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The chromosomal basis for Down syndrome can be sum-

marized as follows.

- 95% result from non-disjunction giving rise to trisomy 21.

- 2% result from Robertsonian translocation (especially

14;21) of which 50% are familial.

- 2% result from mosaicism, e.g. postzygotic non-disjunction

(most common), or postzygotic loss of a chromosome 21

from a trisomic zygote (trisomy rescue).

- 1% result from a variety of chromosome rearrange-

ments; trisomy for 21q22 confers much of the

phenotype.

Rapid interphase fluorescent in situ hybridization (FISH)

analysis is possible for confirmation of diagnosis where

there is high clinical suspicion of Down syndrome. FISH is

particularly liable to error in detecting mosaicism and some

rearrangements causing partial trisomies. Conventional

karyotyping is therefore essential to determine the genetic

basis for the Down, i.e. whether there is trisomy 21, a

Robertsonian translocation, mosaicism, or an unbalanced

chromosome rearrangement involving 21.

The incidence of trisomy 21 conceptions increases

strikingly with maternal age (see ‘Maternal age’ page 610).

There is a high incidence of spontaneous fetal loss dur-

ing pregnancy. Between 711 weeks gestation and term, 43%

of affected pregnancies are spontaneously lost, and

between 716 weeks gestation and term 723% are lost

(Hook 1992).

Clinical features

The neonate with Down syndrome typically shows marked

hypotonia, small ears, upslanting palpebral fissures, flat

facial profile, brachycephaly, etc. (see below under

‘Examination: key points’).

Development. Milestones are delayed with average age

for sitting independently 6–30 months, walking 1–4 years,

first words 1–3 years, toilet training 2–7 years. Mean

intelligence quotient (IQ) in children and young adults with

Down syndrome is 45–48, with a wide range and upper

limit of 770. There is some correlation with parental IQ. An

educationally based preschool teaching service such as

Portage is often of benefit.

Education. The trend is towards integration of children

with Down syndrome into mainstream education with

additional support, but some will benefit from education in

a special school environment particularly at secondary level.

Adult life. Adults with Down syndrome generally require

some form of supported accommodation and sheltered

work opportunities. Most teenagers with Down syndrome

will achieve a degree of independence, learning to dress

themselves and speak so that their family can understand

them, but even in adult life will require some level of

supervision on a daily basis.

Life expectancy. Median age at death is 49 years (Yang

et al. 2002). Survival to 60 years is 44.4% (normal population

86.4%), survival to 68 years is 13.6% (normal population

78.4%). Congenital heart disease (CHD) is a major factor

in increased mortality in infancy and childhood. Survival has

increased markedly over a 10–20 year view, but nonethe-

less there remain significant differences in life expectancy

especially in those with CHD. Survival figures for patients

with Down syndrome but without CHD and (with Down

syndrome with CHD) are: to age 1 year 90.7% (76.3%), to 5

years 87.2% (61.8%) to 10 years 84.9% (57.1%), 30 years

79.2% (49.9%).

Cardiac defects. 40–50% have heart problems at birth,

half of which are serious and require surgery.

Perimembranous ventricular septal defect (VSD) is the

most common defect, followed by patent ductus arterio-

sus (PDA) and atrial septal defect (ASD). Atrioventricular

septal defect (AVSD), an endocardial cushion defect, is

1000x more common in children with Down syndrome

than in the general population. Other forms of complex

heart disease can occur including overriding aorta and

tetralogy of Fallot.

Other congenital malformations. 45 congenital

malformations occur more frequently in children with

Down syndrome, including duodenal atresia or stenosis

and Hirschsprung syndrome. Overall, the incidence of all

congenital anomalies is increased 7twofold in children with

Down syndrome.

Other medical problems, e.g. hypothyroidism,

leukaemia. Hypothyroidism occurs in 20–40%. The

incidence of leukaemia is about 20-fold higher than in the

normal population and includes both acute lymphocytic

leukaemia (ALL), which occurs in 72%, and acute 

non-lymphocytic leukaemia (some of which are acute

magakaryoblastic leukaemia).

Dementia. At the age of about 30–40 years some

decline in cognitive ability is seen in many individuals with

Down syndrome. Mean age of diagnosis of dementia is in

the early 50s and dementia is an important factor in the

reduced life expectancy of adults with Down syndrome.

Neuropathological changes appear identical to those seen

in Alzheimer disease.

Clinical approach

History: key points

- Family tree. If the karyotype is already known to be +21,

only a brief family tree is required.

- Age of the mother at the time of the birth of her Down

syndrome child.

- Pregnancy history.

Examination: key points

Where appropriate, use clinical photographs to supplement

the examination.

- Facial features with upslanting palpebral fissures, flat

facial profile, epicanthic folds, short nose with depressed

nasal bridge.

- Brachycephaly and patent posterior fontanelle.

- Dermatoglyphics. Single palmar creases and sandal gap

between hallux and second toe. Usually in normal

individuals there are whorl patterns over the hallux and

base of the first first metatarsal. In Down syndrome the

hallucal whorl is often replaced by a loop and the

metatarsal whorl by an open pattern with gently curved

lines over the ball of the foot.

