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Abstract
Cornelia de Lange syndrome (CdLS, also called Brachmann-de Lange syndrome – BdLS) is a multisystem devel-
opmental disorder characterized by distinctive facial features, growth and mental retardation, microcephaly, and 
various malformations. According to their clinical status, patients with CdLS require individual interdisciplin-
ary therapy. The therapy is difficult and mainly symptomatic. To optimize the therapy results, early diagnosis 
programs and appropriate developmental and therapeutic intervention are recommended. The interdisciplinary 
approach described in the article needs further clinical research and detailed guidelines (Adv Clin Exp Med 2013, 
22, 4, 571–577).
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Streszczenie
Zespół Cornelii de Lange (CdLS, nazywany również zespołem Brachmanna-de Lange – BdLS) jest wielonarzą-
dowym schorzeniem rozwojowym charakteryzowanym przez specyficzne cechy twarzy, upośledzenie wzrostu 
i umysłowe, mikrocefalię oraz różnorodne wady rozwojowe. Z powodu problemów klinicznych pacjenci z CdLS 
wymagają indywidualnej terapii interdyscyplinarnej. Terapia jest trudna i głównie objawowa. Aby zoptymalizować 
terapię, rekomenduje się wprowadzenie programów wczesnego wykrywania CdLS oraz niezwłocznego wdrażania 
właściwej terapii. Opisane w artykule podejście interdyscyplinarne wymaga dalszych badań naukowych oraz szcze-
gółowych wytycznych (Adv Clin Exp Med 2013, 22, 4, 571–577).

Słowa kluczowe: zespół Cornelii de Lange, charakterystyczne cechy twarzy, wady rozwojowe kończyn, terapia, 
rehabilitacja.
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Cornelia de Lange syndrome is a multisystem 
developmental disorder [1–5]. Two girls with Cor-
nelia de Lange syndrome (CdLS, CDLS) were first 
described by pediatrician Cornelia Catharina de 
Lange (in 1933). A similar patient was described 
earlier by winfried Brachmann (in 1916), so CdLS 
is also known as Brachmann-de Lange Syndrome 
(BdLS, BDLS). The incidence is reported to vary 
between 1/10,000 and 1/60,000 live births, in Eu-
rope 1.6–2.2/100,000 live births [1–4, 6], but the 
exact incidence is unclear because of possible mis-
diagnosed cases.

The aim of this article is to discuss a rare prob-
lem of interdisciplinary therapy in CdLS, includ-
ing rehabilitation. The author has performed a re-
view of publications from the PubMed database 
(Fig. 1) [7]. CdLS has been defined in the MeSH da-
tabase [8] since 2000 as “A syndrome characterized 
by growth retardation, severe mental retardation, 
short stature, a low-pitched growling cry, brachy-
cephaly, low-set ears, webbed neck, carp mouth, 
depressed nasal bridge, bushy eyebrows meeting at 
the midline, hirsutism, and malformations of the 
hands. The condition may occur sporadically or be 
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associated with an autosomal dominant pattern of 
inheritance or duplication of the long arm of chro-
mosome 3” [8, 9]. This definition has been widely 
discussed and is perceived to need a scientific up-
date based on the latest concepts (Fig. 1).

There has been a significant increase in the 
number of articles concerning CdLS since 2005. 
CdLS seems be well described in peer-reviewed 
scientific publications, but only 10–15% of the ar-
ticles concerns any part of the therapy of patients 
with CdLS. Articles describing interdisciplinary 
therapy are very rare [10].

Etiology
The etiology of CdLS is genetic: mutations in 

genes have been identified as the cause of CdLS:
− in the NIPBL (the main regulator of cohe-

sin-associated protein) gene, on chromosome 5, in 
approximately 27–56% of reported cases [11],

− in the SMC1A (also called SMC1L1, com-
ponent of the cohesin ring structure) gene, on the 
X chromosome, in approximately 10% of report-
ed cases [12],

− in the SMC3 (component of the cohesin 
ring structure) gene, on chromosome 10 [13],

− other components of the cohesin ring struc-
ture – under research,

− in the MRPS22 gene – under research [14].
According to other research, SMC3 and 

SMC1A mutations contribute about 5% of CdLS 
cases [15]. Approximately 60–65% of patients 
with CdLS have mutation in one of three cohe-
sin proteins: NIPBL, SMC1A and SMC3 [16]. Be-
cause there are cases in which the etiology is not 
explained by the above-mentioned genetic muta-
tions, it seems there can be other causes, not ful-
ly identified so far, such as 8p23.1 deletion [17]. 
Moreover:

− patients sharing the same mutation in NIP-
BL can have variable phenotypes, which indicates 
the influence of modifiers in CdLS,

− patients with NIPBL mutations usual-
ly have a more severe phenotype than those with 
mutations in SMC1A or those without identified 
mutations [13].

