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Abstract
Emanuel syndrome is characterized by multiple congenital anomalies and developmental
disability. It is caused by the presence of a supernumerary derivative chromosome that contains
material from chromosomes 11 and 22. The origin of this imbalance is 3:1 malsegregation of a
parental balanced translocation between chromosomes 11 and 22, which is the most common
recurrent reciprocal translocation in humans. Little has been published on the clinical features of
this syndrome since the 1980s and information on natural history is limited. We designed a
questionnaire to collect information from families recruited through an international online
support group, Chromosome 22 Central. Data gathered include information on congenital
anomalies, medical and surgical history, developmental and behavioural issues, and current
abilities. We received information on 63 individuals with Emanuel syndrome, ranging in age from
newborn to adulthood. As previously recognized, congenital anomalies were common, the most
frequent being ear pits (76%), micrognathia (60%), heart malformations (57%), and cleft palate
(54%). Our data suggest that vision and hearing impairment, seizures, failure to thrive and
recurrent infections, particularly otitis media, are common in this syndrome. Psychomotor
development is uniformly delayed, however the majority of individuals (over 70%) eventually
learn to walk with support. Language development and ability for self-care are also very impaired.
This study provides new information on the clinical spectrum and natural history of Emanuel
syndrome for families and physicians caring for these individuals.
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Introduction
Emanuel syndrome (OMIM 609029), also known as supernumerary der(22)t(11;22)
syndrome, is characterized by multiple congenital anomalies, craniofacial dysmorphism and
significant cognitive handicap [Fraccaro et al., 1980; Zackai and Emanuel, 1980; Iselius et
al., 1983; Emanuel et al., 1976; Lin et al., 1986]. Affected individuals have an unbalanced
chromosome complement as a result of 3:1 meiotic segregation of a parental balanced
translocation between chromosomes 11 and 22, which is the most common recurrent
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reciprocal translocation in humans. Carriers are typically ascertained following investigation
for multiple miscarriages, infertility, or after the birth of a child with Emanuel syndrome
[Fraccaro et al., 1980]. Carriers of the balanced t(11;22)(q23.3;q11.2) translocation have up
to a 10% chance of conceiving a child with this syndrome who survives to term [Fraccaro et
al., 1980; Zackai and Emanuel, 1980; Iselius et al., 1983; Emanuel et al., 1976].

Most of the clinical information about this syndrome was published prior to the mid-1980s
[Fraccaro et al., 1980; Zackai and Emanuel, 1980; Iselius et al., 1983; Emanuel et al., 1976;
Lin et al., 1986]. Congenital anomalies are well documented and include heart defects, cleft
palate, genitourinary tract malformations, and intestinal atresias. Craniofacial dysmorphism
has also been well described. Development is significantly delayed in infancy; however, the
existing literature contains limited information on outcomes beyond the first few years of
life. While the true infant mortality rate in Emanuel syndrome is unknown, long-term
survival is possible.

Chromosome 22 Central (www.c22c.org) provides support for individuals and families
affected by chromosome 22 disorders from more than 40 countries, with 82 current
members having at least one child with Emanuel syndrome. Using this online support group
to recruit participants, we surveyed parents of individuals with Emanuel syndrome regarding
pregnancy and delivery, congenital anomalies, medical and surgical history, developmental
milestones, and current abilities. Although limited by biases inherent in questionnaire
studies, this is the largest and only current clinical study on Emanuel syndrome that
addresses the natural history of the condition. Given the recurrent nature of the 11;22
translocation in humans, the results of this study are useful for reproductive counselling for
known translocation carriers, and particularly valuable for parents and health care providers
of individuals with Emanuel syndrome.

Subjects and Methods
We reviewed all available case reports and case series in the English language literature on
individuals with supernumerary derivative 22 syndrome or partial 11/22 trisomy. Only cases
with a confirmed diagnosis of Emanuel syndrome, based on chromosome studies (ie, 47,XX
or XY,+der(22)t(11;22)) were considered. Using the information in the case reports, we
developed a questionnaire for parents of individuals with a diagnosis of Emanuel syndrome
to survey the clinical features, with particular emphasis on areas for which we felt there was
insufficient data available. These latter areas included health care issues, developmental
milestones and growth beyond infancy, ability for self-care, and behaviour. Ethics approval
for this study was obtained from the Children's Hospital of Eastern Ontario Research Ethics
Board.

