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Abstract: Cornelia de Lange syndrome (CdLS) is a complex genetic disorder with a distinct set of 
facial features, growth limitations, and limb anomalies. Its clinical spectrum is broad and presents 
significant challenges in pediatric diagnosis and management. The variable presentation of the 
disorder, due to cohesin complex mutations, requires extensive research to refine care and improve 
outcomes. This article provides a case series review of pediatric CdLS patients, alongside a 
comprehensive literature review, exploring clinical variability and the relationship between 
genotypic changes and phenotypic outcomes. It also discusses the evolution of diagnostic and 
therapeutic techniques, with an emphasis on innovations in genetic testing, including the detection 
of mosaicism and novel genetic variations. The aim is to synthesise case studies with current 
research to advance our understanding of CdLS and the effectiveness of management strategies in 
pediatric healthcare. This work highlights the need for an integrated, evidence-based approach to 
diagnosis and treatment, and aims to fill existing research gaps and advocate for holistic care 
protocols and tailored treatment plans for CdLS patients, ultimately improving their quality of life. 

Keywords: Cornelia de Lange syndrome; pediatric genetics; phenotypic variability; 
cohesinopathies; rare diseases 

 

1. Introduction 

Cornelia de Lange syndrome (CdLS, OMIM 122470) is an essential model of pediatric congenital 
anomalies that poses multidimensional challenges to clinicians and researchers. This genetic 
disorder, characterized by distinctive facial features, growth retardation, and limb defects, is 
attracting attention because of its clinical heterogeneity and underlying genetic complexity. 
Impairments can affect multiple systems, including the cardiac, gastrointestinal, craniofacial, 
genitourinary, musculoskeletal, and central nervous systems, with developmental abilities ranging 
from profound intellectual disability to average intelligence with learning difficulties [1,2]. 

The cohesin complex is a critical regulator of genomic stability and gene expression. It is 
frequently implicated in CdLS [3]. Mutations in its component genes reveal the pathophysiological 
basis of the disorder. CdLS is most likely caused by mutations in one of the cohesin complex genes, 
including NIPBL, which accounts for about 50–60% of cases; SMC1A and HDAC8, linked to the X 
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chromosome; and SMC3 and RAD21. Mutations can be spontaneous, autosomal dominant, or X-
recessive [2,4]. However, the diagnosis is made clinically [1,2]. 

CdLS is estimated to occur in 1 in 10,000 to 30,000 live births, making it a significant concern in 
pediatric healthcare. The spectrum of the syndrome, from mild to severe forms, and the variety of 
possible presentations require astute clinical acumen for diagnosis [1,2]. Particularly challenging are 
the milder phenotypes, which can result from mosaic genetic patterns and require advanced genetic 
analysis to confirm the diagnosis. 

This article aims to provide a methodological review of pediatric case series and a 
comprehensive review of the literature on CdLS. Our review is twofold. Firstly, we delve into the 
case series to examine the clinical presentations, management strategies, and outcomes observed in 
pediatric patients with CdLS. This will enable us to appreciate the full range of phenotypic expression 
and the intricacies of care required in this population. Second, we are reviewing the extensive 
literature to synthesize findings from genetic studies, clinical reports, and therapeutic trials. Such 
synthesis is essential to identify the current state of knowledge and practice and to illuminate the 
way forward for pediatric CdLS care. 

In addition, this article aims to highlight the importance of mosaicism and its implications for 
the diagnosis of CdLS, its presentation, and the genetic counseling of families. The relationship 
between an individual’s genetic makeup and symptoms, especially with the added layer of 
mosaicism, represents a valuable area for research. 

In essence, we aim to provide a resource that will enhance pediatricians’ understanding of CdLS 
and thus improve the care of those affected. We hope this work will advance the clinical approach to 
CdLS and inspire further research into pediatric genetic disorders. This will lead to a more holistic 
understanding of the syndrome. 

2. Case Series 

This case series presents an insightful examination of four different cases of Cornelia de Lange 
Syndrome (CdLS) managed at the Department of Neonatology, Gynaecology, and Obstetrics 
Hospital, Medical University of Poznan Poland, over the period 2018–2023. The focus is on the clinical 
management and progression of the condition, following the journey from birth through the various 
stages of hospital care. Our narrative is dedicated to the key decisions, therapeutic interventions, and 
follow-up approaches that embody the essence of CdLS management. Together, these four cases 
provide a comprehensive overview of the clinical course of the syndrome, highlighting the actionable 
aspects of paediatric care that are critical to improving outcomes for affected patients. 

