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Marshall–Smith syndrome (MSS) is a distinctive entity of un-

known etiology with fewer than 50 patients described in the

medical literature to date. Through an International collabora-

tion and use of an online wiki to facilitate data collection and

sharing, we further delineate the phenotype and natural history

of this syndrome. We present 15 new patients, the oldest being 30

years, provide an update on four previously published cases, and

compare all patients with other patients reported in literature.

Main clinical features are moderate to severe developmental

delay with absent or limited speech, unusual behavior, dyshar-

monic bone maturation, respiratory compromise secondary to

upper airway obstruction, short stature, and kyphoscoliosis.

Facial features are characteristic with high forehead, underde-

veloped midface, proptosis, anteverted nares, and everted lips.

Minor abnormalities of brain morphology such as hypoplasia

of the corpus callosum are common. Mortality from respiratory

complications is high, but airway support increasingly allows

survival into adulthood. Array-CGH was performed on 12 of the

cohort and no copy number variants of clear clinical relevance

were identified. The present study is the first reported use of an

online wiki to aid delineation of a genetic syndrome, and

illustrates its value in collecting detailed data in rare conditions.

� 2010 Wiley-Liss, Inc.

Key words: Marshall–Smith syndrome; mental retardation;

dysostosis; kyphoscoliosis; natural history; wiki

*Correspondence to:

Adam C. Shaw, BM, M.D., Clinical and Molecular Genetics Unit, UCL

Institute of Child Health, 30 Guilford Street, London WC1N 1EH, UK.

E-mail: a.shaw@ich.ucl.ac.uk

Published online 8 October 2010 in Wiley Online Library

(wileyonlinelibrary.com).

DOI 10.1002/ajmg.a.33709

How to Cite this Article:
Shaw AC, IDC van Balkom, Bauer M, Cole

TRP, Delrue M-A, Van Haeringen A,

Holmberg E, Knight SJL, Mortier G,

Nampoothiri S, Pu�selji�c S, Zenker M,

Cormier-Daire V, Hennekam RCM. 2010.

Phenotype and natural history in

Marshall–Smith syndrome.

Am J Med Genet Part A 152A:2714–2726.

� 2010 Wiley-Liss, Inc. 2714



INTRODUCTION

In 1971, the physicians R.E. Marshall, C.B. Graham, C.R. Scott, and

D.W. Smith reported two unrelated male infants with unusual facial

features, failure to thrive, developmental delay, and what was

described as marked early acceleration of osseous maturation

[Marshall et al., 1971]. The facial appearance was very similar

in both and characterized by prominent eyes, thick eyebrows,

depressed nasal bridge, and a small upturned nose with prominent

nares. Both patients had respiratory difficulties, and one of them

had died at 20 months of age. To date, at least 43 cases with this

phenotype have been described in the literature, and the entity has

become known as the Marshall–Smith syndrome (MSS). The

majority of reported cases died in infancy or early childhood, but

prolonged survival of some cases especially due to improved

management of the respiratory difficulties, suggested such early

demise is not inevitable.

The majority of previous reports have been of single patients,

with the largest published series comprising 5 new cases [Adam

et al., 2005], collated through an international collaboration.

Meaningful study of ultra-rare phenotypes such as MSS, necessi-

tates large-scale collaboration between clinicians. The apparent

difficulty in amassing sizable cohorts to date may be compounded

by inefficient means of effective data sharing, inconsistent data-sets,

and difficulty tracing patients who are not under active follow-up.

The use of evolving web-based data sharing methods such as a wiki,

may provide a solution to some of these problems and aid delinea-

tion of rare phenotypes. Wikis are easy-to-use text-based data

repositories that can be accessed through a web browser and allow

any individual with world-wide-web access to read the content and

add their own text. Wikis may be open-access or available only to

registered users and can easily be created using a number of free

open-source or commercial software products.

Here we provide the phenotype and natural history of 15 new

and 4 previously published patients on whom data were in-part

collected and shared using a secure online wiki resource. Three

patients are aged over 16 years and allow us to further describe the

adult phenotype of MSS.