Research in the area of genetic causes of CdLS 
is provided using e.g. animal models. Heterozygous 
mice for a gene-trap mutation in NIPBL produced 

Fig. 1. Results of investigation of the PubMed database (U.S. National Library of Medicine) [7]

Ryc. 1. wyniki przeszukiwania bazy danych PubMed (U.S. National Library of Medicine) [7]
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defects characteristic of CdLS: small size, craniofa-
cial anomalies, microbrachycephaly, heart defects, 
hearing abnormalities, delayed bone maturation, 
reduced body fat, behavioral disturbances and high 
mortality during the first weeks of life [18].

Diagnosis
Diagnosis of CdLS is based on a clinical pic-

ture: the presence of craniofacial features, growth 
failure, intellectual disability, limb abnormalities 
and hirsutism [19]. Key points in the diagnosis are 
distinctive (described below) facial features, then 
growth retardation and limb abnormalities [2–4]. 
Molecular genetic testing can be useful if clini-
cally available. Radiographic examination (hand-
wrist radiograph, elbow radiograph, cephalogram 
and orthopantomogram) can help identify limb 
abnormalities and deformations [20]. The most 
characteristic features of the syndrome report-
ed [1–4, 21–24] are (beginning from the most 
important):
 1. Distinctive facial features:

− underdeveloped orbital arches (> 90% of 
cases),

− confluent eyebrows – synophrys (> 90% of 
cases),

− long curly eyelashes (> 90% of cases) [25],
− thin lips, downturned angle of the mouth 

(94% of cases),
− hirsutism, short neck with low anterior and 

posterior hairlines (92% of cases),
− anteverted nares (88% cases),
− well defined and arched (like penciled) eye-

brows,
− long philtrum (distance between nostrils 

and upper lip),
− dental problems,
− micrognathia,
− anteverted nostrils,
− microsomy,
− microcephaly [1–4, 21–24],

 2. Low birth weight.
 3. Seizures.
 4. various limb abnormalities and deformations: 

short forearms, small hands, short metacarpals 
short tapering fingers, clinodactaly of fifth fin-
ger, bilateral split feet, etc.

 5. Cardiac problems (18% of cases, but in the 
classic form of CdLS reported in more than 
50% of cases).

 6. Diaphragmatic hernia.
 7. Gastroesophageal reflux (80% cases) and 

Barrett’s Esophagus (BE), feeding problems.
 8. Hypoacusia, and ear malformations [26, 27].
 9. Developmental delay (especially in speech and 

communication areas), IQ from 30 to 102 with 
average 53.

10. Sleep disturbances (35–36% of cases).
11. Epilepsy.
12. Aggression.
13. Self-destructive behavior (55% of cases) [28].

Pneumonia, thrombocytopenia and hearing 
loss (40–80% of cases) are perceived as atypical 
features. Some infants die shortly after birth, but 
a significant group of children with CdLS can be 
expected to live to adulthood. The main causes of 
death are cardiac problems, respiratory problems, 
gastro-intestinal complications and pneumonia.

Each patient with diagnosed CdLS can be char-
acterized by all or only selected features mentioned 
above, ranging from moderate to severe. what is 
more, depending on the problems presenting and 
their severity, each child can develop at his or her 
own rate, usually slower than average. This vari-
ability of the CdLS phenotype makes early identi-
fication difficult (Fig. 2).

Classification of CdLS cases based on phe-
notype can be a useful tool for providing easier 
diagnosis:

− classical phenotype (called type I) – classic 
severe forms (mainly NIPBL mutations) with the 
characteristic facial and skeletal changes of CdLS,

− mild phenotype (called type II) – mild-
er atypical variants with facial and minor skeletal 

Ryc. 2. Osiemnastoletnia pacjentka z CdLS [5]

Fig. 2. Eighteen year old patient with CdLS [5]
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abnormalities similar to type I, sometimes devel-
oped later or only partially (mainly SMC1A or 
SMC3 mutations).

− CdLS-like cases (called type III or perceived 
as a part of type II) with phenotypic manifestations 
of CdLS that are causally related to chromosomal 
alterations or teratogenic exposure.