Case 1: 
A baby girl weighing 1880g (fetal growth restriction: FGR 1 point) was delivered by cesarean 

section (due to life-threatening symptoms) in severe general condition at 37 weeks’ gestation. The 
postnatal examination revealed hypotrophy (1 point), microcephaly (1 point), and numerous facial 
dysmorphic features, including a high forehead, synophrys (2 points), hypertelorism, narrow eyelid 
fissures, a short nose with an upturned tip (2 points), narrow red lips (2 points), an elongated 
philtrum (2 points), problems opening the mouth, trismus, short contracted fingers, and small hands 
and feet (1 point). The baby had a small lower jaw and a shortened tongue frenulum, which prevented 
weight gain. She had a percutaneous endoscopic gastrostomy-jejunostomy (PEG-PEJ) to help with 
feeding. However, gastro-oesophageal reflux (GERD) continued to interfere with weight gain. The 
baby also required a tracheostomy due to tracheomalacia. Respiratory support was required, and 
weaning from the ventilator was intolerable. In addition, imaging studies revealed a ventricular 
septal defect (VSD), a horseshoe kidney, and multiple renal pelvicoceles. Microarray-based 
comparative genomic hybridization (aCGH) analysis showed the presence of an interstitial deletion 
in the 2q13 region, including the NPHP1 gene, but this was unrelated to the patient’s phenotype. The 
baby was diagnosed with classic CdLS based on clinical features typical of CdLS, with a score of 12 
points. After completing her initial hospitalization in the neonatal unit, the infant diagnosed with 
Cornelia de Lange Syndrome (CdLS) was transferred to a specialist pediatric care and treatment 
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facility. Unfortunately, there is currently no updated information on the patient’s progress following 
the transfer. 

Case 2: 
A male newborn weighing 1820g (FGR = 1 point) was born at 40 weeks gestation by vaginal 

delivery due to severe asphyxia. Prenatal aCGH was performed because of suspected renal and brain 
developmental defects. The result was within the resolution limits of the test (100kb). Postnatal 
examination revealed numerous dysmorphic features: microcephaly (1 point), square face, high and 
broad forehead, synophrys (2 points), coloboma oculi of the left eye, asymmetric and dysplastic 
auricles, flat and broad nasal bridge (2 points), bilateral choanal atresia, trismus, micrognathia, 
hypertelorism, short fifth fingers (1 point), syndactyly of the 2nd and third toes (2 points), widely 
spaced nipples, and contractures of the limbs. Further imaging studies revealed the presence of VSD, 
diaphragmatic hernia (2 points), dysplasia of the right kidney, and cryptorchidism (Figure 1). The 
transfontanel ultrasound (TFUI) showed abnormalities of brain structure: cortical-subcortical 
atrophy, numerous post-hemorrhagic cysts, slightly dilated lateral ventricles, hypoplasia of the 
corpus callosum, and enlargement of the choroid plexuses. Other impairments in the boy included 
growth retardation (1 point), arterial hypertension, congenital hypertonia, external auditory canal 
stenosis, mixed hearing loss, congenital pneumonia, GERD, and dysplastic acetabulum. The boy 
required mechanical ventilation and a gastrostomy for feeding. The child’s karyotype was evaluated 
to rule out the presence of a reciprocal break translocation in the 8q12.2 region related to the CHD7 
gene. CHARGE syndrome was initially suspected. Whole exome sequencing (WES) was performed 
and revealed a de novo HDAC8 mutation (c.883C>T variant). Based on clinical diagnostic criteria (the 
boy scored 11 points), CdLS was diagnosed (Figure 1). 

Follow-up: At four years of age, the boy presented with psychomotor retardation and growth 
restriction. He sat but did not walk but was able to hold objects correctly in his hands. He underwent 
mandibular distraction and gingival plasty (Figure 1). 

 

Case 3: 
A 1555-gram female newborn (fifth pregnancy 5, birth 1, 36 weeks gestation) was delivered by 

cesarean section (due to life-threatening fetal symptoms) with moderate birth asphyxia. The general 
condition of the newborn was described as average. The mother had gestational diabetes type 1. 
Prenatally, oligohydramnios, FGR (1 point), and upper limb defects (2 points) were noted. The 
newborn required non-invasive respiratory support. After birth, the physical examination revealed 
hypotrophy (1 point) and facial dysmorphic features: low hairline on forehead and nape of the neck, 
low forehead, synophrys (2 points), short nose (2 points), comprehensive, asymmetric, low set 
auricles, thin upper lip (2 points), underdeveloped mandible and tempomandibular join (TMJ), cleft 

Figure 1. Clinical features of patients with Cornelia de Lange Syndrome- case 2
(A) patient at 2 months of life, patient at 3 year of age (C,D). 