The questionnaire was divided into four sections: 1) Demographics, 2) Prenatal and
Neonatal Period, 3) Medical and Surgical Issues, and 4) Growth, Development and
Behavior. In each section, the respondent (parent or primary caregiver) was asked a series of
questions, to be answered by selection from a list of options, and/or an “other” category, in
which answers could be supplied in free-form. We asked for photographs of the affected
individual(s) in the family. We did not ask respondents to provide medical records.
Recruitment of study participants was done through the Chromosome 22 Central online
parent support group. Each active member of the support group was sent either a paper or
email version of the questionnaire, with a consent form to be signed and mailed or faxed
back to the study group. Eighty-two members were sent one questionnaire for each affected
child in the family. Sixty-five completed surveys were received. Two surveys were excluded
from the study because there was not enough available information; one because the
diagnosis was made prenatally and the pregnancy was terminated, and the second because
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the child died on the first day of life. A database with all available data from each
questionnaire was generated.

Results
Study Population

A total of 63 surveys were included in the study. The majority of surveys (48%) were from
the U.S., with the remaining surveys from Canada (11%), the United Kingdom (10%),
Australia, France, Italy, Norway, Spain and Chile. The respondents were mostly biological
mothers of an individual with Emanuel syndrome (95%); two respondents were biological
fathers and one was an adoptive mother. The sex distribution of the affected individuals was
28 males (44%) and 35 females (56%). The age distribution is shown in Table I. Five
respondents had a child who was deceased. Of the deceased, the age at death was less than
one month (n=2), 5 months (n=2) and 33 years (n=1). The remaining 58 respondents ranged
in age from 9 months to 33 years. Seventy-one percent of respondents had children who are
(or were at time of death) 6 years of age or older.

Carrier status of parents
The parent carrying the 11;22 translocation was known in 95% of cases. The overwhelming
majority (90%) of carriers were mothers. Only 5% of respondents indicated that the father
was the translocation carrier (n=3). In 5% of cases the carrier parent was unknown, either
because the parents had not yet been tested, or the child was adopted. There were no cases in
which both parents were tested and neither found to carry the translocation.

Diagnosis and Counseling
The diagnosis of Emanuel syndrome was made within the first month of the child's life in
48% of cases. A further 30% received the correct diagnosis between one month and one year
of their child's birth. Only one respondent received the diagnosis prenatally. For those who
did not receive the correct diagnosis in the first month of life, respondents were asked
whether they were given an explanation for their child's difficulties in the newborn period.
Other explanations initially given for neonatal difficulties were Pierre Robin sequence
(n=4), cat eye syndrome (n=2), prematurity (n=3), cri du chat syndrome (n=1) and DiGeorge
syndrome (n=1). Eighteen percent reported that they were not given a specific explanation
for their baby's difficulties in the newborn period.

Parents were asked to comment on the information they were given about prognosis and
natural history at the time of diagnosis. In general, those with children born before 1996
indicated that they were given very little information, or the information they received was
uniformly pessimistic. Some parents were told their child would survive one to two years at
most. Others were given articles from medical journals, which were difficult to understand
and provided limited natural history data aside from death or profound developmental
disability. Those with children born in the late 1990s found it easier to find information on
their own, primarily through internet searches. Respondents repeatedly cited the
Chromosome 22 Central website and online support group as their best and/or only source
of information on the syndrome.

