction of neonatal 
outcome.METHODCardiotocograms from a population of 59 healthy and 61 IUGR fetuses from the 
30th gestation week matched for gestational age were included. APRS and DPRS analysis was 
compared to the standard linear and nonlinear cCTG parameters. Statistical analysis was performed 
through the t-test, ANOVA test, Pearson correlation test and receiver operator characteristic (ROC) 
curves (p < 0, 05).RESULTSAPRS and DPRS showed high performance to discriminate between 
Healthy and IUGR fetuses, according to gestational week. A linear correlation with the fetal pH at 
birth was found in IUGR. The area under the ROC curve was 0.865 for APRS and 0.900 for DPRS 
before the 34th gestation week.CONCLUSIONSAPRS and DPRS could be useful in the identification 
and management of IUGR fetuses and in the prediction of the neonatal outcome, especially before 
the 34th week of gestation. 
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14. Unstressed antepartum cardiotocography in the management of the fetus suspected of growth 
retardation. 

Author(s): Flynn, Anna M; Kelly, J; O'Conor, M 

Source: BJOG : an international journal of obstetrics and gynaecology; Dec 2014; vol. 121 

Publication Date: Dec 2014 
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Available  at BJOG : an international journal of obstetrics and gynaecology -  from Wiley Online 
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Available  at BJOG : an international journal of obstetrics and gynaecology -  from Unpaywall  

Abstract:A detailed analysis of the antenatal cardiotocographs (CTGs) in 57 patients with suspected 
fetal growth retardation is presented. Four traces were normal and 53 were 'non-reactive. 'Non-
reactive' traces can be sub-divided into three categories, which, in order of severity are, 'suspect', 
'flat' and 'ominous'. When compared with the 'suspect' group, perinatal mortality was significantly 
increased and the Apgar scores at one and five minutes significantly decreased in the 'flat' and 
'ominous' groups. The presence of fetal distress in labour was significantly higher in the 'flat' group 
as compared with the 'suspect' group. Intrauterine deaths occurred only in the 'ominous' group. 
With experience, ten patients later in the series with 'ominous' patterns were delivered within 24 
hours of the detection of such and nine infants survived. At follow-up between 6 and 34 months 
after birth, psychomotor development was normal in 47 of the 49 surviving infants. 
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on phase-rectified signal average 
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Publication Date: Sep 2013 
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Abstract:Since the 1980s, cardiotocography (CTG) has been the most diffused technique to monitor 
fetal well-being during pregnancy. CTG consists of the simultaneous recording of fetal heart rate 
(FHR) signal and uterine contractions and its interpretation is usually performed through visual 
inspection by trained obstetric personnel. To reduce inter- and intraobserver variabilities and to 
improve the efficacy of prenatal diagnosis, new quantitative parameters, extracted from the CTG 
digitized signals, have been proposed as additional tools in the clinical diagnosis process. In this 
paper, a new parameter computed on FHR time series and based on the phase-rectified signal 
average curve (PRSA) is introduced. It is defined as acceleration phase-rectified slope (APRS) or 
deceleration phase-rectified slope (DPRS) depending on the slope sign of the PRSA curve. The new 
PRSA parameter was applied to FHR time series of 61 healthy and 61 intrauterine growth restricted 
(IUGR) fetuses during CTG nonstress tests. Performance of APRS and DPRS was compared with 1) the 
results provided by other parameters extracted from the PRSA curve itself but already existing in the 
literature, and 2) other clinical indices provided by computerized cardiotocographic systems. APRS 
and DPRS indices performed better than any other parameter in this study in the distinction 
between healthy and IUGR fetuses. Our results suggest this new index might reliably contribute to 
the quality of early fetal diagnosis. 
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16. Cardiotocography as a predictor of fetal outcome in women presenting with reduced fetal 
movement. 

Author(s): Daly, Niamh; Brennan, Donal; Foley, Michael; O'Herlihy, Colm 

Source: European journal of obstetrics, gynecology, and reproductive biology; Nov 2011; vol. 159 
(no. 1); p. 57-61 

Publication Date: Nov 2011 

Publication Type(s): Journal Article Evaluation Studies 

PubMedID: 21899943 

Abstract:OBJECTIVETo examine the obstetric and perinatal outcomes of women presenting with 
reduced fetal movement (RFM) during the third trimester, specifically in relation to the diagnostic 
capacity of non-stress cardiotocography (CTG) used as the primary investigation in this clinical 
scenario.STUDY DESIGNThis was a retrospective population-based cohort study of pregnancy 
outcomes of all women ≥ 28 weeks' gestation with singleton pregnancies presenting during one 
calendar year with maternal perception of RFM, all of whom underwent CTG at presentation. Main 
outcome measures included: obstetric intervention (induction of labour, spontaneous vaginal 
delivery, operative vaginal delivery, emergency caesarean section), and perinatal outcome 
(subsequent perinatal death, low Apgar scores (<7(5)), neonatal resuscitation and NICU 
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admission).RESULTSIn all, 524 women presented with RFM and a live fetus, representing 7% of the 
antenatal obstetric population; 284 women (54%) were nulliparous. The reassuring CTG group 
comprised 482 (92%) women in whom initial CTG was reassuring and 15 (3%) where a repeat tracing 
within 1h was reassuring. The non-reassuring/abnormal CTG group (n=27, 5%) either underwent 
emergency delivery or comprehensive serial fetal assessment; this group had significantly higher 
rates of emergency caesarean delivery, neonatal resuscitation and NICU admission; the incidence of 
small-for-gestational-age infants did not differ significantly. No perinatal death occurred in either 
group following CTG.CONCLUSIONNormal non-stress CTG is a reliable screening indicator of fetal 
wellbeing in women presenting with perception of RFM in the third trimester; abnormal pregnancy 
outcomes were more common when initial CTG was abnormal or persistently non-reassuring. 
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Publication Date: May 2011 