A B

C
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hard palate, short, broad neck, marble skin, hirsutism (1 point), widely spaced nipples. In addition, 
radiographic and orthopedic examination revealed deformed, shortened upper limbs, broad 
shoulder girdle, bilateral absence of ulna bones, flexion contracture of elbow and wrist joints, tiny 
feet (1 point), limited hip abduction, narrow hip girdle, and numerous other finger defects (Figure 4). 
The TFUI showed hypoplasia of the cerebellar vermis. In contrast, the TTE (transthoracic 
echocardiography) showed a patent foramen ovale, a VSD, and a bicuspid aortic valve with trace 
regurgitation. A tracheostomy was performed on the third day of life. The girl required mechanical 
ventilation until the 22nd day of life, followed by passive oxygen therapy. The girl also had 
hematological abnormalities such as coagulopathy and microcytic anemia (oral iron supplementation 
and erythropoietin treatment). The girl was fed partially parenterally and enterally; on the fourth day 
of life, stimulation of the sucking and swallowing reflexes was started, but without the expected 
effect. She was discharged from the hospital under the care of a nutrition clinic for intragastric 
feeding. At eight months of age, the above cardiological diagnoses were confirmed. Trace mitral 
regurgitation was also diagnosed, but cardiac dimensions and contractility were within the reference 
range. Weight gain in the first months of life was unsatisfactory (875 g at five months). She also had 
a global developmental delay (1 point) and hypotonia. The patient was diagnosed with classic CdLS 
based on clinical features typical of CdLS, with a score of 11 points. Karyotype analysis excluded 
chromosomal aberrations. A percutaneous endoscopic gastrostomy (PEG) was placed at eight 
months of age. The girl suffered from GERD. 

Case 4: 
A 1600-gram baby girl (FGR-1 point) was born at 36 weeks’ gestation by vaginal delivery with 

meconium-stained amniotic fluid and a two-vessel umbilical cord. Initially, the newborn required 
cardiopulmonary resuscitation, but by the time she was transferred to the neonatal unit, her 
circulatory and respiratory systems were functional. The mother had gestational diabetes type 1. 
Genetic amniocentesis was performed during pregnancy on suspicion of FGR, but the result was in 
the normal range. Postnatal physical examination revealed numerous dysmorphic features 
(hirsutism (1 point), synophrys (2 points), long eyelashes, short nose with concave nasal ridge (2 
points), thin upper lip vermilion (2 points), long philtrum (2 points), microcephaly (1 point), 
shortened forearms, broad hands with conical fingers, sunken chest, marble skin, hypertonic 
peripheral muscles, and weak signs of primitive neonatal reflexes). TTE showed a bicuspid aortic 
valve. The girl was fed an intragastric tube (foremilk and breastmilk supplement) from the fifth day 
of life due to a lack of sucking reflex (Figure 2). Classic CdLS was diagnosed based on clinical features 
typical of the syndrome (11 points in the clinical diagnostic classification). The girl had an intragastric 
feeding tube because of her intolerance to foremilk and pacifier feeding (presence of frequent 
regurgitation, abdominal pain, difficulty sucking, and lack of expected weight gain) (Figs. 4, 5). After 
discharge from the neonatal unit, the infant, diagnosed with Cornelia de Lange Syndrome (CdLS), 
was placed under the supervision of specialist outpatient clinics, including cardiology, genetics, 
audiology, and nutrition. At one year of life, the child was found to have significant deficits in body 
mass and growth, gastroesophageal reflux disease (GERD), and delayed psychomotor development 
(Figure 2). 
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4. Discussion 

Clinical Manifestations 

Cornelia de Lange Syndrome (CdLS) is a paradigm in pediatric genetics that provides insight 
into the spectrum of congenital anomalies. The 2018 International Consensus provides a framework 
for classifying CdLS as either classical or non-classical, depending on clinical manifestations and 
genetic markers within chromatin-regulating genes, such as those constituting the cohesin complex 
[1,2]. 