Pregnancy and Neonatal Period
Overall, 81% of respondents reported no pregnancy complications. The most commonly
reported pregnancy complication was intrauterine growth restriction (24%). Other
complications reported included decreased fetal movements (18%), oligohydramnios (16%),
breech position (14.5%), vaginal bleeding (11%), and prematurity (9.5%). Ultrasound
anomalies were reported in 16%, and included heart, brain and kidney malformations.
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Birth weight ranged from 1192 g (delivered at 32 weeks) to 3.5 kg, with an average birth
weight of 2668 g (5 lbs, 14 oz). The majority (69%) had a birth weight within two standard
deviations of the mean birth weight of a 40 week gestation newborn. The length of hospital
stay in the neonatal period was greater than one week in 70%, and greater than one month in
25%. The most common reasons given for prolonged hospital stay were hypotonia (51%),
feeding issues (44%), need for surgery (30%) or oxygen therapy (36%), and jaundice (34%).
Less common reasons reported included seizures (10%) and infection (11%). Twelve
respondents (20%) reported that their child needed to be artificially ventilated during the
neonatal period. The reasons given for artificial ventilation included diaphragmatic hernia
(n=4), apnea (n=4), prematurity (n=4), pneumothorax (n=3), infection (n=4), pulmonary
hypertension secondary to meconium aspiration (n=1), and bilateral vocal cord paralysis
(n=1).

Congenital Anomalies
At least one major congenital anomaly was reported in 87%. The most frequently reported
major anomalies are listed in Table II. The types of cleft anomalies reported were Pierre
Robin sequence (34%), soft palate cleft only (28%), complete cleft palate (24%), submucous
cleft or bifid uvula only (14%). Thirty-two percent had surgery to repair a cleft palate. There
were no reports of associated cleft lip. Cardiac surgery was required in 30% of those with
heart malformations. Renal malformations were relatively common; the types of renal
anomalies were variable. There were no reports of nephrolithiasis or renal insufficiency.

All respondents (100%) reported at least one minor congenital anomaly in their child; see
Table II for those most commonly reported.

Dysmorphism
Dysmorphic features were assessed by review of photographs of affected individuals
submitted by their parents. We obtained good quality photographs of 36 individuals ranging
in age from newborn to young adult, and were able to compare photographs of the same
individual at different stages (infancy, childhood, and/or adulthood) in nine cases. The facial
phenotype is variable. The most common features (Fig. 1) are hooded eyelids, deep-set eyes,
upslanting palpebral fissures, low-hanging columnella, and micrognathia. Facial asymmetry
is common, often observed with unilateral ptosis. There is a tendency for the face shape to
be square due to a broad mandible. With age, the face lengthens as expected and
micrognathia becomes less obvious (Fig. 2). There was not, as previously reported [Medne
et al., 2007], a tendency for coarsening of the facial features with age in most individuals.

Medical Issues
Table III lists the most commonly reported medical issues. Feeding issues were common.
Only 37% of respondents indicated that their child was eating age-appropriate foods.
Nineteen percent were exclusively G-tube fed. Forty-four percent of those who fed orally
require specially prepared food textures (e.g. pureed). The most commonly reported
gastrointestinal complaints are found in Table III. Thirty-one percent of respondents
indicated that their child is currently taking a daily laxative or stool softener; 24% are on a
daily antacid medication. Eight percent have undergone a surgical procedure for treatment of
gastroesophageal reflux (fundoplication).

Endocrinopathies were not commonly reported. Hypothyroidism was reported in 10%. One
individual had “parathyroid disease” diagnosed in adulthood.

While respiratory issues were common, only two individuals required tracheostomy; one
was short term secondary to tracheal trauma during intubation for surgery. Twenty-six
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percent reported greater than five hospitalizations for respiratory issues in the individual's
lifetime.

Two individuals were reported to have hypertension (one was 32 months old, the other was
15 years old), but the cause and type of hypertension was unspecified. There was one
voluntary report of pulmonary hypertension, and one report of cardiomyopathy (type
unspecified). One respondent reported that their child has a “leaky valve.”

Growth and Puberty
Eighty percent of respondents reported their child's current height and weight; 50% had
weight below the 3rd centile for age, and 73% had height below 3rd centile for age. Sixty-
two percent reported that their child had been diagnosed with “failure to thrive.”

Of 17 females over the age of 9 years, 15 (88%) had begun menstruating. The age at
menarche ranged from 9 years to18 years, with the majority (71%) between 11 and 13 years.
Two girls who had not started menstruation were 16 and 22 years old.