Publication Type(s): Article 

PubMedID: 21360555 

Available  at Prenatal diagnosis -  from Wiley Online Library Science , Technology and Medicine 
Collection 2017  

Abstract:Objective: Decreased fetal heart rate variability is associated with higher perinatal 
morbidity and mortality in intrauterine growth restriction (IUGR). This study used a new method 
[phase-rectified signal averaging (PRSA)] to calculate acceleration- and deceleration-related 
fluctuations of the fetal heart rate. Method: Cardiotocograms from 74 growth-restricted and 161 
normal fetuses were included. Both groups were matched for gestational age. The transformed PRSA 
signal was quantified by the acceleration-related parameter-averaged acceleration capacity (AAC) 
and compared to the standard short-term variation (STV). Mann-Whitney test and receiver operator 
characteristic (ROC) curves were used for statistical analysis. Results: For AAC, the median values of 
the IUGR group and control group were 1.97 bpm [interquartile range (IQR): 1.66-2.23] and 2.49 
bpm (IQR: 2.24-2.72), respectively. For STV, these values were 5.44 ms (IQR: 4.49-7.38) and 7.79 ms 
(IQR: 6.35-9.66), respectively. The area under the ROC curve was 81.4% for AAC and 70.5% for STV. 
Conclusion: The results of AAC are in both groups comparable to STV. Longitudinal studies are 
needed to investigate the association of AAC with the clinical outcome of the newborn. © 2011 John 
Wiley & Sons, Ltd. 
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18. Computerized analysis of fetal heart rate in pregnancies complicated by gestational diabetes 
mellitus, gestational hypertension, intrauterine growth restriction and premature rupture of 
membranes. 

Author(s): Buscicchio, Giorgia; Gentilucci, Lucia; Tranquilli, Andrea L 

Source: The journal of maternal-fetal & neonatal medicine : the official journal of the European 
Association of Perinatal Medicine, the Federation of Asia and Oceania Perinatal Societies, the 
International Society of Perinatal Obstetricians; Apr 2010; vol. 23 (no. 4); p. 335-337 

Publication Date: Apr 2010 

Publication Type(s): Journal Article 

PubMedID: 20121394 

Abstract:OBJECTIVEWe aimed to compare individual fetal heart rate (FHR) indices, as determined by 
computer analysis of the tracing, in pregnancies complicated by gestational diabetes mellitus (GDM), 
gestational hypertension (PIH), intrauterine growth restriction (IUGR) and premature rupture of 
membranes (pPROM).METHODSThe study population consisted of 100 pregnant women affected by 
GDM on diet therapy, 100 pregnant women affected by GDM on insulin therapy, 100 pregnant 
women affected by PIH, 100 pregnant women affected by IUGR, 100 with premature rupture of 
membranes far from the term (pPROM) and 100 normal pregnancies matched for age, parity and 
gestation as controls. The 30-min FHR tracing was analyzed by computer.RESULTSBaseline FHR, the 
duration of episodes of low variation and short-term variation was significantly higher in pregnancies 
complicated by gestational diseases than in controls; only in PIH, IUGR and pPROM were a significant 
reduction of the numbers of fetal movements.CONCLUSIONSOur study demonstrates that 
pregnancies complicated by gestational diseases do an impact on FHR. The alteration is slight but 
evident; it reflects fetal well-being. Computerized FHR tracing analysis may improve the clinical care 
and the timing of delivery. 
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19. Complexity analysis of the fetal heart rate variability: Early identification of severe intrauterine 
growth-restricted fetuses 
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Abstract:The main goal of this work is to suggest new indices for a correct identification of the 
intrauterine growth-restricted (IUGR) fetuses on the basis of fetal heart rate (FHR) variability analysis 
performed in the antepartum period. To this purpose, we analyzed 59 FHR time series recorded in 
early periods of gestation through a Hewlett Packard 1351A cardiotocograph. Advanced analysis 
techniques were adopted including the computation of the Lempel Ziv complexity (LZC) index and 
the multiscale entropy (MSE), that is, the entropy estimation with a multiscale approach. A 
multiparametric classifier based on k -mean cluster analysis was also performed to separate 
pathological and normal fetuses. The results show that the proposed LZC and the MSE could be 
useful to identify the actual IUGRs and to separate them from the physiological fetuses, providing 
good values of sensitivity and accuracy (Se = 77.8%, Ac = 82.4%). 
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20. An alternative management for growth retarded fetus with absent end-diastolic velocity in 
umbilical artery and normal cardiotocography 

Author(s): Ferianec V.; Redecha M.; Holly I.; Holoman K.; Brucknerova I. 
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Publication Date: Oct 2008 

