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Introduction and Historical Context

Ellis-Van Creveld syndrome, often abbreviated as EVC, is a rare genetic disorder characterized

primarily by a constellation of skeletal anomalies, ectodermal dysplasia, and frequently, congenital

heart defects. It is classified as an autosomal recessive disorder, meaning that an individual must

inherit two copies of the mutated gene--one from each parent--to be affected. The condition was

first comprehensively described in 1940 by the British pediatrician Richard W. B. Ellis and the

Dutch pediatrician Simon Van Creveld, who delineated the classic tetrad of symptoms:

chondrodysplasia resulting in short-limbed dwarfism, polydactyly, hydrotic ectodermal dysplasia,

and congenital cardiovascular malformations. Understanding the pathophysiology of EVC is

critical, as the resulting structural defects impact multiple organ systems, requiring a complex and

multidisciplinary approach to management from infancy onward. The condition exhibits a variable

prevalence worldwide but is notably more common within isolated populations or genetic

bottlenecks, such as the Old Order Amish community in Lancaster County, Pennsylvania, where

the carrier frequency is significantly higher than in the general population, underscoring the

importance of population genetics in its manifestation.

This syndrome represents a form of skeletal dysplasia, specifically belonging to the group of short-

rib polydactyly syndromes, although EVC is generally considered to be the mildest form within this

category. While the core features remain consistent, the severity of expression can vary

dramatically between affected individuals, ranging from mild skeletal shortening to severe cardiac

and respiratory compromise leading to perinatal death. Early recognition is paramount, often

occurring prenatally via ultrasound showing disproportionate limb shortening and postaxial

polydactyly, or immediately after birth when the characteristic physical features become apparent.

The historical recognition of EVC has paved the way for modern molecular diagnostics, moving

from purely clinical identification based on physical signs to definitive genetic confirmation, which is

essential for accurate prognosis and genetic counseling for affected families.

The description provided by Ellis and Van Creveld established the foundation for recognizing this

condition, emphasizing the unique combination of physical traits that distinguish it from other forms

of dwarfism and genetic skeletal disorders. Key to this initial recognition was the presence of

postaxial polydactyly--extra digits usually on the ulnar side of the hand--alongside the characteristic

mesomelic and acromelic shortening of the limbs, meaning the middle segments (forearms and

shins) and the distal segments (hands and feet) are disproportionately short compared to the

proximal segments. Furthermore, the presence of specific dental and nail hypoplasia, components

of the ectodermal dysplasia, served as crucial diagnostic markers that helped to isolate EVC as a

distinct clinical entity within the broader spectrum of inherited developmental disorders affecting

cartilage and bone formation.
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Genetic Basis and Inheritance Pattern

Ellis-Van Creveld syndrome is fundamentally a disorder of primary cilia function, caused by

mutations in two adjacent genes located on the short arm of chromosome 4, specifically at locus

4p16. The genes implicated are EVC and EVC2, which are transcribed in opposing directions and

share a bidirectional promoter region. These genes encode proteins that are critical components of

the primary cilium, a non-motile organelle found on the surface of most eukaryotic cells, playing

vital roles in cellular signaling pathways, particularly the Hedgehog signaling pathway, which is

essential for embryonic development, patterning, and organogenesis. The autosomal recessive

inheritance pattern dictates that both parents must be carriers of a non-functional or mutated allele,

yet typically remain asymptomatic themselves. When two carriers reproduce, there is a 25%

chance in each pregnancy that the child will inherit both mutated copies and thus manifest the

syndrome.

The proteins produced by the EVC and EVC2 genes are localized to the basal body and the

transition zone of the primary cilium. Defects in these proteins disrupt the proper transduction of

signals, leading to the observed developmental failures in cartilage formation (chondrodysplasia),

limb patterning (polydactyly), and cardiac septation. Specifically, the Hedgehog signaling pathway

is crucial for bone development and limb bud formation. When EVC or EVC2 function is

compromised, the signaling necessary for proper endochondral ossification--the process by which

most long bones form--is impaired, leading to the characteristic short stature and skeletal

anomalies. Furthermore, these signaling defects contribute directly to the failure of fusion of the

interatrial septum, resulting in the high incidence of atrial septal defects seen in EVC patients.