METHODS

A literature search was performed using ‘‘Marshall–Smith’’ as

search term. The reference lists of all manuscripts thus retrieved

were searched manually for further reports.

Patients were referred to us by colleagues around the world and

through the international Marshall–Smith Support group. All

patients referred have been personally evaluated by at least one of

the authors. In addition to medical assessment and clinical exami-

nation, personal history and additional information on the patients

were assimilated using an online wiki. An early draft of this paper

consisting of the general description of the syndrome and medical

complications, was re-written in lay language and translated into

French, German, Dutch, Norwegian, Portuguese, Spanish, and Cro-

atian. The translated text was uploaded to a secure wiki website,

accessible to registered clinicians and members of the International

MSS patient support group (www.marshallsmith.org). Families were

encouraged to read the text and add their own data and comments.

Agilent Technologies 244 K genome-wide arrays were used for the

patient testing. In brief, genomic DNA from the patient and from a

single sex-matched reference were double-digested using the restric-

tion endonucleases AluI and RsaI (Promega, Wisconsin) and

purified using Microcon centrifugal filter devices (Millipore Corpo-

ration, Massachusetts). 1.5mg of the digested products were differ-

entially labeled by random priming with Cy3-dUTP and Cy5-dUTP

(Perkin Elmer, Massachusetts) and co-hybridized to the arrays for

48 hr at 65�C in a rotating oven (Agilent Technologies, Inc., Illinois).

Hybridized arrays were washed according to Agilent Technologies,

Inc. protocols (www.agilent.co.uk) with the exception that the final

stabilization step was not performed. Hybridized arrays werescanned

at 5mM resolution immediately following washing using an Agilent

DNA Microarray Scanner. Image data were extracted using

Agilent Feature Extraction software version 8.5 and analyzed using

Agilent CGH Analytics software version 3.4 (z-score method setting).

Potential genome imbalances were recorded if 4 or more consecutive

oligonucleotide probes gave values that fell outside the log10 Cy-dye

threshold ratios. This gave an average resolution of �40 kb. The

positions of proximal and distal oligonucleotides showing potential

imbalances were noted and the regions queried both in the Database

of Genomic Variants [Iafrate et al., 2004] and the laboratory’s own

database. Approval from the NHS (UK) National Research Ethics

Service was obtained prior to the study commencement.

RESULTS

Clinical data on all patients are summarized in Table I, and patients

1–18 are illustrated in Figure 1. A detailed description of the oldest

patient, aged 30, is provided below and she is illustrated in Figure 2.

Four patients have been previously in the medical literature: Patient

13 [Deshpande et al., 2006], Patient 14 [Adam et al., 2005], Patient

15 [Dernedde et al., 1998], and Patient 17 [Williams et al., 1997].

Mean maternal age at birth was 29.3 years, and mean paternal

age at birth was 33.2 years. The mean parental ages for normal

populations vary year by year and by country. Although compari-

son of the parental age for each patient with published data on mean

paternal and maternal age for the corresponding year of birth is

difficult due to the varying countries of origin, it is unlikely that

these data are significantly deviated from the mean, suggesting no

parental age effect in the cohort. Mean birth weight for term

deliveries was 2,936 g for males and 3,229 g for females. Mean and

median times to conception were 5 and 1 month, respectively.

Respiratory problems were present in 14 patients. The majority

presented at birth or shortly after with upper airway obstruction or

apneas. Laryngomalacia was not uncommon (four subjects), but in

most patients the obstruction appeared secondary to the combined

changes to craniofacial anatomy, where retrognathia, an underdevel-

oped midface, narrow choanae, and anteriorly placed larynx reduced

airway patency. Treatment was by tracheostomy in five subjects,

nasopharyngeal airway in six subjects and positive pressure ventila-

tion in one patient. In two individuals, surgery was performed to

relieve the obstruction. Obstructive sleep apnea was common in older

children and adults (nine subjects) including those who did not

experience respiratory problems in infancy (two patients).