Publication Type(s): Article 

PubMedID: 18987611 

Abstract:Objectives: Intrauterine growth retardation (IUGR) is associated with fetal adverse 
conditions. The most important cause of growth restriction and poor perinatal outcome is chronic 
fetal hypoxemia (CFH). Adaptation to CFH can be studied by Doppler velocity waveform on umbilical 
and fetal arteries and cardiotocography (CTG). Methods: Preterm delivery, as an elimination of CFH, 
has to be confronted with the risks of prematurity. A special situation may occur when CTG is normal 
at the absence of end-diastolic velocity (AEDV). AEDV in the umbilical artery precedes the onset of 
abnormal CTG, whose duration differs considerably among the fetuses. The time after the onset of 
AEDV in pregnancy may be utilized for performing exact diagnosis by fetal blood analysis. Case: 
Primigravida at 30 gestational weeks was referred because of IUGR. IUGR, AEDV, oligohydramnion, 
and normal fetal anatomy were revealed. CTG was normal. Indication for cordocentesis was to 
perform cord blood gases analysis and to obtain fetal caryotype. Cordocentesis revealed normal 
caryotype, values of pH, and fetal blood gases were considered satisfactory. Continuation of 
pregnancy was decided in spite of persistent AEDV. At 33 gestational weeks pathological CTG was an 
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indication for induction of labor. Labor, delivery, umbilical blood gases, postpartal and neonatal 
outcome were normal. Conclusion: In the case of fetal monitoring controversy assessment of 
umbilical blood analysis may be crucial. This examination is significant and independent of the 
interval between cordocentesis and the onset of CTG pathology. This interval may be utilized for 
intrauterine treatment and for optimizing obstetric management. © 2008 Neuroendocrinology 
Letters. 
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Abstract:OBJECTIVETo assess the clinical value of the short-term fetal heart rate variation (STV) for 
timing the delivery of severely growth-retarded fetuses, many associated with pre-
eclampsia.DESIGNRetrospective cohort study.SETTINGJohn Radcliffe Maternity Hospital, Oxford, 
UK.POPULATIONTwo hundred and fifty-seven fetuses with a birthweight less than third percentile 
and a last computerised cardiotocography performed within 24 h of delivery.METHODSAnalysis of 
the relationship between antepartum STV and the perinatal outcome.MAIN OUTCOME 
MEASURESStillbirth rate and the acid-base status at birth.RESULTSThere were no stillbirths or 
neonatal deaths (NNDs) within 24 h in the study population. Decreasing STV was correlated with 
earlier deliveries (P < 0.001), lower birthweight (P < 0.001), lower umbilical artery pH at birth (P < 
0.001), worse acid-base status at birth (P < 0.001) and worse postnatal outcome (P < 0.002). The STV 
was able to predict the presence or absence of acidaemia and metabolic acidaemia (area under the 
receiver operating characteristic curve 0.70 and 0.75, respectively, P < 0.001). The risk of metabolic 
acidaemia increased as the antepartum STV decreased, the optimum cutoff level being < or = 3.0 
milliseconds (positive and negative predictive values 64.6 and 86.6%). An STV  3.0 milliseconds (54.2 
versus 10.5% and 8.3 versus 0.5%, respectively; P < 0.001). The deaths of the former group were all 
due to extreme prematurity and very low birthweight.CONCLUSIONSThe antepartum STV is an 
important marker of perinatal outcome in severely growth-retarded fetuses. Timing the delivery of 
the most preterm and small fetuses remains a difficult task. 
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cardiotocography in growth-retarded fetuses. 
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Abstract:OBJECTIVEThe aim of the study was to examine the value of the fetal biophysical profile 
(FBP) and the Doppler cerebro-umbilical ratio (C/U) in the assessment of peripartal cardiotocography 
(CTG) in growth-retarded fetuses.METHODSThe prospective study included 58 pregnant women with 
singleton pregnancy from 28 to 42 weeks of gestation with clinically and ultrasonically verified late 
intrauterine growth retardation (IUGR). After assessment of the FBP, flow velocity waveforms from 
the umbilical and middle cerebral arteries were recorded and the C/U ratio was calculated. The C/U 
ratio and the FBP were assessed twice a week. The last peripartal CTG was used as an outcome 
parameter.RESULTSThe FBP score was statistically significant when associated with peripartal CTG (p  
or =1 and normal CTG (p  0.05). Normal and pathological peripartal CTG was correlated with the 
perinatal outcome, but prepathological CTG was not correlated with results of the perinatal 
outcome (p > 0.05).CONCLUSIONSOur results showed that both methods of fetal monitoring need to 
be used in perinatal monitoring of growth-retarded fetuses. The two methods can be used as 
important parameters in deciding to end pregnancies with IUGR when pathological values occur. 
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Doppler flow velocimetry. 
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Publication Date: 2006 

Publication Type(s): Journal Article 

PubMedID: 16431011 

Abstract:OBJECTIVETo investigate the correlations between Doppler flow velocimetry and 
computerized cardiotocography (cCTG) in fetal growth restriction.STUDY DESIGNFifty growth-
restricted foetuses with abdominal circumference below the 10th percentile and no major 
abnormalities were studied. A total of 186 cCTG tracings (at least two per patient) analysed using the 
HP2CTG system were compared with the corresponding umbilical artery pulsatility index (PI), the PI 
ratio of umbilical artery to middle cerebral artery, and the ductus venosus systolic/atrial 
ratio.RESULTSWorsening in umbilical artery Doppler velocimetry parameters was associated with a 
significant reduction of short- and long-term variability indices and accelerations. When end-
diastolic umbilical artery flow was preserved, a reversed ratio between umbilical artery and middle 
cerebral artery PIs was not correlated with a worsening of cCTG parameters; in the presence of 
umbilical artery absent or reversed flow, ductus venosus Doppler velocimetry abnormalities were 
correlated with a significant reduction of variability. When end-diastolic umbilical artery flow was 
preserved, there was a progressive increase in variability indices and accelerations with advancing 
gestational age. In the more compromised fetuses this "maturation" process of cCTG patterns was 
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not found.CONCLUSIONThere is a strict correlation between Doppler velocimetry abnormalities and 
cCTG parameter deterioration, in particular between ductus venosus and variability. 
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Author(s): Cosmi, Erich; Ambrosini, Guido; D'Antona, Donato; Saccardi, Carlo; Mari, Giancarlo 