The diagnostic scale quantifies major (2 points) and minor (1 point) clinical features to facilitate 
a structured approach to diagnosis. Major features contributing to this scale include synophrys and 
thick eyebrows; an elongated, smooth fossa; a short, convex nose; a thin upper lip and lower corners 
of the mouth; oligodactyly or adactyly; and congenital diaphragmatic hernia [5]. Additional 
considerations include delayed intellectual development, intrauterine growth retardation, 
microcephaly, small hands, and feet, a short fifth toe, and hirsutism [Table 1]. 

Clinical features of CdLS [1] 

Cardinal features (2 points each if present) Suggestive features (1 point each if present) 

1)  synophrys and/or thick eyebrows 

2)  long and/or smooth philtrum 

3)  short nose, concave nasal ridge, 

and/or upturned nasal tip 

4)  thin upper lip vermilion and/or 

downturned corners of the mouth 

5)  hand oligodactyly and/or adactyly 

6) congenital diaphragmatic hernia 

1) global development delay and/or 

intellectual disability 

2) prenatal growth restriction (<2SD) 

3) postnatal growth retardation 

4) microcephaly 

5) small hands and/or feet 

6) short fifth finger 

7) hirsutism 

Figure 2. Clinical features of patients with Cornelia de Lange Syndrome- case 4(A,B), patient at 5 day 
of life, patient at 13 months of age (C,D). 

A

C
D

B
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≥11 points, at least three features are cardinal: classic CdLS 

9-10 points, at least two features are cardinal: non-classic CdLS 

4-8 points and at least 1 is a cardinal – indication for molecular testing for CdLS 

<4 points insufficient to indicate molecular testing for CdLS 

A cumulative score of 11 or more supports a diagnosis of classic CdLS, whereas a score of 9 to 
10 indicates a non-classical variant. Scores in the intermediate range require molecular testing. If the 
patient scores less than 4, there is no indication for molecular testing for CdLS [1]. 

Suspicion of CdLS is usually raised immediately after birth because of the characteristic 
phenotype [1,2]. A prominent philtrum with thin, sunken lips, narrow palpebral fissures, low-set 
ears, a depressed flat nasal bridge, anteverted nostrils, well-defined arched eyebrows with 
synophrys, long eyelashes, a cleft palate, microcephaly (small head), and micrognathia are some of 
the characteristic facial features associated with CDLS [6]. 

CdLS is characterized by psychomotor retardation and intellectual disability. Learning 
disabilities range from mild to severe [7]. 

One of the skin symptoms of CdLS is generalized hirsutism. This is excessive and coarse hair 
growth, particularly on the face, back, and extremities. 

Children with CdLS often have musculoskeletal abnormalities in the upper extremities, ranging 
from small hands and feet to clinodactyly of the fifth finger to a missing forearm with digits. Although 
less common in the lower limbs, tiny feet and syndactyly of the toes may be seen. CdLS is also 
associated with hip dysplasia, scoliosis, pectus excavatum, early development of bunions, and 
cervical spine abnormalities [8]. 

It should also be noted that, in addition to the clinical diagnostic criteria, other characteristic 
gastrointestinal symptoms or behavioral disturbances are common in patients with CdLS. Common 
gastrointestinal findings in Cornelia de Lange syndrome patients include gastroesophageal reflux 
(GERD), volvulus, rumination, chronic constipation, submucous cleft palate, chronic sinusitis, and 
nasal polyps. Reflux may only present as difficulty swallowing, wheezing, vomiting, or aspirating 
food into the lungs. Silent reflux may be expected in CdLS. If there are no symptoms of reflux, it may 
be helpful to look for behavioral signs or signs of pain and discomfort to help diagnose [9]. Other 
findings may include Barrett’s esophagus, gastrointestinal problems such as the risk of volvulus, 
rumination, chronic constipation, and renal and urinary tract abnormalities [10,11]. 

One of CdLS’s most prominent behavioral features is self-injurious behavior (SIB), including 
head banging, hitting, or biting, which can be of considerable concern to carers. SIB has been reported 
in up to 70% of people with CdLS. It is considered a maladaptive coping mechanism and may be 
associated with frustration, difficulty communicating needs, sensory sensitivity, hyperactivity, 
impulsivity, and attention deficit [12]. Symptoms of attention deficit hyperactivity disorder (ADHD) 
have been observed in a significant proportion of people with CdLS [13]. 

