
occur in people with no history of the condition in their family. 
For the minority depending which genes are a�ected, it can 
manifest as autosomal dominant or X-linked dominant. 33

Clinical features

�e typical features of this syndrome are: 34

Musculoskeletal features

i.  Upper limb reduction defects that range from subtle  
    phalangeal abnormalities to oligodactyly (missing digits).

Facial features

i.     Craniofacial features include synophrys (a single eyebrow 
       created when the two eyebrows meet in the middle above 
       the bridge of the nose) 
ii.    Highly arched eyebrows 
iii.   Long eyelashes
iv.   Short nose with anteverted nares 
v.    Small widely spaced teeth
vi.   Microcephaly
vii.  Hirsutism

CNS features

i.    IQ ranges from below 30 to 102 (mean: 53) 
ii.   Many individuals demonstrate autistic and self-destructive
      tendencies

Frequent �ndings include cardiac septal defects, 
gastrointestinal dysfunction, hearing loss, myopia, and 
cryptorchidism or hypoplastic genitalia. Individuals with a 
milder phenotype have less severe growth, cognitive, and limb 
involvement, but often have facial features consistent with 
CdLS. 34

Type of heart problem that is most common or 
distinctive

Approximately 25% of individuals with CdLS have congenital 
heart disease. 35-37 �e most common abnormalities include (in 
descending order): 

i)    Ventricular septal defects
ii)   Atrial septal defects
iii)  Pulmonary stenosis
iv)  Tetralogy of Fallot
v)   Hypoplastic left heart syndrome
vi)  Bicuspid aortic valve

7) Noonan’s syndrome

Inheritance: Autosomal dominant. 38

 
Clinical features:

�e features typically present are: 39

Musculoskeletal features

i.   Chiara malformation
ii.   Lymphedema

Facial features

i.    High forehead 
ii.   Hypertelorism, 
iii.   Downslanting palpebral �ssures
iv.   High arched eyebrows, epicanthic folds
v.    Full upper lip
vi.   Depressed nasal bridge
vii.  Low-set ears. 
viii. Strikingly blue irides
ix.    Ptosis
x.     Degree of neck webbing may be observed.
xi.    Triangular shaped face.

CNS features

i.  Intellectual function, from average to signi�cantly impaired, 
    with most patients having mild developmental delay.

Other features

i.  Male infertility even with those with no cryptorchidism

Type of heart problem that is most common or 
distinctive 40

More than 80% of patients with NS have cardiac involvement.
 
i.    Most common are pulmonary valve stenosis. 
ii.   Atrial septal defects are also frequent.
iii.  20% of patients overall have hypertrophic cardiomyopathy

8) Fragile X Syndrome

Inheritance: X-linked dominant 41

 
Clinical features

�e physical features of Fragile X in males vary depending upon 
age. 42-47

�e classic physical manifestations are more evident in 
adolescents:

Facial features

i.    Long and narrow face with prominent forehead and chin 
      (prognathism).
ii.   Large ears.

CNS features

i.    Intellectual disability

ABSTRACT
Children with genetic syndromes are increasingly 
surviving to adulthood in Singapore. This is due to early 
detection and significantly improved multi-dimensional 
care. Congenital heart disease is one of the 
characteristic abnormalities in patients. However, the 
cardiac anomalies of some of these patients may only 
manifest later in early adulthood. A significant number 
of such patients are not on regular medical follow-ups to 
monitor for future complications. This article describes 
based on the common syndromic conditions that are 
present in Singapore. Advanced genetic tests like 
chromosomal microarray analysis can help diagnose 
these syndromes that are not obvious clinically, thus 
instituting appropriate management and treatment for 
such patients. Creating awareness of such syndromes 
and its cardiac complications will translate to them 
being referred to the cardiologists to prevent further 
morbidity and mortality. Timely counselling regarding 
fertility, prenatal testing and complications due to 
pregnancy are also discussed in this article.
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INTRODUCTION

In Singapore, an increasing number of children with genetic 
syndromes and its associated cardiovascular heart disease are 
surviving into adulthood. �is is because of earlier detection of 
these conditions during postnatal or early childhood; along 
with signi�cantly improved surgical, medical, anaesthetic and 
intensive care over the last few decades. About close to 85% of 
the patients survive to adulthood as compared to only 15% a 
few decades ago. 1 In these syndromes the incidence of 
congenital cardiac anomalies at birth is 8.12/1000 live births 
based on the study done in Singapore from 1994 to 2000, 
which is the most up to date local data published thus far. 2 �e 
top most phenotypically recognizable congenital syndromes 
with cardiac comorbidities at birth are Down’s, Patau’s, 

Edwards’, and Turner’s syndrome. However, Patau’s and 
Edwards’ syndrome do not survive to adulthood.2 Some of the 
congenital syndromes have subtle features and may not 
manifest itself obviously and may be missed till they reach their 
teens or even adulthood. Moreover, cardiovascular 
abnormalities usually present later in late teens or adulthood for 
a number of syndromes due to connective tissue defects such as 
in Osteogenesis Imperfecta and Marfan’s syndrome.
 
�e largest paediatric tertiary hospital in Singapore, KK 
Women’s & Children’s Hospital, in 2015 introduced the �rst 
accredited chromosomal microarray analysis, a DNA based 
method of genetic investigation to help detect these syndromes 
with subtle manifestations. 3 �eir work showed that the most 
common genetic syndrome were Angelman/ Prader-Willi, 
Velocardiofacial and 1p36 microdeletion syndrome. �e latter 
two have cardiac defects that can survive to adulthood. By 
increasing awareness of these genetic syndromes among the 
family physicians more of such patients could be referred early 
to the genetic services for con�rmation of syndromes possibly 
aided by such diagnostic tests, and subsequently managed. �is 
article will discuss the common genetic syndromes based on 
international and local data in order to build awareness among 
primary care physicians in Singapore. Based on consensus 
among the authors, ten common syndromes in Singapore that 
have signi�cant cardiovascular comorbidities and which survive 
into adulthood are discussed.
 
CONGENITAL SYNDROMES WITH 
CARDIOVASCULAR ABNORMALITIES

1) Down’s syndrome 

Inheritance: Most cases are not inherited and occur randomly 
during the formation of reproductive cells in a parent. Some 
inherit an unbalanced translocation involving chromosome 21 
may have extra genetic material from chromosome 21, which 
causes Down’s syndrome. 4 

Clinical features

�ey include the patient having: 5-6

 
MUSCULOSKELETAL FEATURES

i.     Single palmar (Simian) crease
ii.    Fifth �nger clinodactyly 
iii.   Short stubby digits
iv.   Abnormal dermatoglyphics 
v.    Wide sandal gap between �rst and second toes
vi.   Small stature

Facial features

i.     Round face, epicanthic folds 
ii.    Brachycephaly, low set hairline, �attened occiput. 
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iii.    Brush�eld spots in the iris
iv.    Protruding tongue and open mouth
v.     Small set dysplastic ears
vi.    Short neck with excessive skin at nape.

CNS (Central Nervous System) features

i.   Generalised hypotonia.

Type of heart problem that is most common or 
distinctive

Approximately one-half of individuals with Down’s syndrome 
(DS) have congenital heart disease.7-9 In the largest 
population-based study, cardiovascular abnormalities were 
identi�ed in 342 of 821 (42%) infants born with DS. 9 

23% had more than one anomaly. �e secondary lesion was 
most commonly an atrial septal defect (ASD) or patent ductus 
arteriosus (PDA). �e primary lesions identi�ed were:

i.    Complete atrioventricular septal defect (CAVSD) – 37%
ii.   Ventricular septal defect (VSD) – 31%
iii.  ASD – 15%
iv.  Partial atrioventricular septal defect (PAVSD) – 6%
v.   Tetralogy of Fallot (TOF) – 5%
vi.  PDA – 4 %
vii. Miscellaneous –2%

In adult Downs’, congenital heart cardiac heart defects were 
found in 24.8% of patients. Among those patients with 
abnormalities the predominant lesions were VSD 31.4%, 
AVSD 17.4%, ASD 17.4% and PDA 6.3%.

Also, 77% of the screened patients without known cardiac 
lesions had mild to moderate regurgitation in one or more heart 
valves. �e majority being aortic regurgitation (AR). In that 
study, the overall prevalence of congenital heart disease in adult 
Down’s syndrome patients living in residential centres was at 
33%. 10

 
2) Turner’s syndrome

Inheritance: It is not inherited, it usually occurs after the egg 
has been fertilized and appears to be a random event caused by 
the complete or partial loss of one of the two X chromosomes in 
girls. 11 

Clinical features

�e typical features are: 12

Musculoskeletal features

i.   Short stature
ii.  Shield chest with widely spaced nipples
iii. Cubitus valgus
iv. Madelung deformity of the forearm and wrist 
    (prominent ulnar head and apparent volar 
    subluxation of the wrist)

Facial Features

i.    Short webbed neck
ii.   Neonates may have congenital lymphedema of the hands 
      and feet, webbed neck, nail dysplasia, narrow and 
      high-arched palate, and short fourth metacarpals and/or
      metatarsals. 

Type of heart problem that is most common or 
distinctive

About 30% of Turner’s have heart problems:

i.    Left sided obstructive lesions predominate especially 
ii.   Bicuspid aortic valve (30-50%), 
iii.  Coarctation of the aorta (30%). 
iv.  Aortic root dilatation is uncommon (5%) but potentially 
     devastating if aortic rupture occurs.13

3) Marfan’s syndrome (MFS)

Inheritance : Autosomal dominant 14 

Clinical features given based on the Revised 
Ghent Criteria. 15,16,17

Musculoskeletal Features               Scoring 
 
Wrist AND thumb sign    3 points
Wrist OR thumb sign                                    1 point
Pectus carinatum deformity   2 points
Pectus excavatum OR chest asymmetry          1 point
Hindfoot deformity                2 points
Plain pes planus     1 point
Dural ectasia                                                   2 points
Protrusio actabuli                  2 points
Reduced upper segment/lower segment ratio AND increased       
               1 point
Arm span/height AND no severe scoliosis.   1 point
Scoliosis thoracolumbar kyphosis   1 point
Reduced elbow extension (< 1700 with full extension) 1 point

Facial features  at least 3 of the 5 following features:

a) Dolichocephaly
b) Enophthalmos
c) Downslanting palpebral �ssures
d) Malar hypoplasia
e) Retrognathia

Other features

Skin striae      1 point
Pneumothorax         2 points

Type of heart problem that is most common or 
distinctive

Mitral valve prolapse                 1 point
Aortic root dilatation
  

In the absence of family history

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
ectopia lentis =MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
causal FBN1 (Fibrillin 1 gene) mutation=MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
systemic points greater than 7= MFS.

Ectopia lentis with FBN1 with known Ao enlargement = MFS

In the presence of family history

Ectopia lentis and family history of MFS= MFS

Systemic points greater than 7 and family history of MFS 
=MFS

Ao (Z ≥2 above 20 years, ≥3 below 20 years) + family history of 
MFS=MFS

4) Di George/Velocardiofacial syndrome

Inheritance: Most cases of 22q11.2 deletion syndrome are not 
inherited. �e deletion occurs most often as a random event 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. However, the inheritance of 22q11.2 
deletion syndrome is considered autosomal dominant because a 
deletion in one copy of chromosome 22 in each cell is su�cient 
to cause the condition. 18 

Clinical features

�e classic triad of features of Di George/ Velocardiofacial 
syndrome (DGS) on presentation is 19 

i.     Conotruncal cardiac anomalies i.e. cardiac out�ow  
    anomalies that includes defects such as Tetralogy of 
    Fallot, pulmonary atresia with VSD, truncus 
    arteriosus, transposition of the great arteries etc.)

ii.     Hypoplastic thymus
iii.    Hypocalcaemia.

�e phenotype typical features are: 19-25

Musculoskeletal features

i.    Short stature

Facial Features

ii.    Cleft lip or palate 
iii.   Small jaw, 
iv.   Small upper lip or mouth, 
v.    Eyes slanted upward or downward,
vi.   Low -set and/or abnormal folding of ears

A broad spectrum characterizes the presence and severity of 
individual features, and the severity of each feature appears to 

be independent of other features. Older children with DGS 
may be detected through clinics for congenital heart defects or 
craniofacial clinics, may be referred to developmental specialists 
for poor school performance, or may be diagnosed due to 
frequent infections or autoimmune conditions.

TYPE OF HEART PROBLEM THAT IS MOST 
COMMON OR DISTINCTIVE

�e most common cardiac defects account for two-thirds of the 
cardiac anomalies seen in patients with DGS and include the 
following: 19, 21,23,26,27

i)     Interrupted aortic arch
ii)    Truncus arteriosus
iii)   Tetralogy of Fallot
iv)   Atrial or ventricular septal defects (ASDs or VSDs)

5) Alagille syndrome

Inheritance: �is condition is inherited in an autosomal 
dominant pattern. A minority is due to the spontaneous 
mutation on chromosome 20 that occur as random events 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. 28 

Clinical features

Alagille syndrome is characterized by the lack of interlobular 
bile ducts and the following associated features: 49-52

Facial Features

i.     Posterior embryotoxon (prominent Schwalbe line) of  
the eye 

ii.    Broad nasal bridge, 
iii.   Triangular facies, 
iv.   Deep-set eyes 

Other features

i.     Chronic cholestasis
ii.    Butter�y vertebrae

Type of heart problem that is most common or 
distinctive

Congenital heart disease is the second most common 
manifestation of Alagille syndrome a�ecting greater than 90% 
of patients. 32 �e lesions noted were

i)     Pulmonary out�ow tract involvement with peripheral 
    pulmonary stenosis being the hallmark in 70%.

ii)    Tetralogy of Fallot 
iii)   Ventricular septal defects
iv)   Atrial septal defects
v)    Aortic stenosis 

6) CORNELIA DE LANGE (CDLS)

Inheritance: Most cases result from new gene mutations and  

Others

i.    Testicular enlargement (volume >25 mL after puberty) with 
      normal testicular function.

Type of heart problem that is most common or 
distinctive

In a recent paper, the author reviewed the literature and found 
that the predominant lesions among patients with Fragile X 
were 48 

i.    Aortic root dilatation in 25%
ii.   Mitral valve anomalies in 3-12% of the patients

9) Osteogenesis Imperfecta (OI)

Inheritance: Most are autosomal dominant and minority are 
autosomal recessive. 49 

Clinical features

Clinical manifestations of osteogenesis imperfect include: 50-53

Musculoskeletal features

i.    Excess or atypical fractures (brittle bones); fractures most   
      commonly associated with OI were transverse humerus,  
      olecranon, and diaphyseal humerus fractures. 
ii.   Short stature
iii.  Scoliosis
iv.  Increased laxity of the ligaments and skin
v.   Wormian bones (small, irregular bones along the cranial 
      sutures) 

Facial features

i.   Blue sclerae 
ii.  Hearing loss (usually detected in later childhood to early 
     adulthood
iii. Opalescent teeth that wear quickly (dentinogenesis 
     imperfecta) 

CNS features

i.  Basilar skull deformities, which may cause nerve compression 
    or other neurologic symptoms

Other features

i.  Easy bruisability

Type of heart problem that is most common or 
distinctive

All aortic diameters were signi�cantly larger in the OI group 
than in the control group, they also have in: 54

i)    Aortic regurgitation (AR)
ii)   Mitral regurgitation. (MR)

10) 1p 36 microdeletion syndrome

Inheritance: Most cases of 1p36 deletion syndrome are not 
inherited. �ey result from a chromosomal deletion that occurs 
as a random event during the formation of reproductive cells 
(eggs or sperm) or in early foetal development. A�ected people 
typically have no history of the disorder in their family.
About 20% of people with 1p36 deletion syndrome inherit the 
chromosome with a deleted segment from an una�ected parent. 
In these cases, the parent carries a chromosomal rearrangement 
called a balanced translocation. 55

Clinical features:

Characteristic features are: 56-63

Musculoskeletal features 

i.     Skeletal abnormalities

Facial features

ii.     Microcephaly 
iii.    Brachycephaly,
iv.    Large and persistently open anterior fontanelle 
v.     Deep-set eyes, straight eyebrows
vi.    Posteriorly rotated and low-set ears 
vii.   Midface hypoplasia 
viii.  Flat nasal bridge 
ix.    Pointy chin
x.     Orofacial clefting

CNS features

i.      Moderate to severe intellectual disabilities
ii.     Hearing loss
iii.    Oropharyngeal dysphagia
iv.    Ophthalmological abnormalities
v.     Seizures

Other features

i.     Renal abnormalities

Type of heart problem that is most common or 
distinctive 56

i.     PDA 
ii.    VSD 
iii.   Dilated cardiomyopathy

Table 1: Summary of Genetic syndromes, their 
phenotypic features and cardiac lesions present.

 

DISCUSSION

�e spectrum of genetic syndromes with associated cardiac 
anomalies as discussed above is essential for family physicians to 
recognize and refer to geneticist and cardiologist for appropriate 
diagnosis and management. 
 
Lin et al, published a seminal paper on adults with genetic 
syndromes and cardiovascular abnormalities. 64 �e author 
advocated healthcare providers to address the immediate needs 
of young people with genetic syndromes and cardiovascular 
abnormality making the transition to adulthood. Multiple 
issues likely fertility, prenatal testing, complications due to 
pregnancy, and child developing genetic defects needs to be 
explored. �e individual with a syndrome and their partner 
should meet with a geneticist or genetic counsellor, an 
experienced obstetrician/gynaecologist, and, as needed, an 
infertility specialist, e.g. woman with Turner syndrome, man 
with Klinefelter syndrome. Establishing a genetic diagnosis in 
the individual is as important as de�ning the cardiovascular 
abnormality. 64

KK Women’s and Children’s Hospital (KKH) launched 
Southeast Asia’s �rst accredited chromosomal microarray 
analysis (CMA) diagnostic test, to aid the diagnosis of genetic 
disorders in children. CMA, a DNA-based method of genetic 
investigation, helps to identify clinically signi�cant 
chromosome anomalies that are too small to be detected by 
conventional chromosome analysis – also known as 
karyotyping. With an expected diagnostic yield of about 20%, 
compared with 3.7 to 9.5% for traditional karyotyping, CMA 
is expected to provide an underlying genetic diagnosis in a 
higher proportion of patients. �is bene�ts patient as it ends 
the diagnostic odyssey, preventing further unnecessary 
investigations. It also includes information about possible 
complications, allowing appropriate monitoring and early 
management, and facilitates the provision of accurate 
information about recurrence risks in future pregnancies, and 

the reproductive choices available. 3

Primary care physicians are specially trained for and skilled in 
comprehensive �rst contact and continuing care for persons 
with any undiagnosed sign, symptom, or health concern (the 
"undi�erentiated" patient) not limited by problem origin 
(biological, behavioural, or social), organ system, or diagnosis. 65 

Hence, as primary care physicians we must have a high index of 
suspicion to identify such patients to prevent downstream 
complications like Eisenmenger’s, infective endocarditis, etc. 
�e authors hope that this guide of the common syndromic 
conditions with congenital heart abnormalities will empower 
the primary care physicians to identify such situations and refer 
them appropriately for further management and treatment.

CONCLUSION

�is article endeavour to create awareness of adults with 
common genetic syndromes and its cardiac complications. �is 
awareness will hopefully translate to them being referred to our 
cardiologists’ colleagues early in order to prevent further 
morbidity and mortality. Increased availability of data of such 
patients would translate into determining the actual prevalence 
of such syndromes or other syndromes seen in Singapore, with 
targeted measures to manage them well.
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occur in people with no history of the condition in their family. 
For the minority depending which genes are a�ected, it can 
manifest as autosomal dominant or X-linked dominant. 33

Clinical features

�e typical features of this syndrome are: 34

Musculoskeletal features

i.  Upper limb reduction defects that range from subtle  
    phalangeal abnormalities to oligodactyly (missing digits).

Facial features

i.     Craniofacial features include synophrys (a single eyebrow 
       created when the two eyebrows meet in the middle above 
       the bridge of the nose) 
ii.    Highly arched eyebrows 
iii.   Long eyelashes
iv.   Short nose with anteverted nares 
v.    Small widely spaced teeth
vi.   Microcephaly
vii.  Hirsutism

CNS features

i.    IQ ranges from below 30 to 102 (mean: 53) 
ii.   Many individuals demonstrate autistic and self-destructive
      tendencies

Frequent �ndings include cardiac septal defects, 
gastrointestinal dysfunction, hearing loss, myopia, and 
cryptorchidism or hypoplastic genitalia. Individuals with a 
milder phenotype have less severe growth, cognitive, and limb 
involvement, but often have facial features consistent with 
CdLS. 34

Type of heart problem that is most common or 
distinctive

Approximately 25% of individuals with CdLS have congenital 
heart disease. 35-37 �e most common abnormalities include (in 
descending order): 

i)    Ventricular septal defects
ii)   Atrial septal defects
iii)  Pulmonary stenosis
iv)  Tetralogy of Fallot
v)   Hypoplastic left heart syndrome
vi)  Bicuspid aortic valve

7) Noonan’s syndrome

Inheritance: Autosomal dominant. 38

 
Clinical features:

�e features typically present are: 39

Musculoskeletal features

i.   Chiara malformation
ii.   Lymphedema

Facial features

i.    High forehead 
ii.   Hypertelorism, 
iii.   Downslanting palpebral �ssures
iv.   High arched eyebrows, epicanthic folds
v.    Full upper lip
vi.   Depressed nasal bridge
vii.  Low-set ears. 
viii. Strikingly blue irides
ix.    Ptosis
x.     Degree of neck webbing may be observed.
xi.    Triangular shaped face.

CNS features

i.  Intellectual function, from average to signi�cantly impaired, 
    with most patients having mild developmental delay.

Other features

i.  Male infertility even with those with no cryptorchidism

Type of heart problem that is most common or 
distinctive 40

More than 80% of patients with NS have cardiac involvement.
 
i.    Most common are pulmonary valve stenosis. 
ii.   Atrial septal defects are also frequent.
iii.  20% of patients overall have hypertrophic cardiomyopathy

8) Fragile X Syndrome

Inheritance: X-linked dominant 41

 
Clinical features

�e physical features of Fragile X in males vary depending upon 
age. 42-47

�e classic physical manifestations are more evident in 
adolescents:

Facial features

i.    Long and narrow face with prominent forehead and chin 
      (prognathism).
ii.   Large ears.