Source: Obstetrics and gynecology; Dec 2005; vol. 106 (no. 6); p. 1240-1245 

Publication Date: Dec 2005 

Publication Type(s): Comparative Study Journal Article 

PubMedID: 16319247 

Available  at Obstetrics and gynecology -  from Ovid (LWW Total Access Collection 2015 - Q1 with 
Neurology)  

Available  at Obstetrics and gynecology -  from Unpaywall  

Abstract:OBJECTIVETo assess from diagnosis to delivery the Doppler studies of the umbilical artery, 
middle cerebral artery, umbilical vein, ductus venosus, and amniotic fluid index of fetuses with 
idiopathic growth restriction.METHODSA total of 145 singleton growth-restricted fetuses with 
abnormal umbilical artery pulsatility indexes were studied. Cesarean delivery was performed 
because of abnormal biophysical profile or nonreassuring fetal heart rate pattern.RESULTSThere 
were 4 fetal and 50 neonatal deaths. Two growth-restricted groups were identified: Group A (n = 44) 
included fetuses in whom all measures became abnormal preceding an abnormal biophysical profile 
or nonreassuring nonstress test. Group B (n = 101) included fetuses in whom 1 or more measures 
were normal at the time of cesarean delivery. There was no statistically significant difference in 
perinatal morbidity and mortality between the 2 groups. Neonatal death was increased in fetuses 
with umbilical artery reversed flow (odds ratio 2.34, 95% confidence interval 1.16-4.73; P < .05) and 
ductus venosus reversed flow (odds ratio 4.18, 95% confidence interval 2.01-8.69; P < .05). A 
significant correlation was also found between low birth weight and adverse perinatal 
outcome.CONCLUSIONIn fetuses with idiopathic growth restriction, 1) low birth weight, 2) umbilical 
artery reversed flow, and 3) ductus venosus absent or reversed flow are associated with an 
increased perinatal morbidity and mortality. 
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25. Prognostic value of umbilical-middle cerebral artery pulsatility index ratio in fetuses with 
growth restriction. 

Author(s): Piazze, J; Padula, F; Cerekja, A; Cosmi, E V; Anceschi, M M 

Source: International journal of gynaecology and obstetrics: the official organ of the International 
Federation of Gynaecology and Obstetrics; Dec 2005; vol. 91 (no. 3); p. 233-237 

Publication Date: Dec 2005 

Publication Type(s): Journal Article 

PubMedID: 16214144 

Available  at International journal of gynaecology and obstetrics: the official organ of the 
International Federation of Gynaecology and Obstetrics -  from Wiley Online Library Science , 
Technology and Medicine Collection 2017  

Abstract:OBJECTIVETo study the utility of Doppler velocimetry and computerized cardiotocography 
in the management of intrauterine growth restriction and prediction of neonatal outcome.PATIENTS 
AND METHODSSeventy-two pregnant women with fetuses showing growth restriction and delivered 
within 48 h of their last Doppler velocimetry evaluation. The last computerized cardiotocographic 
trace from these fetuses was used for statistical analysis, and the last trace from the healthy fetuses 
of 93 consecutive women undergoing cesarean section was used as control. Umbilical artery 
pulsatility index (UA PI), middle cerebral artery pulsatility index (MCA PI), UA PI/MCA PI ratio, and 
uterine artery resistance index (Ut RI) were assessed.RESULTSAmong women with growth-restricted 
fetuses, all parameters were significantly higher in those who had hypertension; and in those who 
had diabetes, only the UA PI/MCA ratio was significantly higher. Umbilical artery PI values and the 
UA PI/MCA ratio were higher in those who had a nonreassuring result to computerized nonstress 
test immediately before delivery. A multiple logistic analysis showed that the UA PI/MCA ratio was 
the only Doppler velocimetry parameter predicting cardiotocographic nonreactivity; furthermore, 
the predictivity of extended newborn hospitalization (longer than 15 days) was verified, with a 
sensitivity of 56% and a specificity of 92% when the ratio was higher than 1.26.CONCLUSIONThe 
MCA PI of fetuses with growth restriction should be assessed. The UA PI/MCA ratio is predictive of a 
nonreactive computerized cardiotocography trace and of prolonged neonatal hospitalization. 
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26. Computerized cardiotocography in the management of intrauterine growth restriction 
associated with Doppler velocimetry alterations. 

Author(s): Anceschi, M M; Ruozi-Berretta, A; Piazze, J J; Cosmi, E; Cerekja, A; Meloni, P; Cosmi, E V 

Source: International journal of gynaecology and obstetrics: the official organ of the International 
Federation of Gynaecology and Obstetrics; Sep 2004; vol. 86 (no. 3); p. 365-370 

Publication Date: Sep 2004 

Publication Type(s): Journal Article Validation Studies 

PubMedID: 15325854 

Available  at International journal of gynaecology and obstetrics: the official organ of the 
International Federation of Gynaecology and Obstetrics -  from Wiley Online Library Science , 
Technology and Medicine Collection 2017  

