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TRISOMY 18 AND TRISOMY 13 SYNDROMES

JOHN C. carey Department of Pediatrics, Division of Medical Genetics, University of Utah, Health Sciences Center, Salt Lake City, Utah
The trisomy 18 and trisomy 13 syndromes represent important and common conditions of human aneusomy. Together, their combined prevalence in live-born infants approaches 1 in 4000 births. These syndromes are unique among chromosome disorders as well as the other conditions described in this text since about 90% of children with trisomies 18 and 13 die before their first birthday. Because of this high infant mortality rate, the conditions are sometimes labeled simplistically as "lethal." However, about 10% of infants do indeed survive. Regardless of the figures for survival, the parents of the child and the practitioners caring for the family seek an approach to management and health supervision as in any other serious medical disorder. Ongoing support and care by professionals are crucial to a family whose child has an uncertain prognosis. This chapter will provide a concise review of the literature of the syndromes and a plan of management for the primary care of children with trisomies 18 and 13.
TRISOMY 18 INTRODUCTION
Trisomy 18 syndrome, also known as Edwards syndrome, was originally described by John Edwards and colleagues in a single case published in the spring of 1960. Soon after. Smith and colleagues at the University of Wisconsin described the first patients in North America and the syndromic pattern became established in the pediatric and genetic literature (Edwards et al., 1960; Smith et al.. 1960). Indeed, this group was instrumental in the original descriptions of both trisomy 18 and trisomy 13. Since that time, hundreds of clinical reports and several series have been widely published throughout the world. Trisomy 18 represents the second most common autosomal trisomy syndrome after trisomy 21 (Down syndrome). The pattern in


Trisomy 18 includes a recognizable constellation of major and minor anomalies, a predisposition to increased neonatal and infant mortality, and a significant developmental and motor disability in surviving older children. A detailed listing of the many reported manifestations and their approximate frequency in the syndrome is provided by Jones (1997).

Incidence
On the basis of numerous studies performed in different areas of North America, Europe, and Australia, the prevalence of trisomy 18 in live-born infants ranges from 1 in 3600 to 1 in 8500 (Root and Carey, 1994; Embleton et al., 1996; Forrester and Merz, 1999). The most accurate estimate in live births with only minimal influence of prenatal screening is from the Utah study and indicates a frequency in live births of about 1 in 6000 (Root and Carey, 1994). Because trisomy 18 is a relatively common chromosomal cause of stillbirths, the frequency in total births would obviously be higher than this figure of 1 in 6000.

Total prevalence of trisomy 18 has been estimated in two investigations. Birth prevalence data are altered by prenatal detection that is based on screening by maternal age or maternal serum triple marker screening and amniocentesis followed by pregnancy termination of affected fetuses. A comprehensive study in the United Kingdom determined the frequency of trisomy 18 at 18 weeks gestation to be 1 in 4274 with a live-born prevalence of 1 in 8333 (Embleton et al., 1996). A more recent study in Hawaii utilized a birth defect registry and detected a prevalence of 4.71 per 10,000 total births (1 in 212:

total births) with a live-born prevalence of 1.41 per 10,000 live births or about 1 in 7900 live-born infants (Forrester and Men 1999). The total prevalence in this study included fetal death greater than 20 weeks, live births, and elective termination. While the method of case collection differed slightly in the two studies, the relatively large number of cases in both studies,
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(66 fetuses in the U.K. study, 113 in Hawaii) provides valid estimates of the range of frequency in total births and live births. Moreover, from these figures, one can detect a decrease in birth prevalence related to prenatal diagnosis. The U.K. and Hawaii figures of about 1 in 8000 live births in both studies are the best current estimate after accounting for prenatal diagnosis and elective termination.

Diagnostic Criteria
The characteristic pattern of prenatal growth deficiency, cranio-facial features (Fig. 47.1), distinctive hand posture of overriding fingers, nail hypoplasia, short hallux, and short sternum allows for clinical diagnosis in the newborn infant with trisomy 18. Internal anomalies, particularly involving the heart, are com​mon. Marion et al. (1988) developed a bedside scoring system for the diagnosis of trisomy 18 syndrome in the newborn period that provides the clinician without specialized training in clinical genetics and dysmorphology a useful checklist to help differenti​ate newborns with the syndrome from other infants with multiple congenital anomalies.

Confirmation of the diagnosis of trisomy 18 syndrome occurs by the performance of a standard G-banded karyotype demonstrating the extra chromosome 18 or one of the less common partial trisomy 18 findings seen in individuals with the Edwards syndrome phenotype, as discussed below.

Etiology, Pathogenesis, and Genetics
The trisomy 18 phenotype (Edwards syndrome) is usually the result of trisomy, i.e., 3 whole copies, of the 18th chromosome.
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FIGURE 47.1 A 2-year-old girl with trisomy 18.


In 4 recent large series that attempted to ascertain all cases in a region through a surveillance program, 165 of 176 neonates with Edwards syndrome phenotype had full trisomy 18 (Carter et al., 1985; Young et al., 1986; Goldstein and Nielsen, 1988 Embleton et al., 1996); 8 of 176, or 5%, had mosaicism, and 3 had partial trisomy 18, usually caused by an unbalanced translocation. Thus, about 94% of infants labeled as having the syndrome will have full trisomy 18, whereas the remainder will have mosaicism or partial 18q trisomy.

In full trisomy 18, the extra chromosome is presumably present because of nondisjunction. A number of investigations have studied the mechanism of origin of the nondisjunction in trisomy 18 (Kupke and Mueller, 1989; Fisher et al., 1995;

Eggermann et al., 1996; Bugge et al., 1998). The error in nondisjunction can arise as a malsegregation of chromosomes during meiosis or postzygotic mitosis, as has been demonstrated in other trisomies. From combined series, 95% of the time when determination could be made, the additional chromosome was a result of maternal nondisjunction. Of note, in the paternally derived cases, the error was postzygotic in a number of situations. What was more unique, however, was the observation that about 50% of the nondisjunctional errors in oogenesis were in meiosis II. This is unlike all other human trisomies that have been investigated, which usually show a higher frequency o maternal meiosis I errors. Also, in contrast to trisomy 21, the error in maternal meiosis II showed normal recombination in the nondisjoined chromosomes. As in trisomy 21 and trisomy 13, the frequency of nondisjunctional trisomy 18 increases with advancing maternal age. However, the increased frequency of maternal meiosis II errors and the normal recombination indicates that the biology of nondisjunction in trisomy 18 may be unique.
The cause of nondisjunction is unknown. Recent investigators have attempted to identify genetic contributors to human meiotic nondisjunction. Reports linking Down syndrome to maternal polymorphisms of folate metabolism enzymes generated con- siderable interest in recent years. Hassold et al. (2001) analyze maternal folate polymorphisms in several groups of chromosomal abnormalities, including 44 cases of trisomy 18. They observe a significant increase in methylene tetrahydrofolate reductase gene (MTHFR) polymorphisms in mothers of trisomy 18 conceptuses but not in the other groups. This observation deserves further study.