Prognoses for patients with the mild pheno-
type (type II) are much better than that for pa-
tients with the classical (type I). Research in the 
USA using only facial photographs showed that an 
average of 75% of cases were correctly diagnosed 
by clinicians, including 90% of classic CdLS, 87% 
of non-CdLS cases and only 54% of mild or vari-
ant CdLS. Emphasis was placed on the eyebrows, 
nasal features, prominent upper lip and microgna-
thia [29]. Particular attention should be paid to the 
fact that CdLS, especially type II, can be diagnosed 
in infancy, early childhood, late childhood, ado-
lescence and adulthood, but proper diagnosis in 
late childhood, adolescence and adulthood is more 
difficult because of distinctive facial feature oblit-
eration. To assist practitioners in diagnosing the 
syndrome, the CdLS Foundation Inc. has created 
a Diagnostic Criteria Checklist.

Although there have been 103 cases diagnosed 
in Poland so far, the number of misdiagnosed cas-
es is not known. This situation highlights the need 
to provide broader knowledge about the syndrome 
among physicians, especially in the area of diag-
nosing patients with mild and variant CdLS.

Interdisciplinary Therapy
Therapy is difficult and mainly symptomat-

ic because of the multiple developmental defects 
associated with CdLS. The key is early interdisci-
plinary diagnosis and individualized intervention, 
provided primarily by a pediatrician. Co-opera-
tion within the interdisciplinary team is a neces-
sity. Depending on the CdLS features diagnosed, 

their severity, etc., treatment can be provided by 
a basic team and, in the most complicated cases, 
by an “extended” team consisting of relevant med-
ical staff. According to current research, the basic 
team can consist of [2, 3, 4, 20]: an ear, nose and 
throat (ENT) specialist, a cardiologist, a gastroen-
terologist, an endocrinologist, a urologist, a den-
tal surgeon, a physical therapist experienced in the 
neuro-rehabilitation of children.

In the most complicated cases, this team should 
consist of: a pediatrician, a geneticist, a neurolo-
gist, a general practitioner, a cardiologist, a gas-
troenterologist, an endocrinologist, a urologist, an 
ophthalmologist, a surgeon, a dental surgeon, a di-
etician, a physician specialized in medical reha-
bilitation, a physical therapist experienced in the 
neuro-rehabilitation of children, a neuro-psychol-
ogist, a speech therapist, other specialists accord-
ing to the needs of individualized therapy [2–4].

In Polish clinical practice, the basic team can 
consist of a pediatrician (family doctor, gener-
al practitioner), a gastroenterologist, an ENT spe-
cialist, an orthopedist, a physical therapist and 
a speech therapist.

An important part of the therapy should be sup-
port for parents of children with CdLS. Although 
their problems are relatively unexplored, parents 
are at risk of high levels of stress and mental health 
problems [30, 31]. An interdisciplinary team can 
provide health care and help improve the quality of 
life of patients with CdLS and their families.

A challenging problem can be providing an-
esthesia in patients with CdLS – mainly because 
of intubation difficulty, aspiration complications, 
gastroesophageal reflux and atypical drug reac-
tions. One perceived alternative could be the use 
of spinal anesthesia (SA), but this needs additional 
research in this population [32, 33].

A short general description of the most com-
mon problems in patients with CdLS is provided 
in Table 1. I would draw particular attention to the 
individualization of decisions in CdLS therapy.

Table 1. Therapy of most common problems in patients with CdLS

Tabela 1. Leczenie problemów najczęściej spotykanych u pacjentów z CdLS

Problem Therapy within an interdisciplinary team
(Terapia w ramach zespołu interdyscyplinarnego)

Gastroesophageal reflux 
(Refluks żołądkowo- 
-przełykowy)

if the help of a dietician and pharmacotherapy is not efficient, then treatment of gas-
troesophageal reflux and correction by fundoplication, surgical correction of intestinal 
malrotation, sometimes gastrostomy tube placement

Heart disease  
(Choroba serca)

mainly pharmacotherapy, only a small percentage of children with CdLS needs surgical 
intervention

Ophthalmologic abnormali-
ties (Zaburzenia okulistyczne)

treatment of conjunctivitis – using pharmacotherapy, in problems with eyelashes, etc. 
– sometimes surgical intervention
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Problem Therapy within an interdisciplinary team
(Terapia w ramach zespołu interdyscyplinarnego)

Dental abnormalities 
(Zaburzenia stomatologiczne)

if needed and possible: intervention in delayed eruption, spacing, missing teeth, micro-
gnathia and macro- or microdontia, all of them using anesthesia