Spastic quadraparesis presented in the first year of life in two

patients, secondary to dysplasia of the upper cervical vertebrae.

SHAW ET AL. 2715
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FIG. 2. Changing phenotype over time in patient 19 from 3 weeks to 30 years. Age at imaging is shown in the figure (w, weeks; m, months; y, years).

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

FIG. 1. Facial pictures of the presented patients with Marshall–Smith syndrome. Patients are identified by their number in the figure. Age at imaging is

as follows: Patient 1, 2 weeks; Patient 2, 6 months; Patient 3, 3 months; Patient 4, 2 years; Patient 5, 20 months; Patient 6, 4 years; Patient 7, 6 years;

Patient 8, 5 years; Patient 9, 5 years; Patient 10, 6 years; Patient 11, 8 years; Patient 12, 7 years; Patient 13, 6 years; Patient 14, 12 years; Patient

15, 13 years; Patient 16, 13 years; Patient 17, 16 years; Patient 18, 20 years. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]
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Both patients recovered fully following cervicomedullary decom-

pression. Patient 14 had asymptomatic narrowing of the cervical

spine noted on imaging performed as surveillance. Corneal scarring

occurred peri-operatively in three patients secondary to proptosis

and incomplete eye closure. All subjects had moderate to severe

mental retardation with limited or absent speech. Parents frequent-

ly reported a strong attachment to a favorite toy which remained for

years. More detailed evaluation of the neurocognitive profile will be

presented elsewhere [van Balkom et al., unpublished work].

CLINICAL REPORT

This 30-year-old woman was diagnosed with MSS at age 2 months.

There were no antenatal concerns and she breathed spontaneously

at birth with no airway support required. She had feeding difficul-

ties in the neonatal period with a weak suck, taking over an hour to

complete a feed. She developed upper respiratory tract obstruction

as an infant and eventually required an emergency tracheostomy at

13 months. Her feeding problems and neurocognitive development

improved substantially afterwards. The tracheostomy remained in

place until 4 years and there have been no further respiratory

problems since. Menarche occurred at 14 years and was normal.

She had a single seizure at the age of 6. She had very narrow ear

canals and had a canaloplasty aged 8 years. Facial hirsutism became

marked aged 16, and has been successfully treated with laser

removal. She walked unaided from 9 years on but in the last years

her mobility reduced and she developed severe osteoarthritis. She

was continent from the age of 3. Her first words were at 10 years, but

she had only 3 or 4 words in total. She communicated well through

pointing and leading the way. She was a happy and sociable lady

who enjoyed music, visiting family and shops. Linear growth was

normal in childhood, but stopped growing at around 13 years.

She lost height due to scoliosis and current adult height is 127 cm.

Bone age at 2 months was approximately 4 years, and at 8 chrono-

logical years was 10 years.

She had always typical facial features (Fig. 2). Her eyebrows and

eyelashes were particularly thickened and coarse. She had a wide

mouth, protruding tongue, irregular teeth, and everted, prominent

lips, and depressed nasal bridge. She had a soft, supple skin with

hypertrichosis on areas that have not received depilatory treatment.

She had a scoliosis of 60 degrees, marked thoracic kyphosis, and a

cautious gait with externally rotated hips. Her muscle tone was high

and she had strong power. She appeared shy with gaze avoidance,

but smiled, laughed and enjoyed company.

ARRAY-CGH RESULTS

Genomic DNA samples from Patients 1, 3, 5, 6, 7, 8, 10, 13, 14, 15,

17, and 18 were available for aCGH testing. For patients 3, 5, 6, 7, 10,

13, 14, 15, and 17 only genome imbalances/CNVs that have

been noted in the Database of Genomic Variants (DGV) (http://

projects.tcag.ca/variation/), or observed many times in our own

sample sets, were identified. In patients 1, 8, and 18, several putative

genomic imbalances were identified, but follow-up studies using

a combination of FISH, MLPA, and study of parental samples,

suggested none of the changes were likely to be of clinical

significance.