CNS features

i.    Intellectual disability

ABSTRACT
Children with genetic syndromes are increasingly 
surviving to adulthood in Singapore. This is due to early 
detection and significantly improved multi-dimensional 
care. Congenital heart disease is one of the 
characteristic abnormalities in patients. However, the 
cardiac anomalies of some of these patients may only 
manifest later in early adulthood. A significant number 
of such patients are not on regular medical follow-ups to 
monitor for future complications. This article describes 
based on the common syndromic conditions that are 
present in Singapore. Advanced genetic tests like 
chromosomal microarray analysis can help diagnose 
these syndromes that are not obvious clinically, thus 
instituting appropriate management and treatment for 
such patients. Creating awareness of such syndromes 
and its cardiac complications will translate to them 
being referred to the cardiologists to prevent further 
morbidity and mortality. Timely counselling regarding 
fertility, prenatal testing and complications due to 
pregnancy are also discussed in this article.
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INTRODUCTION

In Singapore, an increasing number of children with genetic 
syndromes and its associated cardiovascular heart disease are 
surviving into adulthood. �is is because of earlier detection of 
these conditions during postnatal or early childhood; along 
with signi�cantly improved surgical, medical, anaesthetic and 
intensive care over the last few decades. About close to 85% of 
the patients survive to adulthood as compared to only 15% a 
few decades ago. 1 In these syndromes the incidence of 
congenital cardiac anomalies at birth is 8.12/1000 live births 
based on the study done in Singapore from 1994 to 2000, 
which is the most up to date local data published thus far. 2 �e 
top most phenotypically recognizable congenital syndromes 
with cardiac comorbidities at birth are Down’s, Patau’s, 

Edwards’, and Turner’s syndrome. However, Patau’s and 
Edwards’ syndrome do not survive to adulthood.2 Some of the 
congenital syndromes have subtle features and may not 
manifest itself obviously and may be missed till they reach their 
teens or even adulthood. Moreover, cardiovascular 
abnormalities usually present later in late teens or adulthood for 
a number of syndromes due to connective tissue defects such as 
in Osteogenesis Imperfecta and Marfan’s syndrome.
 
�e largest paediatric tertiary hospital in Singapore, KK 
Women’s & Children’s Hospital, in 2015 introduced the �rst 
accredited chromosomal microarray analysis, a DNA based 
method of genetic investigation to help detect these syndromes 
with subtle manifestations. 3 �eir work showed that the most 
common genetic syndrome were Angelman/ Prader-Willi, 
Velocardiofacial and 1p36 microdeletion syndrome. �e latter 
two have cardiac defects that can survive to adulthood. By 
increasing awareness of these genetic syndromes among the 
family physicians more of such patients could be referred early 
to the genetic services for con�rmation of syndromes possibly 
aided by such diagnostic tests, and subsequently managed. �is 
article will discuss the common genetic syndromes based on 
international and local data in order to build awareness among 
primary care physicians in Singapore. Based on consensus 
among the authors, ten common syndromes in Singapore that 
have signi�cant cardiovascular comorbidities and which survive 
into adulthood are discussed.
 
CONGENITAL SYNDROMES WITH 
CARDIOVASCULAR ABNORMALITIES

1) Down’s syndrome 

Inheritance: Most cases are not inherited and occur randomly 
during the formation of reproductive cells in a parent. Some 
inherit an unbalanced translocation involving chromosome 21 
may have extra genetic material from chromosome 21, which 
causes Down’s syndrome. 4 

Clinical features

�ey include the patient having: 5-6

 
MUSCULOSKELETAL FEATURES

i.     Single palmar (Simian) crease
ii.    Fifth �nger clinodactyly 
iii.   Short stubby digits
iv.   Abnormal dermatoglyphics 
v.    Wide sandal gap between �rst and second toes
vi.   Small stature

Facial features

i.     Round face, epicanthic folds 
ii.    Brachycephaly, low set hairline, �attened occiput. 

iii.    Brush�eld spots in the iris
iv.    Protruding tongue and open mouth
v.     Small set dysplastic ears
vi.    Short neck with excessive skin at nape.

CNS (Central Nervous System) features

i.   Generalised hypotonia.

Type of heart problem that is most common or 
distinctive

Approximately one-half of individuals with Down’s syndrome 
(DS) have congenital heart disease.7-9 In the largest 
population-based study, cardiovascular abnormalities were 
identi�ed in 342 of 821 (42%) infants born with DS. 9 

23% had more than one anomaly. �e secondary lesion was 
most commonly an atrial septal defect (ASD) or patent ductus 
arteriosus (PDA). �e primary lesions identi�ed were:

i.    Complete atrioventricular septal defect (CAVSD) – 37%
ii.   Ventricular septal defect (VSD) – 31%
iii.  ASD – 15%
iv.  Partial atrioventricular septal defect (PAVSD) – 6%
v.   Tetralogy of Fallot (TOF) – 5%
vi.  PDA – 4 %
vii. Miscellaneous –2%

In adult Downs’, congenital heart cardiac heart defects were 
found in 24.8% of patients. Among those patients with 
abnormalities the predominant lesions were VSD 31.4%, 
AVSD 17.4%, ASD 17.4% and PDA 6.3%.

Also, 77% of the screened patients without known cardiac 
lesions had mild to moderate regurgitation in one or more heart 
valves. �e majority being aortic regurgitation (AR). In that 
study, the overall prevalence of congenital heart disease in adult 
Down’s syndrome patients living in residential centres was at 
33%. 10

 
2) Turner’s syndrome

Inheritance: It is not inherited, it usually occurs after the egg 
has been fertilized and appears to be a random event caused by 
the complete or partial loss of one of the two X chromosomes in 
girls. 11 

Clinical features

�e typical features are: 12

Musculoskeletal features

i.   Short stature
ii.  Shield chest with widely spaced nipples
iii. Cubitus valgus
iv. Madelung deformity of the forearm and wrist 
    (prominent ulnar head and apparent volar 
    subluxation of the wrist)

Facial Features

i.    Short webbed neck
ii.   Neonates may have congenital lymphedema of the hands 
      and feet, webbed neck, nail dysplasia, narrow and 
      high-arched palate, and short fourth metacarpals and/or
      metatarsals. 

Type of heart problem that is most common or 
distinctive

About 30% of Turner’s have heart problems:

i.    Left sided obstructive lesions predominate especially 
ii.   Bicuspid aortic valve (30-50%), 
iii.  Coarctation of the aorta (30%). 
iv.  Aortic root dilatation is uncommon (5%) but potentially 
     devastating if aortic rupture occurs.13

3) Marfan’s syndrome (MFS)

Inheritance : Autosomal dominant 14 

Clinical features given based on the Revised 
Ghent Criteria. 15,16,17

Musculoskeletal Features               Scoring 
 
Wrist AND thumb sign    3 points
Wrist OR thumb sign                                    1 point
Pectus carinatum deformity   2 points
Pectus excavatum OR chest asymmetry          1 point
Hindfoot deformity                2 points
Plain pes planus     1 point
Dural ectasia                                                   2 points
Protrusio actabuli                  2 points
Reduced upper segment/lower segment ratio AND increased       
               1 point
Arm span/height AND no severe scoliosis.   1 point
Scoliosis thoracolumbar kyphosis   1 point
Reduced elbow extension (< 1700 with full extension) 1 point

Facial features  at least 3 of the 5 following features:

a) Dolichocephaly
b) Enophthalmos
c) Downslanting palpebral �ssures
d) Malar hypoplasia
e) Retrognathia

Other features

Skin striae      1 point
Pneumothorax         2 points

Type of heart problem that is most common or 
distinctive

Mitral valve prolapse                 1 point
Aortic root dilatation
  

GENETIC SYNDROMES AND ASSOCIATED CARDIOVASCULAR ANOMALIES IN ADULTS:
A SINGAPORE PERSPECTIVE

T  H   E     S  I   N   G  A   P  O   R   E     F  A   M  I  L  Y    P  H  Y   S  I  C   I  A  N    V O  L  4 5(1)  J A N U A R Y - M A R C H  2 0 1 9  :  37

In the absence of family history

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
ectopia lentis =MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
causal FBN1 (Fibrillin 1 gene) mutation=MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
systemic points greater than 7= MFS.

Ectopia lentis with FBN1 with known Ao enlargement = MFS

In the presence of family history

Ectopia lentis and family history of MFS= MFS

Systemic points greater than 7 and family history of MFS 
=MFS

Ao (Z ≥2 above 20 years, ≥3 below 20 years) + family history of 
MFS=MFS

4) Di George/Velocardiofacial syndrome

Inheritance: Most cases of 22q11.2 deletion syndrome are not 
inherited. �e deletion occurs most often as a random event 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. However, the inheritance of 22q11.2 
deletion syndrome is considered autosomal dominant because a 
deletion in one copy of chromosome 22 in each cell is su�cient 
to cause the condition. 18 

Clinical features

�e classic triad of features of Di George/ Velocardiofacial 
syndrome (DGS) on presentation is 19 

i.     Conotruncal cardiac anomalies i.e. cardiac out�ow  
    anomalies that includes defects such as Tetralogy of 
    Fallot, pulmonary atresia with VSD, truncus 
    arteriosus, transposition of the great arteries etc.)

ii.     Hypoplastic thymus
iii.    Hypocalcaemia.

�e phenotype typical features are: 19-25

Musculoskeletal features

i.    Short stature

Facial Features

ii.    Cleft lip or palate 
iii.   Small jaw, 
iv.   Small upper lip or mouth, 
v.    Eyes slanted upward or downward,
vi.   Low -set and/or abnormal folding of ears

A broad spectrum characterizes the presence and severity of 
individual features, and the severity of each feature appears to 

be independent of other features. Older children with DGS 
may be detected through clinics for congenital heart defects or 
craniofacial clinics, may be referred to developmental specialists 
for poor school performance, or may be diagnosed due to 
frequent infections or autoimmune conditions.

TYPE OF HEART PROBLEM THAT IS MOST 
COMMON OR DISTINCTIVE

�e most common cardiac defects account for two-thirds of the 
cardiac anomalies seen in patients with DGS and include the 
following: 19, 21,23,26,27

i)     Interrupted aortic arch
ii)    Truncus arteriosus
iii)   Tetralogy of Fallot
iv)   Atrial or ventricular septal defects (ASDs or VSDs)

5) Alagille syndrome

Inheritance: �is condition is inherited in an autosomal 
dominant pattern. A minority is due to the spontaneous 
mutation on chromosome 20 that occur as random events 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. 28 

Clinical features

Alagille syndrome is characterized by the lack of interlobular 
bile ducts and the following associated features: 49-52

Facial Features

i.     Posterior embryotoxon (prominent Schwalbe line) of  
the eye 

ii.    Broad nasal bridge, 
iii.   Triangular facies, 
iv.   Deep-set eyes 

Other features

i.     Chronic cholestasis
ii.    Butter�y vertebrae

Type of heart problem that is most common or 
distinctive

Congenital heart disease is the second most common 
manifestation of Alagille syndrome a�ecting greater than 90% 
of patients. 32 �e lesions noted were

i)     Pulmonary out�ow tract involvement with peripheral 
    pulmonary stenosis being the hallmark in 70%.

ii)    Tetralogy of Fallot 
iii)   Ventricular septal defects
iv)   Atrial septal defects
v)    Aortic stenosis 

6) CORNELIA DE LANGE (CDLS)

Inheritance: Most cases result from new gene mutations and 

 

Others

i.    Testicular enlargement (volume >25 mL after puberty) with 
      normal testicular function.

Type of heart problem that is most common or 
distinctive

In a recent paper, the author reviewed the literature and found 
that the predominant lesions among patients with Fragile X 
were 48 

i.    Aortic root dilatation in 25%
ii.   Mitral valve anomalies in 3-12% of the patients

9) Osteogenesis Imperfecta (OI)

Inheritance: Most are autosomal dominant and minority are 
autosomal recessive. 49 

Clinical features

Clinical manifestations of osteogenesis imperfect include: 50-53

Musculoskeletal features

i.    Excess or atypical fractures (brittle bones); fractures most   
      commonly associated with OI were transverse humerus,  
      olecranon, and diaphyseal humerus fractures. 
ii.   Short stature
iii.  Scoliosis
iv.  Increased laxity of the ligaments and skin
v.   Wormian bones (small, irregular bones along the cranial 
      sutures) 

Facial features

i.   Blue sclerae 
ii.  Hearing loss (usually detected in later childhood to early 
     adulthood
iii. Opalescent teeth that wear quickly (dentinogenesis 
     imperfecta) 

CNS features

i.  Basilar skull deformities, which may cause nerve compression 
    or other neurologic symptoms

Other features

i.  Easy bruisability

Type of heart problem that is most common or 
distinctive

All aortic diameters were signi�cantly larger in the OI group 
than in the control group, they also have in: 54

i)    Aortic regurgitation (AR)
ii)   Mitral regurgitation. (MR)

10) 1p 36 microdeletion syndrome

Inheritance: Most cases of 1p36 deletion syndrome are not 
inherited. �ey result from a chromosomal deletion that occurs 
as a random event during the formation of reproductive cells 
(eggs or sperm) or in early foetal development. A�ected people 
typically have no history of the disorder in their family.
About 20% of people with 1p36 deletion syndrome inherit the 
chromosome with a deleted segment from an una�ected parent. 
In these cases, the parent carries a chromosomal rearrangement 
called a balanced translocation. 55

Clinical features:

Characteristic features are: 56-63

Musculoskeletal features 

i.     Skeletal abnormalities

Facial features

ii.     Microcephaly 
iii.    Brachycephaly,
iv.    Large and persistently open anterior fontanelle 
v.     Deep-set eyes, straight eyebrows
vi.    Posteriorly rotated and low-set ears 
vii.   Midface hypoplasia 
viii.  Flat nasal bridge 
ix.    Pointy chin
x.     Orofacial clefting

CNS features

i.      Moderate to severe intellectual disabilities
ii.     Hearing loss
iii.    Oropharyngeal dysphagia
iv.    Ophthalmological abnormalities
v.     Seizures

Other features

i.     Renal abnormalities

Type of heart problem that is most common or 
distinctive 56

i.     PDA 
ii.    VSD 
iii.   Dilated cardiomyopathy

Table 1: Summary of Genetic syndromes, their 
phenotypic features and cardiac lesions present.

 

DISCUSSION

�e spectrum of genetic syndromes with associated cardiac 
anomalies as discussed above is essential for family physicians to 
recognize and refer to geneticist and cardiologist for appropriate 
diagnosis and management. 
 
Lin et al, published a seminal paper on adults with genetic 
syndromes and cardiovascular abnormalities. 64 �e author 
advocated healthcare providers to address the immediate needs 
of young people with genetic syndromes and cardiovascular 
abnormality making the transition to adulthood. Multiple 
issues likely fertility, prenatal testing, complications due to 
pregnancy, and child developing genetic defects needs to be 
explored. �e individual with a syndrome and their partner 
should meet with a geneticist or genetic counsellor, an 
experienced obstetrician/gynaecologist, and, as needed, an 
infertility specialist, e.g. woman with Turner syndrome, man 
with Klinefelter syndrome. Establishing a genetic diagnosis in 
the individual is as important as de�ning the cardiovascular 
abnormality. 64

KK Women’s and Children’s Hospital (KKH) launched 
Southeast Asia’s �rst accredited chromosomal microarray 
analysis (CMA) diagnostic test, to aid the diagnosis of genetic 
disorders in children. CMA, a DNA-based method of genetic 
investigation, helps to identify clinically signi�cant 
chromosome anomalies that are too small to be detected by 
conventional chromosome analysis – also known as 
karyotyping. With an expected diagnostic yield of about 20%, 
compared with 3.7 to 9.5% for traditional karyotyping, CMA 
is expected to provide an underlying genetic diagnosis in a 
higher proportion of patients. �is bene�ts patient as it ends 
the diagnostic odyssey, preventing further unnecessary 
investigations. It also includes information about possible 
complications, allowing appropriate monitoring and early 
management, and facilitates the provision of accurate 
information about recurrence risks in future pregnancies, and 

the reproductive choices available. 3

Primary care physicians are specially trained for and skilled in 
comprehensive �rst contact and continuing care for persons 
with any undiagnosed sign, symptom, or health concern (the 
"undi�erentiated" patient) not limited by problem origin 
(biological, behavioural, or social), organ system, or diagnosis. 65 

Hence, as primary care physicians we must have a high index of 
suspicion to identify such patients to prevent downstream 
complications like Eisenmenger’s, infective endocarditis, etc. 
�e authors hope that this guide of the common syndromic 
conditions with congenital heart abnormalities will empower 
the primary care physicians to identify such situations and refer 
them appropriately for further management and treatment.

CONCLUSION

�is article endeavour to create awareness of adults with 
common genetic syndromes and its cardiac complications. �is 
awareness will hopefully translate to them being referred to our 
cardiologists’ colleagues early in order to prevent further 
morbidity and mortality. Increased availability of data of such 
patients would translate into determining the actual prevalence 
of such syndromes or other syndromes seen in Singapore, with 
targeted measures to manage them well.

Conflict of interest :

Both Dr Farhad Fakhrudin Vasanwala and Dr Ong Chong Yau 
have no con�ict to declare in terms of sponsorship, or 
remuneration for the article we are submitting.

REFERENCES 
1) National Heart Centre, Adult Congenital Heart Disease, Department 
of Cardiology, National Heart Centre Singapore, 2017. Available at: 
https://www.singhealth.com.sg/patient-care/conditions-treatments/adult-
congenital-heart-disease-achd. Accessed 1/11/18.
2) Tan KH, Tan TY, Tan J, Tan I, Chew SK, Yeo GS. Birth defects in 
Singapore: 1994-2000. Singapore medical journal. 2005 Oct;46(10):545.
3) Tomorrow’s Medicine, KKH launches new DNA diagnostic test, 
Clinical Care and Innovation, 2015. Available at: 
https://www.singhealth.com.sg/TomorrowsMed/Article/Pages/KKHlaunc
hesnewDNAdiagnostictest.aspx). Accessed 1/11/18.
4) US National Institutes of Health. US National Library of Medicine. 
Genetics home reference: Glossary. Available at: 
https://ghr.nlm.nih.gov/condition/down-syndrome#inheritance. Accessed 
1/11/18.
5) Jones KL, Smith DM. Recognizable patterns of human malformation. 
Elsevier; 2006.
6)  Epstein CJ. Down syndrome (trisomy 21). The metabolic and 
molecular basis of inherited disease. 2001.
7) Freeman SB, Taft LF, Dooley KJ, Allran K, Sherman SL, Hassold TJ, 
Khoury MJ, Saker DM. Population‐based study of congenital heart 
defects in Down syndrome. American journal of medical genetics. 1998 
Nov 16;80(3):213-7. 
https://doi.org/10.1002/(SICI)1096-8628(19981116)80:3%3C213::AID-AJ
MG6%3E3.0.CO;2-8
8) Dennis J, Archer N, Ellis J, Marder L. Recognising heart disease in 
children with Down syndrome. Archives of Disease in 
Childhood-Education and Practice. 2010 Aug 1;95(4):98-104. 
http://dx.doi.org/10.1136/adc.2007.126672
9) Irving CA, Chaudhari MP. Cardiovascular abnormalities in Down's 
syndrome: spectrum, management and survival over 22 years. Archives 

of disease in childhood. 2012 Apr 1;97(4):326-30. 
http://dx.doi.org/10.1136/adc.2010.210534
10) Vis JC, de Bruin-Bon RH, Bouma BJ, Huisman SA, Imschoot L, van 
den Brink K, Mulder BJ. Congenital heart defects are under-recognised 
in adult patients with Down's syndrome. Heart. 2010 Sep 
1;96(18):1480-4. doi:10.1136/hrt.2010.197509
11) US National Institutes of Health. US National Library of Medicine. 
Genetics home reference: Glossary.  Available at: 
https://ghr.nlm.nih.gov/condition/turner-syndrome#inheritance. 
Accessed  1/11/18.
12) Backeljauw P, Firth HV, Geffner DM, Hoppin AG. Clinical 
manifestations and diagnosis of Turner syndrome. UpToDate, Apr. 
2016. Accessed 1/11/18.
13) Saenger P, Wikland KA, Conway GS, Davenport M, Gravholt CH, 
Hintz R, Hovatta O, Hultcrantz M, Landin-Wilhelmsen K, Lin A, Lippe B. 
Recommendations for the diagnosis and management of Turner 
syndrome. The Journal of Clinical Endocrinology & Metabolism. 2001 Jul 
1;86(7):3061-9. https://doi.org/10.1210/jcem.86.7.7683
14) US National Institutes of Health. US National Library of Medicine. 
Genetics home reference: Glossary. Available at: 
https://ghr.nlm.nih.gov/condition/marfan-syndrome#inheritance. 
Accessed  1/11/18.
15) Loeys BL, Dietz HC, Braverman AC, Callewaert BL, De Backer J, 
Devereux RB, Hilhorst-Hofstee Y, Jondeau G, Faivre L, Milewicz DM, 
Pyeritz RE. The revised Ghent nosology for the Marfan syndrome. 
Journal of medical genetics. 2010 Jul 1;47(7):476-85. 
http://dx.doi.org/10.1136/jmg.2009.072785
16) Rybczynski M, Mir TS, Sheikhzadeh S, Bernhardt AM, Schad C, 
Treede H, Veldhoen S, Groene EF, Kühne K, Koschyk D, Robinson PN. 
Frequency and age-related course of mitral valve dysfunction in the 
Marfan syndrome. The American journal of cardiology. 2010 Oct 
1;106(7):1048-53. https://doi.org/10.1016/j.amjcard.2010.05.038
17) Faivre L, Collod-Beroud G, Loeys BL, Child A, Binquet C, Gautier E, 
Callewaert B, Arbustini E, Mayer K, Arslan-Kirchner M, Kiotsekoglou A. 
Effect of mutation type and location on clinical outcome in 1,013 
probands with Marfan syndrome or related phenotypes and FBN1 
mutations: an international study. The American Journal of Human 
Genetics. 2007 Sep 1;81(3):454-66. https://doi.org/10.1086/520125
18) US National Institutes of Health. US National Library of Medicine. 
Genetics home reference: Glossary. 
https://ghr.nlm.nih.gov/condition/22q112-deletion-syndrome#inheritance
. Accessed 1/11/18.
19) Bassett AS, McDonald-McGinn DM, Devriendt K, Digilio MC, 
Goldenberg P, Habel A, Marino B, Oskarsdottir S, Philip N, Sullivan K, 
Swillen A. Practical guidelines for managing patients with 22q11. 2 
deletion syndrome. The Journal of pediatrics. 2011 Aug 1;159(2):332-9. 
https://doi.org/10.1016/j.jpeds.2011.02.039
20) McDonald-McGinn DM, Sullivan KE. Chromosome 22q11. 2 
deletion syndrome (DiGeorge syndrome/velocardiofacial syndrome). 
Medicine. 2011 Jan 1;90(1):1-8. 
https//doi:10.1097/MD.0b013e3182060469
21)  Ryan AK, Goodship JA, Wilson DI, Philip N, Levy A, Seidel H, 
Schuffenhauer S, Oechsler H, Belohradsky B, Prieur M, Aurias A. 
Spectrum of clinical features associated with interstitial chromosome 
22q11 deletions: a European collaborative study. Journal of medical 
genetics. 1997 Oct 1;34(10):798-804. 
http://dx.doi.org/10.1136/jmg.34.10.798
22) Vantrappen G, Devriendt K, Swillen A, Rommel N, Vogels A, 
Eyskens B, Gewillig M, Feenstra L, Fryns JP. Presenting symptoms and 
clinical features in 130 patients with the velo-cardio-facial syndrome. The 
Leuven experience. Genetic counseling (Geneva, Switzerland). 
1999;10(1):3-9.
23) McDonald-McGinn DM, Kirschner R, Goldmuntz E, Sullivan K, 