There has been much controversy regarding the critical region of chromosome 18 that results in classical Edwards syndrome. A number of regions of the 18 long arm have been proposed to represent the important area that generates the phenotype, but no clear consensus has been reached (Wilso 1993; Boghosian-Sell et al., 1994). The small number of cases of partial trisomy 18, as well as the intrinsic variability of cases with full trisomy 18, makes conclusions about genotype-phenotype correlations tentative. However, the mild manifestations of individuals with 18 short-arm trisomy and the Edwards syndrome-like phenotype in individuals with trisomy of almost the entire long arm support a pivotal role for the long-arm region, as documented by Wilson (1993). On the other hand, the fact that the two persons with trisomy of 18q.l 1.2 terminus reported by Boghosian-Sell et al. (1994) do not exhibit the classical Edwards syndrome phenotype suggests that the 18 and/or the 18q 11.1 region have/has some role in generating

the complete pattern. These two individuals appear to have a somewhat different facial gestalt than surviving infants with trisomy 18 (personal observation), and they have better prenatal and postnatal growth than older children with full trisomy 18.

There has been a general lack of data regarding recurrence risk in both trisomy 18 and trisomy 13. Most practicing geneticists use a 1-2% recurrence risk figure for nondisjunction, as calculated empirically in trisomy 21. Of note, low-grade parental mosaicism has been described on two occasions in sporadic cases of trisomy 18 (Beratis et al., 1972). In addition, a number of reported cases have demonstrated the occurrence of two different trisomies in siblings (reviewed by Baty et al., 1994a). Empiric data on trisomies 18 and 13 showed no chromosome abnormality in the siblings (Baty et al., 1994a). However, in one family with a live-born infant with trisomy 13, there had been a previously terminated fetus with trisomy 18 that was not part of the original study of cases of trisomy 18. If these figures are combined, they indicate a recurrence of 1 in 181 pregnancies, or a risk of 0.55%, with confidence limits of 0-1.6% for both trisomies. This figure obviously is close to 1% and supports the approach of the author, who quotes a recurrence risk of "1% or slightly less."

This estimate of recurrence is supported by a recent study from Japan in which the authors report outcomes of amniocentesis performed after the history of a previous child with a chromosome abnormality (Uehra et al., 1999). None of the 170 women in that study who had a previous offspring with trisomy 18 or the 40 with trisomy 13 had a recurrence of trisomy. Even though the authors do not include confidence intervals, combining them with those of Baty et al. (1994a) suggests a recurrence risk of less than 1% but higher than the age-specific background risk.

The recurrence risk in partial trisomy cases depends on the presence or absence of a translocation or inversion in one of the parents. A de novo duplication is not associated with increased risk, whereas a familial translocation may predispose to unbalanced offspring and would have a recurrence risk larger than that of trisomy 18.

Diagnostic Testing
Definitive diagnosis of trisomy 18 is made by detection of complete or partial trisomy of chromosome 18. This can be easily accomplished in any laboratory competent in performing routine chromosome analysis. Rapid diagnosis by interphase fluorescence in situ hybridization (fluorescence in situ hybridization) in many newborns with trisomy 18 (and trisomy 13) can be helpful in making decisions regarding surgical intervention and care. Lymphocyte analysis usually takes more than 48 hours, but analysis of a 24-hour sample may be important in some cases where decisions regarding surgery are being pondered. More recently, buccal smears have been proposed for rapid diagnosis using deoxyribonucleic acid (DNA) probes (Hams et al., 1994).

Because of the association between trisomy 18 and advanced maternal age, prenatal diagnosis of fetuses with trisomy 18 has paralleled the development of amniocentesis and chorionic villus sampling programs. In recent years, a significant body of literature has developed around the sonographic detection of



patterns suggestive of trisomy 18 (and trisomy 13). Because of the common occurrence of intrauterine growth retardation in fetuses with trisomy 18 in both the second and third trimester, the diagnosis is often made during these gestational periods. In addition, polyhydramnios occurs in 30-60% of pregnancies with trisomy 18 and often leads to prenatal diagnosis. A number of characteristic prenatal signs have been described in fetuses with trisomy 18. These findings, in conjunction with intrauterine growth retardation or a major malformation consistent with the phenotype, often bring up the diagnosis in prenatal settings after 20 weeks of gestation. Hill (1996) reviewed the sonographic detection of trisomy 18 comprehensively. The most publicized sonographic markers include choroid plexus cysts, large cysterna magna and a "strawberry"-shaped calvarium. More recently, De Vorc (2000) documented that 29 of 30 second-trimester fetuses with trisomy 18 had "abnormal fetal anatomy" with one of these markers or heart defects. Tongsong et al. (2002) reviewed the midpregnancy sonographic features of 25 cases and found all had at least one finding, with growth restriction in nearly half.

The usefulness of choroid plexus cysts as a sign of trisomy 18 is a controversial topic in the obstetric literature, with no clear consensus on when to offer amniocentesis for karyotype when cysts are discovered, particularly when there are no other findings (Gross et al., 1995; Shields et al., 1996; Reinsch, 1997). Because some second-trimester fetuses with trisomy 18 have no other anomalies or growth findings, there is an increased risk of trisomy 18 in the presence of an isolated choroid plexus cyst (Reinsch. 1997). However, the decision about the performance of invasive prenatal diagnosis is complicated, and the author recommends reviewing the risk figures with the family in light of maternal age-specific risks and other prenatal screening, Gratton et al. (1996) presented estimates based on maternal age and multiple-marker screening in the presence of an isolated choroid plexus cyst in the clinical scenario. More recently, Demasio et al. (2002) performed a meta-analysis of several series of cases and indicated no increased risk of trisomy 18 in women under age 35. In the final analysis, it is the family that will make the decision based on the individual risk in the context of the procedural risk, the perceived impact of trisomy 18, and the perceived benefit of making the diagnosis in utero.
Multiple-marker screening is being used in the prenatal diag​nosis of trisomy 18. Staples et al. (1991) showed that individual levels of human chorionic gonadotropin, unconjugatcd estriol, and α fetoprotein are significantly lower in pregnancies with trisomy 18 than in an unaffected pregnancy. In one study, the median levels of α fetoprotein, unconjugated estriol. and human chorionic gonadotropin were 0.65, 0.43, and 0.36 multiples of the unaffected population median (MoMs), respectively (Palo-maki el a1.. 1995). Hogge et al. (2001) utilized a risk-based approach in screening pregnancies for trisomy 18. With the use of a method of individual risk estimation based on these mark​ers and maternal age, over 60% of pregnancies associated with trisomy 18 can be detected. Later first-trimester screening using ultrasound. pregnancy-associated plasma protein-A and serum actin are under study (Spencer et al., 2001, Spencer and Nicolaides, 2002).