DISCUSSION

We found 43 patients with MSS or a very similar phenotype

described in the literature [Marshall et al., 1971; Nabrady and

Bozalyi, 1973; Tipton et al., 1973; Visveshwara et al., 1974; De Toni

et al., 1976; Hassan et al., 1976; Perrin et al., 1976; Iafusco et al., 1977;

Ferran et al., 1978; Flatz and Natzschka, 1978; LaPenna and Folger,

1982; Johnson et al., 1983; Menguy et al., 1986; Roodhooft et al.,

1988; Yoder et al., 1988; Smyth et al., 1989; Charon et al., 1990; Eich

et al., 1991; Pappas and Rekate, 1991; Sperli et al., 1993; Sharma

et al., 1994; Endo et al., 1995; Cullen et al., 1997; Williams et al.,

1997; Antila et al., 1998; Chatel et al., 1998; Dernedde et al., 1998;

Seidahmed et al., 1999; Summers et al., 1999; Moon et al., 2002;

Sumiya et al., 2002; Wang, 2002; Diab et al., 2003; Watanabe et al.,

2003; Butler, 2004; Adam et al., 2005; Deshpande et al., 2006;

Travan et al., 2008]. A summary of the major manifestations of

39 published cases (excluding the 4 that have been updated here)

is shown in Table II. We have excluded five possible cases due

to difficulty interpreting language or insufficient information

to confirm the diagnosis [de la Torre Cecilia et al., 1989;

Moon et al., 2002; Watanabe et al., 2003; Kubota et al., 2005;

Mandim et al., 2007]. Some additional cases cited in the literature

are likely to have alternative diagnoses such as Marshall–Stickler

syndrome [Cooley et al., 2004] and Weaver syndrome [Jalaguier

et al., 1983].

The major manifestations of MSS from patients described in

the literature and the present studied cohort are summarized in

Table III. Features described in most patients are the moderate to

severe developmental delay, severe respiratory difficulties, distinc-

tive facial features (high forehead; proptosis; anterverted nares;

retrognathia), abnormal bone ossification, and failure to thrive. We

consider these findings, in particular the abnormal radiographs,

required to make the diagnosis. Other highly prevalent features are

blue sclerae, hypertrichosis, gingival hypertrophy, and the develop-

ment of kyphoscoliosis in later childhood and adolescence. The six

oldest individuals in the cohort (aged over 13 years) and one 8-year-

old had short stature (SDS<�2.0) suggesting this is also a consistent

feature of the adult phenotype, compounded by kyphoscoliosis.

Facial Morphology
The typical facial phenotype consists of a high and prominent

forehead, shallow orbits, flat midface, prominent premaxilla, and

small and retracted mandible. The nose is frequently short, with

upturned tip and anteverted nares, the philtrum may be long in

infancy but in time may become short and everted. In older children

the lips are frequently full and everted making the gingival hyper-

trophy and markedly irregularly placed teeth well visible in most

patients. Two of the adult patients had a protruding tongue, but it is

uncertain whether this is a frequent feature of the adult phenotype.

The ears may be low set and minor anomalies of morphology are

common. Facial hair is normal, including secondary hair in males.

Ophthalmology
The eyes are large and the orbits shallow, which both contribute to

the proptosis. High myopia is present but glasses are frequently not

tolerated which impairs visual development. Glaucoma, when
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present, is due to congenital anomalies of morphology of the

anterior chamber or trabecular meshwork and affects about 30%

of patients. Optic nerve hypoplasia has been found in some with

glaucoma, but also in absence of glaucoma suggesting it to be a

primary phenomenon. Several patients experienced corneal ulcer-

ation peri-operatively due to incomplete eye closure, and this

should be highlighted as a preventable complication. Patients

should have regular ophthalmologic evaluation due to the range

of pathologies, the difficulty of patients to self-report symptoms,

and the importance of early intervention to reduce secondary

phenomena.