In addition, individuals with CdLS may exhibit engagement (e.g., hand flapping), rigid 
adherence to routines, and repetitive vocalizations that interfere with adaptive functioning and social 
engagement [14,15]. Understanding and managing behavioral problems in CdLS requires a 
multidisciplinary approach, including behavioral interventions, occupational therapy, and 
pharmacological management as appropriate. 

Congenital heart defects are present in approximately 25–30% of children with CdLS. 
Neurological disorders such as epilepsy, particularly partial epilepsy, are seen in up to 20% of cases 
of CdLS. People with CdLS may also have peripheral neuropathy, which can cause an abnormally 
high threshold for pain. Finally, structural abnormalities of the kidneys or urinary tract, such as 
vesicoureteral reflux, pelvic dilatation, and renal dysplasia, affect up to 40% of people with CdLS. 
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There have also been reports of bicornuate or septate uteri, hypospadias, cryptorchidism, genital 
hypoplasia, and irregular menstruation [10]. 

Perioperative Care 

Individuals with CdLS require special care when undergoing anesthesia due to the potential for 
increased perioperative stress, airway difficulties, and cardiovascular compromise. A physical 
examination of the airway and facial structures is critical to identifying potential difficulties that may 
affect the administration of anesthesia, such as cranial anomalies and micrognathia. In some cases, 
imaging techniques such as CT or MRI may help identify new or unknown airway abnormalities that 
may affect the administration of anesthesia. 

Inhalational anesthetics provide a smooth induction of anesthesia and avoid the added stress of 
needle insertion. Alternatively, intravenous induction with careful titration of drugs such as propofol 
or etomidate can provide better airway control, protection against seizures, and reduced emergence 
agitation if dosed appropriately. Percutaneous tracheostomy may be a chronic airway management 
strategy [16,17]. 

After surgery, additional monitoring of the patient under observation in the post-anesthesia care 
unit (PACU) may be required. Patients should continue to be monitored in the postoperative period 
for any signs of airway abnormalities, such as stridor or hypopnea [18,19]. 

Genetic Diagnosis 

The list of genes that are functionally related to the cohesin apparatus and whose 
haploinsufficiency results in situations that either belong to or overlap with the CdLS spectrum has 
recently been expanded with the availability of genotype-driven studies [20]. 

The molecular basis of CdLS is based on mutations in genes of the cohesin complex, which is 
responsible for chromatin stabilization, chromosome segregation, regulation of gene expression, and 
DNA repair [21,22]. Seven genes are associated with CdLS (NIPBL, SMC1A, SMC3, BRD4, HDAC8, 
RAD21, and ANKRD11), and several genes on different chromosomes contribute to its complex 
development [23–27]. The Nipped-B-like (NIPBL) protein on chromosome 5 accounts for 
approximately 60% of cases, with the remaining genes accounting for 10% [2,28]. The remaining thirty 
percent of CdLS patients are classified as idiopathic. Almost all cases of the condition are sporadic 
(de novo heterozygous mutations). However, an X-linked dominant pattern or autosomal dominant 
inheritance has been reported [29]. The exact pathomechanism of CdLS is not yet fully understood. 

The basis for genetic diagnosis in the classic phenotype is next-generation sequencing (NGS). 
Genetic testing should target the NIPBL gene for sequencing if this is unavailable. In non-classical 
CdLS, gene selection for sequencing is possible. As a first step in genetic diagnosis, whole exome 
sequencing (WES) or whole genome sequencing (WGS) may be performed [1]. Difficulties in 
identifying mutations may arise from mosaicism or the coexistence of other genetic diseases [30]. In 
the absence of mutations in CdLS-specific genes, mutations may be present in different cell lines 
(mosaicism) derived from tissues other than blood, such as fibroblasts. MLPA (multiplex ligation-
dependent probe amplification) or aCGH (array comparative genomic hybridization) tests can also 
be done to look for duplications or deletions in the NIPBL gene [1,31]. 