Eicher P, Gerdes M, Moss E, Solot C, Wang P, Jacobs I, Handler S. The 
Philadelphia story: the 22q11. 2 deletion: report on 250 patients. 
Genetic counseling (Geneva, Switzerland). 1999;10(1):11-24.
24) Motzkin B, Marion R, Goldberg R, Shprintzen R, Saenger P. Variable 
phenotypes in velocardiofacial syndrome with chromosomal deletion. 
The Journal of pediatrics. 1993 Sep 1;123(3):406-10. 
https://doi.org/10.1016/S0022-3476(05)81740-8
25) Cirillo E, Giardino G, Gallo V, Puliafito P, Azzari C, Bacchetta R, 
Cardinale F, Cicalese MP, Consolini R, Martino S, Martire B. 
Intergenerational and intrafamilial phenotypic variability in 22q11. 2 
deletion syndrome subjects. BMC medical genetics. 2014 Dec;15(1):1. 
https://doi.org/10.1186/1471-2350-15-1
26) McDONALD-McGINN DM, LaROSSA DO, GOLDMUNTZ E, 
SULLIVAN K, EICHER P, GERDES M, MOSS E, WANG P, SOLOT C, 
SCHULTZ P, LYNCH D. The 22q11. 2 deletion: screening, diagnostic 
workup, and outcome of results; report on 181 patients. Genetic 
testing. 1997;1(2):99-108.
27)  Goldmuntz E, Driscoll DA, Emanuel BS, McDonald‐McGinn D, Mei 
M, Zackai E, Mitchell LE. Evaluation of potential modifiers of the cardiac 
phenotype in the 22q11. 2 deletion syndrome. Birth Defects Research 
Part A: Clinical and Molecular Teratology. 2009 Feb;85(2):125-9. 
https://doi.org/10.1002/bdra.20501
28) US National Institutes of Health. US National Library of Medicine. 
Genetics home reference: Glossary. Available at: 
https://ghr.nlm.nih.gov/condition/alagille-syndrome#inheritance. 
Accessed 1/11/18.
29) Alagille D, Estrada A, Hadchouel M, Gautler M, Odievre M, 
Dommergues JP. Syndromic paucity of interlobular bile ducts (Alagille 
syndrome or arteriohepatic dysplasia): review of 80 cases. The Journal 
of pediatrics. 1987 Feb 1;110(2):195-200. 
https://doi.org/10.1016/S0022-3476(87)80153-1
30) Alagille D. Alagille syndrome today. Clinical and investigative 
medicine. 1996 Oct 1;19(5):325-30.
31) Emerick KM, Rand EB, Goldmuntz E, Krantz ID, Spinner NB, Piccoli 
DA. Features of Alagille syndrome in 92 patients: frequency and relation 
to prognosis. Hepatology. 1999 Mar 1;29(3):822-9. 
https://doi.org/10.1002/hep.510290331
32) Subramaniam P, Knisely A, Portmann B, Qureshi SA, Aclimandos 
WA, Karani JB, Baker AJ. Diagnosis of Alagille syndrome—25 years of 
experience at King's College Hospital. Journal of pediatric 
gastroenterology and nutrition. 2011 Jan 1;52(1):84-9.
https://doi.org/10.1097/MPG.0b013e3181f1572d
33) US National Institutes of Health. US National Library of Medicine. 
Genetics home reference: Glossary. Available at 
https://ghr.nlm.nih.gov/condition/cornelia-de-lange-syndrome#inheritanc
e. Accessed 1/11/18.
34) Deardorff MA, Noon SE, Krantz ID. Cornelia de Lange syndrome. 
InGeneReviews®[Internet] 2016 Jan 28. University of Washington, 
Seattle. https://www.ncbi.nlm.nih.gov/books/NBK1104/). Assessed 
1/11/18.
35) Jackson L, Kline AD, Barr MA, Koch SD. de Lange syndrome: a 
clinical review of 310 individuals. American journal of medical genetics. 
1993 Nov 15;47(7):940-6.https://doi.org/10.1002/ajmg.1320470703
36) Mehta AV, Ambalavanan SK. Occurrence of congenital heart disease 
in children with Brachmann‐de Lange syndrome. American journal of 
medical genetics. 1997 Sep 5;71(4):434-5. 
https://doi.org/10.1002/(SICI)1096-8628(19970905)71:4%3C434::AID-AJ
MG12%3E3.0.CO;2-H
37) Tsukahara M, Okamoto N, Ohashi H, Kuwajima K, Kondo I, Sugie 
H, Nagai T, Naritomi K, Hasegawa T, Fukushima Y, Masuno M. 
Brachmann‐de Lange syndrome and congenital heart disease. American 
journal of medical genetics. 1998 Feb 3;75(4):441-2. 
https://doi.org/10.1002/(SICI)1096-8628(19980203)75:4%3C441::AID-AJ

MG20%3E3.0.CO;2-N
38) US National Institutes of Health. US National Library of Medicine. 
Genetics home reference: Glossary 
https://ghr.nlm.nih.gov/condition/noonan-syndrome#inheritance. 
Accessed 1/11/18.
39) Shaw AC, Kalidas K, Crosby AH, Jeffery S, Patton MA. The natural 
history of Noonan syndrome: a long-term follow-up study. Archives of 
disease in childhood. 2007 Feb 1;92(2):128-32.
http://dx.doi.org/10.1136/adc.2006.104547
40) Calcagni G, Limongelli G, D'Ambrosio A, Gesualdo F, Digilio MC, 
Baban A, Albanese SB, Versacci P, De Luca E, Ferrero GB, Baldassarre 
G. Cardiac defects, morbidity and mortality in patients affected by 
RASopathies. CARNET study results. International journal of cardiology. 
2017 Oct 15;245:92-8. https://doi.org/10.1016/j.ijcard.2017.07.068
41) US National Institutes of Health. US National Library of Medicine. 
Genetics home reference: Glossary. Available at: 
https://ghr.nlm.nih.gov/condition/fragile-x-syndrome#inheritance. 
Accessed  1/11/18.
42) McConkie-Rosell A, Finucane B, Cronister A, Abrams L, Bennett RL, 
Pettersen BJ. Genetic counseling for fragile x syndrome: updated 
recommendations of the national society of genetic counselors. Journal 
of Genetic Counseling. 2005 Aug 1;14(4):249-70. 
https://doi.org/10.1007/s10897-005-4802-x
43) Fryns JP. The fragile X syndrome: A study of 83 families. Clinical 
genetics. 1984 Dec;26(6):497-528 
https://doi.org/10.1111/j.1399-0004.1984.tb01099.x
44) Lachiewicz AM, Dawson DV, Spiridigliozzi GA. Physical 
characteristics of young boys with fragile X syndrome: reasons for 
difficulties in making a diagnosis in young males. American journal of 
medical genetics. 2000 Jun 5;92(4):229-36. 
https://doi.org/10.1002/(SICI)1096-8628(20000605)92:4%3C229::AID-AJ
MG1%3E3.0.CO;2-K
45) Butler MG, Brunschwig A, Miller LK, Hagerman RJ. Standards for 
selected anthropometric measurements in males with the fragile X 
syndrome. Pediatrics. 1992 Jun 1;89(6):1059-62.
46) Cantú JM, Scaglia HE, Medina M, et al. Inherited congenital 
normofunctional testicular hyperplasia and mental deficiency. Hum 
Genet 1976; 33:23-33.
47)  Cantu JM, Scaglia HE, Gonzalez-Diddi M, Hernández-Jáuregui P, 
Morato T, Moreno ME, Giner J, Alcántar A, Herrera D, Pérez-Palacios 
G. Inherited congenital normofunctional testicular hyperplasia and 
mental deficiency. Human genetics. 1978 Jan 1;41(3):331-9.
48)  Ciaccio C, Fontana L, Milani D, Tabano S, Miozzo M, Esposito S. 
Fragile X syndrome: a review of clinical and molecular diagnoses. Italian 
journal of pediatrics. 2017 Dec;43(1):39.  
https://doi.org/10.1186/s13052-017-0355-y
49) US National Institutes of Health. US National Library of Medicine. 
Genetics home reference: Glossary. Available at: 
https://ghr.nlm.nih.gov/condition/osteogenesis-imperfecta#inheritance. 
Accessed 1/11/18.
50) Byers PH. Disorders of collagen biosynthesis and structure. The 
metabolic and molecular bases of inherited disease. 2001:1065-81.
51) Rauch F, Glorieux FH. Osteogenesis imperfecta. The Lancet. 2004 
Apr 24;363(9418):1377-85.
https://doi.org/10.1016/S0140-6736(04)16051-0
52) Wilson GN, Wilson G, Cooley WC. Preventive management of 
children with congenital anomalies and syndromes. Cambridge 
University Press; 2000 Jun 15.
53) Cremin B, Goodman H, Spranger J, Beighton P. Wormian bones in 
osteogenesis imperfecta and other disorders. Skeletal radiology. 1982 
Mar 1;8(1):35-8. https://doi.org/10.1007/BF00361366
54) Radunovic Z, Wekre LL, Diep LM, Steine K. Cardiovascular 
abnormalities in adults with osteogenesis imperfecta. American heart 

journal. 2011 Mar 1;161(3):523-9.
doi: 10.1016/j.ahj.2010.11.006
55) US National Institutes of Health. US National Library of Medicine. 
Genetics home reference: Glossary. Available at 
https://ghr.nlm.nih.gov/condition/1p36-deletion-syndrome#inheritance. 
Accessed 1/11/18.
56) Battaglia A, Hoyme HE, Dallapiccola B, Zackai E, Hudgins L, 
McDonald-McGinn D, Bahi-Buisson N, Romano C, Williams CA, Brailey 
LL, Zuberi SM. Further delineation of deletion 1p36 syndrome in 60 
patients: a recognizable phenotype and common cause of developmental 
delay and mental retardation. Pediatrics. 2008 Feb 1;121(2):404-10. 
https://doi.org/10.1542/peds.2007-0929
57) Gajecka M, Mackay KL, Shaffer LG. Monosomy 1p36 deletion 
syndrome. InAmerican Journal of Medical Genetics Part C: Seminars in 
Medical Genetics 2007 Nov 15 (Vol. 145, No. 4, pp. 346-356). Hoboken: 
Wiley Subscription Services, Inc., A Wiley 
Company.https://doi.org/10.1002/ajmg.c.30154
58) Heilstedt HA, Ballif BC, Howard LA, Lewis RA, Stal S, Kashork CD, 
Bacino CA, Shapira SK, Shaffer LG. Physical map of 1p36, placement of 
breakpoints in monosomy 1p36, and clinical characterization of the 
syndrome. The American Journal of Human Genetics. 2003 May 
1;72(5):1200-12. https://doi.org/10.1086/375179
59) Shapira SK, McCaskill C, Northrup H, Spikes AS, Elder FF, Sutton 
VR, Korenberg JR, Greenberg F, Shaffer LG. Chromosome 1p36 
deletions: the clinical phenotype and molecular characterization of a 
common newly delineated syndrome. The American Journal of Human 
Genetics. 1997 Sep 1;61(3):642-50. https://doi.org/10.1086/515520
60) Battaglia A. 1p36 deletion syndrome. GeneReviews. Available at: 
http://www.ncbi.nlm.nih.gov/books/NBK1191/. Accessed on 1/11/18.
61) US National Institutes of Health. US National Library of Medicine. 
Genetics home reference: Glossary. Available at: 
http://ghr.nlm.nih.gov/condition/1p36-deletion-syndrome. Accessed 
1/11/18.
62) Buck A, du Souich C, Boerkoel CF. Minimal genotype–phenotype 
correlation for small deletions within distal 1p36. American Journal of 
Medical Genetics Part A. 2011 Dec 1;155(12):3164-9. 
https://doi.org/10.1002/ajmg.a.34333
63) Watanabe M, Hayabuchi Y, Ono A, Naruto T, Horikawa H, 
Kohmoto T, Masuda K, Nakagawa R, Ito H, Kagami S, Imoto I. 
Detection of 1p36 deletion by clinical exome-first diagnostic approach. 
Human genome variation. 2016 May 12;3:16006.  
https://doi:10.1038/hgv.2016.6
64) Lin AE, Basson CT, Goldmuntz E, Magoulas PL, McDermott DA, 
McDonald-McGinn DM, McPherson E, Morris CA, Noonan J, Nowak C, 
Pierpont ME. Adults with genetic syndromes and cardiovascular 
abnormalities: clinical history and management. Genetics in Medicine. 
2008 Jul;10(7):469. 
https://dx.doi.org/10.1097%2FGIM.0b013e3181772111
65) American Academy of Family Physicians. Primary care definition. 
Available at https://www.aafp.org/about/policies/all/primary-care.html. 
Accessed 1/11/18.



occur in people with no history of the condition in their family. 
For the minority depending which genes are a�ected, it can 
manifest as autosomal dominant or X-linked dominant. 33

Clinical features

�e typical features of this syndrome are: 34

Musculoskeletal features

i.  Upper limb reduction defects that range from subtle  
    phalangeal abnormalities to oligodactyly (missing digits).

Facial features

i.     Craniofacial features include synophrys (a single eyebrow 
       created when the two eyebrows meet in the middle above 
       the bridge of the nose) 
ii.    Highly arched eyebrows 
iii.   Long eyelashes
iv.   Short nose with anteverted nares 
v.    Small widely spaced teeth
vi.   Microcephaly
vii.  Hirsutism

CNS features

i.    IQ ranges from below 30 to 102 (mean: 53) 
ii.   Many individuals demonstrate autistic and self-destructive
      tendencies

Frequent �ndings include cardiac septal defects, 
gastrointestinal dysfunction, hearing loss, myopia, and 
cryptorchidism or hypoplastic genitalia. Individuals with a 
milder phenotype have less severe growth, cognitive, and limb 
involvement, but often have facial features consistent with 
CdLS. 34

Type of heart problem that is most common or 
distinctive

Approximately 25% of individuals with CdLS have congenital 
heart disease. 35-37 �e most common abnormalities include (in 
descending order): 

i)    Ventricular septal defects
ii)   Atrial septal defects
iii)  Pulmonary stenosis
iv)  Tetralogy of Fallot
v)   Hypoplastic left heart syndrome
vi)  Bicuspid aortic valve

7) Noonan’s syndrome

Inheritance: Autosomal dominant. 38

 
Clinical features:

�e features typically present are: 39

Musculoskeletal features

i.   Chiara malformation
ii.   Lymphedema

Facial features

i.    High forehead 
ii.   Hypertelorism, 
iii.   Downslanting palpebral �ssures
iv.   High arched eyebrows, epicanthic folds
v.    Full upper lip
vi.   Depressed nasal bridge
vii.  Low-set ears. 
viii. Strikingly blue irides
ix.    Ptosis
x.     Degree of neck webbing may be observed.
xi.    Triangular shaped face.

CNS features

i.  Intellectual function, from average to signi�cantly impaired, 
    with most patients having mild developmental delay.

Other features

i.  Male infertility even with those with no cryptorchidism

Type of heart problem that is most common or 
distinctive 40

More than 80% of patients with NS have cardiac involvement.
 
i.    Most common are pulmonary valve stenosis. 
ii.   Atrial septal defects are also frequent.
iii.  20% of patients overall have hypertrophic cardiomyopathy

8) Fragile X Syndrome

Inheritance: X-linked dominant 41

 
Clinical features

�e physical features of Fragile X in males vary depending upon 
age. 42-47

�e classic physical manifestations are more evident in 
adolescents:

Facial features

i.    Long and narrow face with prominent forehead and chin 
      (prognathism).
ii.   Large ears.

CNS features

i.    Intellectual disability

ABSTRACT
Children with genetic syndromes are increasingly 
surviving to adulthood in Singapore. This is due to early 
detection and significantly improved multi-dimensional 
care. Congenital heart disease is one of the 
characteristic abnormalities in patients. However, the 
cardiac anomalies of some of these patients may only 
manifest later in early adulthood. A significant number 
of such patients are not on regular medical follow-ups to 
monitor for future complications. This article describes 
based on the common syndromic conditions that are 
present in Singapore. Advanced genetic tests like 
chromosomal microarray analysis can help diagnose 
these syndromes that are not obvious clinically, thus 
instituting appropriate management and treatment for 
such patients. Creating awareness of such syndromes 
and its cardiac complications will translate to them 
being referred to the cardiologists to prevent further 
morbidity and mortality. Timely counselling regarding 
fertility, prenatal testing and complications due to 
pregnancy are also discussed in this article.
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INTRODUCTION

In Singapore, an increasing number of children with genetic 
syndromes and its associated cardiovascular heart disease are 
surviving into adulthood. �is is because of earlier detection of 
these conditions during postnatal or early childhood; along 
with signi�cantly improved surgical, medical, anaesthetic and 
intensive care over the last few decades. About close to 85% of 
the patients survive to adulthood as compared to only 15% a 
few decades ago. 1 In these syndromes the incidence of 
congenital cardiac anomalies at birth is 8.12/1000 live births 
based on the study done in Singapore from 1994 to 2000, 
which is the most up to date local data published thus far. 2 �e 
top most phenotypically recognizable congenital syndromes 
with cardiac comorbidities at birth are Down’s, Patau’s, 

Edwards’, and Turner’s syndrome. However, Patau’s and 
Edwards’ syndrome do not survive to adulthood.2 Some of the 
congenital syndromes have subtle features and may not 
manifest itself obviously and may be missed till they reach their 
teens or even adulthood. Moreover, cardiovascular 
abnormalities usually present later in late teens or adulthood for 
a number of syndromes due to connective tissue defects such as 
in Osteogenesis Imperfecta and Marfan’s syndrome.
 
�e largest paediatric tertiary hospital in Singapore, KK 
Women’s & Children’s Hospital, in 2015 introduced the �rst 
accredited chromosomal microarray analysis, a DNA based 
method of genetic investigation to help detect these syndromes 
with subtle manifestations. 3 �eir work showed that the most 
common genetic syndrome were Angelman/ Prader-Willi, 
Velocardiofacial and 1p36 microdeletion syndrome. �e latter 
two have cardiac defects that can survive to adulthood. By 
increasing awareness of these genetic syndromes among the 
family physicians more of such patients could be referred early 
to the genetic services for con�rmation of syndromes possibly 
aided by such diagnostic tests, and subsequently managed. �is 
article will discuss the common genetic syndromes based on 
international and local data in order to build awareness among 
primary care physicians in Singapore. Based on consensus 
among the authors, ten common syndromes in Singapore that 
have signi�cant cardiovascular comorbidities and which survive 
into adulthood are discussed.
 
CONGENITAL SYNDROMES WITH 
CARDIOVASCULAR ABNORMALITIES

1) Down’s syndrome 

Inheritance: Most cases are not inherited and occur randomly 
during the formation of reproductive cells in a parent. Some 
inherit an unbalanced translocation involving chromosome 21 
may have extra genetic material from chromosome 21, which 
causes Down’s syndrome. 4 

Clinical features

�ey include the patient having: 5-6

 
MUSCULOSKELETAL FEATURES

i.     Single palmar (Simian) crease
ii.    Fifth �nger clinodactyly 
iii.   Short stubby digits
iv.   Abnormal dermatoglyphics 
v.    Wide sandal gap between �rst and second toes
vi.   Small stature

Facial features

i.     Round face, epicanthic folds 
ii.    Brachycephaly, low set hairline, �attened occiput. 

iii.    Brush�eld spots in the iris
iv.    Protruding tongue and open mouth
v.     Small set dysplastic ears
vi.    Short neck with excessive skin at nape.

CNS (Central Nervous System) features

i.   Generalised hypotonia.