Another controversy in the prenatal diagnosis of trisomy 18 is the utilization of fluorescence in situ hybridization mark​ers with the detection of three signals in amniocytes at interphase.
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The controversy centers on the utilization of this approach unaccompanied by the traditional metaphase chromo​some analysis. Most clinicians feel that three fluorescence in situ hybridization signals in conjunction with characteristic ultra​sound abnormalities is sufficient to make the prenatal diagnosis. The community of cytogeneticists still expresses some discom​fort about the utilization of fluorescence in situ hybridization alone in making the diagnosis. The prenatal diagnosis of trisomy 18 in the mid to late second or third trimester is of significance because it may modify management at the time of delivery (see Manifestations and Management).
Differential Diagnosis
The syndromic pattern of trisomy 18 is quite discrete and, in its totality, is rarely confused with other conditions. The most common disorder with overlapping features comprises the heterogeneous group of conditions with fetal akinesia sequence. This condition, sometimes labeled as Pena-Shokeir syndrome type I, involves polyhydramnios, characteristic facial features, and multiple joint contractures including overriding fingers (Jones, 1997). Although this is a heterogeneous group of mostly autosomal-recessive conditions, most cases do not have the structural heart defects and lack the characteristic face of trisomy 18. Of note, there is a condition originally described in the French literature as pseudotrisomy 18 syndrome (Simpson and German, 1969). In retrospect, most children labeled with this condition probably fall into the fetal akinesia sequence category.

Because of the similarity in hand and finger positioning, some cases with the condition distal arthrogryposis type I (see Chapter 7) might be confused with trisomy 18. However, infants with distal arthrogryposis type I do not have the major malformations and usually lack the prenatal growth deficiency and they are thus easily distinguished from those with trisomy 18. Because of overlapping malformations, occasionally some infants with CHARGE association (see Chapter 11) can be confused with trisomy 18. Again, the entire pattern of findings, and the normal karyotype in CHARGE association, will distinguish the two conditions.

TRISOMY 13 INTRODUCTION
In the same issue of The Lancet in which the original case of trisomy 18 was published, the original case of trisomy 13 was also presented (Patau et al., 1960). Since that time there have been hundreds of clinical reports and a few large series. Generally, trisomy 13 syndrome presents as an obvious multiple congenital anomaly pattern, unlike trisomy 18 in which external major malformations are less notable. The combination of orofacial clefts, microphthalmia/anophthalmia, and postaxial polydactyly of the limbs allows for recognition by the clinician. However, because each of the three mentioned cardinal features have only 60-70% occurrence in the syndrome. clinical diagnosis can be challenging, especially in a child without a cleft lip or the facial features of holoprosencephaly.


Trisomy 13 is usually the result of the presence of an extra 13th chromosome, leading to 47 chromosomes. The occurrence of translocations makes up a higher portion in trisomy 13 syndrome than in trisomy 18 syndrome.

Incidence
There are fewer birth prevalence studies of trisomy 13 than trisomy 18, but estimates in early studies ranged from 1 in 5000 to 1 in 12,000 total births. Comprehensive population studies from Denmark and the United Kingdom found birth prevalence in live borns of approximately 1 in 20,000 to 1 in 29,000 (Goldstein and Nielsen, 1988; Wyllie et al., 1994). The Hawaii study mentioned above detected a prevalence at birth of trisomy 13 as 0.83 per 10,000 live borns (1 in 12,048) (Forrester and Merz, 1999). The concurrent influence of prenatal diagnosis and subsequent termination of affected fetuses modifies figures of birth prevalence. Thus, as in trisomy 18, this figure in live born infants is lower than the frequency of trisomy 13 at 15-16 weeks of gestation. Of note, the figures from Europe cited above are lower than expected from the earlier estimates of birth prevalence of trisomy 13 mentioned above. This is probably due to the relatively small numbers involved in these early studies rather than a true decreasing occurrence of trisomy 13 in recent decades. Thus, the best estimate of live births with trisomy 13 after accounting for prenatal diagnosis is approximately 1 in 10,000 to 1 in 20,000.

Diagnostic Criteria
The pattern of malformation in the most typical infants with trisomy 13 is quite characteristic and allows for clinic diagnosis by the neonatal practitioner. As mentioned, orofacial clefts, microphthalmia/anophthalmia, and postaxial polydactyly of hands and/or feet represent the cardinal signs. Trisomy 13 should always be considered in an infant with holoprosencephaly and multiple anomalies. Localized cutis aplasia of the occipital region, when present, also helps in the clinical diagnosis. In infants without cleft lip or the craniofacial features holoprosencephaly (cyclops or cebocephaly), the facial gesture (Fig. 47.2), especially the prominence of the nasal bridge and tip, is helpful in diagnosis. Minor anomalies such capillary hemangiomas of the forehead, anterior cowlick, and ear malformations are also of assistance. The clinical findings are listed by Jones (1997). Diagnosis must he confirmed finding trisomy of all or most of the long arm of chromosome 13 on chromosome analysis. A number of abnormalities that are found on postmortem examination in trisomy I3 are particularly distinctive and can allow for differentiation in confusing cases (Moerman et al., 1988), including holoprosencephaly of a type and pancreatic and cystic renal dysplasia.

Etiology, Pathogenesis, and Genetics
The cause of the trisomy 13 phenotype (Patau syndrome) the extra chromosome 13. Many reviews cite the occurrence of translocation trisomy 13 in about 20% of cases. The above-cited population studies of Denmark and the United Kingdom indicate that about 5-10% of cases of trisomy
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FIGURE 47.2 A 51/2-year-old boy with trisomy 13. Note the distinctive facial features of the older child.

are caused by a translocation, usually a 13; 14 unbalanced Robertsonian translocation. Mosaicism for trisomy 13 makes up a smaller proportion of cases in population series of Patau syndrome. A comprehensive review of trisomy 13 mosaicism indicates the presence of only 30 well-documented cases in the world literature (Delatycki and Gardner, 1997). As for all chromosomal mosaicism syndromes, there is little correlation between the degree of mosaicism in lymphocytes and the resultant resemblance to the classical Patau phenotype (Delatycki and Gardner, 1997).

In trisomy 13 due to nondisjunction, the origin of the extra chromosome is maternal in about 90% of cases. Most of the time the stage of nondisjunction is maternal meiosis I, unlike trisomy 18, where maternal meiosis II is as common as meiosis I (Zaragoza et al., 1994; Robinson ct al., 1996). Of cases in which nondisjunction is paternal in origin, the majority are primarily postzygotic mitotic errors as in trisomy 18. In the case of trisomy 13 due to 13; 13 translocations. the structural abnormalities are usually isochromosomes that originate in mitosis.