Neurologic issues, Development and Behavior
The most commonly reported neurological abnormalities are found in Table IV. Sixty-five
percent of the respondents indicated that their child had had an MRI or CT scan of the brain.
However, 37% indicated that they were unsure of the results of the scan. Of 26 respondents
who knew the results of their child's head imaging, 27% reported ventriculomegaly, 23%
reported atrophy, 19% reported absent or hypoplastic corpus callosum, and 19% reported
white matter abnormalities. Dandy-Walker malformation was reported in two patients (8%)
and Chiari malformation in a further two patients (8%). Three respondents (6%) indicated
that their child had a surgical shunt placement for hydrocephalus.

Global developmental delay was present in 100%. Respondents were asked the age at which
their child attained various developmental milestones (Table V). Gross motor delays were
significant. Sixty-five percent of individuals over one year of age could not support their
own weight in standing. While 71% could walk with support, only 27% of respondents
indicated that their child could walk unsupported. The average age of achieving supported
walking was 61 months (just over 5 years), with a range of 18 months to 10 years.

Language skills were significantly impaired. Seventy-seven percent of parents reported that
their child has no speech. Of those with some speech, the average age of first word was 44
months (3.7 years), with a range of 15 months to 8 years. Twenty percent indicated that their
child uses at least one word to communicate. Forty-eight percent knew at least one word in
sign language. Two individuals could speak in short phrases. Although the majority of these
children are non-verbal, many parents commented that they feel strongly that their child's
understanding is much better than their ability to communicate.

Fine motor and self-help skills were also significantly impaired. Eighty-four percent need to
be dressed and undressed by a care provider. Only 5% of individuals of a developmentally
appropriate age could do up a zipper. Sixty-three percent needed to be fed by a care
provider. Only 32% of individuals of a developmentally appropriate age could use a spoon
or fork appropriately. Forty-three percent of individuals over five years of age were
incontinent; 21% were fully or partially toilet-trained, while 36% were toilet-regulated.
Seventy-four percent of school-aged children attended a class or school for the disabled; the
remainder were home-schooled (7%) or in a regular class with individualized assistance
(9%).
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Behavioral issues were not common overall. The most common “problem” behaviours were
anxiety (16%), screaming (16%), self-harm (14%), and tactile defensiveness (this was not
asked about specifically in the questionnaire, but many parents commented on it). Although
there were no specific questions asked about personality characteristics, there was a free-
form section in which parents could tell us anything about their child they felt was
important. Although this data is limited, many parents commented that their child is
generally happy and sociable, enjoys music and being around people, and has a good sense
of humour.

Discussion
The earliest descriptions of Emanuel syndrome appear in the English-language literature in
the 1960s and 70s. Although G-banding was not yet available, there are several case reports
of siblings with multiple malformations and developmental disability with “an extra small
acrocentric chromosome resembling that in the G group, exclusive of Down syndrome or
XYY,” which was thought to be trisomy 22 [Uchida et al., 1968; Penchaszadeh and Coco,
1975; Alfi et al., 1975; Emanuel et al., 1976; Shokeir, 1978]. Once chromosomal banding
techniques became available, the atypical nature of the extra chromosome was noted, and
eventually it was recognized to be a derivative chromosome of 22 and 11 material derived
from a balanced translocation carrier parent [Kessel and Pfeiffer, 1977; Feldman and
Sparkes, 1978; Nakai et al., 1979]. The characterization of the breakpoints on chromosomes
11 and 22 demonstrated that t(11;22) is a recurrent translocation, and it is the most common
recurring reciprocal translocation in humans [Zackai and Emanuel, 1980; Schinzel et al.,
1981; Griffin et al., 1986; Budarf et al., 1989; Shaikh et al., 1999; Edelmann et al., 1999;
Tapia-Perez et al., 2000; Kurahashi et al., 2000c]. The breakpoints of the t(11;22)
translocation are within palindromic AT-rich repeats (PATRRs) on chromosomes 11 and 22,
suggesting that hairpin/cruciform structures mediate double-strand breaks in meiosis leading
to recombination between 11q23 and 22q11, resulting in this recurrent translocation
[Kurahashi et al., 2000a, b; Kurahashi et al., 2001; Kurahashi et al., 2004].