Type of heart problem that is most common or 
distinctive

Approximately one-half of individuals with Down’s syndrome 
(DS) have congenital heart disease.7-9 In the largest 
population-based study, cardiovascular abnormalities were 
identi�ed in 342 of 821 (42%) infants born with DS. 9 

23% had more than one anomaly. �e secondary lesion was 
most commonly an atrial septal defect (ASD) or patent ductus 
arteriosus (PDA). �e primary lesions identi�ed were:

i.    Complete atrioventricular septal defect (CAVSD) – 37%
ii.   Ventricular septal defect (VSD) – 31%
iii.  ASD – 15%
iv.  Partial atrioventricular septal defect (PAVSD) – 6%
v.   Tetralogy of Fallot (TOF) – 5%
vi.  PDA – 4 %
vii. Miscellaneous –2%

In adult Downs’, congenital heart cardiac heart defects were 
found in 24.8% of patients. Among those patients with 
abnormalities the predominant lesions were VSD 31.4%, 
AVSD 17.4%, ASD 17.4% and PDA 6.3%.

Also, 77% of the screened patients without known cardiac 
lesions had mild to moderate regurgitation in one or more heart 
valves. �e majority being aortic regurgitation (AR). In that 
study, the overall prevalence of congenital heart disease in adult 
Down’s syndrome patients living in residential centres was at 
33%. 10

 
2) Turner’s syndrome

Inheritance: It is not inherited, it usually occurs after the egg 
has been fertilized and appears to be a random event caused by 
the complete or partial loss of one of the two X chromosomes in 
girls. 11 

Clinical features

�e typical features are: 12

Musculoskeletal features

i.   Short stature
ii.  Shield chest with widely spaced nipples
iii. Cubitus valgus
iv. Madelung deformity of the forearm and wrist 
    (prominent ulnar head and apparent volar 
    subluxation of the wrist)

Facial Features

i.    Short webbed neck
ii.   Neonates may have congenital lymphedema of the hands 
      and feet, webbed neck, nail dysplasia, narrow and 
      high-arched palate, and short fourth metacarpals and/or
      metatarsals. 

Type of heart problem that is most common or 
distinctive

About 30% of Turner’s have heart problems:

i.    Left sided obstructive lesions predominate especially 
ii.   Bicuspid aortic valve (30-50%), 
iii.  Coarctation of the aorta (30%). 
iv.  Aortic root dilatation is uncommon (5%) but potentially 
     devastating if aortic rupture occurs.13

3) Marfan’s syndrome (MFS)

Inheritance : Autosomal dominant 14 

Clinical features given based on the Revised 
Ghent Criteria. 15,16,17

Musculoskeletal Features               Scoring 
 
Wrist AND thumb sign    3 points
Wrist OR thumb sign                                    1 point
Pectus carinatum deformity   2 points
Pectus excavatum OR chest asymmetry          1 point
Hindfoot deformity                2 points
Plain pes planus     1 point
Dural ectasia                                                   2 points
Protrusio actabuli                  2 points
Reduced upper segment/lower segment ratio AND increased       
               1 point
Arm span/height AND no severe scoliosis.   1 point
Scoliosis thoracolumbar kyphosis   1 point
Reduced elbow extension (< 1700 with full extension) 1 point

Facial features  at least 3 of the 5 following features:

a) Dolichocephaly
b) Enophthalmos
c) Downslanting palpebral �ssures
d) Malar hypoplasia
e) Retrognathia

Other features

Skin striae      1 point
Pneumothorax         2 points

Type of heart problem that is most common or 
distinctive

Mitral valve prolapse                 1 point
Aortic root dilatation
  

In the absence of family history

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
ectopia lentis =MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
causal FBN1 (Fibrillin 1 gene) mutation=MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
systemic points greater than 7= MFS.

Ectopia lentis with FBN1 with known Ao enlargement = MFS

In the presence of family history

Ectopia lentis and family history of MFS= MFS

Systemic points greater than 7 and family history of MFS 
=MFS

Ao (Z ≥2 above 20 years, ≥3 below 20 years) + family history of 
MFS=MFS

4) Di George/Velocardiofacial syndrome

Inheritance: Most cases of 22q11.2 deletion syndrome are not 
inherited. �e deletion occurs most often as a random event 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. However, the inheritance of 22q11.2 
deletion syndrome is considered autosomal dominant because a 
deletion in one copy of chromosome 22 in each cell is su�cient 
to cause the condition. 18 

Clinical features

�e classic triad of features of Di George/ Velocardiofacial 
syndrome (DGS) on presentation is 19 

i.     Conotruncal cardiac anomalies i.e. cardiac out�ow  
    anomalies that includes defects such as Tetralogy of 
    Fallot, pulmonary atresia with VSD, truncus 
    arteriosus, transposition of the great arteries etc.)

ii.     Hypoplastic thymus
iii.    Hypocalcaemia.

�e phenotype typical features are: 19-25

Musculoskeletal features

i.    Short stature

Facial Features

ii.    Cleft lip or palate 
iii.   Small jaw, 
iv.   Small upper lip or mouth, 
v.    Eyes slanted upward or downward,
vi.   Low -set and/or abnormal folding of ears

A broad spectrum characterizes the presence and severity of 
individual features, and the severity of each feature appears to 

be independent of other features. Older children with DGS 
may be detected through clinics for congenital heart defects or 
craniofacial clinics, may be referred to developmental specialists 
for poor school performance, or may be diagnosed due to 
frequent infections or autoimmune conditions.

TYPE OF HEART PROBLEM THAT IS MOST 
COMMON OR DISTINCTIVE

�e most common cardiac defects account for two-thirds of the 
cardiac anomalies seen in patients with DGS and include the 
following: 19, 21,23,26,27

i)     Interrupted aortic arch
ii)    Truncus arteriosus
iii)   Tetralogy of Fallot
iv)   Atrial or ventricular septal defects (ASDs or VSDs)

5) Alagille syndrome

Inheritance: �is condition is inherited in an autosomal 
dominant pattern. A minority is due to the spontaneous 
mutation on chromosome 20 that occur as random events 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. 28 

Clinical features

Alagille syndrome is characterized by the lack of interlobular 
bile ducts and the following associated features: 49-52

Facial Features

i.     Posterior embryotoxon (prominent Schwalbe line) of  
the eye 

ii.    Broad nasal bridge, 
iii.   Triangular facies, 
iv.   Deep-set eyes 

Other features

i.     Chronic cholestasis
ii.    Butter�y vertebrae

Type of heart problem that is most common or 
distinctive

Congenital heart disease is the second most common 
manifestation of Alagille syndrome a�ecting greater than 90% 
of patients. 32 �e lesions noted were

i)     Pulmonary out�ow tract involvement with peripheral 
    pulmonary stenosis being the hallmark in 70%.

ii)    Tetralogy of Fallot 
iii)   Ventricular septal defects
iv)   Atrial septal defects
v)    Aortic stenosis 

6) CORNELIA DE LANGE (CDLS)

Inheritance: Most cases result from new gene mutations and 

GENETIC SYNDROMES AND ASSOCIATED CARDIOVASCULAR ANOMALIES IN ADULTS:
A SINGAPORE PERSPECTIVE

T  H   E     S  I   N   G  A   P  O   R   E     F  A   M  I  L  Y    P  H  Y   S  I  C   I  A  N    V O  L  4 5(1)  J A N U A R Y - M A R C H  2 0 1 9  :  38

Others

i.    Testicular enlargement (volume >25 mL after puberty) with 
      normal testicular function.

Type of heart problem that is most common or 
distinctive

In a recent paper, the author reviewed the literature and found 
that the predominant lesions among patients with Fragile X 
were 48 

i.    Aortic root dilatation in 25%
ii.   Mitral valve anomalies in 3-12% of the patients

9) Osteogenesis Imperfecta (OI)

Inheritance: Most are autosomal dominant and minority are 
autosomal recessive. 49 

Clinical features

Clinical manifestations of osteogenesis imperfect include: 50-53

Musculoskeletal features

i.    Excess or atypical fractures (brittle bones); fractures most   
      commonly associated with OI were transverse humerus,  
      olecranon, and diaphyseal humerus fractures. 
ii.   Short stature
iii.  Scoliosis
iv.  Increased laxity of the ligaments and skin
v.   Wormian bones (small, irregular bones along the cranial 
      sutures) 

Facial features

i.   Blue sclerae 
ii.  Hearing loss (usually detected in later childhood to early 
     adulthood
iii. Opalescent teeth that wear quickly (dentinogenesis 
     imperfecta) 

CNS features

i.  Basilar skull deformities, which may cause nerve compression 
    or other neurologic symptoms

Other features

i.  Easy bruisability

Type of heart problem that is most common or 
distinctive

All aortic diameters were signi�cantly larger in the OI group 
than in the control group, they also have in: 54

i)    Aortic regurgitation (AR)
ii)   Mitral regurgitation. (MR)

10) 1p 36 microdeletion syndrome

Inheritance: Most cases of 1p36 deletion syndrome are not 
inherited. �ey result from a chromosomal deletion that occurs 
as a random event during the formation of reproductive cells 
(eggs or sperm) or in early foetal development. A�ected people 
typically have no history of the disorder in their family.
About 20% of people with 1p36 deletion syndrome inherit the 
chromosome with a deleted segment from an una�ected parent. 
In these cases, the parent carries a chromosomal rearrangement 
called a balanced translocation. 55

Clinical features:

Characteristic features are: 56-63

Musculoskeletal features 

i.     Skeletal abnormalities

Facial features

ii.     Microcephaly 
iii.    Brachycephaly,
iv.    Large and persistently open anterior fontanelle 
v.     Deep-set eyes, straight eyebrows
vi.    Posteriorly rotated and low-set ears 
vii.   Midface hypoplasia 
viii.  Flat nasal bridge 
ix.    Pointy chin
x.     Orofacial clefting

CNS features

i.      Moderate to severe intellectual disabilities
ii.     Hearing loss
iii.    Oropharyngeal dysphagia
iv.    Ophthalmological abnormalities
v.     Seizures

Other features

i.     Renal abnormalities

Type of heart problem that is most common or 
distinctive 56

i.     PDA 
ii.    VSD 
iii.   Dilated cardiomyopathy

Table 1: Summary of Genetic syndromes, their 
phenotypic features and cardiac lesions present.

 

DISCUSSION

�e spectrum of genetic syndromes with associated cardiac 
anomalies as discussed above is essential for family physicians to 
recognize and refer to geneticist and cardiologist for appropriate 
diagnosis and management. 
 
Lin et al, published a seminal paper on adults with genetic 
syndromes and cardiovascular abnormalities. 64 �e author 
advocated healthcare providers to address the immediate needs 
of young people with genetic syndromes and cardiovascular 
abnormality making the transition to adulthood. Multiple 
issues likely fertility, prenatal testing, complications due to 
pregnancy, and child developing genetic defects needs to be 
explored. �e individual with a syndrome and their partner 
should meet with a geneticist or genetic counsellor, an 
experienced obstetrician/gynaecologist, and, as needed, an 
infertility specialist, e.g. woman with Turner syndrome, man 
with Klinefelter syndrome. Establishing a genetic diagnosis in 
the individual is as important as de�ning the cardiovascular 
abnormality. 64

KK Women’s and Children’s Hospital (KKH) launched 
Southeast Asia’s �rst accredited chromosomal microarray 
analysis (CMA) diagnostic test, to aid the diagnosis of genetic 
disorders in children. CMA, a DNA-based method of genetic 
investigation, helps to identify clinically signi�cant 
chromosome anomalies that are too small to be detected by 
conventional chromosome analysis – also known as 
karyotyping. With an expected diagnostic yield of about 20%, 
compared with 3.7 to 9.5% for traditional karyotyping, CMA 
is expected to provide an underlying genetic diagnosis in a 
higher proportion of patients. �is bene�ts patient as it ends 
the diagnostic odyssey, preventing further unnecessary 
investigations. It also includes information about possible 
complications, allowing appropriate monitoring and early 
management, and facilitates the provision of accurate 
information about recurrence risks in future pregnancies, and 

 

 

the reproductive choices available. 3

Primary care physicians are specially trained for and skilled in 
comprehensive �rst contact and continuing care for persons 
with any undiagnosed sign, symptom, or health concern (the 
"undi�erentiated" patient) not limited by problem origin 
(biological, behavioural, or social), organ system, or diagnosis. 65 

Hence, as primary care physicians we must have a high index of 
suspicion to identify such patients to prevent downstream 
complications like Eisenmenger’s, infective endocarditis, etc. 
�e authors hope that this guide of the common syndromic 
conditions with congenital heart abnormalities will empower 
the primary care physicians to identify such situations and refer 
them appropriately for further management and treatment.

CONCLUSION

�is article endeavour to create awareness of adults with 
common genetic syndromes and its cardiac complications. �is 
awareness will hopefully translate to them being referred to our 
cardiologists’ colleagues early in order to prevent further 
morbidity and mortality. Increased availability of data of such 
patients would translate into determining the actual prevalence 
of such syndromes or other syndromes seen in Singapore, with 
targeted measures to manage them well.
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occur in people with no history of the condition in their family. 
For the minority depending which genes are a�ected, it can 
manifest as autosomal dominant or X-linked dominant. 33

Clinical features

�e typical features of this syndrome are: 34

Musculoskeletal features

i.  Upper limb reduction defects that range from subtle  
    phalangeal abnormalities to oligodactyly (missing digits).

Facial features

i.     Craniofacial features include synophrys (a single eyebrow 
       created when the two eyebrows meet in the middle above 
       the bridge of the nose) 
ii.    Highly arched eyebrows 
iii.   Long eyelashes
iv.   Short nose with anteverted nares 
v.    Small widely spaced teeth
vi.   Microcephaly
vii.  Hirsutism

CNS features

i.    IQ ranges from below 30 to 102 (mean: 53) 
ii.   Many individuals demonstrate autistic and self-destructive
      tendencies

Frequent �ndings include cardiac septal defects, 
gastrointestinal dysfunction, hearing loss, myopia, and 
cryptorchidism or hypoplastic genitalia. Individuals with a 
milder phenotype have less severe growth, cognitive, and limb 
involvement, but often have facial features consistent with 
CdLS. 34

Type of heart problem that is most common or 
distinctive

Approximately 25% of individuals with CdLS have congenital 
heart disease. 35-37 �e most common abnormalities include (in 
descending order): 

i)    Ventricular septal defects
ii)   Atrial septal defects
iii)  Pulmonary stenosis
iv)  Tetralogy of Fallot
v)   Hypoplastic left heart syndrome
vi)  Bicuspid aortic valve

7) Noonan’s syndrome

Inheritance: Autosomal dominant. 38

 
Clinical features:

�e features typically present are: 39

Musculoskeletal features

i.   Chiara malformation
ii.   Lymphedema

Facial features

i.    High forehead 
ii.   Hypertelorism, 
iii.   Downslanting palpebral �ssures
iv.   High arched eyebrows, epicanthic folds
v.    Full upper lip
vi.   Depressed nasal bridge
vii.  Low-set ears. 
viii. Strikingly blue irides
ix.    Ptosis
x.     Degree of neck webbing may be observed.
xi.    Triangular shaped face.

CNS features

i.  Intellectual function, from average to signi�cantly impaired, 
    with most patients having mild developmental delay.

Other features

i.  Male infertility even with those with no cryptorchidism

Type of heart problem that is most common or 
distinctive 40

More than 80% of patients with NS have cardiac involvement.
 
i.    Most common are pulmonary valve stenosis. 
ii.   Atrial septal defects are also frequent.
iii.  20% of patients overall have hypertrophic cardiomyopathy

8) Fragile X Syndrome

Inheritance: X-linked dominant 41

 
Clinical features

�e physical features of Fragile X in males vary depending upon 
age. 42-47

�e classic physical manifestations are more evident in 
adolescents:

Facial features

i.    Long and narrow face with prominent forehead and chin 
      (prognathism).
ii.   Large ears.

CNS features

i.    Intellectual disability

ABSTRACT
Children with genetic syndromes are increasingly 
surviving to adulthood in Singapore. This is due to early 
detection and significantly improved multi-dimensional 
care. Congenital heart disease is one of the 
characteristic abnormalities in patients. However, the 
cardiac anomalies of some of these patients may only 
manifest later in early adulthood. A significant number 
of such patients are not on regular medical follow-ups to 
monitor for future complications. This article describes 
based on the common syndromic conditions that are 
present in Singapore. Advanced genetic tests like 
chromosomal microarray analysis can help diagnose 
these syndromes that are not obvious clinically, thus 
instituting appropriate management and treatment for 
such patients. Creating awareness of such syndromes 
and its cardiac complications will translate to them 
being referred to the cardiologists to prevent further 
morbidity and mortality. Timely counselling regarding 
fertility, prenatal testing and complications due to 
pregnancy are also discussed in this article.
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INTRODUCTION

In Singapore, an increasing number of children with genetic 
syndromes and its associated cardiovascular heart disease are 
surviving into adulthood. �is is because of earlier detection of 
these conditions during postnatal or early childhood; along 
with signi�cantly improved surgical, medical, anaesthetic and 
intensive care over the last few decades. About close to 85% of 
the patients survive to adulthood as compared to only 15% a 
few decades ago. 1 In these syndromes the incidence of 
congenital cardiac anomalies at birth is 8.12/1000 live births 
based on the study done in Singapore from 1994 to 2000, 
which is the most up to date local data published thus far. 2 �e 
top most phenotypically recognizable congenital syndromes 
with cardiac comorbidities at birth are Down’s, Patau’s, 

Edwards’, and Turner’s syndrome. However, Patau’s and 
Edwards’ syndrome do not survive to adulthood.2 Some of the 
congenital syndromes have subtle features and may not 
manifest itself obviously and may be missed till they reach their 
teens or even adulthood. Moreover, cardiovascular 
abnormalities usually present later in late teens or adulthood for 
a number of syndromes due to connective tissue defects such as 
in Osteogenesis Imperfecta and Marfan’s syndrome.
 
�e largest paediatric tertiary hospital in Singapore, KK 
Women’s & Children’s Hospital, in 2015 introduced the �rst 
accredited chromosomal microarray analysis, a DNA based 
method of genetic investigation to help detect these syndromes 
with subtle manifestations. 3 �eir work showed that the most 
common genetic syndrome were Angelman/ Prader-Willi, 
Velocardiofacial and 1p36 microdeletion syndrome. �e latter 
two have cardiac defects that can survive to adulthood. By 
increasing awareness of these genetic syndromes among the 
family physicians more of such patients could be referred early 
to the genetic services for con�rmation of syndromes possibly 
aided by such diagnostic tests, and subsequently managed. �is 
article will discuss the common genetic syndromes based on 
international and local data in order to build awareness among 
primary care physicians in Singapore. Based on consensus 
among the authors, ten common syndromes in Singapore that 
have signi�cant cardiovascular comorbidities and which survive 
into adulthood are discussed.
 
CONGENITAL SYNDROMES WITH 
CARDIOVASCULAR ABNORMALITIES

1) Down’s syndrome 

Inheritance: Most cases are not inherited and occur randomly 
during the formation of reproductive cells in a parent. Some 
inherit an unbalanced translocation involving chromosome 21 
may have extra genetic material from chromosome 21, which 
causes Down’s syndrome. 4 

Clinical features

�ey include the patient having: 5-6

 
MUSCULOSKELETAL FEATURES

i.     Single palmar (Simian) crease
ii.    Fifth �nger clinodactyly 
iii.   Short stubby digits
iv.   Abnormal dermatoglyphics 
v.    Wide sandal gap between �rst and second toes
vi.   Small stature

Facial features

i.     Round face, epicanthic folds 
ii.    Brachycephaly, low set hairline, �attened occiput. 

iii.    Brush�eld spots in the iris
iv.    Protruding tongue and open mouth
v.     Small set dysplastic ears
vi.    Short neck with excessive skin at nape.

CNS (Central Nervous System) features

i.   Generalised hypotonia.

Type of heart problem that is most common or 
distinctive

Approximately one-half of individuals with Down’s syndrome 
(DS) have congenital heart disease.7-9 In the largest 
population-based study, cardiovascular abnormalities were 
identi�ed in 342 of 821 (42%) infants born with DS. 9 

23% had more than one anomaly. �e secondary lesion was 
most commonly an atrial septal defect (ASD) or patent ductus 
arteriosus (PDA). �e primary lesions identi�ed were:

i.    Complete atrioventricular septal defect (CAVSD) – 37%
ii.   Ventricular septal defect (VSD) – 31%
iii.  ASD – 15%
iv.  Partial atrioventricular septal defect (PAVSD) – 6%
v.   Tetralogy of Fallot (TOF) – 5%
vi.  PDA – 4 %
vii. Miscellaneous –2%

In adult Downs’, congenital heart cardiac heart defects were 
found in 24.8% of patients. Among those patients with 
abnormalities the predominant lesions were VSD 31.4%, 
AVSD 17.4%, ASD 17.4% and PDA 6.3%.

Also, 77% of the screened patients without known cardiac 
lesions had mild to moderate regurgitation in one or more heart 
valves. �e majority being aortic regurgitation (AR). In that 
study, the overall prevalence of congenital heart disease in adult 
Down’s syndrome patients living in residential centres was at 
33%. 10

 
2) Turner’s syndrome

Inheritance: It is not inherited, it usually occurs after the egg 
has been fertilized and appears to be a random event caused by 
the complete or partial loss of one of the two X chromosomes in 
girls. 11 

Clinical features

�e typical features are: 12

Musculoskeletal features

i.   Short stature
ii.  Shield chest with widely spaced nipples
iii. Cubitus valgus
iv. Madelung deformity of the forearm and wrist 
    (prominent ulnar head and apparent volar 
    subluxation of the wrist)

Facial Features

i.    Short webbed neck
ii.   Neonates may have congenital lymphedema of the hands 
      and feet, webbed neck, nail dysplasia, narrow and 
      high-arched palate, and short fourth metacarpals and/or
      metatarsals. 