Phenotype-karyotype correlations for partial trisomies of chromosome 13 have been discussed more extensively than in most other partial trisomy syndromes (Rogers, 1984; Tharapel et al., 1986). On the basis of a summary of published cases of both proximal and distal partial trisomies, one can conclude that the orofacial clefts and scalp defects are caused by genes that are duplicated on the proximal portion of 13q. The prominent


nasal bridge and polydactyly are caused by genes on the bottom half of 13q. Cases of partial 13q have a better outcome in terms of survival than full trisomy 13, suggesting that genes all along the chromosome are involved in the occurrence of increased neonatal mortality, as in trisomy 18. The issues surrounding the recurrence risk for trisomy 13 are similar to those of trisomy 18 and are discussed above.

Diagnostic Testing
Most of the relevant diagnostic issues in trisomy 13 are the same as those discussed above for trisomy 18. Lehman et al. (1995) provides a thorough review of the prenatal ultrasound findings in trisomy 13, and Tongsong, et al. (2002) found that close to 100% of fetuses recognized in the second trimester have findings on prenatal ultrasound. Because of the high occurrence of holoprosencephaly in trisomy 13, the prenatal diagnosis of holoprosencephaly should always raise the question of trisomy 13, especially when other ultrasound abnormalities are found. The long list of sonographically detectable malformations associated with trisomy 13 has also been summarized (Hill, 1996; Tongsong et al., 2002). Unlike trisomy 18, maternal serum triple-marker screening has not shown as characteristic a pattern and will not be discussed here. However, Spencer and Nicolaides (2002) have been studying the combination of ultrasound- and pregnancy-associated plasma protein-A as in trisomy 18 and found a 90% detection rate. Immediate diagnosis in the newborn period with 24-hour chromosome analysis or fluorescence in situ hybridization investigations is often indicated because of the need for urgent management decisions, which are discussed below. As in the case of trisomy 18, fluorescence in situ hybridization probes can be used in the postmortem situation, including in stillborns, if chromosomes were not initially obtained.

Differential Diagnosis
Because the cardinal features of trisomy 13 include a number of manifestations that are seen in various other multiple congenital anomaly situations, the differential diagnosis is quite long. However, the pattern in total is distinctive and usually allows for straightforward diagnosis. The presence of postaxial polydactyly in the context of either neonatal illness or death suggests Meckel-Gruber and hydrolethalus syndromes. The characteristic renal malformations and encephalocele in Meckel-Gruber syndrome usually allow it to be distinguished from trisomy 13. Another condition in the differential diagnosis is the so-called holoprosencephaly-polydactyly syndrome, also known as "pseudotrisomy 13" (reviewed by Lurie and Wulfsberg, 1993). In addition, severe presentation of Smith-Lemli-Opitz syndrome (see Chapter 42) shares important similarities with trisomy 13. Other syndromes with holoprosencephaly and multiple anomalies also overlap with trisomy 13, but, again, the chromosome finding allows for easy distinction.

MANIFESTATIONS AND MANAGEMENT
The approach to the management of a third-trimester fetus and infant with trisomy 18 or 13 is quite complicated, and
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the literature is controversial. The principal reason for the complexity surrounding decision making in the care of infants with trisomies 18 and 13 relates to the high neonatal and infant mortality in both conditions (Root and Carey, 1994; Rasmussen et al., 2003). The developmental outcome likely plays a role as well. Avoidance of delivery by cesarean section when a fetus is known to have trisomy 18 appears to be the trend in the U.S. and British obstetric literature (Schneider et al., 1981; Rochelson et al., 1986). However, Spinnato et al. (1995) make a strong ethical case for respecting maternal autonomy in making decisions regarding aggressive intrapartum management in conditions such as trisomy 18 and related serious disorders. It is important to acknowledge that because approximately 50% of infants with trisomy 18 or 13 will live longer than a week and 5-10% of infants will live past one year (Root and Carey, 1994; Rasmussen et al., 2003), the casually used term of "lethal abnormality" seems inappropriate and misleading. Certainly, families of children with trisomy 18 or 13 and related serious disorders assert quite eloquently their concern about the use of "lethal" in these settings (Baty et al., 1994a). Two recent studies of survival of live-born infants with trisomies 18 and 13 in Scotland and the United States summarize previous data on mortality and provide additional data with larger numbers than earlier work (Brewer et al., 2002; Rasmussen et al., 2003).

Tradition as reflected in the pediatric literature also indicates a nonintervention approach in newborn management of trisomies 18 and 13. Bos et al. (1992) summarize these issues, arguing that early diagnosis is very important so that surgery can be withheld. The authors make a case that an infant with trisomy 18 should be viewed as having a "hopeless outlook" and "not to be subjected to invasive procedures." Arguments indicating that there is "imminent death" and profound mental retardation suggested to Bos et al. that infants with trisomy 18 should be "allowed to die." Paris et al. (1992) make the point that to support "groundless hopes or false expectations as a means for caring or protecting the parents exposes the infant to potential pain and fruitless suffering." They proceed by saying "to be fair to the infant, the parents, and the staff, the plan for a patient afflicted with a fatal condition should be thought through before any interventions are undertaken." A somewhat different and broader view to those of Bos et al. and Paris et al. will be presented below.

There is amazingly little documentation of the precise reason for death in infancy or in utero for either trisomy. Conventionally, it is usually stated that the early mortality is due to the high occurrence of structural heart malformations. However, as will be detailed below, most of the heart lesions in both syndromes are not those that result in death in infancy. Recent investigations into the natural history of trisomies 18 and 13 have suggested that central apnea, or its presence with a combination of other health factors, is the primary pathogenesis of the increased infant mortality (Root and Carey, 1994; Wyllie et al., 1994; Embleton et al., 1996).

The most important issues and questions that emerge in the counseling and management of newborn infants with trisomy 18 or 13 are the high infant mortality and the significant developmental disability. It is not clear why, but a certain percentage of children with trisomies 18 and 13 will survive the first year of life. There are no factors in a 1- to 2-week-old


infant who does not require a ventilator that predict who will survive and who will not, other than the absence of serious malformations such as hypoplastic left heart or diaphragmatic hernia (personal experience). Most children with trisomy 18 or 13 who are beyond the newborn period have not received more aggressive or extraordinary care (Root and Carey, 1994). The older children with trisomies 18 or 13 in the literature, and in the international support group SOFT (Support Organization for Trisomy 18, 13 and Related Disorders), are not usually individuals who have been maintained on home ventilators or other such extraordinary maneuvers to sustain life.