In 2004, founding members of the online parent support group, Chromosome 22 Central,
successfully lobbied to have Emanuel syndrome added as an entry in the OMIM database.
Prior to this, there was concern among parents about the disparate names given to their
children's condition (for example, supernumerary derivative 22 and partial 11q trisomy),
which impeded parents' ability to find online support. The eponym “Emanuel syndrome”
was therefore suggested by the parent group in recognition of Dr. Emanuel's cytogenetic
work and molecular characterization of the breakpoints, as well as her consistent
involvement with the support group.

Over 100 individuals with Emanuel syndrome have been reported [Fraccaro et al., 1980;
Zackai and Emanuel 1980; Biederman et al., 1980; Pihko et al., 1981; Schinzel et al., 1981;
Iselius et al., 1983; Lin et al., 1986]. However, the most recent large case series was
published 25 years ago [Iselius et al., 1983]. While the characteristic dysmorphic features
and congenital anomalies most frequently associated with ES have been well described,
information about natural history is more limited, making the task of providing prognostic
information and anticipatory guidance rather difficult. This study reports data from the
largest cohort of individuals with Emanuel syndrome ever described in the literature.

Pregnancy and perinatal issues have not been described previously for this syndrome.
Overall, the frequency of pregnancy complications was low (19%) and prematurity was not
common. Intrauterine growth restriction was the most commonly reported complication
(24%) and birth weights averaged in the lower range of normal. These data imply that, not
surprisingly, growth deficiency begins prenatally in these children. Ultrasound abnormalities
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during pregnancy were only reported in 16%, which is surprising given the high rate of
congenital anomalies in this syndrome. Given that many of our study subjects are
adolescents and adults, this likely reflects the more limited availability of ultrasound
technology in the past. Nonetheless, this suggests that a normal prenatal ultrasound does not
rule out Emanuel syndrome, and therefore carrier parents who wish to have prenatal
diagnosis need to have more invasive testing such as chorionic villus sampling or
amniocentesis.

Congenital anomalies associated with Emanuel syndrome have been well described. The
most commonly reported congenital anomalies reported by parents in our study are listed in
Table II. Heart defects were reported in 57% of our study subjects, and the most common
lesions were atrial septal defect (ASD), ventricular septal defect (VSD) and patent ductus
arteriosus (PDA). This is similar to the results of a literature review by Lin et al. [1986], in
which 62% of reported cases had a congenital heart malformation, with ASD, VSD and
PDA being the three most common. The apparent high frequency of ASDs and VSDs
included both isolated defects, and those that were associated with more significant
congenital heart defects. Other heart malformations that were reported in our study included
coarctation of the aorta, pulmonic stenosis, and total anomalous pulmonary venous return
(TAPVR). We had no reports of tetralogy of Fallot, truncus arteriosus, transposition of great
arteries, or tricuspid atresia, which have been reported previously [Giraud et al.,
1975;Fraccaro et al., 1980;Pangalos et al., 1980;Lin et al., 1986]. The vast majority of
individuals with congenital heart defects, both in our study and in the literature, have
acyanotic lesions. Our results also confirm the reported incidence of cleft palate (54% in our
study vs 53% [Fraccaro et al., 1980]) and imperforate anus (14% vs 13% [Fraccaro et al.,
1980]). Renal malformations were reported to occur in 19% in the largest study [Fraccaro et
al., 1980] but were seen in 36% in our cohort; this increase is likely secondary to improved
imaging techniques. Congenital anomalies reported by parents in our study that have not
previously been reported include pyloric stenosis and choanal atresia (Table II). Intestinal
malrotation was reported in 8%; this malformation has been reported only once previously
[Prieto et al., 2007].