Type of heart problem that is most common or 
distinctive

About 30% of Turner’s have heart problems:

i.    Left sided obstructive lesions predominate especially 
ii.   Bicuspid aortic valve (30-50%), 
iii.  Coarctation of the aorta (30%). 
iv.  Aortic root dilatation is uncommon (5%) but potentially 
     devastating if aortic rupture occurs.13

3) Marfan’s syndrome (MFS)

Inheritance : Autosomal dominant 14 

Clinical features given based on the Revised 
Ghent Criteria. 15,16,17

Musculoskeletal Features               Scoring 
 
Wrist AND thumb sign    3 points
Wrist OR thumb sign                                    1 point
Pectus carinatum deformity   2 points
Pectus excavatum OR chest asymmetry          1 point
Hindfoot deformity                2 points
Plain pes planus     1 point
Dural ectasia                                                   2 points
Protrusio actabuli                  2 points
Reduced upper segment/lower segment ratio AND increased       
               1 point
Arm span/height AND no severe scoliosis.   1 point
Scoliosis thoracolumbar kyphosis   1 point
Reduced elbow extension (< 1700 with full extension) 1 point

Facial features  at least 3 of the 5 following features:

a) Dolichocephaly
b) Enophthalmos
c) Downslanting palpebral �ssures
d) Malar hypoplasia
e) Retrognathia

Other features

Skin striae      1 point
Pneumothorax         2 points

Type of heart problem that is most common or 
distinctive

Mitral valve prolapse                 1 point
Aortic root dilatation
  

In the absence of family history

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
ectopia lentis =MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
causal FBN1 (Fibrillin 1 gene) mutation=MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
systemic points greater than 7= MFS.

Ectopia lentis with FBN1 with known Ao enlargement = MFS

In the presence of family history

Ectopia lentis and family history of MFS= MFS

Systemic points greater than 7 and family history of MFS 
=MFS

Ao (Z ≥2 above 20 years, ≥3 below 20 years) + family history of 
MFS=MFS

4) Di George/Velocardiofacial syndrome

Inheritance: Most cases of 22q11.2 deletion syndrome are not 
inherited. �e deletion occurs most often as a random event 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. However, the inheritance of 22q11.2 
deletion syndrome is considered autosomal dominant because a 
deletion in one copy of chromosome 22 in each cell is su�cient 
to cause the condition. 18 

Clinical features

�e classic triad of features of Di George/ Velocardiofacial 
syndrome (DGS) on presentation is 19 

i.     Conotruncal cardiac anomalies i.e. cardiac out�ow  
    anomalies that includes defects such as Tetralogy of 
    Fallot, pulmonary atresia with VSD, truncus 
    arteriosus, transposition of the great arteries etc.)

ii.     Hypoplastic thymus
iii.    Hypocalcaemia.

�e phenotype typical features are: 19-25

Musculoskeletal features

i.    Short stature

Facial Features

ii.    Cleft lip or palate 
iii.   Small jaw, 
iv.   Small upper lip or mouth, 
v.    Eyes slanted upward or downward,
vi.   Low -set and/or abnormal folding of ears

A broad spectrum characterizes the presence and severity of 
individual features, and the severity of each feature appears to 

be independent of other features. Older children with DGS 
may be detected through clinics for congenital heart defects or 
craniofacial clinics, may be referred to developmental specialists 
for poor school performance, or may be diagnosed due to 
frequent infections or autoimmune conditions.

TYPE OF HEART PROBLEM THAT IS MOST 
COMMON OR DISTINCTIVE

�e most common cardiac defects account for two-thirds of the 
cardiac anomalies seen in patients with DGS and include the 
following: 19, 21,23,26,27

i)     Interrupted aortic arch
ii)    Truncus arteriosus
iii)   Tetralogy of Fallot
iv)   Atrial or ventricular septal defects (ASDs or VSDs)

5) Alagille syndrome

Inheritance: �is condition is inherited in an autosomal 
dominant pattern. A minority is due to the spontaneous 
mutation on chromosome 20 that occur as random events 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. 28 

Clinical features

Alagille syndrome is characterized by the lack of interlobular 
bile ducts and the following associated features: 49-52

Facial Features

i.     Posterior embryotoxon (prominent Schwalbe line) of  
the eye 

ii.    Broad nasal bridge, 
iii.   Triangular facies, 
iv.   Deep-set eyes 

Other features

i.     Chronic cholestasis
ii.    Butter�y vertebrae

Type of heart problem that is most common or 
distinctive

Congenital heart disease is the second most common 
manifestation of Alagille syndrome a�ecting greater than 90% 
of patients. 32 �e lesions noted were

i)     Pulmonary out�ow tract involvement with peripheral 
    pulmonary stenosis being the hallmark in 70%.

ii)    Tetralogy of Fallot 
iii)   Ventricular septal defects
iv)   Atrial septal defects
v)    Aortic stenosis 

6) CORNELIA DE LANGE (CDLS)

Inheritance: Most cases result from new gene mutations and 

GENETIC SYNDROMES AND ASSOCIATED CARDIOVASCULAR ANOMALIES IN ADULTS:
A SINGAPORE PERSPECTIVE
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Others

i.    Testicular enlargement (volume >25 mL after puberty) with 
      normal testicular function.

Type of heart problem that is most common or 
distinctive

In a recent paper, the author reviewed the literature and found 
that the predominant lesions among patients with Fragile X 
were 48 

i.    Aortic root dilatation in 25%
ii.   Mitral valve anomalies in 3-12% of the patients

9) Osteogenesis Imperfecta (OI)

Inheritance: Most are autosomal dominant and minority are 
autosomal recessive. 49 

Clinical features

Clinical manifestations of osteogenesis imperfect include: 50-53

Musculoskeletal features

i.    Excess or atypical fractures (brittle bones); fractures most   
      commonly associated with OI were transverse humerus,  
      olecranon, and diaphyseal humerus fractures. 
ii.   Short stature
iii.  Scoliosis
iv.  Increased laxity of the ligaments and skin
v.   Wormian bones (small, irregular bones along the cranial 
      sutures) 

Facial features

i.   Blue sclerae 
ii.  Hearing loss (usually detected in later childhood to early 
     adulthood
iii. Opalescent teeth that wear quickly (dentinogenesis 
     imperfecta) 

CNS features

i.  Basilar skull deformities, which may cause nerve compression 
    or other neurologic symptoms

Other features

i.  Easy bruisability

Type of heart problem that is most common or 
distinctive

All aortic diameters were signi�cantly larger in the OI group 
than in the control group, they also have in: 54

i)    Aortic regurgitation (AR)
ii)   Mitral regurgitation. (MR)

10) 1p 36 microdeletion syndrome

Inheritance: Most cases of 1p36 deletion syndrome are not 
inherited. �ey result from a chromosomal deletion that occurs 
as a random event during the formation of reproductive cells 
(eggs or sperm) or in early foetal development. A�ected people 
typically have no history of the disorder in their family.
About 20% of people with 1p36 deletion syndrome inherit the 
chromosome with a deleted segment from an una�ected parent. 
In these cases, the parent carries a chromosomal rearrangement 
called a balanced translocation. 55

Clinical features:

Characteristic features are: 56-63

Musculoskeletal features 

i.     Skeletal abnormalities

Facial features

ii.     Microcephaly 
iii.    Brachycephaly,
iv.    Large and persistently open anterior fontanelle 
v.     Deep-set eyes, straight eyebrows
vi.    Posteriorly rotated and low-set ears 
vii.   Midface hypoplasia 
viii.  Flat nasal bridge 
ix.    Pointy chin
x.     Orofacial clefting

CNS features

i.      Moderate to severe intellectual disabilities
ii.     Hearing loss
iii.    Oropharyngeal dysphagia
iv.    Ophthalmological abnormalities
v.     Seizures

Other features

i.     Renal abnormalities

Type of heart problem that is most common or 
distinctive 56

i.     PDA 
ii.    VSD 
iii.   Dilated cardiomyopathy

Table 1: Summary of Genetic syndromes, their 
phenotypic features and cardiac lesions present.

 

DISCUSSION

�e spectrum of genetic syndromes with associated cardiac 
anomalies as discussed above is essential for family physicians to 
recognize and refer to geneticist and cardiologist for appropriate 
diagnosis and management. 
 
Lin et al, published a seminal paper on adults with genetic 
syndromes and cardiovascular abnormalities. 64 �e author 
advocated healthcare providers to address the immediate needs 
of young people with genetic syndromes and cardiovascular 
abnormality making the transition to adulthood. Multiple 
issues likely fertility, prenatal testing, complications due to 
pregnancy, and child developing genetic defects needs to be 
explored. �e individual with a syndrome and their partner 
should meet with a geneticist or genetic counsellor, an 
experienced obstetrician/gynaecologist, and, as needed, an 
infertility specialist, e.g. woman with Turner syndrome, man 
with Klinefelter syndrome. Establishing a genetic diagnosis in 
the individual is as important as de�ning the cardiovascular 
abnormality. 64

KK Women’s and Children’s Hospital (KKH) launched 
Southeast Asia’s �rst accredited chromosomal microarray 
analysis (CMA) diagnostic test, to aid the diagnosis of genetic 
disorders in children. CMA, a DNA-based method of genetic 
investigation, helps to identify clinically signi�cant 
chromosome anomalies that are too small to be detected by 
conventional chromosome analysis – also known as 
karyotyping. With an expected diagnostic yield of about 20%, 
compared with 3.7 to 9.5% for traditional karyotyping, CMA 
is expected to provide an underlying genetic diagnosis in a 
higher proportion of patients. �is bene�ts patient as it ends 
the diagnostic odyssey, preventing further unnecessary 
investigations. It also includes information about possible 
complications, allowing appropriate monitoring and early 
management, and facilitates the provision of accurate 
information about recurrence risks in future pregnancies, and 

the reproductive choices available. 3

Primary care physicians are specially trained for and skilled in 
comprehensive �rst contact and continuing care for persons 
with any undiagnosed sign, symptom, or health concern (the 
"undi�erentiated" patient) not limited by problem origin 
(biological, behavioural, or social), organ system, or diagnosis. 65 

Hence, as primary care physicians we must have a high index of 
suspicion to identify such patients to prevent downstream 
complications like Eisenmenger’s, infective endocarditis, etc. 
�e authors hope that this guide of the common syndromic 
conditions with congenital heart abnormalities will empower 
the primary care physicians to identify such situations and refer 
them appropriately for further management and treatment.

CONCLUSION

�is article endeavour to create awareness of adults with 
common genetic syndromes and its cardiac complications. �is 
awareness will hopefully translate to them being referred to our 
cardiologists’ colleagues early in order to prevent further 
morbidity and mortality. Increased availability of data of such 
patients would translate into determining the actual prevalence 
of such syndromes or other syndromes seen in Singapore, with 
targeted measures to manage them well.
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occur in people with no history of the condition in their family. 
For the minority depending which genes are a�ected, it can 
manifest as autosomal dominant or X-linked dominant. 33

Clinical features

�e typical features of this syndrome are: 34

Musculoskeletal features

i.  Upper limb reduction defects that range from subtle  
    phalangeal abnormalities to oligodactyly (missing digits).

Facial features

i.     Craniofacial features include synophrys (a single eyebrow 
       created when the two eyebrows meet in the middle above 
       the bridge of the nose) 
ii.    Highly arched eyebrows 
iii.   Long eyelashes
iv.   Short nose with anteverted nares 
v.    Small widely spaced teeth
vi.   Microcephaly
vii.  Hirsutism

CNS features

i.    IQ ranges from below 30 to 102 (mean: 53) 
ii.   Many individuals demonstrate autistic and self-destructive
      tendencies

Frequent �ndings include cardiac septal defects, 
gastrointestinal dysfunction, hearing loss, myopia, and 
cryptorchidism or hypoplastic genitalia. Individuals with a 
milder phenotype have less severe growth, cognitive, and limb 
involvement, but often have facial features consistent with 
CdLS. 34

Type of heart problem that is most common or 
distinctive

Approximately 25% of individuals with CdLS have congenital 
heart disease. 35-37 �e most common abnormalities include (in 
descending order): 

i)    Ventricular septal defects
ii)   Atrial septal defects
iii)  Pulmonary stenosis
iv)  Tetralogy of Fallot
v)   Hypoplastic left heart syndrome
vi)  Bicuspid aortic valve

7) Noonan’s syndrome

Inheritance: Autosomal dominant. 38

 
Clinical features:

�e features typically present are: 39

Musculoskeletal features

i.   Chiara malformation
ii.   Lymphedema

Facial features

i.    High forehead 
ii.   Hypertelorism, 
iii.   Downslanting palpebral �ssures
iv.   High arched eyebrows, epicanthic folds
v.    Full upper lip
vi.   Depressed nasal bridge
vii.  Low-set ears. 
viii. Strikingly blue irides
ix.    Ptosis
x.     Degree of neck webbing may be observed.
xi.    Triangular shaped face.

CNS features

i.  Intellectual function, from average to signi�cantly impaired, 
    with most patients having mild developmental delay.

Other features

i.  Male infertility even with those with no cryptorchidism

Type of heart problem that is most common or 
distinctive 40

More than 80% of patients with NS have cardiac involvement.
 
i.    Most common are pulmonary valve stenosis. 
ii.   Atrial septal defects are also frequent.
iii.  20% of patients overall have hypertrophic cardiomyopathy

8) Fragile X Syndrome

Inheritance: X-linked dominant 41

 
Clinical features

�e physical features of Fragile X in males vary depending upon 
age. 42-47

�e classic physical manifestations are more evident in 
adolescents:

Facial features

i.    Long and narrow face with prominent forehead and chin 
      (prognathism).
ii.   Large ears.

CNS features

i.    Intellectual disability

ABSTRACT
Children with genetic syndromes are increasingly 
surviving to adulthood in Singapore. This is due to early 
detection and significantly improved multi-dimensional 
care. Congenital heart disease is one of the 
characteristic abnormalities in patients. However, the 
cardiac anomalies of some of these patients may only 
manifest later in early adulthood. A significant number 
of such patients are not on regular medical follow-ups to 
monitor for future complications. This article describes 
based on the common syndromic conditions that are 
present in Singapore. Advanced genetic tests like 
chromosomal microarray analysis can help diagnose 
these syndromes that are not obvious clinically, thus 
instituting appropriate management and treatment for 
such patients. Creating awareness of such syndromes 
and its cardiac complications will translate to them 
being referred to the cardiologists to prevent further 
morbidity and mortality. Timely counselling regarding 
fertility, prenatal testing and complications due to 
pregnancy are also discussed in this article.
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INTRODUCTION

In Singapore, an increasing number of children with genetic 
syndromes and its associated cardiovascular heart disease are 
surviving into adulthood. �is is because of earlier detection of 
these conditions during postnatal or early childhood; along 
with signi�cantly improved surgical, medical, anaesthetic and 
intensive care over the last few decades. About close to 85% of 
the patients survive to adulthood as compared to only 15% a 
few decades ago. 1 In these syndromes the incidence of 
congenital cardiac anomalies at birth is 8.12/1000 live births 
based on the study done in Singapore from 1994 to 2000, 
which is the most up to date local data published thus far. 2 �e 
top most phenotypically recognizable congenital syndromes 
with cardiac comorbidities at birth are Down’s, Patau’s, 

Edwards’, and Turner’s syndrome. However, Patau’s and 
Edwards’ syndrome do not survive to adulthood.2 Some of the 
congenital syndromes have subtle features and may not 
manifest itself obviously and may be missed till they reach their 
teens or even adulthood. Moreover, cardiovascular 
abnormalities usually present later in late teens or adulthood for 
a number of syndromes due to connective tissue defects such as 
in Osteogenesis Imperfecta and Marfan’s syndrome.
 
�e largest paediatric tertiary hospital in Singapore, KK 
Women’s & Children’s Hospital, in 2015 introduced the �rst 
accredited chromosomal microarray analysis, a DNA based 
method of genetic investigation to help detect these syndromes 
with subtle manifestations. 3 �eir work showed that the most 
common genetic syndrome were Angelman/ Prader-Willi, 
Velocardiofacial and 1p36 microdeletion syndrome. �e latter 
two have cardiac defects that can survive to adulthood. By 
increasing awareness of these genetic syndromes among the 
family physicians more of such patients could be referred early 
to the genetic services for con�rmation of syndromes possibly 
aided by such diagnostic tests, and subsequently managed. �is 
article will discuss the common genetic syndromes based on 
international and local data in order to build awareness among 
primary care physicians in Singapore. Based on consensus 
among the authors, ten common syndromes in Singapore that 
have signi�cant cardiovascular comorbidities and which survive 
into adulthood are discussed.
 
CONGENITAL SYNDROMES WITH 
CARDIOVASCULAR ABNORMALITIES

1) Down’s syndrome 

Inheritance: Most cases are not inherited and occur randomly 
during the formation of reproductive cells in a parent. Some 
inherit an unbalanced translocation involving chromosome 21 
may have extra genetic material from chromosome 21, which 
causes Down’s syndrome. 4 

Clinical features

�ey include the patient having: 5-6

 
MUSCULOSKELETAL FEATURES

i.     Single palmar (Simian) crease
ii.    Fifth �nger clinodactyly 
iii.   Short stubby digits
iv.   Abnormal dermatoglyphics 
v.    Wide sandal gap between �rst and second toes
vi.   Small stature

Facial features

i.     Round face, epicanthic folds 
ii.    Brachycephaly, low set hairline, �attened occiput. 

iii.    Brush�eld spots in the iris
iv.    Protruding tongue and open mouth
v.     Small set dysplastic ears
vi.    Short neck with excessive skin at nape.

CNS (Central Nervous System) features

i.   Generalised hypotonia.

Type of heart problem that is most common or 
distinctive

Approximately one-half of individuals with Down’s syndrome 
(DS) have congenital heart disease.7-9 In the largest 
population-based study, cardiovascular abnormalities were 
identi�ed in 342 of 821 (42%) infants born with DS. 9 

23% had more than one anomaly. �e secondary lesion was 
most commonly an atrial septal defect (ASD) or patent ductus 
arteriosus (PDA). �e primary lesions identi�ed were:

i.    Complete atrioventricular septal defect (CAVSD) – 37%
ii.   Ventricular septal defect (VSD) – 31%
iii.  ASD – 15%
iv.  Partial atrioventricular septal defect (PAVSD) – 6%
v.   Tetralogy of Fallot (TOF) – 5%
vi.  PDA – 4 %
vii. Miscellaneous –2%

In adult Downs’, congenital heart cardiac heart defects were 
found in 24.8% of patients. Among those patients with 
abnormalities the predominant lesions were VSD 31.4%, 
AVSD 17.4%, ASD 17.4% and PDA 6.3%.

Also, 77% of the screened patients without known cardiac 
lesions had mild to moderate regurgitation in one or more heart 
valves. �e majority being aortic regurgitation (AR). In that 
study, the overall prevalence of congenital heart disease in adult 
Down’s syndrome patients living in residential centres was at 
33%. 10

 
2) Turner’s syndrome

Inheritance: It is not inherited, it usually occurs after the egg 
has been fertilized and appears to be a random event caused by 
the complete or partial loss of one of the two X chromosomes in 
girls. 11 

Clinical features

�e typical features are: 12

Musculoskeletal features

i.   Short stature
ii.  Shield chest with widely spaced nipples
iii. Cubitus valgus
iv. Madelung deformity of the forearm and wrist 
    (prominent ulnar head and apparent volar 
    subluxation of the wrist)

Facial Features

i.    Short webbed neck
ii.   Neonates may have congenital lymphedema of the hands 
      and feet, webbed neck, nail dysplasia, narrow and 
      high-arched palate, and short fourth metacarpals and/or
      metatarsals. 

Type of heart problem that is most common or 
distinctive

About 30% of Turner’s have heart problems:

i.    Left sided obstructive lesions predominate especially 
ii.   Bicuspid aortic valve (30-50%), 
iii.  Coarctation of the aorta (30%). 
iv.  Aortic root dilatation is uncommon (5%) but potentially 
     devastating if aortic rupture occurs.13

3) Marfan’s syndrome (MFS)

Inheritance : Autosomal dominant 14 

Clinical features given based on the Revised 
Ghent Criteria. 15,16,17

Musculoskeletal Features               Scoring 
 
Wrist AND thumb sign    3 points
Wrist OR thumb sign                                    1 point
Pectus carinatum deformity   2 points
Pectus excavatum OR chest asymmetry          1 point
Hindfoot deformity                2 points
Plain pes planus     1 point
Dural ectasia                                                   2 points
Protrusio actabuli                  2 points
Reduced upper segment/lower segment ratio AND increased       
               1 point
Arm span/height AND no severe scoliosis.   1 point
Scoliosis thoracolumbar kyphosis   1 point
Reduced elbow extension (< 1700 with full extension) 1 point

Facial features  at least 3 of the 5 following features:

a) Dolichocephaly
b) Enophthalmos
c) Downslanting palpebral �ssures
d) Malar hypoplasia
e) Retrognathia

Other features

Skin striae      1 point
Pneumothorax         2 points

Type of heart problem that is most common or 
distinctive

Mitral valve prolapse                 1 point
Aortic root dilatation
  

In the absence of family history

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
ectopia lentis =MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
causal FBN1 (Fibrillin 1 gene) mutation=MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
systemic points greater than 7= MFS.

Ectopia lentis with FBN1 with known Ao enlargement = MFS

In the presence of family history

Ectopia lentis and family history of MFS= MFS

Systemic points greater than 7 and family history of MFS 
=MFS

Ao (Z ≥2 above 20 years, ≥3 below 20 years) + family history of 
MFS=MFS

4) Di George/Velocardiofacial syndrome

Inheritance: Most cases of 22q11.2 deletion syndrome are not 
inherited. �e deletion occurs most often as a random event 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. However, the inheritance of 22q11.2 
deletion syndrome is considered autosomal dominant because a 
deletion in one copy of chromosome 22 in each cell is su�cient 
to cause the condition. 18 

Clinical features

�e classic triad of features of Di George/ Velocardiofacial 
syndrome (DGS) on presentation is 19 

i.     Conotruncal cardiac anomalies i.e. cardiac out�ow  
    anomalies that includes defects such as Tetralogy of 
    Fallot, pulmonary atresia with VSD, truncus 
    arteriosus, transposition of the great arteries etc.)

ii.     Hypoplastic thymus
iii.    Hypocalcaemia.

�e phenotype typical features are: 19-25

Musculoskeletal features

i.    Short stature

Facial Features

ii.    Cleft lip or palate 
iii.   Small jaw, 
iv.   Small upper lip or mouth, 
v.    Eyes slanted upward or downward,
vi.   Low -set and/or abnormal folding of ears

A broad spectrum characterizes the presence and severity of 
individual features, and the severity of each feature appears to 

be independent of other features. Older children with DGS 
may be detected through clinics for congenital heart defects or 
craniofacial clinics, may be referred to developmental specialists 
for poor school performance, or may be diagnosed due to 
frequent infections or autoimmune conditions.