Respiratory Complications
The frequent and significant respiratory difficulties in MSS

result from a combination of pathologies, mainly upper airway

obstruction (retrognathia; choanal stenosis; abnormal larynx), and

aspiration pneumonia (secondary to underdeveloped epiglottis

and pharyngeal incoordination). Retrognathia is a frequent sign

in MSS and contributes to both upper airway obstruction and poor

visualization of the anatomy on laryngoscopy. Choanal stenosis

occurred in six of our cohort and in four additional cases from

literature [Tipton et al., 1973; Visveshwara et al., 1974; Flatz and

Natzschka, 1978; Summers et al., 1999] suggesting an incidence of

5–10%. It presents later than classical choanal atresia, and other

cases have been reported with partial stenosis making passage of

feeding tubes difficult [Perrin et al., 1976; Menguy et al., 1986]

suggesting that the stenosis features a spectrum of expression and is

possibly caused by midface underdevelopment. Analysis of the

laryngeal features in MSS is hampered by the variety of terms used

to describe similar findings such as laryngomalacia, laryngeal

stenosis, glottic stenosis, anteriorly placed larynx, and rudimentary

epiglottis. In some patients, the larynx is described as anatomically

normal, but with a functional obstruction. Irrespective of the cause

the upper airway obstruction leads to an increase in negative

thoracic inspiratory pressure, increasing the risks of aspiration and

increasing pulmonary venous return contributing to increased

pulmonary vascular pressure. Pulmonary hypertension with evi-

dence of right ventricular hypertrophy has been reported in four

cases in the literature and one of our series, and has a poor prognosis

[LaPenna and Folger, 1982; Johnson et al., 1983; Yoder et al., 1988;

Adam et al., 2005].

Airway support is required in the majority of cases either via

tracheostomy or a tube keeping the nasopharyngeal airway open.

This is most commonly required in the first week of life and may be

required for several years, or even lifelong. Several patients have had

reconstructive surgery incorporating mandibular distraction to

improve airway competence, with varying degrees of success. Once

no longer dependent on such airway support, many patients have

continued to experience airway incompetence, usually presenting

as obstructive sleep apnea. This may require airway support into

adulthood, either with positive pressure ventilation or nasopha-

ryngeal airway at night. General anesthesia appears safe in experi-

enced hands with several techniques adopted to aid intubation,

including ketamine induction, use of a laryngeal mask, and use of a

nasopharyngeal airway [Antila et al., 1998; Dernedde et al., 1998;

Machotta and Hoeve, 2008].

Hearing
Minor anomalies of external ear morphology and narrow ear canals

are common. Many patients have sensorineural or mixed conduc-

tive hearing loss in the moderate range. Inner ear malformations

have not been noted.

Bone and Connective Tissue
The bone age is invariably reported as advanced at birth and in

childhood. Full skeletal surveys however, do not show an advanced

bone age elsewhere and only mild abnormal bone maturation in the

long tubular bones (wide epiphyses). In the hand, the carpus

appears more advanced in age than the phalanges. Therefore it

seems more justified to state bone maturation in MSS is abnormal

instead of advanced. We consider it as being a dysostosis. Typically

the proximal and middle phalanges are wide, bullet shaped or

rectangular and terminal phalanges short and narrow (Fig. 3).

MSS has been considered as an example of an overgrowth

syndrome. However, stature is typically normal in infancy and

TABLE III. Most Common Manifestations of Marshall–Smith Syndrome

Manifestation Literature (n¼ 39) Present study (n ¼ 19) Total
Dysharmonic bone maturation 100% 100% 100%
Psychomotor delay 100% 100% 100%
Typical facial appearancea 100% 100% 100%
Failure to thrive 96% 100% 97%
Respiratory problems 89% 74% 84%
Blue sclerae 86% 79% 83%
Hypertrichosis 82% 83% 83%
Kyphoscoliosis 39% 53% 46%
Gum hypertrophy — 41% 41%
Umbilical hernia 53% 12% 31%
Cardiac defect 22% 12% 17%

aHigh forehead, proptosis, underdeveloped midface, anteverted nares, and retrognathia.
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early childhood, and in the second decade height progressively

diverges from normal so that final height is >6 standard deviations

below the mean. This is compounded to some degree by (kypho-)

scoliosis. There does not appear to be a growth spurt associated with

puberty (the timing of which is normal). Thoracic kyphoscoliosis

becomes evident in childhood and appears universal by adulthood.