The trend in neonatal intensive care in the last two decades has been to place significant weight on parental decision making, usually in the context of the "best interest of the child." This being the case, it seems prudent for the clinician to be accurate and current on the mortality risk tables and developmental outcome of older infants and children with trisomies 18 and 13. About 5-10% of children will be alive at one year of age without extraordinary measures, and all of these children will progress in developmental milestones, albeit slowly (Baty et al., 1994b; Rasmussen et al., 2003). Parents appreciate partnership in decision making. Overly simplified and value-laden terms such as "lethal," "vegetative" and "hopeless" not only are inaccurate but convey an implicit message from the outset. The recent change in approach to the neonatal care of infants with trisomies 18 and 13 is documented in the natural history section of the entry on trisomies 18 and 13 in Smith's Recognizable Patterns of Human Malformation (Jones, 1997). In earlier editions, the recommendation was withdrawal of all treatment designed "to prolong life" once the diagnosis was made. In the newest edition the author states, "Once the diagnosis has been established, limitations of extraordinary medical means for prolongation of life should be seriously considered. Parents and individual circumstances of each infant must be taken into consideration."

There is developmental progress in children with these syn​dromes who survive (Baty et al., 1994b), and initial counseling of the family should be realistic and accurate but not unneces​sarily grim and bleak. Options for care and management must be explained. Families clearly appreciate an honest and straight​forward approach to the challenges and decisions with the best interests of the child in mind (personal experience).

The families of infants with trisomy 18 or 13 must initially deal with the issue of low survival rate and the practical decisions in the newborn period concerning resuscitation, surgery, and life support. As time goes on, the family must then deal with the prospect of significant disability if the baby survives. Mixed and ambivalent feelings about what is best for the child are natural. The primary care practitioner has a unique opportunity and obligation to provide support on an ongoing basis. Recognition of the uncertainty of the situation and of the paradox of preparing for both the probability of death and the possibility of living is helpful in the early weeks (Carey, 1992).

In neonatal care, appropriate fluid and nutritional support are always indicated. Decisions can be made on a day-by-day, week-by-week, or month-by-month basis, and different courses can be pursued according to the status of the child and changing circumstances. Despite the reality of the life expectancy figures and the overwhelming nature of the condition, a respectful

and humanistic approach that recognizes parental feelings and views on each decision represents a thoughtful and caring way to proceed.

Growth and Feeding

Growth deficiency is the rule for both trisomies 18 and 13. Growth charts for older infants have been collated and published (Baty et al., 1994a). In the publication by SOFT, Bames and Carey (1999) have formatted these growth charts to fit into the patients' regular charts. Weight and length are below the 3rd centile, more consistently so in trisomy 18 than in trisomy 13. By the age of one year, the average weight in trisomy 13 is near the 5th centile, with many cases exceeding the 5th centile after 3 years of age. Length and height are also less affected in trisomy 13 in the third and fourth years of life than in trisomy 18. Head circumference tends to be below the 3rd centile on average. In trisomy 13, the head circumference is lower in surviving children with holoprosencephaly.

For surviving infants with trisomies 18 and 13, feeding difficulties remain one of the challenges of management. Feeding is a particularly difficult problem in neonates and infants with these disorders. Most infants with either condition require tube feeding from birth. In one study, 44 and 53% of children with trisomy 18 and 13, respectively, did learn bottle or breast feeding during the first few weeks or months of life (Baty et al., 1994a). This study probably was biased toward children with prolonged survival, so overall rates may be lower. It is unusual for a child with trisomy 18 or 13 who has not established oral feeding in infancy to do so later in life; the children who are bottle fed usually establish this skill during the first few months of life (personal observation). However, at least three infants with trisomy 18 have been able to nurse throughout infancy (personal data). Both the sucking and swallowing stages are difficult for these infants. Many families of older infants with trisomy 18 elect to have a gastrostomy tube placed when it becomes clear that the baby will never be able to master bottle feeding. The average age of gastrostomy placement was 7 and 8 months for trisomies 13 and 18, respectively, in the only published study (Baty et al., 1994a).

Gastroesophageal reflux is a consistent finding in infants with trisomies 18 and 13 and may explain irritability and recurrent pneumonias. Aspiration during feeding or from reflux may be the cause of early death. Gastrointestinal malformations can also play a role in feeding problems after the newborn period. Pyloric stenosis has been reported in trisomy 18, and malrotation is occasionally seen in trisomy 13; these may also affect feeding. Orofacial clefts are a frequent finding in trisomy 13 and an occasional feature of trisomy 18, and their presence will complicate the feeding difficulties in both syndromes.

Evaluation

• Length, weight, and head circumference should be mea​sured during each health supervision visit and plotted on the published disorder-specific growth curves (Baty et al., 1994a).

• Referral to a dysphagia team for evaluation may be useful (especially to consider airway protection; radiographic suck/swallow study may be considered).



• Assessment of the presence of gastroesophageal reflux as a potential factor in feeding problems should occur;

• If a child with trisomy 18 or 13 is not bottle feeding by 6 months of age, consideration of gastrostomy placement is indicated.

• Even a child who appears to be able to bottle feed should have an evaluation of feeding to establish air​way competency.                              .

Treatment

• Evaluative and treatment decisions should be discussed with parents on a regular basis. It is appropriate to change the degree of intervention during the course of support and care.

• Training the parents in nasal or oral gastric tube feeding will be necessary in the majority of children who require tube feeding.

• Appropriate therapy for gastroesophageal reflux can be initiated in a standard manner when this is determined to be a factor. Nissan fundoplication has been successfully performed in many children who are part of the SOFT Registry (www.trisomy.org).
• Gastrostomy has been successfully performed on over 60 children recorded in the SOFT Registry (personal data, SOFT Registry).

• Anesthetic risks for these or any surgical procedures for the majority of children with either condition who have structural heart malformations require consultation by cardiology.

Development and Behavior

Very little has been written about the developmental outcome of children with trisomies 18 and 13. Most review articles and chapters indicate the presence of profound mental retardation in surviving children with both trisomies. A seminal study by Van Dyke and Alien (1990) was the first work in the pediatric literature to discuss the challenges faced by parents of children with trisomy 18, directing primary care practitioners to approach long-term management in children with trisomy 18 as they would in any child with disabilities.