TYPE OF HEART PROBLEM THAT IS MOST 
COMMON OR DISTINCTIVE

�e most common cardiac defects account for two-thirds of the 
cardiac anomalies seen in patients with DGS and include the 
following: 19, 21,23,26,27

i)     Interrupted aortic arch
ii)    Truncus arteriosus
iii)   Tetralogy of Fallot
iv)   Atrial or ventricular septal defects (ASDs or VSDs)

5) Alagille syndrome

Inheritance: �is condition is inherited in an autosomal 
dominant pattern. A minority is due to the spontaneous 
mutation on chromosome 20 that occur as random events 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. 28 

Clinical features

Alagille syndrome is characterized by the lack of interlobular 
bile ducts and the following associated features: 49-52

Facial Features

i.     Posterior embryotoxon (prominent Schwalbe line) of  
the eye 

ii.    Broad nasal bridge, 
iii.   Triangular facies, 
iv.   Deep-set eyes 

Other features

i.     Chronic cholestasis
ii.    Butter�y vertebrae

Type of heart problem that is most common or 
distinctive

Congenital heart disease is the second most common 
manifestation of Alagille syndrome a�ecting greater than 90% 
of patients. 32 �e lesions noted were

i)     Pulmonary out�ow tract involvement with peripheral 
    pulmonary stenosis being the hallmark in 70%.

ii)    Tetralogy of Fallot 
iii)   Ventricular septal defects
iv)   Atrial septal defects
v)    Aortic stenosis 

6) CORNELIA DE LANGE (CDLS)

Inheritance: Most cases result from new gene mutations and 

GENETIC SYNDROMES AND ASSOCIATED CARDIOVASCULAR ANOMALIES IN ADULTS:
A SINGAPORE PERSPECTIVE
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Others

i.    Testicular enlargement (volume >25 mL after puberty) with 
      normal testicular function.

Type of heart problem that is most common or 
distinctive

In a recent paper, the author reviewed the literature and found 
that the predominant lesions among patients with Fragile X 
were 48 

i.    Aortic root dilatation in 25%
ii.   Mitral valve anomalies in 3-12% of the patients

9) Osteogenesis Imperfecta (OI)

Inheritance: Most are autosomal dominant and minority are 
autosomal recessive. 49 

Clinical features

Clinical manifestations of osteogenesis imperfect include: 50-53

Musculoskeletal features

i.    Excess or atypical fractures (brittle bones); fractures most   
      commonly associated with OI were transverse humerus,  
      olecranon, and diaphyseal humerus fractures. 
ii.   Short stature
iii.  Scoliosis
iv.  Increased laxity of the ligaments and skin
v.   Wormian bones (small, irregular bones along the cranial 
      sutures) 

Facial features

i.   Blue sclerae 
ii.  Hearing loss (usually detected in later childhood to early 
     adulthood
iii. Opalescent teeth that wear quickly (dentinogenesis 
     imperfecta) 

CNS features

i.  Basilar skull deformities, which may cause nerve compression 
    or other neurologic symptoms

Other features

i.  Easy bruisability

Type of heart problem that is most common or 
distinctive

All aortic diameters were signi�cantly larger in the OI group 
than in the control group, they also have in: 54

i)    Aortic regurgitation (AR)
ii)   Mitral regurgitation. (MR)

10) 1p 36 microdeletion syndrome

Inheritance: Most cases of 1p36 deletion syndrome are not 
inherited. �ey result from a chromosomal deletion that occurs 
as a random event during the formation of reproductive cells 
(eggs or sperm) or in early foetal development. A�ected people 
typically have no history of the disorder in their family.
About 20% of people with 1p36 deletion syndrome inherit the 
chromosome with a deleted segment from an una�ected parent. 
In these cases, the parent carries a chromosomal rearrangement 
called a balanced translocation. 55

Clinical features:

Characteristic features are: 56-63

Musculoskeletal features 

i.     Skeletal abnormalities

Facial features

ii.     Microcephaly 
iii.    Brachycephaly,
iv.    Large and persistently open anterior fontanelle 
v.     Deep-set eyes, straight eyebrows
vi.    Posteriorly rotated and low-set ears 
vii.   Midface hypoplasia 
viii.  Flat nasal bridge 
ix.    Pointy chin
x.     Orofacial clefting

CNS features

i.      Moderate to severe intellectual disabilities
ii.     Hearing loss
iii.    Oropharyngeal dysphagia
iv.    Ophthalmological abnormalities
v.     Seizures

Other features

i.     Renal abnormalities

Type of heart problem that is most common or 
distinctive 56

i.     PDA 
ii.    VSD 
iii.   Dilated cardiomyopathy

Table 1: Summary of Genetic syndromes, their 
phenotypic features and cardiac lesions present.

 

DISCUSSION

�e spectrum of genetic syndromes with associated cardiac 
anomalies as discussed above is essential for family physicians to 
recognize and refer to geneticist and cardiologist for appropriate 
diagnosis and management. 
 
Lin et al, published a seminal paper on adults with genetic 
syndromes and cardiovascular abnormalities. 64 �e author 
advocated healthcare providers to address the immediate needs 
of young people with genetic syndromes and cardiovascular 
abnormality making the transition to adulthood. Multiple 
issues likely fertility, prenatal testing, complications due to 
pregnancy, and child developing genetic defects needs to be 
explored. �e individual with a syndrome and their partner 
should meet with a geneticist or genetic counsellor, an 
experienced obstetrician/gynaecologist, and, as needed, an 
infertility specialist, e.g. woman with Turner syndrome, man 
with Klinefelter syndrome. Establishing a genetic diagnosis in 
the individual is as important as de�ning the cardiovascular 
abnormality. 64

KK Women’s and Children’s Hospital (KKH) launched 
Southeast Asia’s �rst accredited chromosomal microarray 
analysis (CMA) diagnostic test, to aid the diagnosis of genetic 
disorders in children. CMA, a DNA-based method of genetic 
investigation, helps to identify clinically signi�cant 
chromosome anomalies that are too small to be detected by 
conventional chromosome analysis – also known as 
karyotyping. With an expected diagnostic yield of about 20%, 
compared with 3.7 to 9.5% for traditional karyotyping, CMA 
is expected to provide an underlying genetic diagnosis in a 
higher proportion of patients. �is bene�ts patient as it ends 
the diagnostic odyssey, preventing further unnecessary 
investigations. It also includes information about possible 
complications, allowing appropriate monitoring and early 
management, and facilitates the provision of accurate 
information about recurrence risks in future pregnancies, and 

the reproductive choices available. 3

Primary care physicians are specially trained for and skilled in 
comprehensive �rst contact and continuing care for persons 
with any undiagnosed sign, symptom, or health concern (the 
"undi�erentiated" patient) not limited by problem origin 
(biological, behavioural, or social), organ system, or diagnosis. 65 

Hence, as primary care physicians we must have a high index of 
suspicion to identify such patients to prevent downstream 
complications like Eisenmenger’s, infective endocarditis, etc. 
�e authors hope that this guide of the common syndromic 
conditions with congenital heart abnormalities will empower 
the primary care physicians to identify such situations and refer 
them appropriately for further management and treatment.

CONCLUSION

�is article endeavour to create awareness of adults with 
common genetic syndromes and its cardiac complications. �is 
awareness will hopefully translate to them being referred to our 
cardiologists’ colleagues early in order to prevent further 
morbidity and mortality. Increased availability of data of such 
patients would translate into determining the actual prevalence 
of such syndromes or other syndromes seen in Singapore, with 
targeted measures to manage them well.
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occur in people with no history of the condition in their family. 
For the minority depending which genes are a�ected, it can 
manifest as autosomal dominant or X-linked dominant. 33

Clinical features

�e typical features of this syndrome are: 34

Musculoskeletal features

i.  Upper limb reduction defects that range from subtle  
    phalangeal abnormalities to oligodactyly (missing digits).

Facial features

i.     Craniofacial features include synophrys (a single eyebrow 
       created when the two eyebrows meet in the middle above 
       the bridge of the nose) 
ii.    Highly arched eyebrows 
iii.   Long eyelashes
iv.   Short nose with anteverted nares 
v.    Small widely spaced teeth
vi.   Microcephaly
vii.  Hirsutism

CNS features

i.    IQ ranges from below 30 to 102 (mean: 53) 
ii.   Many individuals demonstrate autistic and self-destructive
      tendencies

Frequent �ndings include cardiac septal defects, 
gastrointestinal dysfunction, hearing loss, myopia, and 
cryptorchidism or hypoplastic genitalia. Individuals with a 
milder phenotype have less severe growth, cognitive, and limb 
involvement, but often have facial features consistent with 
CdLS. 34

Type of heart problem that is most common or 
distinctive

Approximately 25% of individuals with CdLS have congenital 
heart disease. 35-37 �e most common abnormalities include (in 
descending order): 

i)    Ventricular septal defects
ii)   Atrial septal defects
iii)  Pulmonary stenosis
iv)  Tetralogy of Fallot
v)   Hypoplastic left heart syndrome
vi)  Bicuspid aortic valve

7) Noonan’s syndrome

Inheritance: Autosomal dominant. 38

 
Clinical features:

�e features typically present are: 39

Musculoskeletal features

i.   Chiara malformation
ii.   Lymphedema

Facial features

i.    High forehead 
ii.   Hypertelorism, 
iii.   Downslanting palpebral �ssures
iv.   High arched eyebrows, epicanthic folds
v.    Full upper lip
vi.   Depressed nasal bridge
vii.  Low-set ears. 
viii. Strikingly blue irides
ix.    Ptosis
x.     Degree of neck webbing may be observed.
xi.    Triangular shaped face.

CNS features

i.  Intellectual function, from average to signi�cantly impaired, 
    with most patients having mild developmental delay.

Other features

i.  Male infertility even with those with no cryptorchidism

Type of heart problem that is most common or 
distinctive 40

More than 80% of patients with NS have cardiac involvement.
 
i.    Most common are pulmonary valve stenosis. 
ii.   Atrial septal defects are also frequent.
iii.  20% of patients overall have hypertrophic cardiomyopathy

8) Fragile X Syndrome

Inheritance: X-linked dominant 41

 
Clinical features

�e physical features of Fragile X in males vary depending upon 
age. 42-47

�e classic physical manifestations are more evident in 
adolescents:

Facial features

i.    Long and narrow face with prominent forehead and chin 
      (prognathism).
ii.   Large ears.

CNS features

i.    Intellectual disability

ABSTRACT
Children with genetic syndromes are increasingly 
surviving to adulthood in Singapore. This is due to early 
detection and significantly improved multi-dimensional 
care. Congenital heart disease is one of the 
characteristic abnormalities in patients. However, the 
cardiac anomalies of some of these patients may only 
manifest later in early adulthood. A significant number 
of such patients are not on regular medical follow-ups to 
monitor for future complications. This article describes 
based on the common syndromic conditions that are 
present in Singapore. Advanced genetic tests like 
chromosomal microarray analysis can help diagnose 
these syndromes that are not obvious clinically, thus 
instituting appropriate management and treatment for 
such patients. Creating awareness of such syndromes 
and its cardiac complications will translate to them 
being referred to the cardiologists to prevent further 
morbidity and mortality. Timely counselling regarding 
fertility, prenatal testing and complications due to 
pregnancy are also discussed in this article.
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INTRODUCTION

In Singapore, an increasing number of children with genetic 
syndromes and its associated cardiovascular heart disease are 
surviving into adulthood. �is is because of earlier detection of 
these conditions during postnatal or early childhood; along 
with signi�cantly improved surgical, medical, anaesthetic and 
intensive care over the last few decades. About close to 85% of 
the patients survive to adulthood as compared to only 15% a 
few decades ago. 1 In these syndromes the incidence of 
congenital cardiac anomalies at birth is 8.12/1000 live births 
based on the study done in Singapore from 1994 to 2000, 
which is the most up to date local data published thus far. 2 �e 
top most phenotypically recognizable congenital syndromes 
with cardiac comorbidities at birth are Down’s, Patau’s, 

Edwards’, and Turner’s syndrome. However, Patau’s and 
Edwards’ syndrome do not survive to adulthood.2 Some of the 
congenital syndromes have subtle features and may not 
manifest itself obviously and may be missed till they reach their 
teens or even adulthood. Moreover, cardiovascular 
abnormalities usually present later in late teens or adulthood for 
a number of syndromes due to connective tissue defects such as 
in Osteogenesis Imperfecta and Marfan’s syndrome.
 
�e largest paediatric tertiary hospital in Singapore, KK 
Women’s & Children’s Hospital, in 2015 introduced the �rst 
accredited chromosomal microarray analysis, a DNA based 
method of genetic investigation to help detect these syndromes 
with subtle manifestations. 3 �eir work showed that the most 
common genetic syndrome were Angelman/ Prader-Willi, 
Velocardiofacial and 1p36 microdeletion syndrome. �e latter 
two have cardiac defects that can survive to adulthood. By 
increasing awareness of these genetic syndromes among the 
family physicians more of such patients could be referred early 
to the genetic services for con�rmation of syndromes possibly 
aided by such diagnostic tests, and subsequently managed. �is 
article will discuss the common genetic syndromes based on 
international and local data in order to build awareness among 
primary care physicians in Singapore. Based on consensus 
among the authors, ten common syndromes in Singapore that 
have signi�cant cardiovascular comorbidities and which survive 
into adulthood are discussed.
 
CONGENITAL SYNDROMES WITH 
CARDIOVASCULAR ABNORMALITIES

1) Down’s syndrome 

Inheritance: Most cases are not inherited and occur randomly 
during the formation of reproductive cells in a parent. Some 
inherit an unbalanced translocation involving chromosome 21 
may have extra genetic material from chromosome 21, which 
causes Down’s syndrome. 4 

Clinical features

�ey include the patient having: 5-6

 
MUSCULOSKELETAL FEATURES

i.     Single palmar (Simian) crease
ii.    Fifth �nger clinodactyly 
iii.   Short stubby digits
iv.   Abnormal dermatoglyphics 
v.    Wide sandal gap between �rst and second toes
vi.   Small stature

Facial features

i.     Round face, epicanthic folds 
ii.    Brachycephaly, low set hairline, �attened occiput. 

iii.    Brush�eld spots in the iris
iv.    Protruding tongue and open mouth
v.     Small set dysplastic ears
vi.    Short neck with excessive skin at nape.

CNS (Central Nervous System) features

i.   Generalised hypotonia.

Type of heart problem that is most common or 
distinctive

Approximately one-half of individuals with Down’s syndrome 
(DS) have congenital heart disease.7-9 In the largest 
population-based study, cardiovascular abnormalities were 
identi�ed in 342 of 821 (42%) infants born with DS. 9 

23% had more than one anomaly. �e secondary lesion was 
most commonly an atrial septal defect (ASD) or patent ductus 
arteriosus (PDA). �e primary lesions identi�ed were:

i.    Complete atrioventricular septal defect (CAVSD) – 37%
ii.   Ventricular septal defect (VSD) – 31%
iii.  ASD – 15%
iv.  Partial atrioventricular septal defect (PAVSD) – 6%
v.   Tetralogy of Fallot (TOF) – 5%
vi.  PDA – 4 %
vii. Miscellaneous –2%

In adult Downs’, congenital heart cardiac heart defects were 
found in 24.8% of patients. Among those patients with 
abnormalities the predominant lesions were VSD 31.4%, 
AVSD 17.4%, ASD 17.4% and PDA 6.3%.

Also, 77% of the screened patients without known cardiac 
lesions had mild to moderate regurgitation in one or more heart 
valves. �e majority being aortic regurgitation (AR). In that 
study, the overall prevalence of congenital heart disease in adult 
Down’s syndrome patients living in residential centres was at 
33%. 10

 
2) Turner’s syndrome

Inheritance: It is not inherited, it usually occurs after the egg 
has been fertilized and appears to be a random event caused by 
the complete or partial loss of one of the two X chromosomes in 
girls. 11 

Clinical features

�e typical features are: 12

Musculoskeletal features

i.   Short stature
ii.  Shield chest with widely spaced nipples
iii. Cubitus valgus
iv. Madelung deformity of the forearm and wrist 
    (prominent ulnar head and apparent volar 
    subluxation of the wrist)

Facial Features

i.    Short webbed neck
ii.   Neonates may have congenital lymphedema of the hands 
      and feet, webbed neck, nail dysplasia, narrow and 
      high-arched palate, and short fourth metacarpals and/or
      metatarsals. 

Type of heart problem that is most common or 
distinctive

About 30% of Turner’s have heart problems:

i.    Left sided obstructive lesions predominate especially 
ii.   Bicuspid aortic valve (30-50%), 
iii.  Coarctation of the aorta (30%). 
iv.  Aortic root dilatation is uncommon (5%) but potentially 
     devastating if aortic rupture occurs.13

3) Marfan’s syndrome (MFS)

Inheritance : Autosomal dominant 14 

Clinical features given based on the Revised 
Ghent Criteria. 15,16,17

Musculoskeletal Features               Scoring 
 
Wrist AND thumb sign    3 points
Wrist OR thumb sign                                    1 point
Pectus carinatum deformity   2 points
Pectus excavatum OR chest asymmetry          1 point
Hindfoot deformity                2 points
Plain pes planus     1 point
Dural ectasia                                                   2 points
Protrusio actabuli                  2 points
Reduced upper segment/lower segment ratio AND increased       
               1 point
Arm span/height AND no severe scoliosis.   1 point
Scoliosis thoracolumbar kyphosis   1 point
Reduced elbow extension (< 1700 with full extension) 1 point

Facial features  at least 3 of the 5 following features:

a) Dolichocephaly
b) Enophthalmos
c) Downslanting palpebral �ssures
d) Malar hypoplasia
e) Retrognathia

Other features

Skin striae      1 point
Pneumothorax         2 points

Type of heart problem that is most common or 
distinctive

Mitral valve prolapse                 1 point
Aortic root dilatation
  

In the absence of family history

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
ectopia lentis =MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
causal FBN1 (Fibrillin 1 gene) mutation=MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
systemic points greater than 7= MFS.

Ectopia lentis with FBN1 with known Ao enlargement = MFS

In the presence of family history

Ectopia lentis and family history of MFS= MFS

Systemic points greater than 7 and family history of MFS 
=MFS

Ao (Z ≥2 above 20 years, ≥3 below 20 years) + family history of 
MFS=MFS

4) Di George/Velocardiofacial syndrome

Inheritance: Most cases of 22q11.2 deletion syndrome are not 
inherited. �e deletion occurs most often as a random event 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. However, the inheritance of 22q11.2 
deletion syndrome is considered autosomal dominant because a 
deletion in one copy of chromosome 22 in each cell is su�cient 
to cause the condition. 18 

Clinical features

�e classic triad of features of Di George/ Velocardiofacial 
syndrome (DGS) on presentation is 19 

i.     Conotruncal cardiac anomalies i.e. cardiac out�ow  
    anomalies that includes defects such as Tetralogy of 
    Fallot, pulmonary atresia with VSD, truncus 
    arteriosus, transposition of the great arteries etc.)

ii.     Hypoplastic thymus
iii.    Hypocalcaemia.

�e phenotype typical features are: 19-25

Musculoskeletal features

i.    Short stature

Facial Features

ii.    Cleft lip or palate 
iii.   Small jaw, 
iv.   Small upper lip or mouth, 
v.    Eyes slanted upward or downward,
vi.   Low -set and/or abnormal folding of ears

A broad spectrum characterizes the presence and severity of 
individual features, and the severity of each feature appears to 

be independent of other features. Older children with DGS 
may be detected through clinics for congenital heart defects or 
craniofacial clinics, may be referred to developmental specialists 
for poor school performance, or may be diagnosed due to 
frequent infections or autoimmune conditions.

TYPE OF HEART PROBLEM THAT IS MOST 
COMMON OR DISTINCTIVE

�e most common cardiac defects account for two-thirds of the 
cardiac anomalies seen in patients with DGS and include the 
following: 19, 21,23,26,27

i)     Interrupted aortic arch
ii)    Truncus arteriosus
iii)   Tetralogy of Fallot
iv)   Atrial or ventricular septal defects (ASDs or VSDs)

5) Alagille syndrome

Inheritance: �is condition is inherited in an autosomal 
dominant pattern. A minority is due to the spontaneous 
mutation on chromosome 20 that occur as random events 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. 28 

Clinical features

Alagille syndrome is characterized by the lack of interlobular 
bile ducts and the following associated features: 49-52

Facial Features

i.     Posterior embryotoxon (prominent Schwalbe line) of  
the eye 

ii.    Broad nasal bridge, 
iii.   Triangular facies, 
iv.   Deep-set eyes 

Other features

i.     Chronic cholestasis
ii.    Butter�y vertebrae

Type of heart problem that is most common or 
distinctive

Congenital heart disease is the second most common 
manifestation of Alagille syndrome a�ecting greater than 90% 
of patients. 32 �e lesions noted were

i)     Pulmonary out�ow tract involvement with peripheral 
    pulmonary stenosis being the hallmark in 70%.

ii)    Tetralogy of Fallot 
iii)   Ventricular septal defects
iv)   Atrial septal defects
v)    Aortic stenosis 

6) CORNELIA DE LANGE (CDLS)

Inheritance: Most cases result from new gene mutations and 

Others

i.    Testicular enlargement (volume >25 mL after puberty) with 
      normal testicular function.

