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RING CHROMOSOME 18

Primary Disciplinary Field(s): Genetics, Medical Genetics, Pediatrics

1. Core Definition and Etiology

The condition known as Ring Chromosome 18, often abbreviated as r(18), represents a rare and
complex chromosomal anomaly defined by the structural rearrangement of human chromosome
18. In individuals affected by this syndrome, the two ends of the chromosome--the short arm (18p)
and the long arm (18q)--are typically lost or deleted, allowing the remaining ends to fuse together,
thereby forming a circular or ring structure. This structural abnormality leads to a specific pattern of
clinical defects collectively known as the Ring Chromosome 18 Syndrome. While the prevalence of
r(18) is estimated to be approximately 1 in 40,000 live births, its phenotypic expression is highly
variable, depending primarily on the amount of genetic material that was deleted during the
formation of the ring, coupled with the stability of the ring itself during cell division.

The formation of the ring structure inherently involves the loss of genetic material located at the
terminal regions of the chromosome. The ends of linear chromosomes are normally capped by
structures called telomeres, which protect the chromosomal integrity and prevent fusion or
degradation. In r(18), breaks occur near or within the subtelomeric regions of both the p-arm and
the g-arm. Once these protective caps are removed and terminal deletions occur, the exposed,
'sticky' ends of the broken chromosome become highly reactive and susceptible to ligation,
resulting in the formation of the closed circular structure. This mechanism explains why r(18) often
presents with characteristics overlapping those of the 18p- and 18g- terminal deletion syndromes,
but with added complexity due to the unique challenges of the ring structure during mitosis.

The resulting genetic imbalance--the partial monosomy of 18p and 18q--is responsible for the
diverse spectrum of associated defects. The severity of the syndrome is directly proportional to the
size of these deletions; larger terminal deletions generally correlate with a more severe clinical
presentation and profound intellectual disability. Furthermore, the ring structure itself is
inherently unstable. During the process of cell division, the ring may undergo further complex
rearrangements, such as sister chromatid exchanges, which can lead to the formation of dicentric
rings (two rings joined together) or double-sized rings. These unstable products often result in non-
disjunction or failure to segregate properly, contributing to cellular death or the development of
mosaicism, where the individual possesses a mixture of cells with the ring chromosome and cells
with a normal or otherwise altered chromosomal complement.

2. Genetic Mechanisms of Ring Chromosome Formation

The exact molecular mechanisms leading to the formation of r(18) are critical for understanding
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recurrence risk and clinical outcomes. Generally, ring chromosomes arise de novo--meaning the
chromosomal anomaly is a new mutation in the affected individual and is not inherited from the
parents--occurring either during gametogenesis or shortly after fertilization. However, a small
percentage of cases are inherited, usually from a parent who carries a structurally rearranged
chromosome 18 but is phenotypically normal or only mildly affected, often due to balanced
translocations or a low level of mosaicism that prevents severe manifestation. The two dominant
models explaining ring formation involve either the classical breakage-and-fusion event or the
more recently studied mechanism involving telomere shortening and fusion.

The classical breakage-and-fusion model posits that two breaks occur simultaneously on the short
and long arms of chromosome 18. Following the deletion of the terminal fragments, the remaining
interstitial segment undergoes an enzymatic repair process that joins the two broken ends, creating
the circular form. This mechanism invariably results in the loss of crucial genetic information,
including the genes located in the subtelomeric regions, which are responsible for the clinical
features observed in the syndrome. The specific breakpoints determine which genes are missing;
for instance, deletions on the g-arm often involve genes critical for brain development and immune
function, exacerbating the severity of neurodevelopmental delay and immunological deficits.

A significant challenge in r(18) cases is the phenomenon of mitotic instability. Unlike typical linear
chromosomes, ring chromosomes face obstacles during anaphase. When the ring replicates, the
two daughter rings often become interlocked. Cells attempt to resolve this interlocking through
complex mechanisms like breakage-fusion-bridge cycles, leading to dramatic karyotype
heterogeneity within the individual. This mitotic instability is the primary driver of mosaicism in r(18)
syndrome, where some cells may entirely lose the ring, others may maintain the ring, and yet
others may contain derivative forms of the ring (e.g., deleted linear chromosomes 18). The
proportion of cells carrying the stable ring versus those carrying normal or highly unstable forms
directly influences the clinical severity, often making predicting the long-term prognosis difficult
based solely on the initial karyotype.

3. Clinical Manifestations (Phenotype)

The clinical presentation of Ring Chromosome 18 Syndrome is characterized by a constellation of
medical and developmental issues, reflecting the loss of genetic material from both terminal
regions of the chromosome. The universal features involve developmental delay and intellectual
impairment, ranging from mild learning difficulties to severe cognitive disability, which is one of the
primary reasons for clinical referral and diagnosis. This cognitive deficit is frequently accompanied
by behavioral problems, including features of autism spectrum disorder, hyperactivity, and social
communication difficulties. The neurodevelopmental consequences are pervasive and often
require intensive, lifelong therapeutic intervention.
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Craniofascial dysmorphism is highly characteristic of the syndrome. Affected individuals often
exhibit microcephaly (small head circumference), midface hypoplasia (underdevelopment of the
middle facial structures), and distinctive ear anomalies, such as large, prominent ears or ears with
abnormal shape or position. Ocular abnormalities are also common, including strabismus (crossed
eyes), nystagmus (involuntary eye movement), and occasionally optic nerve hypoplasia,
contributing to the frequent incidence of vision loss reported in the source content. These features
are generally noticeable at birth and aid in the initial clinical suspicion of a chromosomal anomaly.