Abstract:OBJECTIVETo verify the reliability of computerized cardiotocography (cCTG) in the 
prediction of the oxygen metabolism status of fetuses with growth restriction and Doppler 
velocimetry alterations.METHODSFrom 24 third-trimester cesarean section performed because of 
intrauterine growth restriction (IUGR) and Doppler velocimetry alterations, there were 11 cases of 
fetal heart rate alterations (Dawes-Redman criteria were not satisfied) and 13 cases of reactive 
cCTG. Fetal lung maturity was detected by amniocentesis and blood samples for umbilical blood gas 
analysis (UBGA) were collected before the first neonatal breath from the umbilical artery in a 
double-clamped segment of the cord.RESULTSUmbilical cord gas analysis showed arterial cord blood 
pH to be 7.20 or less in 11 newborns (45.8%), 7.10 or less in 6 (25%), and 7.00 or less in 3 (12.5%). 
Linear regression analysis showed short-term variation (STV) in the fetal heart rate to be significantly 
correlated with umbilical artery pH (r = 0.49; P = 0.01) and pCO2 (r = -0.50; P = 0.01). There were no 
significant correlations between cCTG and the other UBGA parameters considered. Receiver 
operator curves permitted to calculate the STV values at which pathological neonatal UBGA values 
can be expected (pH  80 mmHg). A short-term variation less than 4.5 ms was found to predict 
acidemia with a sensitivity of 100% and a specificity of 70% (positive predictive value, 33%; negative 
predictive value, 100%), and hypercarbia with a sensitivity of 100% and a specificity of 77.8% 
(positive predictive value, 55.6%; negative predictive value, 100%).CONCLUSIONIn view of the 
results of this study, 4.5 ms for STV may be a threshold below which timing of delivery should be 
decided in cases of fetal growth restriction. 
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27. A temporal model of deterioration in Doppler velocimetric parameters in fetal growth 
restriction related to cardiotocographic monitoring 

Author(s): Carrasco A.; Martinez J.C.; Merce L.T. 

Source: Ultrasound Review of Obstetrics and Gynecology; Jun 2004; vol. 4 (no. 2); p. 115-120 

Publication Date: Jun 2004 

Publication Type(s): Review 

Available  at The Ultrasound Review of Obstetrics & Gynecology -  from ProQuest (Hospital Premium 
Collection) - NHS Version  

Abstract:The present study aimed to describe the time sequence of abnormal changes in Doppler 
velocimetric parameters and its relationship with fetal heart rate recorded in growth-restricted 
fetuses. Fifteen singleton pregnancies with an ultrasound diagnosis of fetal growth restriction 
(abdominal circumference < 2SD) were evaluated prospectively and longitudinally. Fetal outcome 
included four perinatol deaths, seven emergency Cesarean sections due to abnormal 
cardiotocogram (CTG) and four admissions to the neonatal intensive-care unit. We observed 'early' 
Doppler changes (15 to 10 days prior to delivery) in the umbilical artery (UA), middle cerebral artery 
(MCA) and cerebroplacental ratio. 'Late' Doppler changes included absent or reverse end-diastolic 
flow in the UA, high resistance in the ductus venosus (DV) and decrease of umbilical venous blood 
flow. These changes appeared in 10% of cases 4-7 days prior to delivery and in up to 40% of cases on 
the day of delivery. Although occurring less frequently, umbilical vein pulsations, reverse 'a' wave at 
the DV and increased flow resistance in the MCA were also observed closer to delivery, 'Late' 
Doppler changes appeared in two-thirds of cases with 'early' Doppler changes and in 40% of cases 
with on abnormal CTG. These changes preceded the abnormal CTG patterns by 1-10 days. All 
perinatal deaths were of patients who showed 'late' Doppler changes (4/10), whereas on abnormal 
CTG without 'late' Doppler changes led to emergency Cesarean delivery because of the risk of loss of 
fetal well-being (7/10). From the time sequence observed we describe a standard model of Doppler 
changes in fetal growth restriction. It is obviously not a rule for fetal deterioration to take place the 
some way in every individual affected fetus. Nevertheless, it is apparent that 'late' Doppler changes 
usually precede on abnormal CTG and are associated with greater perinatal mortality. © 2004 
Parthenon Publishing. A member of the Taylor & Francis Group. 
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28. Intrapartum surveillance of IUGR fetuses with cardiotocography and fetal pulse oximetry. 

Author(s): Siristatidis, Charalambos; Salamalekis, Emmanuel; Vitoratos, Nikolaos; Loghis, 
Constantinos; Salloum, John; Kassanos, Demetrios; Panayotopoulos, Nikolaos; Creatsas, George 

Source: Biology of the neonate; 2003; vol. 83 (no. 3); p. 162-165 

Publication Date: 2003 

Publication Type(s): Journal Article 

PubMedID: 12660431 

Abstract:OBJECTIVETo investigate the efficacy and safety of intrapartum fetal pulse oximetry, as a 
predictor of metabolic acidosis at birth of fetuses with intrauterine growth retardation (IUGR).STUDY 
DESIGNWe studied 18 IUGR fetuses (group I) and a control group of 30 appropriate for gestational 
age (AGA) fetuses (group II) during labor. Both groups had abnormal fetal heart rate tracings and 
were monitored simultaneously throughout labor with cardiotocography and fetal pulse oximetry. 
Apgar scores, pH and base excess of fetal blood obtained from the umbilical artery after delivery 
were compared in both groups.SETTINGThe Fetal Surveillance Unit of the 2nd Department of 
Obstetrics and Gynecology, Aretaieion Hospital, Medical School, Athens University.RESULTSIn IUGR 
fetuses, when their oxygen saturation value (FSPO2) was less than 34%, cord artery pH was 7.10 +/- 
0.04, base excess -13 +/- -1 mmol/l and Apgar scores  or =7 at the 5th minute. In cases of drops of 
FSPO2)below 30% for more than 2 min, labor was completed operatively and cord pH was 7.00 +/- 
0.04, base excess -15 +/- -2 mmol/l and Apgar scores < or =5 at the 5th minute. In AGA fetuses, when 
FSPO2 was over 30%, artery pH was over 7.20, base excess  or =9 at the 5th minute; in contrast, 
when FSPO2 was <30% for 2 min, a cesarean section was performed and cord pH was  or =-13 
mmol/l and Apgar scores  or =35% are well tolerated. Fetal pulse oximetry proved reliable, according 
to umbilical cord blood measurements and Apgar scores, reducing cesarean deliveries in cases of 
nonreassuring cardiotocographic patterns in IUGR fetuses. 
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29. Influence of intrauterine growth restriction on cardiac time intervals evaluated by fetal 
magnetocardiography. 