Type of heart problem that is most common or 
distinctive

In a recent paper, the author reviewed the literature and found 
that the predominant lesions among patients with Fragile X 
were 48 

i.    Aortic root dilatation in 25%
ii.   Mitral valve anomalies in 3-12% of the patients

9) Osteogenesis Imperfecta (OI)

Inheritance: Most are autosomal dominant and minority are 
autosomal recessive. 49 

Clinical features

Clinical manifestations of osteogenesis imperfect include: 50-53

Musculoskeletal features

i.    Excess or atypical fractures (brittle bones); fractures most   
      commonly associated with OI were transverse humerus,  
      olecranon, and diaphyseal humerus fractures. 
ii.   Short stature
iii.  Scoliosis
iv.  Increased laxity of the ligaments and skin
v.   Wormian bones (small, irregular bones along the cranial 
      sutures) 

Facial features

i.   Blue sclerae 
ii.  Hearing loss (usually detected in later childhood to early 
     adulthood
iii. Opalescent teeth that wear quickly (dentinogenesis 
     imperfecta) 

CNS features

i.  Basilar skull deformities, which may cause nerve compression 
    or other neurologic symptoms

Other features

i.  Easy bruisability

Type of heart problem that is most common or 
distinctive

All aortic diameters were signi�cantly larger in the OI group 
than in the control group, they also have in: 54

i)    Aortic regurgitation (AR)
ii)   Mitral regurgitation. (MR)

10) 1p 36 microdeletion syndrome

Inheritance: Most cases of 1p36 deletion syndrome are not 
inherited. �ey result from a chromosomal deletion that occurs 
as a random event during the formation of reproductive cells 
(eggs or sperm) or in early foetal development. A�ected people 
typically have no history of the disorder in their family.
About 20% of people with 1p36 deletion syndrome inherit the 
chromosome with a deleted segment from an una�ected parent. 
In these cases, the parent carries a chromosomal rearrangement 
called a balanced translocation. 55

Clinical features:

Characteristic features are: 56-63

Musculoskeletal features 

i.     Skeletal abnormalities

Facial features

ii.     Microcephaly 
iii.    Brachycephaly,
iv.    Large and persistently open anterior fontanelle 
v.     Deep-set eyes, straight eyebrows
vi.    Posteriorly rotated and low-set ears 
vii.   Midface hypoplasia 
viii.  Flat nasal bridge 
ix.    Pointy chin
x.     Orofacial clefting

CNS features

i.      Moderate to severe intellectual disabilities
ii.     Hearing loss
iii.    Oropharyngeal dysphagia
iv.    Ophthalmological abnormalities
v.     Seizures

Other features

i.     Renal abnormalities

Type of heart problem that is most common or 
distinctive 56

i.     PDA 
ii.    VSD 
iii.   Dilated cardiomyopathy

T  H   E     S  I   N   G  A   P  O   R   E     F  A   M  I  L  Y    P  H  Y   S  I  C   I  A  N    V O  L  4 5(1)  J A N U A R Y - M A R C H  2 0 1 9  :  41

Table 1: Summary of Genetic syndromes, their 
phenotypic features and cardiac lesions present.

 

DISCUSSION

�e spectrum of genetic syndromes with associated cardiac 
anomalies as discussed above is essential for family physicians to 
recognize and refer to geneticist and cardiologist for appropriate 
diagnosis and management. 
 
Lin et al, published a seminal paper on adults with genetic 
syndromes and cardiovascular abnormalities. 64 �e author 
advocated healthcare providers to address the immediate needs 
of young people with genetic syndromes and cardiovascular 
abnormality making the transition to adulthood. Multiple 
issues likely fertility, prenatal testing, complications due to 
pregnancy, and child developing genetic defects needs to be 
explored. �e individual with a syndrome and their partner 
should meet with a geneticist or genetic counsellor, an 
experienced obstetrician/gynaecologist, and, as needed, an 
infertility specialist, e.g. woman with Turner syndrome, man 
with Klinefelter syndrome. Establishing a genetic diagnosis in 
the individual is as important as de�ning the cardiovascular 
abnormality. 64

KK Women’s and Children’s Hospital (KKH) launched 
Southeast Asia’s �rst accredited chromosomal microarray 
analysis (CMA) diagnostic test, to aid the diagnosis of genetic 
disorders in children. CMA, a DNA-based method of genetic 
investigation, helps to identify clinically signi�cant 
chromosome anomalies that are too small to be detected by 
conventional chromosome analysis – also known as 
karyotyping. With an expected diagnostic yield of about 20%, 
compared with 3.7 to 9.5% for traditional karyotyping, CMA 
is expected to provide an underlying genetic diagnosis in a 
higher proportion of patients. �is bene�ts patient as it ends 
the diagnostic odyssey, preventing further unnecessary 
investigations. It also includes information about possible 
complications, allowing appropriate monitoring and early 
management, and facilitates the provision of accurate 
information about recurrence risks in future pregnancies, and 

the reproductive choices available. 3

Primary care physicians are specially trained for and skilled in 
comprehensive �rst contact and continuing care for persons 
with any undiagnosed sign, symptom, or health concern (the 
"undi�erentiated" patient) not limited by problem origin 
(biological, behavioural, or social), organ system, or diagnosis. 65 

Hence, as primary care physicians we must have a high index of 
suspicion to identify such patients to prevent downstream 
complications like Eisenmenger’s, infective endocarditis, etc. 
�e authors hope that this guide of the common syndromic 
conditions with congenital heart abnormalities will empower 
the primary care physicians to identify such situations and refer 
them appropriately for further management and treatment.

CONCLUSION

�is article endeavour to create awareness of adults with 
common genetic syndromes and its cardiac complications. �is 
awareness will hopefully translate to them being referred to our 
cardiologists’ colleagues early in order to prevent further 
morbidity and mortality. Increased availability of data of such 
patients would translate into determining the actual prevalence 
of such syndromes or other syndromes seen in Singapore, with 
targeted measures to manage them well.
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PS (Pulmonary Stenosis), TOF (Tetralogy of Fallot), VSD (Ventricular Septal Defect)



occur in people with no history of the condition in their family. 
For the minority depending which genes are a�ected, it can 
manifest as autosomal dominant or X-linked dominant. 33

Clinical features

�e typical features of this syndrome are: 34

Musculoskeletal features

i.  Upper limb reduction defects that range from subtle  
    phalangeal abnormalities to oligodactyly (missing digits).

Facial features

i.     Craniofacial features include synophrys (a single eyebrow 
       created when the two eyebrows meet in the middle above 
       the bridge of the nose) 
ii.    Highly arched eyebrows 
iii.   Long eyelashes
iv.   Short nose with anteverted nares 
v.    Small widely spaced teeth
vi.   Microcephaly
vii.  Hirsutism

CNS features

i.    IQ ranges from below 30 to 102 (mean: 53) 
ii.   Many individuals demonstrate autistic and self-destructive
      tendencies

Frequent �ndings include cardiac septal defects, 
gastrointestinal dysfunction, hearing loss, myopia, and 
cryptorchidism or hypoplastic genitalia. Individuals with a 
milder phenotype have less severe growth, cognitive, and limb 
involvement, but often have facial features consistent with 
CdLS. 34

Type of heart problem that is most common or 
distinctive

Approximately 25% of individuals with CdLS have congenital 
heart disease. 35-37 �e most common abnormalities include (in 
descending order): 

i)    Ventricular septal defects
ii)   Atrial septal defects
iii)  Pulmonary stenosis
iv)  Tetralogy of Fallot
v)   Hypoplastic left heart syndrome
vi)  Bicuspid aortic valve

7) Noonan’s syndrome

Inheritance: Autosomal dominant. 38

 
Clinical features:

�e features typically present are: 39

Musculoskeletal features

i.   Chiara malformation
ii.   Lymphedema

Facial features

i.    High forehead 
ii.   Hypertelorism, 
iii.   Downslanting palpebral �ssures
iv.   High arched eyebrows, epicanthic folds
v.    Full upper lip
vi.   Depressed nasal bridge
vii.  Low-set ears. 
viii. Strikingly blue irides
ix.    Ptosis
x.     Degree of neck webbing may be observed.
xi.    Triangular shaped face.

CNS features

i.  Intellectual function, from average to signi�cantly impaired, 
    with most patients having mild developmental delay.

Other features

i.  Male infertility even with those with no cryptorchidism

Type of heart problem that is most common or 
distinctive 40

More than 80% of patients with NS have cardiac involvement.
 
i.    Most common are pulmonary valve stenosis. 
ii.   Atrial septal defects are also frequent.
iii.  20% of patients overall have hypertrophic cardiomyopathy

8) Fragile X Syndrome

Inheritance: X-linked dominant 41

 
Clinical features

�e physical features of Fragile X in males vary depending upon 
age. 42-47

�e classic physical manifestations are more evident in 
adolescents:

Facial features

i.    Long and narrow face with prominent forehead and chin 
      (prognathism).
ii.   Large ears.

CNS features

i.    Intellectual disability

ABSTRACT
Children with genetic syndromes are increasingly 
surviving to adulthood in Singapore. This is due to early 
detection and significantly improved multi-dimensional 
care. Congenital heart disease is one of the 
characteristic abnormalities in patients. However, the 
cardiac anomalies of some of these patients may only 
manifest later in early adulthood. A significant number 
of such patients are not on regular medical follow-ups to 
monitor for future complications. This article describes 
based on the common syndromic conditions that are 
present in Singapore. Advanced genetic tests like 
chromosomal microarray analysis can help diagnose 
these syndromes that are not obvious clinically, thus 
instituting appropriate management and treatment for 
such patients. Creating awareness of such syndromes 
and its cardiac complications will translate to them 
being referred to the cardiologists to prevent further 
morbidity and mortality. Timely counselling regarding 
fertility, prenatal testing and complications due to 
pregnancy are also discussed in this article.
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INTRODUCTION

In Singapore, an increasing number of children with genetic 
syndromes and its associated cardiovascular heart disease are 
surviving into adulthood. �is is because of earlier detection of 
these conditions during postnatal or early childhood; along 
with signi�cantly improved surgical, medical, anaesthetic and 
intensive care over the last few decades. About close to 85% of 
the patients survive to adulthood as compared to only 15% a 
few decades ago. 1 In these syndromes the incidence of 
congenital cardiac anomalies at birth is 8.12/1000 live births 
based on the study done in Singapore from 1994 to 2000, 
which is the most up to date local data published thus far. 2 �e 
top most phenotypically recognizable congenital syndromes 
with cardiac comorbidities at birth are Down’s, Patau’s, 

Edwards’, and Turner’s syndrome. However, Patau’s and 
Edwards’ syndrome do not survive to adulthood.2 Some of the 
congenital syndromes have subtle features and may not 
manifest itself obviously and may be missed till they reach their 
teens or even adulthood. Moreover, cardiovascular 
abnormalities usually present later in late teens or adulthood for 
a number of syndromes due to connective tissue defects such as 
in Osteogenesis Imperfecta and Marfan’s syndrome.
 
�e largest paediatric tertiary hospital in Singapore, KK 
Women’s & Children’s Hospital, in 2015 introduced the �rst 
accredited chromosomal microarray analysis, a DNA based 
method of genetic investigation to help detect these syndromes 
with subtle manifestations. 3 �eir work showed that the most 
common genetic syndrome were Angelman/ Prader-Willi, 
Velocardiofacial and 1p36 microdeletion syndrome. �e latter 
two have cardiac defects that can survive to adulthood. By 
increasing awareness of these genetic syndromes among the 
family physicians more of such patients could be referred early 
to the genetic services for con�rmation of syndromes possibly 
aided by such diagnostic tests, and subsequently managed. �is 
article will discuss the common genetic syndromes based on 
international and local data in order to build awareness among 
primary care physicians in Singapore. Based on consensus 
among the authors, ten common syndromes in Singapore that 
have signi�cant cardiovascular comorbidities and which survive 
into adulthood are discussed.
 
CONGENITAL SYNDROMES WITH 
CARDIOVASCULAR ABNORMALITIES

1) Down’s syndrome 

Inheritance: Most cases are not inherited and occur randomly 
during the formation of reproductive cells in a parent. Some 
inherit an unbalanced translocation involving chromosome 21 
may have extra genetic material from chromosome 21, which 
causes Down’s syndrome. 4 

Clinical features

�ey include the patient having: 5-6

 
MUSCULOSKELETAL FEATURES

i.     Single palmar (Simian) crease
ii.    Fifth �nger clinodactyly 
iii.   Short stubby digits
iv.   Abnormal dermatoglyphics 
v.    Wide sandal gap between �rst and second toes
vi.   Small stature

Facial features

i.     Round face, epicanthic folds 
ii.    Brachycephaly, low set hairline, �attened occiput. 

iii.    Brush�eld spots in the iris
iv.    Protruding tongue and open mouth
v.     Small set dysplastic ears
vi.    Short neck with excessive skin at nape.

CNS (Central Nervous System) features

i.   Generalised hypotonia.

Type of heart problem that is most common or 
distinctive

Approximately one-half of individuals with Down’s syndrome 
(DS) have congenital heart disease.7-9 In the largest 
population-based study, cardiovascular abnormalities were 
identi�ed in 342 of 821 (42%) infants born with DS. 9 

23% had more than one anomaly. �e secondary lesion was 
most commonly an atrial septal defect (ASD) or patent ductus 
arteriosus (PDA). �e primary lesions identi�ed were:

i.    Complete atrioventricular septal defect (CAVSD) – 37%
ii.   Ventricular septal defect (VSD) – 31%
iii.  ASD – 15%
iv.  Partial atrioventricular septal defect (PAVSD) – 6%
v.   Tetralogy of Fallot (TOF) – 5%
vi.  PDA – 4 %
vii. Miscellaneous –2%

In adult Downs’, congenital heart cardiac heart defects were 
found in 24.8% of patients. Among those patients with 
abnormalities the predominant lesions were VSD 31.4%, 
AVSD 17.4%, ASD 17.4% and PDA 6.3%.

Also, 77% of the screened patients without known cardiac 
lesions had mild to moderate regurgitation in one or more heart 
valves. �e majority being aortic regurgitation (AR). In that 
study, the overall prevalence of congenital heart disease in adult 
Down’s syndrome patients living in residential centres was at 
33%. 10

 
2) Turner’s syndrome

Inheritance: It is not inherited, it usually occurs after the egg 
has been fertilized and appears to be a random event caused by 
the complete or partial loss of one of the two X chromosomes in 
girls. 11 

Clinical features

�e typical features are: 12

Musculoskeletal features

i.   Short stature
ii.  Shield chest with widely spaced nipples
iii. Cubitus valgus
iv. Madelung deformity of the forearm and wrist 
    (prominent ulnar head and apparent volar 
    subluxation of the wrist)

Facial Features

i.    Short webbed neck
ii.   Neonates may have congenital lymphedema of the hands 
      and feet, webbed neck, nail dysplasia, narrow and 
      high-arched palate, and short fourth metacarpals and/or
      metatarsals. 

Type of heart problem that is most common or 
distinctive

About 30% of Turner’s have heart problems:

i.    Left sided obstructive lesions predominate especially 
ii.   Bicuspid aortic valve (30-50%), 
iii.  Coarctation of the aorta (30%). 
iv.  Aortic root dilatation is uncommon (5%) but potentially 
     devastating if aortic rupture occurs.13

3) Marfan’s syndrome (MFS)

Inheritance : Autosomal dominant 14 

Clinical features given based on the Revised 
Ghent Criteria. 15,16,17

Musculoskeletal Features               Scoring 
 
Wrist AND thumb sign    3 points
Wrist OR thumb sign                                    1 point
Pectus carinatum deformity   2 points
Pectus excavatum OR chest asymmetry          1 point
Hindfoot deformity                2 points
Plain pes planus     1 point
Dural ectasia                                                   2 points
Protrusio actabuli                  2 points
Reduced upper segment/lower segment ratio AND increased       
               1 point
Arm span/height AND no severe scoliosis.   1 point
Scoliosis thoracolumbar kyphosis   1 point
Reduced elbow extension (< 1700 with full extension) 1 point

Facial features  at least 3 of the 5 following features:

a) Dolichocephaly
b) Enophthalmos
c) Downslanting palpebral �ssures
d) Malar hypoplasia
e) Retrognathia

Other features

Skin striae      1 point
Pneumothorax         2 points

Type of heart problem that is most common or 
distinctive

Mitral valve prolapse                 1 point
Aortic root dilatation
  

In the absence of family history

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
ectopia lentis =MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
causal FBN1 (Fibrillin 1 gene) mutation=MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
systemic points greater than 7= MFS.

Ectopia lentis with FBN1 with known Ao enlargement = MFS

In the presence of family history

Ectopia lentis and family history of MFS= MFS

Systemic points greater than 7 and family history of MFS 
=MFS

Ao (Z ≥2 above 20 years, ≥3 below 20 years) + family history of 
MFS=MFS

4) Di George/Velocardiofacial syndrome

Inheritance: Most cases of 22q11.2 deletion syndrome are not 
inherited. �e deletion occurs most often as a random event 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. However, the inheritance of 22q11.2 
deletion syndrome is considered autosomal dominant because a 
deletion in one copy of chromosome 22 in each cell is su�cient 
to cause the condition. 18 

Clinical features

�e classic triad of features of Di George/ Velocardiofacial 
syndrome (DGS) on presentation is 19 

i.     Conotruncal cardiac anomalies i.e. cardiac out�ow  
    anomalies that includes defects such as Tetralogy of 
    Fallot, pulmonary atresia with VSD, truncus 
    arteriosus, transposition of the great arteries etc.)

ii.     Hypoplastic thymus
iii.    Hypocalcaemia.

�e phenotype typical features are: 19-25

Musculoskeletal features

i.    Short stature

Facial Features

ii.    Cleft lip or palate 
iii.   Small jaw, 
iv.   Small upper lip or mouth, 
v.    Eyes slanted upward or downward,
vi.   Low -set and/or abnormal folding of ears

A broad spectrum characterizes the presence and severity of 
individual features, and the severity of each feature appears to 

be independent of other features. Older children with DGS 
may be detected through clinics for congenital heart defects or 
craniofacial clinics, may be referred to developmental specialists 
for poor school performance, or may be diagnosed due to 
frequent infections or autoimmune conditions.

TYPE OF HEART PROBLEM THAT IS MOST 
COMMON OR DISTINCTIVE

�e most common cardiac defects account for two-thirds of the 
cardiac anomalies seen in patients with DGS and include the 
following: 19, 21,23,26,27

i)     Interrupted aortic arch
ii)    Truncus arteriosus
iii)   Tetralogy of Fallot
iv)   Atrial or ventricular septal defects (ASDs or VSDs)

5) Alagille syndrome

Inheritance: �is condition is inherited in an autosomal 
dominant pattern. A minority is due to the spontaneous 
mutation on chromosome 20 that occur as random events 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. 28 

Clinical features

Alagille syndrome is characterized by the lack of interlobular 
bile ducts and the following associated features: 49-52

Facial Features

i.     Posterior embryotoxon (prominent Schwalbe line) of  
the eye 

ii.    Broad nasal bridge, 
iii.   Triangular facies, 
iv.   Deep-set eyes 

Other features

i.     Chronic cholestasis
ii.    Butter�y vertebrae

Type of heart problem that is most common or 
distinctive

Congenital heart disease is the second most common 
manifestation of Alagille syndrome a�ecting greater than 90% 
of patients. 32 �e lesions noted were

i)     Pulmonary out�ow tract involvement with peripheral 
    pulmonary stenosis being the hallmark in 70%.

ii)    Tetralogy of Fallot 
iii)   Ventricular septal defects
iv)   Atrial septal defects
v)    Aortic stenosis 

6) CORNELIA DE LANGE (CDLS)

Inheritance: Most cases result from new gene mutations and 

GENETIC SYNDROMES AND ASSOCIATED CARDIOVASCULAR ANOMALIES IN ADULTS:
A SINGAPORE PERSPECTIVE
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Others

i.    Testicular enlargement (volume >25 mL after puberty) with 
      normal testicular function.

Type of heart problem that is most common or 
distinctive

In a recent paper, the author reviewed the literature and found 
that the predominant lesions among patients with Fragile X 
were 48 

i.    Aortic root dilatation in 25%
ii.   Mitral valve anomalies in 3-12% of the patients

9) Osteogenesis Imperfecta (OI)

Inheritance: Most are autosomal dominant and minority are 
autosomal recessive. 49 

Clinical features

Clinical manifestations of osteogenesis imperfect include: 50-53

Musculoskeletal features

i.    Excess or atypical fractures (brittle bones); fractures most   
      commonly associated with OI were transverse humerus,  
      olecranon, and diaphyseal humerus fractures. 
ii.   Short stature
iii.  Scoliosis
iv.  Increased laxity of the ligaments and skin
v.   Wormian bones (small, irregular bones along the cranial 
      sutures) 

Facial features

i.   Blue sclerae 
ii.  Hearing loss (usually detected in later childhood to early 
     adulthood
iii. Opalescent teeth that wear quickly (dentinogenesis 
     imperfecta) 

CNS features

i.  Basilar skull deformities, which may cause nerve compression 
    or other neurologic symptoms

Other features

i.  Easy bruisability

Type of heart problem that is most common or 
distinctive

All aortic diameters were signi�cantly larger in the OI group 
than in the control group, they also have in: 54

i)    Aortic regurgitation (AR)
ii)   Mitral regurgitation. (MR)

10) 1p 36 microdeletion syndrome

Inheritance: Most cases of 1p36 deletion syndrome are not 
inherited. �ey result from a chromosomal deletion that occurs 
as a random event during the formation of reproductive cells 
(eggs or sperm) or in early foetal development. A�ected people 
typically have no history of the disorder in their family.
About 20% of people with 1p36 deletion syndrome inherit the 
chromosome with a deleted segment from an una�ected parent. 
In these cases, the parent carries a chromosomal rearrangement 
called a balanced translocation. 55

Clinical features:

Characteristic features are: 56-63

Musculoskeletal features 

i.     Skeletal abnormalities

Facial features

ii.     Microcephaly 
iii.    Brachycephaly,
iv.    Large and persistently open anterior fontanelle 
v.     Deep-set eyes, straight eyebrows
vi.    Posteriorly rotated and low-set ears 
vii.   Midface hypoplasia 
viii.  Flat nasal bridge 
ix.    Pointy chin
x.     Orofacial clefting

CNS features

i.      Moderate to severe intellectual disabilities
ii.     Hearing loss
iii.    Oropharyngeal dysphagia
iv.    Ophthalmological abnormalities
v.     Seizures

Other features

i.     Renal abnormalities

Type of heart problem that is most common or 
distinctive 56

i.     PDA 
ii.    VSD 
iii.   Dilated cardiomyopathy

Table 1: Summary of Genetic syndromes, their 
phenotypic features and cardiac lesions present.