Genetic heterogeneity exists, although mutations in EVC and EVC2 account for the vast majority of

cases. The identification of these specific genes allows for precise molecular diagnosis and

accurate prenatal testing, offering invaluable information for family planning and risk assessment.

Given the bidirectional promoter, mutations often affect the expression of both genes

simultaneously, contributing to the severe phenotype. However, research continues to explore

genotype-phenotype correlations, attempting to link specific mutation types (e.g., nonsense,

missense, or frameshift mutations) to the variability observed in clinical severity, particularly

regarding the presence and severity of congenital heart disease, which remains the single greatest

determinant of early mortality in EVC patients. Comprehensive genetic sequencing is now the gold

standard for confirming the diagnosis, supplementing the traditional clinical and radiological

findings.

Craniofacial and Dental Manifestations

The craniofacial structure in individuals with Ellis-Van Creveld syndrome often presents with

distinct, recognizable features, particularly involving the oral cavity and dental development. A
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hallmark of the syndrome is the presence of ectodermal dysplasia, which significantly affects the

teeth, hair, and nails. Dental abnormalities are highly prevalent and often severe, contributing to

challenges in feeding, speech, and overall oral health. The most commonly observed dental

feature is hypodontia, or the congenital absence of multiple teeth, often accompanied by

microdontia, where the teeth that are present are unusually small and conical in shape.

Additionally, natal or neonatal teeth--teeth present at birth or erupting within the first 30 days of life-

-are frequently seen, though this phenomenon is not exclusive to EVC.

A defining facial feature is the fusion or tethering of the upper lip to the alveolar ridge of the maxilla,

often manifesting as a thick, midline frenulum. This structure can restrict movement and impact the

development of a normal dental arch. The upper lip itself may appear short, and the gingiva often

shows hypertrophy or thickening. These oral anomalies necessitate early intervention by pediatric

dentists and orthodontists to manage feeding difficulties in infancy and to plan for extensive dental

restoration and management throughout childhood and adolescence. Because of the poor quality

and quantity of enamel and dentin resulting from the ectodermal defect, teeth are highly

susceptible to caries and premature loss, further complicating nutritional intake and cosmetic

appearance.

The management of these craniofacial and dental issues is crucial for improving the quality of life.

Treatment typically involves a long-term plan that may include specialized feeding techniques in

infancy, early extraction of problematic natal teeth, serial extractions to manage crowding, and later

orthodontic intervention. Furthermore, prosthetic rehabilitation, such as dentures or implants, may

be necessary in adulthood due to severe oligodontia. The cumulative effect of these dental

anomalies highlights the systemic impact of the EVC gene mutations on ectodermal derivatives,

requiring comprehensive care that addresses not only the structural defects but also the functional

and psychosocial challenges associated with significant dental impairment.

Skeletal Abnormalities and Growth Deficits

Skeletal dysplasia is a defining characteristic of Ellis-Van Creveld syndrome, manifesting primarily

as short stature due to a combination of short limbs (micromelia) and, to a lesser extent, short

trunk. This short stature is classified as a form of chondrodysplasia, reflecting defective cartilage

development and endochondral ossification. The shortening is often mesomelic, disproportionately

affecting the forearms and shins. Radiological examination typically reveals specific abnormalities,

including short ribs, which can sometimes lead to thoracic hypoplasia and subsequent respiratory

difficulties in severe cases, though this is less common than in other short-rib polydactyly

syndromes. The long bones, particularly the tibia and fibula, often show characteristic metaphyseal

flaring and irregularity.