Genotype-Phenotype Correlation 

The complexity of CdLS far exceeds the scope of clinical diagnostic criteria, and knowledge of 
the location of a specific mutation may offer opportunities to predict the future of a given patient [1]. 
Typical of classical CdLS is a mutation in the NIPBL gene, and non-classical CdLS mutations are in 
the SMC1A, RAD21, and ANKRD11 genes [13,26,32]. In contrast, patients with a mutation in the 
HDAC8 gene most commonly present with non-classical CdLS, but cases of patients fulfilling the 
criteria for the classical syndrome have been described [33], and mutations in the BRD4 and SMC3 
genes cause an atypical phenotype [25,27]. Of course, some features of dysmorphia (mainly 
craniofacial) are similar or even the same regardless of genotype, but there are several differences. 
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Patients with a mutation in the NIPBL gene have the most severe phenotypic features of classic CdLS. 
These include intrauterine growth restriction, short stature, microcephaly, low frontal hairline, thick 
eyebrows, synophrys, long eyelashes, concave nasal root, shallow fossa, thin upper lip, lowered 
corners of the mouth, widely spaced teeth, micrognathia, small hands, short fifth toe, tiny feet, 
hirsutism, or intellectual disability [24,34]. The SMC1A gene mutation causes a short nasal root and 
a round face, similar to Rett syndrome (OMIM 312750). Patients with the NIPBL gene mutation also 
have facial dysmorphic features that meet the clinical diagnostic criteria for CdLS. These include a 
low frontal hairline, synophrys, thick eyebrows, long eyelashes, shallow fossa, thin upper lip, lower 
corners of the mouth, small hands, clinodactyly (short fifth toe), tiny feet, hirsutism, and intellectual 
disability. These symptoms can also be seen in people with changes in the BRD4, RAD21, or 
ANKRD11 genes, although they are not as severe or common [13]. A mutation in the SMC3 gene is a 
rare cause of CdLS, and patients with this mutation have numerous congenital malformations in 
addition to intellectual disability and short stature [25,35]. Constipation and GERD are more common 
in patients with mutations in the NIPBL and SMC1A genes, visual impairment in NIPBL, SMC1A, 
and HDAC8, seizures in SMC1A, structural brain abnormalities in NIPBL, and sleep problems in 
NIPBL and SMC1A [10,32,33,36]. 

The Problem of Germinal and Somatic Mosaicism 

Mosaicism in Cornelia de Lange syndrome (CdLS) is a major diagnostic and clinical challenge, 
reflecting the complex interplay of genetics in developmental disorders. 

Germline mosaicism is a scenario in which a fraction of an individual’s gametes sperm or eggs 
carry a genetic mutation. The somatic cells are unaffected. This phenomenon is central to genetic 
counseling because it can result in the inheritance of a genetic disorder by offspring despite the 
absence of phenotypic manifestations in the parent due to transmission through the mutant gametes. 

On the other hand, somatic mosaicism results from postzygotic mutations that lead to a 
divergence of the genetic landscape within an individual. This results in multiple genetically distinct 
cell lines within the same organism. The clinical implications of somatic mosaicism are profound, 
contributing to the heterogeneous expression of genetic disorders depending on the distribution and 
proportion of affected cells in different tissues. 

The degree of mosaicism, the tissues affected, and the specific genetic alterations contribute to 
the variability in clinical presentation. Unlike individuals with a uniform genetic mutation in all cells, 
those with mosaicism may present with a milder or less typical phenotype. This variability can 
complicate accurate diagnosis, as the phenotypic expression in mosaic cases may not fit neatly with 
established diagnostic criteria for CdLS. It is essential to consider mosaicism as a potential cause in 
cases where clinical suspicion of CdLS remains despite negative genetic test results. Evidence of 
mosaicism has been reported in up to 20 percent of people with typical features of CdLS [8,30]. 

Mosaicism in CdLS has been observed in several genes associated with the syndrome, most 
notably in the NIPBL gene and other cohesin complex genes such as SMC1A and HDAC8. Somatic 
mosaicism, where the genetic change occurs after fertilization, has been shown to play a significant 
role in the causality of CdLS [37,38]. 

The presence of mosaicism in CdLS also has implications for genetic counseling and relapse risk 
for affected families. Unlike germline mutations with a more predictable inheritance pattern, mosaic 
mutations can occur spontaneously and unpredictably. This unpredictability requires a nuanced 
approach to counseling affected families [39]. 

Prenatal Diagnosis 

The diagnosis of CdLS after birth is predominantly clinical, based on the physical features of the 
syndrome. While a comparable antenatal approach is impossible, detailed fetal anatomy can be 
captured using high-resolution ultrasound. However, it is unrealistic to expect general sonographers 
to be familiar with such a rare condition [23]. 

Cardinal and suggestive features include distinct facial features such as thick, meeting eyebrows 
(synophrys), a short nose with a depressed nasal bridge, a long philtrum, a thin upper lip, and 
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downturned mouth corners. Limb abnormalities such as oligodactyly, absence of bones, and 
congenital diaphragmatic hernia are also indicative, as are fetal growth restriction and microcephaly. 