 

DISCUSSION

�e spectrum of genetic syndromes with associated cardiac 
anomalies as discussed above is essential for family physicians to 
recognize and refer to geneticist and cardiologist for appropriate 
diagnosis and management. 
 
Lin et al, published a seminal paper on adults with genetic 
syndromes and cardiovascular abnormalities. 64 �e author 
advocated healthcare providers to address the immediate needs 
of young people with genetic syndromes and cardiovascular 
abnormality making the transition to adulthood. Multiple 
issues likely fertility, prenatal testing, complications due to 
pregnancy, and child developing genetic defects needs to be 
explored. �e individual with a syndrome and their partner 
should meet with a geneticist or genetic counsellor, an 
experienced obstetrician/gynaecologist, and, as needed, an 
infertility specialist, e.g. woman with Turner syndrome, man 
with Klinefelter syndrome. Establishing a genetic diagnosis in 
the individual is as important as de�ning the cardiovascular 
abnormality. 64

KK Women’s and Children’s Hospital (KKH) launched 
Southeast Asia’s �rst accredited chromosomal microarray 
analysis (CMA) diagnostic test, to aid the diagnosis of genetic 
disorders in children. CMA, a DNA-based method of genetic 
investigation, helps to identify clinically signi�cant 
chromosome anomalies that are too small to be detected by 
conventional chromosome analysis – also known as 
karyotyping. With an expected diagnostic yield of about 20%, 
compared with 3.7 to 9.5% for traditional karyotyping, CMA 
is expected to provide an underlying genetic diagnosis in a 
higher proportion of patients. �is bene�ts patient as it ends 
the diagnostic odyssey, preventing further unnecessary 
investigations. It also includes information about possible 
complications, allowing appropriate monitoring and early 
management, and facilitates the provision of accurate 
information about recurrence risks in future pregnancies, and 

the reproductive choices available. 3

Primary care physicians are specially trained for and skilled in 
comprehensive �rst contact and continuing care for persons 
with any undiagnosed sign, symptom, or health concern (the 
"undi�erentiated" patient) not limited by problem origin 
(biological, behavioural, or social), organ system, or diagnosis. 65 

Hence, as primary care physicians we must have a high index of 
suspicion to identify such patients to prevent downstream 
complications like Eisenmenger’s, infective endocarditis, etc. 
�e authors hope that this guide of the common syndromic 
conditions with congenital heart abnormalities will empower 
the primary care physicians to identify such situations and refer 
them appropriately for further management and treatment.

CONCLUSION

�is article endeavour to create awareness of adults with 
common genetic syndromes and its cardiac complications. �is 
awareness will hopefully translate to them being referred to our 
cardiologists’ colleagues early in order to prevent further 
morbidity and mortality. Increased availability of data of such 
patients would translate into determining the actual prevalence 
of such syndromes or other syndromes seen in Singapore, with 
targeted measures to manage them well.
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occur in people with no history of the condition in their family. 
For the minority depending which genes are a�ected, it can 
manifest as autosomal dominant or X-linked dominant. 33

Clinical features

�e typical features of this syndrome are: 34

Musculoskeletal features

i.  Upper limb reduction defects that range from subtle  
    phalangeal abnormalities to oligodactyly (missing digits).

Facial features

i.     Craniofacial features include synophrys (a single eyebrow 
       created when the two eyebrows meet in the middle above 
       the bridge of the nose) 
ii.    Highly arched eyebrows 
iii.   Long eyelashes
iv.   Short nose with anteverted nares 
v.    Small widely spaced teeth
vi.   Microcephaly
vii.  Hirsutism

CNS features

i.    IQ ranges from below 30 to 102 (mean: 53) 
ii.   Many individuals demonstrate autistic and self-destructive
      tendencies

Frequent �ndings include cardiac septal defects, 
gastrointestinal dysfunction, hearing loss, myopia, and 
cryptorchidism or hypoplastic genitalia. Individuals with a 
milder phenotype have less severe growth, cognitive, and limb 
involvement, but often have facial features consistent with 
CdLS. 34

Type of heart problem that is most common or 
distinctive

Approximately 25% of individuals with CdLS have congenital 
heart disease. 35-37 �e most common abnormalities include (in 
descending order): 

i)    Ventricular septal defects
ii)   Atrial septal defects
iii)  Pulmonary stenosis
iv)  Tetralogy of Fallot
v)   Hypoplastic left heart syndrome
vi)  Bicuspid aortic valve

7) Noonan’s syndrome

Inheritance: Autosomal dominant. 38

 
Clinical features:

�e features typically present are: 39

Musculoskeletal features

i.   Chiara malformation
ii.   Lymphedema

Facial features

i.    High forehead 
ii.   Hypertelorism, 
iii.   Downslanting palpebral �ssures
iv.   High arched eyebrows, epicanthic folds
v.    Full upper lip
vi.   Depressed nasal bridge
vii.  Low-set ears. 
viii. Strikingly blue irides
ix.    Ptosis
x.     Degree of neck webbing may be observed.
xi.    Triangular shaped face.

CNS features

i.  Intellectual function, from average to signi�cantly impaired, 
    with most patients having mild developmental delay.

Other features

i.  Male infertility even with those with no cryptorchidism

Type of heart problem that is most common or 
distinctive 40

More than 80% of patients with NS have cardiac involvement.
 
i.    Most common are pulmonary valve stenosis. 
ii.   Atrial septal defects are also frequent.
iii.  20% of patients overall have hypertrophic cardiomyopathy

8) Fragile X Syndrome

Inheritance: X-linked dominant 41

 
Clinical features

�e physical features of Fragile X in males vary depending upon 
age. 42-47

�e classic physical manifestations are more evident in 
adolescents:

Facial features

i.    Long and narrow face with prominent forehead and chin 
      (prognathism).
ii.   Large ears.

CNS features

i.    Intellectual disability

ABSTRACT
Children with genetic syndromes are increasingly 
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detection and significantly improved multi-dimensional 
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present in Singapore. Advanced genetic tests like 
chromosomal microarray analysis can help diagnose 
these syndromes that are not obvious clinically, thus 
instituting appropriate management and treatment for 
such patients. Creating awareness of such syndromes 
and its cardiac complications will translate to them 
being referred to the cardiologists to prevent further 
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INTRODUCTION

In Singapore, an increasing number of children with genetic 
syndromes and its associated cardiovascular heart disease are 
surviving into adulthood. �is is because of earlier detection of 
these conditions during postnatal or early childhood; along 
with signi�cantly improved surgical, medical, anaesthetic and 
intensive care over the last few decades. About close to 85% of 
the patients survive to adulthood as compared to only 15% a 
few decades ago. 1 In these syndromes the incidence of 
congenital cardiac anomalies at birth is 8.12/1000 live births 
based on the study done in Singapore from 1994 to 2000, 
which is the most up to date local data published thus far. 2 �e 
top most phenotypically recognizable congenital syndromes 
with cardiac comorbidities at birth are Down’s, Patau’s, 

Edwards’, and Turner’s syndrome. However, Patau’s and 
Edwards’ syndrome do not survive to adulthood.2 Some of the 
congenital syndromes have subtle features and may not 
manifest itself obviously and may be missed till they reach their 
teens or even adulthood. Moreover, cardiovascular 
abnormalities usually present later in late teens or adulthood for 
a number of syndromes due to connective tissue defects such as 
in Osteogenesis Imperfecta and Marfan’s syndrome.
 
�e largest paediatric tertiary hospital in Singapore, KK 
Women’s & Children’s Hospital, in 2015 introduced the �rst 
accredited chromosomal microarray analysis, a DNA based 
method of genetic investigation to help detect these syndromes 
with subtle manifestations. 3 �eir work showed that the most 
common genetic syndrome were Angelman/ Prader-Willi, 
Velocardiofacial and 1p36 microdeletion syndrome. �e latter 
two have cardiac defects that can survive to adulthood. By 
increasing awareness of these genetic syndromes among the 
family physicians more of such patients could be referred early 
to the genetic services for con�rmation of syndromes possibly 
aided by such diagnostic tests, and subsequently managed. �is 
article will discuss the common genetic syndromes based on 
international and local data in order to build awareness among 
primary care physicians in Singapore. Based on consensus 
among the authors, ten common syndromes in Singapore that 
have signi�cant cardiovascular comorbidities and which survive 
into adulthood are discussed.
 
CONGENITAL SYNDROMES WITH 
CARDIOVASCULAR ABNORMALITIES

1) Down’s syndrome 

Inheritance: Most cases are not inherited and occur randomly 
during the formation of reproductive cells in a parent. Some 
inherit an unbalanced translocation involving chromosome 21 
may have extra genetic material from chromosome 21, which 
causes Down’s syndrome. 4 

Clinical features

�ey include the patient having: 5-6

 
MUSCULOSKELETAL FEATURES

i.     Single palmar (Simian) crease
ii.    Fifth �nger clinodactyly 
iii.   Short stubby digits
iv.   Abnormal dermatoglyphics 
v.    Wide sandal gap between �rst and second toes
vi.   Small stature

Facial features

i.     Round face, epicanthic folds 
ii.    Brachycephaly, low set hairline, �attened occiput. 

iii.    Brush�eld spots in the iris
iv.    Protruding tongue and open mouth
v.     Small set dysplastic ears
vi.    Short neck with excessive skin at nape.

CNS (Central Nervous System) features

i.   Generalised hypotonia.

Type of heart problem that is most common or 
distinctive

Approximately one-half of individuals with Down’s syndrome 
(DS) have congenital heart disease.7-9 In the largest 
population-based study, cardiovascular abnormalities were 
identi�ed in 342 of 821 (42%) infants born with DS. 9 

23% had more than one anomaly. �e secondary lesion was 
most commonly an atrial septal defect (ASD) or patent ductus 
arteriosus (PDA). �e primary lesions identi�ed were:

i.    Complete atrioventricular septal defect (CAVSD) – 37%
ii.   Ventricular septal defect (VSD) – 31%
iii.  ASD – 15%
iv.  Partial atrioventricular septal defect (PAVSD) – 6%
v.   Tetralogy of Fallot (TOF) – 5%
vi.  PDA – 4 %
vii. Miscellaneous –2%

In adult Downs’, congenital heart cardiac heart defects were 
found in 24.8% of patients. Among those patients with 
abnormalities the predominant lesions were VSD 31.4%, 
AVSD 17.4%, ASD 17.4% and PDA 6.3%.

Also, 77% of the screened patients without known cardiac 
lesions had mild to moderate regurgitation in one or more heart 
valves. �e majority being aortic regurgitation (AR). In that 
study, the overall prevalence of congenital heart disease in adult 
Down’s syndrome patients living in residential centres was at 
33%. 10

 
2) Turner’s syndrome

Inheritance: It is not inherited, it usually occurs after the egg 
has been fertilized and appears to be a random event caused by 
the complete or partial loss of one of the two X chromosomes in 
girls. 11 

Clinical features

�e typical features are: 12

Musculoskeletal features

i.   Short stature
ii.  Shield chest with widely spaced nipples
iii. Cubitus valgus
iv. Madelung deformity of the forearm and wrist 
    (prominent ulnar head and apparent volar 
    subluxation of the wrist)

Facial Features

i.    Short webbed neck
ii.   Neonates may have congenital lymphedema of the hands 
      and feet, webbed neck, nail dysplasia, narrow and 
      high-arched palate, and short fourth metacarpals and/or
      metatarsals. 

Type of heart problem that is most common or 
distinctive

About 30% of Turner’s have heart problems:

i.    Left sided obstructive lesions predominate especially 
ii.   Bicuspid aortic valve (30-50%), 
iii.  Coarctation of the aorta (30%). 
iv.  Aortic root dilatation is uncommon (5%) but potentially 
     devastating if aortic rupture occurs.13

3) Marfan’s syndrome (MFS)

Inheritance : Autosomal dominant 14 

Clinical features given based on the Revised 
Ghent Criteria. 15,16,17

Musculoskeletal Features               Scoring 
 
Wrist AND thumb sign    3 points
Wrist OR thumb sign                                    1 point
Pectus carinatum deformity   2 points
Pectus excavatum OR chest asymmetry          1 point
Hindfoot deformity                2 points
Plain pes planus     1 point
Dural ectasia                                                   2 points
Protrusio actabuli                  2 points
Reduced upper segment/lower segment ratio AND increased       
               1 point
Arm span/height AND no severe scoliosis.   1 point
Scoliosis thoracolumbar kyphosis   1 point
Reduced elbow extension (< 1700 with full extension) 1 point

Facial features  at least 3 of the 5 following features:

a) Dolichocephaly
b) Enophthalmos
c) Downslanting palpebral �ssures
d) Malar hypoplasia
e) Retrognathia

Other features

Skin striae      1 point
Pneumothorax         2 points

Type of heart problem that is most common or 
distinctive

Mitral valve prolapse                 1 point
Aortic root dilatation
  

In the absence of family history

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
ectopia lentis =MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
causal FBN1 (Fibrillin 1 gene) mutation=MFS

Aortic diameter at the Sinus of Valsalva (Ao) Z score ≥2 and 
systemic points greater than 7= MFS.

Ectopia lentis with FBN1 with known Ao enlargement = MFS

In the presence of family history

Ectopia lentis and family history of MFS= MFS

Systemic points greater than 7 and family history of MFS 
=MFS

Ao (Z ≥2 above 20 years, ≥3 below 20 years) + family history of 
MFS=MFS

4) Di George/Velocardiofacial syndrome

Inheritance: Most cases of 22q11.2 deletion syndrome are not 
inherited. �e deletion occurs most often as a random event 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. However, the inheritance of 22q11.2 
deletion syndrome is considered autosomal dominant because a 
deletion in one copy of chromosome 22 in each cell is su�cient 
to cause the condition. 18 

Clinical features

�e classic triad of features of Di George/ Velocardiofacial 
syndrome (DGS) on presentation is 19 

i.     Conotruncal cardiac anomalies i.e. cardiac out�ow  
    anomalies that includes defects such as Tetralogy of 
    Fallot, pulmonary atresia with VSD, truncus 
    arteriosus, transposition of the great arteries etc.)

ii.     Hypoplastic thymus
iii.    Hypocalcaemia.

�e phenotype typical features are: 19-25

Musculoskeletal features

i.    Short stature

Facial Features

ii.    Cleft lip or palate 
iii.   Small jaw, 
iv.   Small upper lip or mouth, 
v.    Eyes slanted upward or downward,
vi.   Low -set and/or abnormal folding of ears

A broad spectrum characterizes the presence and severity of 
individual features, and the severity of each feature appears to 

be independent of other features. Older children with DGS 
may be detected through clinics for congenital heart defects or 
craniofacial clinics, may be referred to developmental specialists 
for poor school performance, or may be diagnosed due to 
frequent infections or autoimmune conditions.

TYPE OF HEART PROBLEM THAT IS MOST 
COMMON OR DISTINCTIVE

�e most common cardiac defects account for two-thirds of the 
cardiac anomalies seen in patients with DGS and include the 
following: 19, 21,23,26,27

i)     Interrupted aortic arch
ii)    Truncus arteriosus
iii)   Tetralogy of Fallot
iv)   Atrial or ventricular septal defects (ASDs or VSDs)

5) Alagille syndrome

Inheritance: �is condition is inherited in an autosomal 
dominant pattern. A minority is due to the spontaneous 
mutation on chromosome 20 that occur as random events 
during the formation of reproductive cells (eggs or sperm) or in 
early foetal development. 28 

Clinical features

Alagille syndrome is characterized by the lack of interlobular 
bile ducts and the following associated features: 49-52

Facial Features

i.     Posterior embryotoxon (prominent Schwalbe line) of  
the eye 

ii.    Broad nasal bridge, 
iii.   Triangular facies, 
iv.   Deep-set eyes 

Other features

i.     Chronic cholestasis
ii.    Butter�y vertebrae

Type of heart problem that is most common or 
distinctive

Congenital heart disease is the second most common 
manifestation of Alagille syndrome a�ecting greater than 90% 
of patients. 32 �e lesions noted were

i)     Pulmonary out�ow tract involvement with peripheral 
    pulmonary stenosis being the hallmark in 70%.

ii)    Tetralogy of Fallot 
iii)   Ventricular septal defects
iv)   Atrial septal defects
v)    Aortic stenosis 

6) CORNELIA DE LANGE (CDLS)

Inheritance: Most cases result from new gene mutations and 

Others

i.    Testicular enlargement (volume >25 mL after puberty) with 
      normal testicular function.

Type of heart problem that is most common or 
distinctive

In a recent paper, the author reviewed the literature and found 
that the predominant lesions among patients with Fragile X 
were 48 

i.    Aortic root dilatation in 25%
ii.   Mitral valve anomalies in 3-12% of the patients

9) Osteogenesis Imperfecta (OI)

Inheritance: Most are autosomal dominant and minority are 
autosomal recessive. 49 

Clinical features

Clinical manifestations of osteogenesis imperfect include: 50-53

Musculoskeletal features

i.    Excess or atypical fractures (brittle bones); fractures most   
      commonly associated with OI were transverse humerus,  
      olecranon, and diaphyseal humerus fractures. 
ii.   Short stature
iii.  Scoliosis
iv.  Increased laxity of the ligaments and skin
v.   Wormian bones (small, irregular bones along the cranial 
      sutures) 

Facial features

i.   Blue sclerae 
ii.  Hearing loss (usually detected in later childhood to early 
     adulthood
iii. Opalescent teeth that wear quickly (dentinogenesis 
     imperfecta) 

CNS features

i.  Basilar skull deformities, which may cause nerve compression 
    or other neurologic symptoms

Other features

i.  Easy bruisability

Type of heart problem that is most common or 
distinctive

All aortic diameters were signi�cantly larger in the OI group 
than in the control group, they also have in: 54

i)    Aortic regurgitation (AR)
ii)   Mitral regurgitation. (MR)

10) 1p 36 microdeletion syndrome

Inheritance: Most cases of 1p36 deletion syndrome are not 
inherited. �ey result from a chromosomal deletion that occurs 
as a random event during the formation of reproductive cells 
(eggs or sperm) or in early foetal development. A�ected people 
typically have no history of the disorder in their family.
About 20% of people with 1p36 deletion syndrome inherit the 
chromosome with a deleted segment from an una�ected parent. 
In these cases, the parent carries a chromosomal rearrangement 
called a balanced translocation. 55

Clinical features:

Characteristic features are: 56-63

Musculoskeletal features 

i.     Skeletal abnormalities

Facial features

ii.     Microcephaly 
iii.    Brachycephaly,
iv.    Large and persistently open anterior fontanelle 
v.     Deep-set eyes, straight eyebrows
vi.    Posteriorly rotated and low-set ears 
vii.   Midface hypoplasia 
viii.  Flat nasal bridge 
ix.    Pointy chin
x.     Orofacial clefting

CNS features

i.      Moderate to severe intellectual disabilities
ii.     Hearing loss
iii.    Oropharyngeal dysphagia
iv.    Ophthalmological abnormalities
v.     Seizures

Other features

i.     Renal abnormalities

Type of heart problem that is most common or 
distinctive 56

i.     PDA 
ii.    VSD 
iii.   Dilated cardiomyopathy

Table 1: Summary of Genetic syndromes, their 
phenotypic features and cardiac lesions present.

 

DISCUSSION

�e spectrum of genetic syndromes with associated cardiac 
anomalies as discussed above is essential for family physicians to 
recognize and refer to geneticist and cardiologist for appropriate 
diagnosis and management. 
 
Lin et al, published a seminal paper on adults with genetic 
syndromes and cardiovascular abnormalities. 64 �e author 
advocated healthcare providers to address the immediate needs 
of young people with genetic syndromes and cardiovascular 
abnormality making the transition to adulthood. Multiple 
issues likely fertility, prenatal testing, complications due to 
pregnancy, and child developing genetic defects needs to be 
explored. �e individual with a syndrome and their partner 
should meet with a geneticist or genetic counsellor, an 
experienced obstetrician/gynaecologist, and, as needed, an 
infertility specialist, e.g. woman with Turner syndrome, man 
with Klinefelter syndrome. Establishing a genetic diagnosis in 
the individual is as important as de�ning the cardiovascular 
abnormality. 64

KK Women’s and Children’s Hospital (KKH) launched 
Southeast Asia’s �rst accredited chromosomal microarray 
analysis (CMA) diagnostic test, to aid the diagnosis of genetic 
disorders in children. CMA, a DNA-based method of genetic 
investigation, helps to identify clinically signi�cant 
chromosome anomalies that are too small to be detected by 
conventional chromosome analysis – also known as 
karyotyping. With an expected diagnostic yield of about 20%, 
compared with 3.7 to 9.5% for traditional karyotyping, CMA 
is expected to provide an underlying genetic diagnosis in a 
higher proportion of patients. �is bene�ts patient as it ends 
the diagnostic odyssey, preventing further unnecessary 
investigations. It also includes information about possible 
complications, allowing appropriate monitoring and early 
management, and facilitates the provision of accurate 
information about recurrence risks in future pregnancies, and 

the reproductive choices available. 3

Primary care physicians are specially trained for and skilled in 
comprehensive �rst contact and continuing care for persons 
with any undiagnosed sign, symptom, or health concern (the 
"undi�erentiated" patient) not limited by problem origin 
(biological, behavioural, or social), organ system, or diagnosis. 65 

Hence, as primary care physicians we must have a high index of 
suspicion to identify such patients to prevent downstream 
complications like Eisenmenger’s, infective endocarditis, etc. 
�e authors hope that this guide of the common syndromic 
conditions with congenital heart abnormalities will empower 
the primary care physicians to identify such situations and refer 
them appropriately for further management and treatment.

CONCLUSION

�is article endeavour to create awareness of adults with 
common genetic syndromes and its cardiac complications. �is 
awareness will hopefully translate to them being referred to our 
cardiologists’ colleagues early in order to prevent further 
morbidity and mortality. Increased availability of data of such 
patients would translate into determining the actual prevalence 
of such syndromes or other syndromes seen in Singapore, with 
targeted measures to manage them well.
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