The most consistent and recognizable skeletal feature is postaxial polydactyly, usually involving
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the hands, where an extra finger (or fingers) is present adjacent to the fifth digit. This polydactyly is

typically bilateral and symmetric. In addition to the extra digits, the hands and feet themselves

often appear short and broad. Furthermore, carpal bone fusion or delayed ossification of the wrist

bones is frequently observed on radiographic imaging. The combination of short limbs,

characteristic hand structure, and specific carpal abnormalities provides powerful diagnostic

evidence supporting the clinical suspicion of EVC, even in the absence of severe cardiac defects.

The degree of skeletal shortening tends to be moderate, generally placing affected individuals

below the third percentile for height throughout their lives.

Specific orthopedic concerns arise due to the skeletal anomalies. Deformities such as genu valgum

(knock-knees) or elbow subluxation are common, requiring monitoring and potential surgical

intervention. The management of the skeletal phenotype focuses on optimizing mobility and

mitigating secondary complications.

The surgical management of polydactyly, typically performed early in life, is aimed at improving

hand function and cosmetic appearance.

Surgical correction of polydactyly, often performed within the first year of life.

Monitoring and treatment of genu valgum and other limb alignment issues.

Physical therapy to maintain joint mobility and muscle strength.

Assessment of spinal health, although severe spinal deformity is less common than in other

dysplasias.

Long-term orthopedic follow-up is essential, as the altered biomechanics of the joints and limbs

can predispose individuals to early onset arthritis or chronic pain later in life.

Cardiac Complications

Congenital heart defects represent the most critical component of Ellis-Van Creveld syndrome,

often determining early morbidity and mortality. Approximately 50% to 60% of individuals with EVC

are born with some form of structural heart anomaly. These defects arise from failures in the

complex signaling pathways governed by the EVC genes during cardiogenesis, particularly those

involved in septation. The most common cardiac defect observed is the atrial septal defect

(ASD), particularly the ostium primum type, or a complete atrioventricular canal (AV canal or

atrioventricular septal defect, AVSD).

The prevalence of AVSD in EVC is significantly higher than in the general population. An AVSD

involves structural abnormalities where the walls separating all four chambers of the heart (atria

and ventricles) fail to form correctly, leading to mixing of oxygenated and deoxygenated blood and

potential pulmonary hypertension. Less common, but still observed, are ventricular septal defects

(VSDs), patent ductus arteriosus (PDA), and transposition of the great arteries. The severity of the
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cardiac defect directly correlates with the prognosis; individuals with complete AV canal defects

require early and complex surgical repair.

Early and accurate diagnosis of cardiac involvement is mandatory. This typically begins with fetal

echocardiography if EVC is suspected prenatally, followed by comprehensive postnatal

echocardiography. Management necessitates close collaboration between pediatric cardiologists

and cardiovascular surgeons. Surgical repair of the AVSD or ASD is usually performed in infancy

or early childhood to prevent irreversible damage to the pulmonary vasculature caused by chronic

volume overload and high pressure. Even after successful repair, long-term follow-up is necessary

to monitor for residual valve regurgitation, arrhythmias, and the potential development of

pulmonary hypertension later in life.

Ectodermal Features and Associated Findings

Beyond the skeletal and cardiac systems, the ectodermal derivatives--hair, nails, and teeth--are

uniformly affected in Ellis-Van Creveld syndrome, reflecting the systemic nature of the underlying

genetic defect. This ectodermal dysplasia is typically categorized as hydrotic, meaning sweat gland

function is generally preserved, distinguishing it from other forms of ectodermal dysplasia. The

abnormalities in the nails are particularly characteristic. Nails are often small, thin, dysplastic, and

may be severely hypoplastic or entirely absent (anonychia), affecting both fingernails and toenails.

The degree of nail dysplasia is highly variable but consistently present.

Hair abnormalities are generally less severe than dental or nail issues but are frequently observed.

Affected individuals may exhibit fine, sparse, or brittle hair (hypotrichosis). Scalp hair often shows

low density, and microscopic examination may reveal structural defects in the hair shaft. While not

life-threatening, these ectodermal features significantly contribute to the overall clinical phenotype

and require dermatological and cosmetic attention. The skin itself is usually normal, although minor

structural anomalies or localized areas of hypotrichosis may be noted.