Author(s): Grimm, Barbara; Kaehler, Christiane; Schleussner, Ekkehard; Schneider, Uwe; Haueisen, 
Jens; Seewald, Hans J 

Source: Early human development; Oct 2003; vol. 74 (no. 1); p. 1-11 

Publication Date: Oct 2003 

Publication Type(s): Journal Article 

PubMedID: 14512177 

Abstract:OBJECTIVEDifferences in the cardiac excitation cycle between normotrophic and 
intrauterine growth-restricted fetuses were to be investigated by fetal magnetocardiography 
(fMCG).STUDY DESIGNIn this study, the time intervals of the fMCG signal in dependence on 
gestational age were compared between a group of 30 growth-restricted fetuses and 60 
normotrophic fetuses by using Spearman's correlation coefficient and two-way analyses of 
variance.RESULTSA significantly increasing duration of the P wave and the QRS complex could be 
observed with advancing gestational age in the normotrophic collective. This prolongation was not 
evident in the group of growth-restricted fetuses. The QRS complex showed a significant difference 
between both groups. In regard to the duration of the PR and the QT intervals, neither a distinct 
increase nor a clear difference between both groups was observable.CONCLUSIONIn contrast to the 
observations in the normally grown fetuses, none of the cardiac time intervals in the group of the 
growth-restricted fetuses were significantly correlated with gestational age. More especially, the 
results of the QRS complex could be an indicator of the altered conditions when intrauterine life is 
complicated by intrauterine growth restriction (IUGR). 
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30. Chaotic and periodic analysis of fetal magnetocardiogram recordings in growth restriction. 

Author(s): Anastasiadis, P G; Kotini, A; Anninos, P; Adamopoulos, A; Sigalas, J; Koutlaki, N 

Source: Prenatal diagnosis; May 2003; vol. 23 (no. 5); p. 405-409 

Publication Date: May 2003 

Publication Type(s): Journal Article 

PubMedID: 12749039 

Available  at Prenatal diagnosis -  from Wiley Online Library Science , Technology and Medicine 
Collection 2017  

Abstract:OBJECTIVEWe studied how chaotic and periodic heart rate dynamics differ between normal 
fetuses (n = 19) and intrauterine growth restricted fetuses (n = 11) at 34 to 37 weeks of gestation. 
We quantified the chaotic dynamics of each heart rate time series obtained by fetal 
magnetocardiography (FMCG) using correlation dimension.METHODSThe FMCG was recorded 
digitally by a single-channel biomagnetometer in an electrically shielded room of low magnetic 
noise. The position of the fetal heart was determined using ultrasonography.RESULTSThe correlation 
dimension was significantly lower in IUGR than in normal fetuses (p < 0.001, t-test). The periodic 
dynamics were also obtained by FMCG and measured by power spectrum. The low-frequency 
components and therefore the periodicity of the low-frequency range were significantly higher in 
IUGR than in normal fetuses (p < 0.001, t-test).CONCLUSIONSThe analysis of FMCG recordings may 
offer important perspectives to understand significant features of the heart function of the fetuses. 
This technique improves the recognition of IUGR fetuses over healthy ones and may help improve 
perinatal morbidity and mortality. 
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31. Timing the delivery of the preterm severely growth-restricted fetus: venous Doppler, 
cardiotocography or the biophysical profile? 

Author(s): Romero, R; Kalache, K D; Kadar, N 

Source: Ultrasound in obstetrics & gynecology : the official journal of the International Society of 
Ultrasound in Obstetrics and Gynecology; Feb 2002; vol. 19 (no. 2); p. 118-121 

Publication Date: Feb 2002 

Publication Type(s): Journal Article Comment 

PubMedID: 11876801 

Available  at Ultrasound in obstetrics & gynecology : the official journal of the International Society 
of Ultrasound in Obstetrics and Gynecology -  from Wiley Online Library Science , Technology and 
Medicine Collection 2017  
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32. Longitudinal observation of deterioration of Doppler parameters, computerized 
cardiotocogram and clinical course in a fetus with growth restriction 

Author(s): Machlitt A.; Wauer R.R.; Chaoui R. 

Source: Journal of Perinatal Medicine; 2001; vol. 29 (no. 1); p. 71-76 

Publication Date: 2001 

Publication Type(s): Article 

PubMedID: 11234620 

Abstract:We report on a fetus with intrauterine growth restriction detected at 27 weeks' gestation, 
who was longitudinally followed up until delivery by cesarean section 33 days later (31 + 5 weeks) 
due to severe decelerations in CTG. Longitudinal Doppler assessment of the umbilical artery (UA), 
the middle cerebral artery (MCA) and the main branch of the right pulmonary artery (RPA), the 
ductus venosus (DV) and the left coronary artery was compared to clinical course and computerized 
CTG. At first presentation (day -33) increased resistance in both the UA and uterine arteries with 
bilateral notches was found. Absent enddiastolic flow (AED) in the UA was found at day -19 and 
reverse flow (RED) at day -11. The MCA showed a decreased pulsatility first at day -19 and again at 
day -11 together with RED in the UA. The RPA initially (day - 33) showed increased PI which returned 
to normal values at day -19 but increased again at day -1, when the DV showed RED and the 
coronary arteries became visible. The DV was normal until day -11, then its PI began to increase 
together with occurence of RED in the UA, but reverse flow in the DV occurred only on the eve (day -
1) of severe decelerations in CTG. Short-term variability in computerized CTG was stable at 6 to 7 ms, 
except for an intermediate drop to 4 ms at day -10. Maternal hypertension was found at day -19 and 
mild preeclampsia developed at day -12. A reduction of fetal movements was noticed at day -5. This 
report shows that at 29 weeks gestation despite detection of AED resp. RED in the UA a prolongation 
of pregnancy for 19 resp. 11 days is possible. In addition to abnormal CTG, late signs of fetal 
deterioration are reverse flow in the DV and visibility of the coronary arteries. The role of increased 
resistance in the main branches of the pulmonary arteries should be examined in the future. 
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33. Longitudinal changes in the ductus venosus, cerebral transverse sinus and cardiotocogram in 
fetal growth restriction 

Author(s): Senat M.V.; Schwrzler P.; Ville Y.; Alcais A. 