Neurological abnormalities 
(Zaburzenia neurologiczne)

most common: epilepsy, treated using pharmacotherapy

Behavior abnormalities  
(Zaburzenia zachowania)

most common: aggression, self-destructive behavior, ADHD-like behavior. Finding 
a solution needs cooperation of the whole interdisciplinary team, because there is a need 
to find the cause: pain, a new situation, new environment or something else. Another 
problem is the social and emotional development of children with CdLS

Limb deformities, malforma-
tions (Deformacje kończyn, 
wady budowy)

surgical intervention in cases of limb defects that hinder utilization or mobility, there 
are also cases of hip reconstruction to correct congenital dysplasia

Motor disorders, devel-
opmental retardation 
(Zaburzenia ruchu, 
opóźnienie rozwoju 
umysłowego)

cyclic developmental assessment and growth assessment

orthopedic assessment, in adult patients: osteoporosis assessment

physical therapy: based on functional diagnosis – therapy of muscle tonus disorders, 
contractures, associated body deformities, scoliosis and other secondary manifestations

orthotics

occupational therapy

neuropsychological rehabilitation: increase learning potential of these children, specific 
intervention with a multidimensional neuropsychological approach, considering the 
developmental abilities and disabilities of the patient

school placement, higher education possibilities, job training, work issues

for females – pelvic examination with pap smear

Hearing loss, hypoacusia 
(Utrata słuchu, niedosłuch)

additional examination using audiometry or newest computerized electronic methods, 
in the case of hypoacusis conductiva: conservative therapy, but in the case of hypoacusis 
perceptiva: the most common solution is hearing aids

Speech retardation
and deficits (Opóźnienie 
mowy i deficyty)

speech therapy, can be joined with hypoacusia, if necessary: facilitation alternative 
forms of communication – by sign language and/or picture exchange communication 
system

Cryptorchidism 
(wnętrostwo)

orchiopexy

Proper care lessons (Lekcje 
opieki)

the whole interdisciplinary team should provide sufficient knowledge and practice for 
caregivers

Depression, stress, anxi-
ety in caregivers of the 
patient (Depresja, stres, lęk 
u opiekunów pacjenta)

support for parents and family, psychological support, if necessary – pharmacotherapy, 
both in hospital care and in-home care

Other problems (Inne prob-
lemy)

if the family desires to have more children it is recommended to refer the parents to 
a genetic counselor

The most important aspect of the therapy is the experience and broad knowledge about the syndrome and all the possible 
associated problems in all members of the interdisciplinary team. This allows for a quick, accurate diagnosis and the use of 
various methods in the complicated therapy, depending on a variety of symptoms, the problems diagnosed and their sever-
ity. To achieve this, continuous discussion among the medical staff within the team is very important. It allows them to be 
aware of all the disorders which influence the development and behavior of the patient. Proper therapy, structured on the 
patient’s specific areas of strength and weakness should facilitate the development of the child.

Table 1. Therapy of most common problems in patients with CdLS – cont.

Tabela 1. Leczenie problemów najczęściej spotykanych u pacjentów z CdLS – cd.
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The interdisciplinary approach described 
needs further clinical research and detailed guide-
lines. The low incidence of the syndrome makes it 
difficult, but some research suggests that the level 
of care, rehabilitation and quality of life of patients 
with CdLS has increased in the last 30 years [34].

The main research centers of CdLS in Po-
land are the Medical University of Gdańsk [35], 
the Medical University of Białystok and The Chil-
dren’s Memorial Health Institute in warsaw. Sup-
port for parents is provided by Association CdLS-
Poland (President – wiesław wnuk) in Żnin.

Conclusions
Cornelia de Lange Syndrome is a rare congen-

ital disease affecting both facial features and other 

body systems. Early diagnosis is provided primar-
ily by a pediatrician (family doctor, general prac-
titioner). The difficult and mainly symptomat-
ic treatment (types and timing of procedures) is 
planned individually. Therapy requires co-opera-
tion within an interdisciplinary team. The mem-
bership of the team depends on the CdLS features 
diagnosed, their severity, etc. To optimize thera-
py results, early diagnosis programs and appro-
priate developmental and therapeutic intervention 
are recommended. Individualization of decisions 
can maximize the developmental potential for pa-
tients with CdLS in a significant way, especially in 
the milder phenotype. An important part of the 
therapy should be support for parents of children 
with CdLS. The proposed interdisciplinary ap-
proach needs more clinical research and detailed 
guidelines.
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