Individual case reports of older affected children indicate that expressive language and walking do not occur in trisomy 18 or 13. Of note, there is one report of a 4-year-old with full trisomy 18 who walked independently (Ray et al., 1986). Advancement of motor milestones was reported in detail in another case (Woldorf and Johnson, 1994). Baty et al. (1994b) published their experience with 62 older individuals with trisomy 18 and 14 individuals with trisomy 13. Developmental records were collected on children through collaboration with SOFT. Although all these individuals were clearly functioning in the severely to profoundly developmentally handicapped range, the children did achieve some skills of childhood and continued to learn. A number of older children with trisomy 18 could use a walker, and two children with trisomy 13 were able to walk unsupported. Developmental quotients in children over one year of age were in the 0.2-0.3 range, with developmental
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FIGURE 47.3 A teenage girl with full trisomy 18. She is able to sit but is not able to walk unassisted or speak.

ages in the older children with trisomy 18 averaging 6-7 months and those with trisomy 13 averaging 13 months. In this series many skills that are conventionally thought not to occur in trisomy 18 or 13 are seen as individual abilities in many children. These included self-feeding, sleeping independently, object permanence, and understanding cause and effect. Older infants with trisomy 18 or 13 do recognize their family and smile responsively on a consistent basis. Developmental achievements in both syndromes have been summarized using milestones from the Denver Developmental Screen (Baty et al., 1994b) (see Fig. 47.3).

Evaluation
• Developmental evaluation, using standard developmental screening tools for infants and children, can be performed at regular health supervision visits.

• Referral for physical therapy evaluation is particularly necessary and many older children who are walking in walkers have had early physical therapy (personal data).

Treatment
• Referral to early intervention programs is recommended in the ongoing care of infants with trisomy 18 or 13. From there the child and family will enter the system for necessary educational intervention through childhood.


Physical, occupational, and speech therapy, as well as special education, will occur in these settings.

• Specialized programs for children with visual disabilities may be needed for those with trisomy 13 who have significant visual abnormalities.

• For children with trisomy 13 who have hearing loss as well as visual disabilities, more comprehensive programs for multiple disabilities may be required. Because the apparent hearing loss of trisomy 18 does not necessarily indicate functional hearing impairment, standard early intervention programs are likely adequate.

Neurologic

A variety of developmental abnormalities of the brain have been described in autopsy series of trisomies 18 and 13 (Moerman et al., 1988; Kinoshita et al., 1989). Cerebellar hypoplasia has been described consistently in trisomy 18 and has been noted even in prenatal ultrasound series. Other primary structural defects of the brain described in trisomy 18 include agenesis of the corpus callosum, microgyria, and hydrocephalus. Of note, about 5% of infants with trisomy 18 have meningomyelocele, which is also seen occasionally in trisomy 13.

Functional neurological findings in both conditions include hypotonia in infancy, hypertonia later in childhood, seizures, and central apnea. Seizures occur in about 25-50% of older infants with both conditions. Seizure management is usually not complicated in either syndrome, and convulsions tend to be well controlled with appropriate medications. Lamotrigine seems to be a particularly useful anticonvulsant (personal observation). Central apnea occurs commonly in both syndromes, but it usually does not have a clear anatomical basis except in individuals with holoprosencephaly. Recent investigations into the natural history of trisomies 18 and 13 have suggested that central apnea, or its presence with a combination of other health factors (hypoventilation, aspiration, and obstructive apnea), is the primary pathogenesis of the increased infant mortality (Root and Carey, 1994; Embleton et al., 1996; Wyllie et al., 1994).

The holoprosencephaly that is commonly present in trisomy 13 deserves special mention. Holoprosencephaly of some degree is present in about 60-70% of infants with trisomy 13, as assessed either by imaging study or autopsy. This defect of early embryogenesis of the forebrain involves lack of cleavage of the frontal hemispheres, often resulting in a single holoventricle. The holoprosencephaly in trisomy 13 can be associated with the classical facial malformations that are often seen in the presence of this defect, including cyclopia, cebocephaly, or premaxillary agenesis. In one series, the majority of the infants with trisomy 13 and holoprosencephaly had the alobar variety (Moerman et al., 1988). Other primary central nervous system malformations, including cerebellar hypoplasia and agenesis of the corpus callosum, have been reported occasionally. The presence or absence of holoprosencephaly in a newborn with trisomy 13 may have prognostic significance. Although it is known that children with trisomy 13 without holoprosencephaly have central apnea, individuals who survive the first year of life do not have semilobar or alobar holoprosencephaly as commonly as in trisomy 13 generally (Reynolds et al., 1991;

Morelli et al., 2000).
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The central nervous system abnormalities mentioned above play a significant role in the early mortality, central apnea, and feeding difficulties of neonates and young infants with trisomy 18 and 13 syndromes. However, the precise anatomical delineation of these defects (other than holoprosencephaly) probably does not assist in management. The seizures are generally straightforward to control in both conditions but tend to be more complicated in trisomy 13, possibly related to the presence of holoprosencephaly.

Evaluation
• Neurological examination is recommended for all infants and young children with trisomies 18 and 13.

• Neuroimaging should be done if predicting prognosis is important in infants with trisomy 13.

Treatment
• Treatment is related to the symptomatic occurrence of seizures or muscle tone abnormalities that occur in these children. These should be treated as in all children, usually with anticonvulsants and physical therapy, respectively.

• Referral for early intervention and special education to include physical and occupational therapy is indicated in children with trisomy 18 or 13.

Cardiovascular
Congenital heart malformations are present in about 80% of children with trisomy 13 and 90% of children with trisomy 18. The observed pattern of malformations is nonrandom and relatively specific. Over 90% of infants with trisomy 18 in recent series have a ventricular septal defect with polyvalvular disease (Van Praagh et al., 1989; Musewe et al., 1990; Balderston et al., 1990). In one series, all 15 individuals with trisomy 18 had polyvalvular disease, with 6 of the 15 having involvement of all four valves (Balderston et al., 1990). The valvular dysplasia of trisomy 18 frequently results in tetralogy of Fallot. About 10% of infants with trisomy 18 will have a more complicated cardiac malformation, especially double-outlet right ventricle. endocardial cushion defect, or left-sided obstructive lesion. Shunt lesions, i.e., atrial septal defect and ventricular septal defects, are the most common lesions in trisomy 13. Polyvalvular dysplasia is less common in this syndrome than in trisomy 18. Double-outlet right ventricle occurs in some infants with trisomy 13 as well. Of note, the polyvalvular disease of both syndromes involves a redundant or thick leaflet but most often has relatively mild hemodynamic abnormality.