Source: Ultrasound in Obstetrics and Gynecology; 2000; vol. 16 (no. 1); p. 19-24 

Publication Date: 2000 

Publication Type(s): Article 

PubMedID: 11084960 

Available  at Ultrasound in obstetrics & gynecology : the official journal of the International Society 
of Ultrasound in Obstetrics and Gynecology -  from Wiley Online Library Science , Technology and 
Medicine Collection 2017  

Abstract:Objective: To evaluate the changes in flow velocity wave-forms in the transverse cerebral 
sinus in growth-restricted fetuses and to correlate these changes with (1) flow velocity waveforms in 
the ductus venosus and (2) changes in computerized analysis of the fetal cardiotocogram. Design: 
Fetuses between 22 and 37 weeks' gestation with an estimated fetal weight below the fifth centile 
were included in this prospective longitudinal study. Doppler measurements of the umbilical artery, 
descending aorta, middle cerebral artery, transverse cerebral sinus and ductus venosus were 
recorded. Fetal heart rate was analyzed by a computer system according to the Dawes-Redman 
criteria. Results: We measured a significant correlation between pulsatility index in the cerebral 
transverse sinus and in the ductus venosus over the study period and at delivery. There was a 
negative correlation between these indices and short- and long-term variability of the fetal heart 
rate. There was a parallel increase in pulsatility in the ductus venosus and the transverse cerebral 
sinus. These changes were inversely correlated with fetal heart rate variability and preceded fetal 
distress. Conclusion: Cerebral venous blood flow in IUGR fetuses may be a useful additional 
investigation to discriminate between fetal adaptation and fetal decompensation in chronic 
hypoxemia. 
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34. Randomised controlled trial of cardiotocography versus umbilical artery Doppler in the 
management of small for gestational age fetuses. 

Author(s): Haley, J; Tuffnell, D J; Johnson, N 

Source: British journal of obstetrics and gynaecology; Apr 1997; vol. 104 (no. 4); p. 431-435 

Publication Date: Apr 1997 

Publication Type(s): Research Support, Non-u.s. Gov't Comparative Study Randomized Controlled 
Trial Clinical Trial Journal Article 

PubMedID: 9141579 

Available  at British journal of obstetrics and gynaecology -  from Patricia Bowen Library & 
Knowledge Service West Middlesex University Hospital NHS Trust (lib302631) Local Print Collection 
[location] : Patricia Bowen Library and Knowledge Service West Middlesex university Hospital.  

Abstract:OBJECTIVETo compare the impact on use of resources in the management of small for 
gestational age babies using Doppler ultrasound versus cardiotocography.DESIGNA randomised 
controlled trial.SETTINGA large district general hospital delivering 5500 to 6000 infants each year, 
30% to 35% of which are to women of Pakistani origin.POPULATIONOne hundred and fifty women 
delivered of small for gestational age infants.MAIN OUTCOME MEASURESPrimary outcome 
measures were length of hospital inpatient stay and induction of labour rates. Secondary outcome 
measures included caesarean section rates and length of stay on neonatal unit.RESULTSThe use of 
Doppler reduced average hospital inpatient stay from 2.5 days to 1.1 days, compared with 
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cardiotocography (P = 0.036). There was no effect on induction of labour rates or caesarean section 
rates. There was no significant difference in length of stay on the neonatal unit (P = 0.33). There was 
a reduction in monitoring frequency and fewer hospital antenatal clinic visits.CONCLUSIONThe use 
of Doppler ultrasound to manage small for gestational age infants reduces the use of resources, 
compared with cardiotocography. 
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35. Cardiotocogram compared to Doppler investigation of the fetal circulation in the premature 
growth-retarded fetus: longitudinal observations. 

Author(s): Hecher, K; Hackelöer, B J 

Source: Ultrasound in obstetrics & gynecology : the official journal of the International Society of 
Ultrasound in Obstetrics and Gynecology; Mar 1997; vol. 9 (no. 3); p. 152-161 

Publication Date: Mar 1997 

Publication Type(s): Comparative Study Case Reports Journal Article 

PubMedID: 9165678 

Available  at Ultrasound in obstetrics & gynecology : the official journal of the International Society 
of Ultrasound in Obstetrics and Gynecology -  from Wiley Online Library Science , Technology and 
Medicine Collection 2017  