Other associated findings, though less common than the core tetrad, include occasional

abnormalities of the genitourinary system, such as hypoplasia of the kidneys or structural defects.

Furthermore, some individuals may exhibit mild intellectual disability or developmental delays,

although EVC is generally considered a syndrome where cognitive function is preserved. The

combination of severe physical anomalies, particularly the short stature and polydactyly, alongside

the cosmetic impact of dental and nail defects, requires significant psychosocial support throughout

the patient's life.

Diagnosis and Screening Protocols

The diagnosis of Ellis-Van Creveld syndrome is typically initiated based on the presence of the

classic clinical findings, which include short stature, postaxial polydactyly, nail hypoplasia, and the
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presence of congenital heart disease. Diagnosis can occur prenatally or postnatally.

Prenatal diagnosis is often suggested by routine ultrasound screening, which may reveal:

Disproportionate shortening of the long bones, especially the forearms and shins.

Detection of polydactyly of the hands or feet.

Presence of a large or complex congenital heart defect, such as an AVSD.

Short ribs or small thoracic circumference, indicating potential respiratory compromise.

If these findings are present, further confirmation through amniocentesis or chorionic villus

sampling for genetic analysis of the EVC and EVC2 genes is highly recommended to provide a

definitive diagnosis and guide family counseling.

Postnatal diagnosis relies on a comprehensive clinical examination, radiological studies, and

genetic testing. Radiological assessment of the skeleton is crucial for confirming the extent of the

chondrodysplasia, identifying carpal fusions, and characterizing the specific nature of the limb

shortening. Echocardiography is mandatory upon diagnosis to screen for and accurately

characterize any congenital heart defects. Genetic testing, specifically sequencing of the EVC and

EVC2 genes on chromosome 4, provides the definitive confirmation necessary for genetic

counseling, which is essential given the autosomal recessive inheritance pattern. Carrier testing for

parents and extended family members is strongly advised to assess future reproductive risks.

Management Strategies and Long-Term Prognosis

The management of Ellis-Van Creveld syndrome is complex and requires a highly coordinated,

multidisciplinary approach involving specialists from numerous fields due to the systemic nature of

the disorder. Key specialists include pediatricians, cardiologists, orthopedic surgeons, plastic

surgeons, dentists, and genetic counselors. The primary goal of management is to treat life-

threatening conditions, particularly cardiac and respiratory issues, and to optimize function and

cosmetic outcome for the skeletal and ectodermal features.

The essential components of the management plan include:

Cardiac Management: Immediate consultation with a pediatric cardiologist is required. Most

significant cardiac defects, especially AVSDs, necessitate corrective open-heart surgery, often

performed within the first year of life. Lifelong monitoring for arrhythmias and pulmonary

hypertension is critical.

Orthopedic Management: Surgical correction of polydactyly is typically performed early to

improve hand function. Orthopedic surgeons monitor for and manage limb deformities, such as

genu valgum, and may utilize procedures like osteotomy or guided growth techniques to improve

alignment and mobility. Physical therapy is vital for maximizing joint range of motion.
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Dental and Oral Care: Aggressive and proactive dental care is required due to hypodontia,

microdontia, and enamel defects. This includes early intervention for natal teeth, management of

the thick frenulum, and comprehensive restorative and prosthetic dentistry throughout life.

Respiratory Support: Although less frequent than in severe short-rib dysplasias, monitoring for

potential respiratory compromise due to thoracic hypoplasia is necessary, particularly in the

neonatal period.

The long-term prognosis for individuals with EVC is highly dependent on the severity of the

congenital heart defect. If the cardiac anomaly is successfully repaired or is absent, the prognosis

for normal lifespan and cognitive development is generally good, although individuals will live with

short stature and the various skeletal and ectodermal manifestations. With advances in

cardiovascular surgery and specialized orthopedic and dental care, individuals with EVC are

increasingly able to achieve high quality of life and independent living. Genetic counseling remains

crucial for affected families, offering information regarding recurrence risk and options for prenatal

diagnosis in subsequent pregnancies.
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