It is important to note that the majority of heart lesions in both syndromes are not those that produce neonatal death. In one series, only 6% of 31 infants with trisomy 18 or 13 had a lesion that would be considered lethal in infancy (Musewe ct al., 1990). However, in this series there was frequent cyanosis and increased right ventricular dimensions, suggesting early development of pulmonary hypertension. In another series, 8 if 25 individuals with trisomy 18 in whom lung histology was studied had significant hypertrophy of the media and intimal proliferation, suggesting early onset of pulmonary hypertension


(Van Praagh et al., 1989). These authors suggest that infants with trisomy 18 may be predisposed to develop pulmonary vascular obstructive changes earlier than other children with ventricular septal defects. A recent series of second-trimester fetuses examined for the presence of cardiac defects found structural heart malformations in all 19 fetuses with trisomy 18, and 16 of the 19 with ventricular septal defect had polyvalvular disease (Hyett et al., 1995).
Because the majority of infants with trisomy 18 or 13 that succumb in the newborn or early infancy period die of central apnea or related symptoms rather than their heart defect (Embleton et al., 1996), heart surgery is rarely performed. However, once an infant with a heart defect is older than 2-3 months and is thriving, the issue of early development of pulmonary hypertension emerges. Discussion of surgery as an option is now more commonplace in North America than in the past. There are only five published reports of heart surgery in children with trisomies 18 and 13 (Van Dyke and Alien, 1990; Musewe et al., 1990; Baty et al., 1994a; Stromme et al., 2000). In addition, the SOFT Registry has collected cases throughout North America of children with trisomy 18 or 13 who have had cardiac surgery, most since 1990. Hansen et al. (2000) summarized the outcome in these individuals in the SOFT Registry: A total of 28 children were identified with full trisomy 18 or 13 who had undergone 31 different heart surgeries. The most common surgical procedures performed were closure of ventricular septal defect, ligation of patent ductus arteriosis, closure of atrial septal defect, and placement of a pulmonary band. The average age of the child at the time of surgery was 8.8 months. The outcome was known for 29 of the surgeries, with 25 surviving to hospital discharge and 4 surgical mortalities. The surgical mortality rate in this series was thus 13.8%. Although definite conclusions from these data are somewhat limited, it is evident that children with trisomy 18 or 13 can survive anesthesia, and the majority who have had surgery have survived and left the hospital, making it an appropriate option in certain infants (Hansen et al., 2000). McCaffrey (2002) summarized the views of pediatric cardiologists responding to a question about heart surgery in babies with trisomy 18. While there were "no right or wrong answers," most of the respondents on their listserve said they would proceed with care under certain circumstances.

Evaluation
• Cardiac evaluation is important at the time of diagnosis in all infants with trisomy 18 or 13. This should include an echocardiogram in the newborn period, both for assistance in management decisions and so that the family and primary care doctor have the appropriate clinical data if the infant is ill for unknown reasons. Having information about the cardiac defect and its potential role in causing symptoms is important during the process of decision making.

Treatment
• Families and their physicians vary in their approach to the treatment and management of the cardiovascular malformations in children with trisomy 18 or 13. Although
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the majority of children have nonlethal cardiac defects, the high frequency of shunt lesions and the early development of pulmonary hypertension may require treatment. Decisions regarding symptomatic treatment of heart failure or placement on oxygen and monitors should be made by families and physicians jointly. Decisions about surgery are also individualized and are discussed above.

Ophthalmologic

A large number of ocular manifestations have been reported in both trisomies 18 and 13 syndromes. The eye manifestations in trisomy 13 are particularly consistent and well established. Over 50% of newborns with trisomy 13 syndrome have microphthalmia or anophthalmia and colobomas. Retinal dysplasia is a common autopsy finding in infants with trisomy 13. The ocular findings associated with holoprosencephaly, including cyclopia and hypotelorism, are seen. Other distinctive eye findings seen in trisomy 13 include persistent hypoplastic primary vitreous with cataract and comeal opacities. Some infants with the con​dition will develop a congenital or early-onset glaucoma. This could be the reason for unexplained irritability or other symp​toms (personal experience).

Significant ocular manifestations are much less frequent in trisomy 18. Although short palpebral fissures are common, major intraocular pathology or structural defects are seen in less than 10% (Geiser et al., 1986). Cataracts and corneal opacities are occasionally seen in infants and young children with trisomy 18 (Calderone et al., 1983). Older infants usually have photophobia.

Evaluation
• Ophthalmology consultation is recommended in all infants with trisomy 13 arid when signs and symptoms are present in infants with trisomy 18.

• Ophthalmologic evaluation is recommended for infants over one year of age with both conditions because visual acuity abnormalities are common in older children.

Treatment
• Treatment of glaucoma, cataracts, or corneal clouding should be individualized. Surgery can be suggested in older infants and children depending on the surgical and anesthetic risk determined by the cardiologist and/or primary care practitioner.

• Sunglasses are helpful for photophobia in older infants and children with trisomy 18. These can be obtained for infants through SOFT, www.trisomy.org.
Genitourinary

A variety of structural defects of the genital and urinary tracts have been described in individuals with trisomy 18 or 13. About two-thirds of infants with trisomy 18 will have a horseshoe kidney. Cystic dysplasias of various forms are commonly present in trisomy 13. Renal failure or disease is not a common cause


of chronic illness or problems in infants and children despite the high frequency of defects (personal experience).

Urinary tract infections appear to occur with increased frequency in trisomies 18 and 13, perhaps related to the structural renal defects (Baty et al., 1994a).

Evaluation
• Because of the high frequency of renal defects, a screening abdominal ultrasound is indicated in older infants with trisomy 18.

• Those with significant renal defects should be followed for infection and renal insufficiency by periodic creatinine and urinalysis.

Treatment
• Management of urinary tract infection and renal obstruction are the same as in any child.

Neoplasia

It appears that older infants and children with trisomy 18 are at increased risk to develop Wilms tumor and hepatoblastoma.
In a recent series from the U.S. Wilms tumor registry, the conclusion was reached that Wilms tumor occurred more than expected in surviving children with trisomy 18 (Olso et al., 1995). Eight older children with trisomy 18 who have developed this malignancy have been reported (Faucette et a) 1991; Olson et al., 1995; Carey et al., 2002; Anderson et al 2003). In addition, the author is aware of three other cases through personal communications. The presence of Wilms tumor in trisomy 18 makes biologic sense because nodular renal blastema has been described at autopsy in infants in some pathology series. The age of development of Wilms tumor after 5 years in most cases, which suggests a different biological basis than the typical Wilms tumor in children. Two of the individuals with Wilms tumor were diagnosed through routine abdominal screening.

The actual risk to develop Wilms tumor probably is less than 1%. Prognostically, the course has been extremely variable, four children died of complications related to treatment (surgery infection); one was treated but died from pulmonary metastasis, three survived, and the other two succumbed because of parents choice of no treatment.

There have been two reported cases of Wilms tumor occurring in children with trisomy 13. The ages were 1 and 4 years. These occurrences could be coincidental (Sweeney and Pelegano, 2000).