Abstract:It was our objective to compare computerized fetal heart rate analysis with blood flow 
velocity waveform analysis of the arterial and venous fetal circulation in intrauterine growth 
retardation. We report five illustrative cases with longitudinal observations of fetal Doppler findings 
and fetal heart rate between 23 and 32 weeks of gestation. Blood flow waveforms were recorded 
from the umbilical artery, middle cerebral artery, descending aorta, ductus venosus and inferior 
vena cava. Fetal heart rate was analyzed by a computer system according to the Dawes-Redman 
criteria. The time sequence of deterioration is described individually for each fetus. An abrupt 
increase in pulsatility of ductus venosus waveforms with loss of forward flow velocity during atrial 
contraction preceded abnormally low short-term variation of fetal heart rate. With advanced 
gestational age and concomitant maternal disease, we observed severe alterations of flow velocity 
waveforms within 12 h of normal Doppler measurements, which is in contrast to findings in the 
second trimester, in which severely abnormal venous waveforms were observed over a period of 
several weeks before intrauterine death occurred. In a fetus with terminally low short-term 
variation, normal venous waveforms indicated fetal well-being despite an abnormal cardiotocogram 
(CTG). We challenge the current concept that the CTG is the best available parameter to determine 
the optimal time for elective delivery of premature growth-retarded fetuses. Deterioration in ductus 
venosus blood flow seems to precede an abnormal CTG and thus heralds the need for delivery. 
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36. Comparison of umbilical-artery velocimetry and cardiotocography for surveillance of small-for-
gestational-age fetuses. 

Author(s): Almström, H; Axelsson, O; Cnattingius, S; Ekman, G; Maesel, A; Ulmsten, U; Arström, K; 
Marsál, K 

Source: Lancet (London, England); Oct 1992; vol. 340 (no. 8825); p. 936-940 

Publication Date: Oct 1992 

Publication Type(s): Research Support, Non-u.s. Gov't Comparative Study Randomized Controlled 
Trial Clinical Trial Journal Article 

PubMedID: 1357349 

Available  at Lancet (London, England) -  from ProQuest (Hospital Premium Collection) - NHS Version  

Abstract:Intrauterine growth retardation is associated with an increased risk of fetal asphyxia as well 
as greater perinatal morbidity and mortality. Ultrasound fetometry enables detection of fetuses that 
are small for gestational age. Doppler velocimetry of the umbilical artery has good predictive ability 
for fetal distress, but it is not yet clear whether it could replace cardiotocography in antenatal 
surveillance of small-for-gestational-age fetuses. We have done a randomised comparison of the 
two methods. At four obstetric departments in Sweden, women with fetuses found to be small on 
ultrasound examination at 31 completed weeks of pregnancy or later were randomly assigned to 
antenatal surveillance with either doppler velocimetry (doppler; 214) or cardiotocography (CTG; 
212). Pregnancies in the doppler group were managed according to a protocol based on blood-flow 
classes deriving from the semiquantitative evaluation of umbilical-artery velocity waveforms; unless 
the pregnancy was complicated by any other disorder, no antenatal cardiotocography was done. By 
comparison with the CTG group, the doppler group had fewer monitoring occasions (mean 4.1 [SD 
3.1] vs 8.2 [6.2], p < 0.01), antenatal hospital admissions (68 [31.3%] vs 97 [45.8%], p < 0.01), 
inductions of labour (22 [10.3%] vs 46 [21.7%], p < 0.01), emergency caesarean sections for fetal 
distress (11 [5.1] vs 30 [14.2%], p < 0.01), and admissions to neonatal intensive care (76 [35.5%] vs 
92 [43.4%], p = 0.10). The groups did not differ in gestational age at birth, birthweight, Apgar scores, 
or total number of caesarean deliveries. Umbilical-artery doppler velocimetry of small-for-
gestational-age fetuses allows antenatal monitoring and obstetric interventions to be aimed more 
precisely than does cardiotocography. 
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37. Intrapartal cardiotocography in prediction of well-being of small for gestational age newborns 

Author(s): Palo P.; Erkkola R. 

Source: Gynecologic and Obstetric Investigation; 1991; vol. 31 (no. 2); p. 86-89 

Publication Date: 1991 

Publication Type(s): Article 

PubMedID: 2037263 

Abstract:An attempt to predict neonatal well-being in vaginal delivery was made in groups of 103 
term small for gestational age (SGA) and 103 term adequate for gestational age (AGA) newborns, by 
assessing cardiotocography scores immediately before birth. For assessment, modified Fischer 
scores (from 0 to 10, normal >= 8) and subjective visual scores (from 0 to 6, normal >=5) were used. 
Modified Fischer scores had a sensitivity of 25% in detecting acidosis (umbilical artery pH < 7.20) in 
SGA cases; and of 50%, in AGA cases. Visual scores had a sensitivity of 75 and of 50%, respectively. 
Specificities in these groups were 64 and 65%, and 56 and 60%, respectively. The positive predictive 
values in all groups were below 10%. It is concluded that intrapartal cardiotocographic scoring is 
neither very sensitive nor specific in the prediction of neonatal condition in term vaginal SGA and 
AGA deliveries. 
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38. The significance of cardiotocographic monitoring in pregnancy complicated by intrauterine 
growth retardation and prematurity. 

Author(s): Sfameni, S F; Cole, M; McBain, J; Heath, P 

Source: The Australian & New Zealand journal of obstetrics & gynaecology; Aug 1986; vol. 26 (no. 3); 
p. 185-192 

Publication Date: Aug 1986 

Publication Type(s): Comparative Study Case Reports Journal Article 

PubMedID: 3468939 

Available  at The Australian & New Zealand journal of obstetrics & gynaecology -  from Patricia 
Bowen Library & Knowledge Service West Middlesex University Hospital NHS Trust (lib302631) Local 
Print Collection [location] : Patricia Bowen Library and Knowledge Service West Middlesex university 
Hospital.  

Abstract:Intrauterine growth retardation is a condition of chronic fetal compromise. The most 
accurate method of fetal assessment in this condition is by serial cardiotocography. In pregnancy 
associated with intrauterine growth retardation, abnormal cardiotocography with spontaneous 
decelerations may be an indicator of imminent fetal death in utero. Delivery should be effected 
immediately if the fetus is at a gestation where viability is probable. 
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