The incidence of structural brain anomalies in individuals with Emanuel syndrome is
unknown, as it has not been studied systematically. Pallotta et al [1996] reviewed the
reported central nervous system (CNS) anomalies in Emanuel syndrome, and determined
that 30% of reported individuals have some CNS abnormality. They found the most frequent
anomalies to be consistent with a developmental field defect affecting the midline, such as
arrhinencephaly, Dandy-Walker malformation, hypoplasia of the corpus callosum, pons and
cerebellar vermis, dilatation of the third and fourth ventricles, and trigonocephaly. Our study
is inconclusive with regard to CNS anomalies in Emanuel syndrome, as we relied on reports
from parents and not medical records. While 65% of respondents indicated that their child
had had some form of brain imaging, they were generally not aware of the specific findings.
The most common brain anomalies reported in our study were ventriculomegaly, atrophy,
white matter abnormalities and hypoplastic corpus callosum (Table IV). Microcephaly was
reported in only 23% of our subjects, while other literature states that 100% of individuals
with Emanuel syndrome have microcephaly [Medne et al., 2007]. This most likely
represents underreporting of microcephaly by parents in our study.

The malformations seen in individuals with Emanuel syndrome overlap with those of cat eye
syndrome (CES). These conditions have in common extra chromosome 22 material
spanning the proximal p and q arms. CES is usually associated with a supernumerary
bisatellited marker chromosome containing material of chromosome 22 (idic(22)(pter-
>q11.2::q11.2->pter)), which results in partial tetrasomy 22 [McDermid et al., 1986]. Both
conditions have in common a high frequency of preauricular pits and skin tags, anorectal
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anomalies, and congenital heart defects [Rosias et al., 2001]. Iris colobomata, however,
which are a cardinal feature of CES, are not reported in Emanuel syndrome. Unlike ES, the
majority of individuals with CES have mild or no intellectual impairment [Rosias et al.,
2001]. The most obvious explanation for this discrepancy is the presence in individuals with
ES of partial 11q trisomy. Indeed, the published cases of isolated 11q trisomy have almost
universally reported severe intellectual and physical disability [Pihko et al., 1981; Zhao et
al., 2003]. In addition, it is notable that some congenital anomalies seen in ES, such as
congenital diaphragmatic hernia, hip dysplasia, cleft palate, heart and kidney malformations,
and structural brain malformations have also been reported in individuals with 11q trisomy
[Pihko et al., 1981; Zhao et al., 2003; Klassens et al., 2006]. Further study of the genomic
imbalances present in individuals with ES, CES and 11q trisomy will be useful in
delineating the causative genes for the shared anomalies.

Facial dysmorphism in individuals with Emanuel syndrome is well described in infants and
very young children, however information about how the facial phenotype evolves with age
is limited. Medne et al. [2007] suggest that the facial features of individuals with ES coarsen
over time. Our review of the available photographs from individuals participating in this
study did not demonstrate coarsening of facial features. The faces of individuals with ES
lengthen over time with micrognathia becoming less pronounced, as would be expected
(Fig. 2). There was significant variability in the facial appearance of individuals with ES.
The most common facial features observed include hooded eyelids, deep-set eyes,
upslanting palpebral fissures, low-hanging columnella, facial asymmetry and ear anomalies.
We cannot comment more specifically on the ear anomalies in our study participants, as we
did not have the appropriate views in the photographs we obtained from parents. In
childhood the combination of deep-set eyes, long philtrum and micrognathia is seen in
many, but not all, children.

Fifty percent of our subjects were over the age of 13 years, which allowed us to gather
useful natural history information on Emanuel syndrome. The medical issues most
commonly reported in our subjects with Emanuel syndrome are summarized in Table III.
Most of these have been previously unrecognized or under-recognized, probably due to the
small numbers of older children and adults reported in the literature. One of the most
clinically relevant findings was the high incidence (72%) of hearing loss. The degree of
hearing loss was mild to moderate in the majority. Our questionnaire did not differentiate
between sensorineural and conductive hearing loss. However, there was a very high rate of
recurrent ear infections and tympanostomy tube placement in these children, so it is likely
that conductive hearing loss would be a significant contributing factor. Similarly, visual
problems have been underreported in the literature. In our study, vision is impaired in at
least one-third of subjects, with myopia and strabismus being the most commonly reported
problems. The case report literature has not emphasized seizures as a frequent feature of ES.
Our data suggest that seizures are common (48%) but unfortunately we were not able to
determine the type of seizure(s) experienced in all cases, so this figure likely includes febrile
seizures and all other types of seizures. Gastrointestinal problems, such as gastroesophageal
reflux, impaired swallowing and chronic constipation, are common in children with severe
developmental disability. Therefore it is not surprising that over half of respondents
identified these as ongoing issues for their children. A significant percentage (at least 20%)
of individuals in our study required a gastric feeding tube (G-tube) at some point in their
lives. Failure to thrive is a common problem in the neonatal period and into childhood. In
neonates, poor feeding due to hypotonia and the presence of cardiac and gastrointestinal
malformations are the most likely cause. Aside from feeding issues, which are ongoing in
childhood, recurrent infections may be partly responsible for failure to thrive as these
children get older. Chronic and recurrent ear infections were especially prevalent (96%) in
our study subjects. Low immunoglobulins have been reported in children with ES [Tovo et