There have been six clinical reports of infants and your children with trisomy 18 who developed hepatoblastoma (Bovet al., 1996; Teraguchi et al.. 1997; Maruyamaet al., 2001). The age at diagnosis ranged from 4 months to 3 years. Because the embryonal tumor occurs together with Wilms tumor in other malformation-dysplasia syndromes (e.g., Beckwith-Wiedemar syndrome; see Chapter 10), it is biologically plausible that both of these would occur with increased risk in trisomy 18.
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Evaluation

• Because of the high frequency of intra-abdominal tumors, particularly Wilms tumor, abdominal screening is indicated in surviving infants with trisomy 18. Although there is no established timing, it is reasonable to initiate abdominal screening every 6 months after the age of 6 months in infants and children with trisomy 18 (personal experience). The exact time to stop screening is unknown. Because the oldest case of development of Wilms tumor in trisomy 18 is 13 years, abdominal screening for this tumor is justified into adolescence.

• Because there have been only two reported cases of Wilms tumor in trisomy 13, screening for Wilms tumor and hepatoblastoma is not indicated.

Treatment

• The treatment for Wilms tumor is similar to that in the general population.

Ears and Hearing

A vast array of middle ear and temporal bone abnormalities has been described in postmortem examinations of infants with trisomies 18 and 13. In addition, moderate to severe sensorineural hearing loss has been reported in evaluated older children. Structural ear malformations, including microtia and meatal atresia, are found on occasion in both syndromes. The external auricular abnormality of trisomy 18 is particularly characteristic, and it helps in diagnosis of newborns. The ear is small and has a small lobule that is slightly unraveled and attached to the scalp (cryptotia). The helix is frequently unfolded and simple.

Evaluation

• Audiological evaluation is recommended in infants with trisomy 18 or 13 older than 6 months of age. Behavioral testing can usually be accomplished in children older than 1 year of age.

• Brainstem auditory evoked response (BAER) studies have been performed in a number of infants and older children with trisomy 18, and children with trisomy 18 appear to do better on behavioral testing than their brainstem evoked responses would indicate (Michael Page, personal communication).

Treatment

• A trial of hearing aids in older infants with trisomy 18 or 13 who have abnormal audiological evaluations is appropriate (personal experience). However, if the hearing aid does not appear to improve communication and is difficult for the child to tolerate, the decision to continue or discontinue is individualized.

Musculoskeletal

A variety of musculoskeletal abnormalities occurs in both trisomy 18 and trisomy 13 syndromes, including medically


significant malformations and minor anomalies of limb and skeleton. Postaxial polydactyly, especially of the hands, is a high-frequency finding in individuals with trisomy 13 (60-70%). Limb reduction defects can occur occasionally in both syndromes, and radial aplasia and other preaxial limb deficiencies occur in 5-10% of children with trisomy 18. Talipes equinovarus and calcaneovalgus positional foot deformities occur in both conditions but especially in trisomy 18, where about half of all children will have such a deformity. Some children with trisomy 18 will have contractures of other joints besides the feet, which can present as "arthrogryposis." The overriding fingers, often with camptodactyly, represent a diagnostic finding in trisomy 18.

Scoliosis develops commonly in older children with trisomy 18. This usually presents at 4 or 5 years of age and appears unrelated to structural defects of the vertebrae. Scoliosis may progress between ages 5 and 10 years.

Evaluation

• Radiographs of the limbs should be performed when appropriate to management.

• Scoliosis should be evaluated clinically at routine health supervision visits in children with trisomy 18 starting at age 2, and spine radiograph series can be done when clinical scoliosis is suspected.

• Referral to orthopedics should be considered on recogni​tion of significant musculoskeletal abnormalities.

Treatment

• Decisions regarding the placement of casts for clubfeet and/or radial aplasia should be made keeping in mind the best interest of the child.

• Because it is uncommon for a child with trisomy 18 to walk unassisted and independently, many families and primary care physicians will defer decisions of surgery for talipes equinovarus or calcaneovalgus deformities until later childhood. However, these decisions are complex because there are children with both syndromes who walk with assistance or independently. If this skill is acquired, treatment of positional foot deformity might be of benefit.

• Decisions about surgery for scoliosis may need to be made in the older child. Three adolescent girls with trisomy 18 are known to have had scoliosis surgery with placement of rods or fusion, and all tolerated the procedure (personal experience). Decisions regarding this invasive surgery should be predicated on input from the cardiologist if the child has heart disease and/or pulmonary hypertension.

Respiratory

Because over 90% of children with trisomy 18 and 80% of children with trisomy 13 have a structural heart malformation, pulmonary hypertension related to heart defects is common in infancy. There is an impression that pulmonary hypertension may develop early in infancy in trisomy 18 (Van Praagh et al., 1989). In addition, upper airway problems including
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laryngomalacia and undefined airway obstruction have been seen, but the precise anatomical problem is not usually documented in either syndrome.

As mentioned above, most infants with trisomy 18 or 13 who die in infancy do so because of respiratory problems. Central apnea, upper airway obstruction, early-onset pulmonary hypertension, recurrent aspiration, feeding difficulties, tube feedings, and gastroesophageal reflux all contribute to mortality and respiratory problems, and together create a symptom complex that probably accounts for most early infant deaths (Root and Carey, 1994; Embleton et al., 1996). Frequent and open discussions are particularly important in the complicated management issues that surround the respiratory difficulties. Obstructive sleep apnea is common in older infants and not easy to recognize (personal experience). Referral to a pediatric pulmonologist for evaluation and/or sleep studies is appropriate when indicated by these discussions and concerns. Infants with trisomies 18 and 13 with or without heart defects are particularly susceptible to respiratory syncytial virus infection (personal experience).

Evaluation
• How far to proceed and what evaluations to initiate will depend on the discussions between parents and care providers.

• Referral to pediatric pulmonology and/or a dysphagia team should be considered in sorting out the variables of this symptom complex.

• Evaluations, if decision is made to proceed, do not differ from those in other children with similar symptoms.

Treatment
• Immunoglobulin treatment (Palivizumab) for respira​tory syncytial virus should be considered for infants with trisomies 18 and 13 prior to respiratory syncytial virus season.

• Decisions about home monitoring and oxygen therapy can be made on an individual basis after discussions between parents and care providers.

RESOURCES
Checklists for routine health supervision guidelines for use in the primary care setting have been developed by the author (www.trisomy.org) and by Wilson (2000).

USA Support Group SOFT
Barbara Van Herreweghe. President 2982 S. Union St. Rochester, NY 14624 Telephone: (800) 716-SOFT Web site: http://www.trisomy.org/
Chromosome 18 Registry and Research Society
Jannine D. Cody, Ph.D.. President

6302 Fox Head

San Antonio, TX 78247


Telephone: (210) 657-4968 Web site: http://chrl8.uthscsa.edu/
SOFT of United Kingdom
Jenny Robbins
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Christine Rose
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SOFT of Ireland
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