In addition to the neurological and facial features, patients frequently present with defects affecting
the extremities and internal organs. Skeletal abnormalities include limb deformities, particularly
involving the feet (e.g., talipes equinovarus or clubfoot) and hands (e.g., clinodactyly). Systemic
involvement often includes gastrointestinal anomalies, congenital heart defects (though less
common than in some other trisomies), and genitourinary defects, particularly in males.
Furthermore, a substantial number of individuals with r(18) experience endocrine dysfunction, most
notably growth hormone deficiency, leading to short stature that requires therapeutic
management.

4. Associated Endocrine and Sensory Deficits

The association between r(18) and endocrine dysfunction is well-documented and critical for
effective management. Deficiencies in the pituitary-hormonal axis, particularly the production of
growth hormone (GH), significantly impact the growth trajectory of affected children. Early
identification and treatment with recombinant human growth hormone can often mitigate severe
short stature, but the response can vary widely. Additionally, thyroid dysfunction, including both
hypo- and hyperthyroidism, has been observed, necessitating routine endocrinological monitoring
throughout childhood and adolescence to prevent secondary complications related to metabolic
dysregulation.

Sensory deficits are another prominent component of the r(18) phenotype. The occurrence of
hearing loss is particularly high, affecting a large proportion of individuals. This hearing
impairment can be conductive, sensorineural, or mixed, often stemming from recurrent middle ear
infections common in children with craniofacial anomalies or due to structural defects in the inner
ear associated with the genetic deletions. Early audiological screening is therefore mandatory, as
untreated hearing loss can profoundly compound existing speech and language delays already
inherent to the intellectual disability component of the syndrome, further hindering communication
development.

Immunological compromise is also a serious concern. Genes located on chromosome 18 are
implicated in immune system development and function. Individuals with r(18) often exhibit
decreased levels of specific immunoglobulins, leading to recurrent infections, particularly of the
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respiratory tract. This vulnerability necessitates proactive medical management and, in some
cases, prophylactic treatments. The complexity of these varied systemic deficits underscores the
necessity of a highly coordinated, multidisciplinary medical team for the management of r(18)
patients.

5. Diagnosis and Genetic Counseling

Diagnosis of Ring Chromosome 18 Syndrome relies primarily on cytogenetic analysis. Historically,
karyotyping was the gold standard, visualizing the circular structure of chromosome 18 in
metaphase spreads. Modern diagnostic techniques, however, have increased the precision of
genetic analysis. Fluorescent in situ hybridization (FISH) and, more commonly today,
Chromosomal Microarray Analysis (CMA), provide detailed maps of the deleted regions,
precisely quantifying the extent of genetic loss on both 18p and 18q. CMA is particularly useful for
detecting subtle deletions or duplications that might contribute to the unique clinical profile of an
individual patient.

Genetic counseling is essential following diagnosis, whether the diagnosis is made prenatally or
postnatally. When r(18) is identified during a prenatal workup, often due to ultrasound findings
suggestive of fetal growth restriction or structural anomalies, parents face profoundly difficult
decisions regarding the continuation of the pregnancy, as exemplified by the historical source
material ("They decided to terminate the pregnancy upon learning the fetus had ring
chromosome 18."). Counselors must convey the high variability of outcomes, emphasizing that
while severe intellectual disability is common, the precise prognosis is often unknown until after
birth, especially if mosaicism is present.

Furthermore, counseling addresses the risk of recurrence. If the ring chromosome occurred de
novo, the recurrence risk for future pregnancies is generally considered very low, mirroring the
population risk for chromosomal anomalies. However, if parental karyotyping reveals a balanced
rearrangement or gonadal mosaicism, the recurrence risk may be significantly higher, requiring
specialized reproductive options such as preimplantation genetic diagnosis (PGD). Counselors
also provide critical information about support groups, early intervention services, and the long-
term multidisciplinary care pathways necessary for managing the complex needs associated with
r(18) syndrome.

6. Treatment and Management Strategies

There is no curative treatment for the underlying genetic defect of Ring Chromosome 18;
management is therefore focused on a comprehensive, long-term, and multidisciplinary approach
aimed at mitigating symptoms, maximizing developmental potential, and addressing associated
medical comorbidities. Early intervention programs are paramount, utilizing physical therapy,
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occupational therapy, and speech and language therapy starting in infancy to address gross motor,
fine motor, and communication delays that are universally present.

Medical management requires coordination among various specialists. A pediatric endocrinologist
is often involved to monitor and treat growth hormone deficiency, which, if left untreated,
significantly compromises final height. Regular audiological and ophthalmological evaluations are
necessary to detect and manage hearing loss (with amplification devices or cochlear implants) and
visual impairment. Neurological input is required for monitoring and managing seizures, which
occur in a subset of patients, and for addressing structural brain anomalies such as corpus
callosum hypoplasia.

Psychosocial support for the family is equally vital. Given the profound and lifelong nature of the
intellectual disability and behavioral challenges associated with r(18), parents and caregivers
require extensive resources. Participation in patient advocacy groups, such as the Chromosome

18 Regqistry and Research Society, provides critical peer support, access to the latest research,
and collaboration opportunities with geneticists specializing in this rare condition. The goal of all
treatment modalities is to ensure the highest possible quality of life and functional independence
for the affected individual.

7. Further Reading

Wikipedia Entry: Ring chromosome 18

National Institutes of Health (NIH) Rare Diseases Information: Ring Chromosome 18 Syndrome

Chromosome 18 Reqistry and Research Society Official Website

Wikipedia Entry: Telomere

Wikipedia Entry: Chromosome 18 (human)
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