Cardiopulmonary Medicine from Imperial College Press

Fetdl
Electrocardiography

E. Malcolm Symonds

University of Nottingham

Daljit Sahota
Allan Chang

The Chinese Unmversity of Hong Kong

\@ Imperial College Press
[ —

Dipindai dengan CamScanner



Contents

Introduction
|. HISTORICAL DEVELOPMENT
Early Observations
Early Observations of the P & T Waves
The P Wave and the QRS Complex
Observations on the FECG Waveform in the 1970s
with Appropriate Filtering
New Methods of Signal Processing in the 1980s
Clinical Trials and Observations in Recent Studies
The QRS Complex
Vectorcardiography
Fetal Cardiac Arrythmias
Tachyarrhythmias
The Use of Abdominal Electrodes
The R—R’ Interval and Fetal Heart Rate
2. FETAL ADAPTATION
What is Fetal Distress?
Fetal Physiological Response to Hypoxia
Intermediary metabolism
Fetal blood gas and pH
Cardiac response
Cellular Effects of Hypoxia
Oxygen radicals
Membrane destruction
DNA damage
Cellular damage
Adverse long-term outcome
A Model for Fetal Distress

Dipindai dengan CamScanner



Vi

Fetal Electrocardiography

3. RESEARCH MODELS AND PREDICTION

The Statistical Evaluation of Discrete Predictors

The Statistical Evaluation of Continuous Predictors

The Validation of Predictive Tests by Observational Studies
The Validation of Predictive Tests by Clinical Trials

The Inclusion of Both Intervention and Morbidity in

a Clinical Trial of Predictive Tests

The Hawthome Effect

Animal and Clinical Models of Study

- THE ELECTRICAL SIGNAL, ITS ACQUISITION

AND MEASUREMENT

The Biophysics — How is the Fetal

Electrocardiogram Produced?

Acquisition of the Signal
Obtaining the signal — Electrodes
Non-penetrating electrodes
Electrode characteristics
Electrode—tissue interface
Vectors

Signal Detection and Enhancement
Signal detection
Enhancement

Pitfalls of using time-coherent enhanced averaging

Morphology and Time Measurement of the
Enhanced Waveform

. THE R-R’ INTERVAL AND THE CARDIOTOCOGRAPH

Physiology of Fetal Heart Rate Regulation
Regulation by the Autonomic Nervous System

Regulation by Baroreceptors and Chemoreceptors
Fetal Heart Rate Variability

Short-Term Variability
Long-Term Variability

Fetal Behavioural States

High Fetal Heart Rate Variability

Dipindai dengan CamScanner

41
4]
43

45

46
46
47

49

49
53
53
54
56
57
5|
58
58
60
63

65
69
69
70
70
71
71
72
73
73



Contents Vil

Low Fetal Heart Rate Variability g
Accelerations and Decelerations of the Fetal Heart Rate 74
Accelerations 74
Decelerations 75
Early decelerations 75
Late decelerations 76
Variable decelerations 76
Interpretation of the CTG 77
Computerised Assessment of the RR Interval — New Definitions 78
Baseline 79
Baseline variability 79
Accelerative episodes — accelerations 80
Decelerative episodes — decelerations 80
Computerised Systems for the Interpretation of Antepartum
Fetal Heart Rate 81
Computerised Systems for the Interpretation of Intrapartum
Fetal Heart Rate 83
Computerised estimation of baseline 83
Computerised estimation of variability 84
Computerised identification of decelerations 87
6. TIME INTERVALS AND MORPHOLOGY
OF THE FETAL ECG 89
Analysis of the FECG 90
Development of an Analyser of the FECG 90
The PR Interval and the PR/FHR Relationship 92
P Wave Morphology and Area 92
The PR/FHR Relationship 93
The Application of PR/FHR to Clinical Trials 98
Prospective Trials 99
The QRS Complex 102
The R/S Ratio and Fetal Vector Cardiography 102
The QT Interval and the ST Segment 103
The T/QRS Ratio 104
7. FETAL CARDIAC ARRHYTHMIAS 108
Disorders of Cardiac Rhythms in the Fetus 108
I

Dipindai dengan CamScanner



viit  Fetal Electrocardiography

E\H‘.l.\‘_\‘slol.&‘.\' ‘ 3
Supraventricular Extrasystoles s
Management il

Escape Rhythms — The Bradycardias "
Sinus Bradycardia ]

Management 1]
Blocked Atrial Premature Beats 112
Complete Heart Block 112

Management 113
The Tachycardias 113
Supraventicular Tachycardias 113

Management 114
Atnal Flutter and Atrial Fibrillation 115

Management 116
Ventricular Tachycardia 116

8. INFORMATION INTERPRETATION
AND TRANSFORMATION 117
The Transformation of Data 117

Simple transformations 117
Transformations based on theoretical assumptions 118
Serial transformations 120
Multivariate transformations 120
Neural networks 122
Organisation of the information 125

Object orientated structure of the data and algorithm 126
Presentation 129
Display of normality and abnormality 130
Vector display 130
9. CONCLUSIONS 132
Monitoring Methods Currently in Use 132
Problems with the Present Systems 135
Has the Fetal ECG Analysis Enhanced the Specificity
of Fetal Monitoring? 136
The Way Forward 138

References 141

Dipindai dengan CamScanner