Advances in ultrasound technology, mainly 3D volumetric imaging, have improved the 
detection of these facial features. Even standard 2D ultrasound can detect abnormalities of the nose 
and philtrum. Limb defects, ranging from minor to complete absences, are detectable and often 
asymmetrical in CdLS. Congenital diaphragmatic hernia, classified as a cardinal feature, and growth 
restriction, including microcephaly, can be observed prenatally and are essential indicators of CdLS. 
In addition, a short fifth finger, often associated with trisomy 21, can also be seen in CdLS. 

Other ultrasound findings in CdLS include increased nuchal translucency, long eyelashes, and 
facial micrognathia. Cardiac malformations, although not exclusive to CdLS, are also noted and are 
essential for prognosis and management. The text concludes by emphasizing the role of volumetric 
ultrasound in identifying the distinct phenotype of classic CdLS [40,41]. 

Differential Diagnosis 

The diagnostic process for Cornelia de Lange syndrome (CdLS) involves a comprehensive 
evaluation to distinguish it from other conditions with similar clinical features. This complex and 
challenging process relies on clinical assessment, genetic testing, and expert knowledge to arrive at 
an accurate diagnosis. Coffin-Siris syndrome (OMIM 135900) should be considered in the differential 
diagnosis. This condition shares similarities with CdLS, such as intellectual disability and facial 
dysmorphism. However, Coffin-Siris syndrome has additional features such as sparse hair, an absent 
or underdeveloped fifth finger or toenails, and feeding difficulties. CdLS and Rubinstein-Taybi 
syndrome (OMIM 180849) have overlapping symptoms, such as intellectual disability and distinctive 
facial features. However, Rubinstein-Taybi syndrome is typically associated with broad thumbs and 
toes, distinctive facial features, and an increased risk of tumors. Smith-Lemli-Opitz syndrome (OMIM 
270400) also has facial dysmorphism and intellectual disability. However, other features such as 
microcephaly, feeding difficulties, and limb abnormalities can distinguish it from CdLS. Although 
CdLS and Seckel syndrome (OMIM 210600) share some features, such as intellectual disability and 
growth retardation, Seckel syndrome is characterized by severe short stature, microcephaly, and 
distinctive facial abnormalities. Wolf-Hirschhorn syndrome (OMIM 194190) may present with facial 
dysmorphism similar to CdLS and intellectual disability. However, Wolf-Hirschhorn syndrome is 
distinguished by its specific pattern of facial features, such as the “Greek warrior helmet” appearance, 
seizures, and growth retardation [20,28]. 

Chung-Jansen syndrome is a recently identified condition (CHUJANS OMIM 617991) 
characterized by global developmental delay, intellectual disability, behavioral problems, obesity, 
and facial dysmorphism. Facial dysmorphism may include full eyebrows, synophrys, an upturned 
nose, large ears, tapered fingers, and bilateral clinodactyly of the fifth finger. Behavioral problems 
may include ADHD, autistic features, mood disorders, and anxiety disorders [42]. 

Adolescent and Adult CdLS Problems 

Diagnosing CdLS in adults with milder involvement can be challenging as it can resemble other 
conditions such as fetal alcohol spectrum disorder, Rubinstein-Taybi syndrome, and an autism 
spectrum disorder. Recognizable adult facial features of CdLS include synophrys (joined eyebrows), 
narrow downward slanting palpebral fissures, a short nose with an anteverted nasal bridge, a 
prominent philtrum, thin down-turned lips, and a square chin. 

CdLS’s average adult growth parameters for weight, height, and head circumference are lower 
than standard growth curves. Most individuals were below the 5th percentile for growth in all 
parameters and had microcephaly. Some patients were also obese or had a low weight for their height 
[43]. 

Facial features in CdLS develop over time, becoming slightly coarser and longer. Typical facial 
features include synophrys, narrow palpebral fissures, a prominent philtrum, a short nose with an 
anteverted nasal bridge, jaw abnormalities, and down-turned corners of the mouth. Gastrointestinal 
manifestations in CdLS include gastroesophageal reflux, oesophagitis, gastritis, duodenitis, 
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oesophageal stricture, hiatal hernia, and gastrointestinal malformations. Other problems, such as 
constipation, chronic diarrhea, dysphagia, lactose intolerance, and milk protein allergy, are also 
reported [44,45]. 