- Hypotonia, e.g. marked head lag as a newborn.

Hypotonia contributes to delayed motor milestones in

infancy.

- Heart. Careful clinical assessment due to high incidence

of CHD (40–50%).
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- Growth parameters. Height, weight, occipital-frontal cir-

cumference (OFC). Plot on Down syndrome-specific

charts; see <www.growthcharts.com>.

Special investigations

- Karyotype of fetus/baby. Parental karyotypes not indicat-

ed if straightforward trisomy 21or mosaic trisomy 21.

Parental karyotypes are essential if a translocation or

other rearrangement is identified.

- If clinical diagnosis of Down syndrome seems likely, yet

blood karyotype is normal, consider mosaicism screen

(30 cells) and skin biopsy for fibroblast karyotype to

investigate possibility of Down syndrome mosaic.

- Echocardiogram, if Down syndrome is diagnosed.

Genetic advice

Recurrence risk

Risk of recurrence of +21 is affected by maternal age and

parental germline mosaicism. 10/842 (1.2%) in the Japanese

series (Uehara et al. 1999), and 6/1211 (0.5%) in the Dutch

series (Sachs et al. 1990) conceived another +21 pregnancy

(combined risk 16/2053 is 0.8%). Data from Hook (1992) is

stratified by age, but the resulting numbers are very small

and hence the confidence intervals quite wide: at maternal

age <30 years, 3/211 (1.4%), 30–34years, 1/145 (0.7%),

35–39 years, 0/165 (0%), >39years, 1/112 (0.9%), total

5/633 (0.8%). Overall, advising a ‘slightly less than 1% recur-
rence risk’ (0.8%) for women <39 years with an age-related
risk thereafter seems reasonable.

- Some women who have had a trisomy 21 conception

may have a small increased risk for other aneuploidies

(Warburton).

- If the proband has trisomy 21 there is no increased risk to

second- and third-degree relatives (Berr and Borghi 1990).

- After two trisomy 21 pregnancies, a 10%+ risk may be

appropriate. Strongly consider the possibility of parental

germline or gonosomal mosaicism. Examine parents for

features of Down syndrome and do parental karyotypes

with mosaicism screen. In the Dutch study (Sachs et al.
1990), 2/6 couples with recurrent trisomy 21 had evi-

dence of mosaicism. If mosaicism is confined to the

gonads this will not be detected—hence 10%+ risk.

- De novo Robertsonian translocation—risk is low, but

recurrence has been reported (Sachs et al. 1990). If

parental karyotypes are normal, risk is certainly <2%

(Steinberg et al. 1984).

- If father carries Robertsonian translocation involving 21,

e.g. rob(14q21q), risk <1%.

- If mother carries Robertsonian translocation involving

21, e.g. rob(14q21q), risk 10–15%.

- If parent carries rob(21q21q) translocation, risk

approaches 100% (unless trisomic rescue occurs).

- If a woman with +21 becomes pregnant, the risk of +21

in the offspring is 750% (fertility in men with +21 is

exceptionally rare).

Family history of Down syndrome

- Single affected relative. If a sibling, aunt, or uncle has

Down syndrome, try to obtain the karyotype of the

affected individual. If +21 there are no added risks to

your patient arising from this. If karyotype is not obtain-

able and the mother was <40 years old at the time of the

affected child’s birth it may be reasonable to offer your

patient a karyotype to exclude the very small possibility

of a Robertsonian translocation involving 21.

- More than one affected relative on same side

of family raises the possibility of a Robertsonian

translocation involving 21 (e.g. rob14;21). A karyotype of

your patient is essential unless the family has already been

carefully investigated.

Prenatal diagnosis

Possible by chorionic villus sampling (CVS) or amniocentesis.

Prenatal screening tests

Nuchal fold thickness at 10–13 weeks gestation, maternal

serum screening (alpha-fetoprotein (AFP), beta human

chorionic gonadotrophin (BhCG), unconjugated (o)estriol

(uE3)) at 14–16 weeks gestation, Detailed ultrasound scan

(USS; poor detection rate unless CHD is present).

Management

Referral to paediatrician at local child development centre.

Involvement of paediatric cardiologist if appropriate.

The following management of Down syndrome was

recommended by Roizen and Patterson (2003).

- Evaluation. Echocardiogram, ophthalmological

assessment (refractive errors are common), hearing

assessment.

- Prevention of obesity, periodontal disease.

- Monitoring of coeliac disease, thyroid function.

- Vigilance for arthritis, atlantoaxial subluxation, diabetes

mellitus (1%), leukaemia (0.6%), obstructive sleep

apnoea, seizures (8%).

- Other. Sexuality and reproductive health, dermatological

problems, behavioural problems, development.

Support group contact: Down Syndrome Association

<www.downs-syndrome.org.uk>; MDS UK—Mosaic

Down syndrome support group <www.mosaicdownsyn-
drome.org>; US National Down Syndrome Society

<www.ndss.org>.

Expert adviser: Martin Bobrow, Professor of Medical

Genetics, University of Cambridge, Cambridge, England.
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