Carter et al. Page 8

Am J Med Genet A. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



al., 1986]. Nineteen percent of respondents in our study reported low immunoglobulins and
9% had been treated with intravenous immunoglobulin (IVIG) with reported benefit.
However, no conclusions can be drawn about the use of IVIG in children with Emanuel
syndrome, as the numbers are small.

As expected from the literature, 100% of children with Emanuel syndrome have global
developmental delay and intellectual disability. We were able to more precisely define the
extent of these disabilities and determine the average developmental trajectory, by asking
parents about age of developmental milestone attainment (Table V) and current abilities.
While most children do not independently ambulate, over 70% of our subjects eventually
learned to walk with support. This ability is largely overlooked in the literature. Expressive
language is significantly impaired, with rudimentary speech acquisition in only 20%.
However, our study indicates that receptive language is less impaired (at least from the point
of view of the parents), which has been noted previously [Medne et al., 2007], although this
is anecdotal.

There are two important limitations to this study. Questionnaire studies in general are
subject to recall or reporting bias. The accuracy of the medical history information provided
by parents about their children will vary depending on a number of factors including the age
of the child, whether the child is still living, whether the parent kept records, the complexity
of the medical needs of the child, and the education and socioeconomic status of the parents.
We cannot verify that the information given by parents is accurate, as we did not collect
medical records on our study subjects. Instead, we endeavored to design the questionnaire in
simple language with primarily “yes or no” questions and kept the questions that would
require additional medical knowledge to a minimum. The results of this study may also be
influenced by ascertainment bias, as recruitment was limited to those whose parent or
guardian belongs to an online support group. It is possible that parents of the more severely
affected children are more likely to seek this type of support. This would bias our results in
favor of a poorer prognosis. On the other hand, the majority of those participating in this
study have a child with Emanuel syndrome still living, which excludes parents whose
children died earlier in life. Thus, our findings apply primarily to long-term survivors, who
in general may have had fewer life-threatening congenital anomalies.

Our study has identified several healthcare issues that can now be anticipated for individuals
with Emanuel syndrome. Vision and hearing impairment and potential seizure activity can
be identified and addressed early. Failure to thrive may be ameliorated with special attention
to gastrointestinal issues and prompt treatment of infection. Children with recurrent
infections may benefit from an assessment by an immunologist. Speech and physical therapy
are of utmost importance for optimizing development and quality of life; this study has
clearly demonstrated that, at least in some individuals, limited communication and
ambulation is possible and should be strived for.

This study summarizes the clinical features and long-term outcome of a cohort of 63
individuals with Emanuel syndrome ranging in age from infancy to 33 years. The
information gained from this survey will be very useful to carriers of the 11;22 translocation
in making reproductive decisions, and to health care providers taking care of children and
adults with such a rare condition. Most importantly, new parents of children with Emanuel
syndrome can be provided with more accurate and up-to-date prognostic information, which
may help ease the anxiety of parenting a child with a rare diagnosis.
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Fig. 1.
Individuals with Emanuel syndrome at various ages: newborn (a and b), preschool age (c to
f), school age (g to n) and adolescent (o to s). The common dysmorphic features are
demonstrated, including micrognathia (most obvious in infancy and preschool age), hooded
eyelids, deep-set eyes, upslanting palpebral fissures, low-hanging columnella, and long
philtrum. Some individuals have facial asymmetry and/or unilateral ptosis (for example,
Patients g and k).
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Fig. 2.
Six individuals with Emanuel syndrome, demonstrating evolution of facial features with age.
Approximate ages are: a) 12 months and 13 years; b) 8 months and 15 years; c) 24 months
and 8 years; d and e) 4 years and 28 years; f) 30 months and 20 years. Patients d and e are
siblings. Note that, as expected, there is facial elongation and growth of the mandible with
age. Features remain fine, without significant coarsening.
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Table I