The most common medical complication in CdLS is gastroesophageal reflux disease (GERD), 
which can manifest without apparent signs or symptoms. The study mentions a higher incidence of 
Barrett’s esophagus, a complication of GERD, in CdLS patients compared to the general population. 
This finding raises the possibility of silent reflux and the need for regular gastrointestinal evaluation 
in CdLS patients to address complications such as oesophageal metaplasia and Barrett’s esophagus 
[46]. 

65% had sensorineural hearing loss, usually mild to moderate. Dental problems included 
crowding, delayed eruptions, missing teeth, dental caries, and bruxism [47]. 

41% of patients had ptosis (drooping of the eyelid), most of which was unilateral and did not 
require surgery. 71% of patients had blepharitis, an inflammation of the eyelids [48]. 

Scoliosis was documented in 39% of patients, and thoracic kyphosis in 7%. 
80% of patients had hypertrichosis (excessive hair growth), and 61% had cutis marmarata (a 

marbled appearance of the skin). 
The delayed onset of puberty was seen in both males and females. 
Sleep problems were reported in more than two-thirds of the families. These included frequent 

waking during the night, minimal sleep requirements (only 2-4 hours per night), and the ability to go 
without sleep for extended periods (maximum three days) [49]. 

Neurodevelopmental manifestations included high pain tolerance, seizures, and varying 
degrees of mental retardation. 

Behavioral manifestations included self-injury, aggression, attention deficit disorder, wandering 
behavior, anxiety, depression, obsessive-compulsive tendencies, autistic-like behavior, and substance 
abuse problems [13,14,50]. 

It emphasizes the need for consistent medical care and stresses the role of a balanced diet and 
regular exercise. Transitioning from pediatric care to internal medicine or family practice is also 
crucial. Regular check-ups by ophthalmologists and dentists are recommended, especially to monitor 
conditions such as high myopia. For gastroesophageal reflux disease (GERD), proactive management 
and continuous gastrointestinal (GI) surveillance are recommended. An upper GI series is suggested 
to rule out malrotation, and any evidence of bowel obstruction or volvulus warrants immediate 
emergency department intervention, possibly requiring surgery. Hormone therapy is recommended 
for both contraception and menstrual regulation [9,11,46]. 

In Poland, these patients are cared for by a multidisciplinary team working at the Medical 
University of Gdansk for many years [51]. 

The CdLS-World/Poland Association also brings patients and their families [52,53]. 

Carer and Family of a CDLS Patient 

Carers of people with Cornelia de Lange syndrome (CdLS) face significant challenges, mainly 
due to the complex medical profile of the syndrome. They often have to deal with the intensive 
management of multiple health problems, including gastrointestinal complications, cardiac 
anomalies, and developmental delays that require specialized medical care [54]. Behavioral 
difficulties, such as self-injury and aggression, require constant vigilance and specialized behavioral 
management strategies. The need for ongoing care and navigation of multiple medical systems can 
lead to carer fatigue [55]. In addition, ensuring effective communication with healthcare providers 
and advocating for the individual’s medical needs is a constant challenge, adding to these carers’ 
emotional and logistical demands [51]. 

5. Conclusions 

Cornelia de Lange syndrome is a rare genetic disorder with a wide range of clinical 
manifestations and genetic causes. This comprehensive article provides an overview of CdLS, 
focusing on its clinical features, genetic basis, and management strategies. Although considerable 
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progress has been made in understanding CdLS, further research is needed to define the genotype-
phenotype correlations better and to develop targeted therapeutic interventions. A collaborative and 
multidisciplinary approach involving health professionals, researchers, and carers is essential to 
improving the diagnosis, management, and quality of life of people with CdLS. 
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Abbreviations 

CdLS Cornelia de Lange Syndrome 

FGR fetal growth restriction 

PEG-PEJ percutaneous endoscopic gastrostomy-jejunostomy 

GERD gastro-oesophageal reflux 

VSD ventricular septal defect 

aCGH array comparative genomic hybridization 

NGS next generation sequencing 

MLPA multiplex ligation-dependent probe amplification 

WES whole exome sequencing 

WGS whole genome sequencing 

TFU transfontanel ultrasound 

TMJ tempomandibular join 

TTE transthoracic echocardiography 

PEG percutaneous endoscopic gastrostomy 

SIB self-injurious behavior 

ADHD attention deficit hyperactivity disorder 

PACU post-anesthesia care unit 
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