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Understanding the structure and function of the fetal nervous system has been the dream of physicians for centuries. The pioneering efforts of Ian Donald in obstetric ultrasound in the latter part of the twentieth century have permitted this dream to become a reality. The initial contribution of obstetric ultrasound focused on normal and abnormal structure. Initially, anencephaly was described and followed by increasingly subtle central nervous system abnormalities such as agenesis of the corpus callosum.
The current and evolving challenge for investigators in obstetric ultrasound is to have similar success with the understanding of fetal neurological function. There are many functional neurological abnormalities such as cerebral palsy whose causes are poorly understood. This uncertainty regarding causation vitalizes plaintiffs attorneys in the United States and increasingly throughout the world who attempt to relate these neurological abnormalities exclusively to intrapartum events such as usage of oxytocin, forceps deliveries and failure to perform a Cesarean delivery. While there are some cases where causation is probably related to such intrapartum events, this is usually not the case.
An evolving challenge for the medical profession is to better define normal and abnormal fetal neurological function in utero so that we can better predict antenatally which fetuses are at risk for adverse neurological outcomes irrespective of intrapartum management. Undoubtedly, assessment of the integrity of the fetal nervous system is a major task in modern perinatal medicine. There are many good reasons for that. One of them is the fact that two to four children per 1000 newborns are affected by cerebral palsy whose incidence did not change since 1951. Cerebral palsy is a term used to describe a group of chronic condition affecting body movements and muscle coordination. It is caused by damage to one or more specific areas of the brain, usually occurring during fetal development, or during infancy. "Cerebral" refers to the brain and "Palsy" to a disorder movement or posture. If someone has cerebral palsy that means that because of an injury to their brain they are not able to use some of the muscles in their function in the normal way (palsy). Children with cerebral palsy may not be able to walk, talk, eat or play in the same way as most other children. This type of cerebral damage has an interesting history. In 1862, the orthopedic surgeon Little advanced the hypothesis that the dominant causes of cerebral palsy were prematurity, asphyxia neonatorum, and birth trauma. However, unintended, Little is the father of what has now become a global childbirth litigation industry. Payments to children with cerebral palsy are some of the largest in the select states reach figures beyond $40 million per case. The research journey, begun years ago, has progressed substantially over the last 25 years. However, despite earlier optimism that cerebral palsy was likely to disappear with the advent of improvements in obstetrical and neonatal care, there has apparently been no consistent decrease in frequency in the past several decades. Isolated pure intrapartum hypoxia accounted for only 4% of moderate to severe newborn encephalopathy. Indeed, intrapartum hypoxia may have been superimposed on preconceptional or antepartum risk factors with preexisting insult in 25% of cases. The causes of newborn encephalopathy are heterogeneous and many causal pathways start either preconceptionally or in the antepartum period. Looking specifically at the intrapartum period, it has been observed that there was no evidence of intrapartum hypoxia in over 70% of cases of newborn encephalopathies.
Recently, there have been many advances in a wide variety of scientific areas associated with cerebral palsy. However, it is not currently possible to recognize the point at which cerebral damage becomes irreversible in the case of an intermittent type of fetal asphyxia or intrauterine growth restriction. It is possible that the point of irreversible neurological injury could be reached in labor if the fetus has been able to compensate adequately until that time. In recent years, increasing emphasis has been placed on prenatal origins of brain injury in the case of neurologically impaired infants. It was found that 25% of infants who died within one neonatal week had prenatal brain damage. Furthermore, strong evidence was provided that most examples of cerebral palsy were not the result of perinatal asphyxial events in full term infants, but of prenatal intrauterine problems. Therefore, classic causal relationship between birth asphyxia and cerebral palsy should be questioned. The development of movement patterns has been described as a major maturational process and a sensitive indicator of neurobehavioral organization and future temperamental and cognitive status. The real breakthrough in the analysis of fetal movement patterns was due to the introduction of high quality ultrasound equipment which enabled the observer to carry out real-time observations with sufficient dynamics and good image resolution. The capacity to store observations on video tape for subsequent off-line analysis was a further important factor which greatly facilitated the accuracy of the data. However, the extensive studies of the quantity of fetal movements and the installation of movement-counts as a widely used clinical test failed to detect neurological defects. What turned out to be different in fetuses, preterm infants and term infants with neural dysfunction is the quality of their general movements. General movements were chosen because of their complex character and their frequent occurrence. Fetuses with prenatally acquired leukomalacia, as documented after birth by cystic abnormalities of their brain which must have occurred at least ten days earlier, have shown the abnormal pattern of general movements before birth. Unfortunately, there is still no widely accepted diagnostic approach for prenatal detection of cerebral impairment in fetuses with normal growth.
In studies on the relationship between fetal motor behavior and the development of the central nervous system, general movements have proved to be of major importance, due to their early emergence, frequent occurrence, and complexity. According to the definition, general movements are motor patterns in which all parts of the body are involved and which may last from a few seconds to a minute. The sequence of arm, leg, neck and trunk movements which follow each other within one general movement is variable. The character of general movements remains essentially unchanged from their emergence until the second month after birth at term. The early emergence of general movements and consistency in pattern provoked research on the clinical significance of fetal movements in the assessment of the integrity of the fetal central nervous system. For this purpose, studies were performed on fetal motor behavior during undisturbed, low risk pregnancies, in which fetal motor behavior was analyzed with respect to the quantity and the quality of the movements.
Formerly, the quantity of fetal movements was assessed either by means of maternal counts of perception, or by means of fetal movement-related frequencies detected by piezo-electric crystals on the maternal abdomen. However, neither method gave direct visual access to the fetus, so that no distinction between the different movement patterns could be made.
Four-dimensional sonography is capable of simultaneous spatial imaging of entire fetus and its movements. The fetus can now be simultaneously observed with its movement in three dimensions. Therefore, much more detail concerning the quality and direction of movements can be recognized. Using this advantage some fetal activities can be better observed.
Although clinical research into possible applications of 4D ultrasound is still lacking, the new diagnostic tool seems to be quite promising, particularly for the more accurate and reliable assessment of fetal behavior through all three trimesters of pregnancy. There is great potential for possible discovery of neurological test for fetus.