Age distribution of participants with Emanuel syndrome

Age Group Number reported Percentage

Under 1 year 5 8

1-5 years 13 21

6-12 years 13 21

13-19 years 16 25

20-30 years 11 17

30-40 years 5 8
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Table II

Congenital anomalies most commonly reported in individuals with Emanuel syndrome

Category Specific Anomaly Percentage

Craniofacial Ear pits 76

Preauricular tags 33

Other ear differences1 30

Cleft palate 54

 Complete 24

 Pierre Robin sequence 34

 Soft palate only 28

 Submucous/bifid uvula only 14

Micrognathia 60

Excess nuchal skin 24

Cardiovascular Overall 57

 ASD 45

 VSD 13

 PDA 11

 Other2 10

Gastrointestinal Imperforate anus 14

Inguinal hernia 14

Intestinal malrotation 8

Renal Overall 36

 Small kidney(s) 17

 Single kidney 12

 Other3 7

Genital Small penis 64

Cryptorchidism 46

Other Sacral dimple 24

Diaphragmatic hernia 8

1
Includes abnormalities in ear shape, size, and position

2
Includes pulmonic stenosis, total anomalous pulmonary venous return, and coarctation of the aorta

3
Includes vesicoureteral reflux, cystic kidney, urethral valve abnormality and duplicated collecting system
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Table III
Medical issues most commonly reported in individuals with Emanuel syndrome

Category Issue Percentage

Vision/Ocular Myopia 38

Strabismus 33

Astigmatism 13

Ptosis 8

Hyperopia 7

Other1 22

Hearing Loss Any degree 72

 Mild to moderate 56

 Moderate to severe 28

 Severe to profound 15

Dentition Delayed eruption of primary teeth 80

Misaligned teeth 56

Crowded teeth 37

Missing teeth 22

Gastrointestinal Drooling 74

Constipation 63

Failure to thrive 62

Choking and/or swallowing problems 54

Gastroesophageal reflux 54

Respiratory Recurrent chest infections 48

Aspiration 37

Snoring 32

Cough 27

Supplemental oxygen2 18

Musculoskeletal Ankle instability 48

Hip subluxation or dislocation 47

Scoliosis 32

 Requiring surgery 5

 Requiring bracing 42

Kyphosis 30

Joint contractures 15

Torticollis 15

Immunity Recurrent ear infections 96

Recurrent pneumonia 47

Recurrent sinusitis 33

Recurrent urinary tract infection 18

Recurrent oral candidiasis 11

Low immunoglobulins 19

 Treated with IVIG 9
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1
Includes Duane anomaly, optic atrophy, 6th nerve palsy, tear duct hypoplasia, cataracts, nystagmus and glaucoma

2
Outside of newborn period
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Table IV

Neurological abnormalities most commonly reported by parents in individuals with Emanuel syndrome

Functional neurologic anomaly Percentage

Developmental delay 100

Hypotonia 65

Seizures 48

 Requiring anticonvulsants 34

Structural neurologic anomaly

Microcephaly 23

Atrophy 23

Ventriculomegaly 27

Hydrocephalus 11

 Requiring shunt placement 6

Absent or hypoplastic corpus callosum 19

White matter abnormalities 19

Dandy-Walker malformation 8

Chiari malformation (type unspecified) 8
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Table V

Age at attainment of developmental milestones in individuals with Emanuel syndrome

Developmental milestone Mean Age
(months)

Range
(months)

Mode Age Range
(months)

Hold head up 8 2-28 5-8

Smile 7 2-36 2-4

Sitting independently 20 8-36 13-24

Crawling1 34 20-51 20-24

Standing unsupported 71 24-150 24-48

Walking with support 61 18-120 37-48

Walking unsupported 84 41-150 97-150

1
83% of respondents indicated that their child did not learn to crawl
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