No structural abnormalities of the vertebral bodies are usually seen.

Surgical rod implants impair already limited growth and mobility,

but make lifting and handling easier. Non-traumatic fractures and

osteopenia have been reported in some however several patients

have sustained significant trauma without fracture, and osteopenia

is not universal. Blue-gray sclerae are evident in two thirds of cases,

and all patients with non-traumatic fractures had this feature.

Umbilical hernia occurs in around 30% of cases but herniation

at other sites are not widely reported. One patient had recurrent

herniation after abdominal surgery suggesting a possible defect in

connective tissue healing. Scar formation however appears to be

normal, and although skin texture is frequently described as soft,

there is no evidence of a tendency to bruise easily, and no reports of

abnormal bleeding. Joint laxity may be present in the periphery in

younger patients, although mild contractures and high muscle tone

may also occur. Pes planus appears universal. Gingival hyperplasia

is frequent and present in 40%. It may require surgery to maintain

oral hygiene. Histology has not been reported so the etiology of this

manifestation is unclear.

Abnormalities of the upper cervical spine and skull base have

been noted with appearances of hyperostosis, dysplasia, and scle-

rosis. Radiological evaluation of the cervical spine and skull base

with flexion/extension views or other imaging modalities is war-

ranted. Neurological complications are discussed below.

Development and Behavior
Patients show a moderate to severe cognitive deficit, with several

behavioral characteristics that were common to many in the cohort.

Subjects mostly have a happy demeanor and especially enjoy social

interactions with friends and family [van Balkom et al., unpub-

lished work]. A fascination for a favorite toy with which they tend to

play in a repetitive, stereotypical manner, appears a common

phenomenon. This is often a toy designed to stimulate several

senses at once, perhaps appealing to children with impaired hearing

and vision. Speech milestones are markedly delayed with many

subjects never attaining spoken language, presumably in part due to

anomalies of laryngeal and facial anatomy. Motor milestones

are also severely delayed with several patients remaining non-

ambulant.

Neurology
MSS patients have usually truncal hypotonia and peripheral hy-

pertonia with brisk deep tendon reflexes. This phenotype is present

from childhood and appears non-progressive. Drooling of saliva is

common and may stem in part from oromotor dysfunction, but is

compounded by facial anatomy promoting an open mouth. Two

patients developed spastic tetraparesis in infancy secondary to

cervical spine compression and another patient had asymptomatic

cervical spine stenosis noted on MRI. Neuroradiological imaging

has shown a number of structural anomalies such as absent or

underdeveloped callosal body; ventriculomegaly; pachygyria; poly-

microgyria; and septo-optic dysplasia. Occasional seizures occur

but they are not common and no patient is receiving anti-convul-

sant therapy. We recommend brain imaging in infants presenting

with MSS and there should be awareness of the risk of cervico-

medullary compression.

Other Findings
Two male patients have developed hypertrophic pyloric stenosis,

with a classical presentation at around one month of age. The

finding of pyloric stenosis in 2 out of 19 cases may be coincidence, or

may be related to other common findings in infants with MSS, such

as advanced carpal bone maturation and gingival hypertrophy. One

patient of the present cohort developed unilateral Wilms tumor at

the age of 4 years. No other patient has been reported with any type

of malignancy, but most cases were very young when reported.

Further long-term follow-up and cohort studies will be required to

FIG. 3. X-rays of hands at: (A) newborn (Patient 4); (B) 5 years (Patient 8); (C) 12 years (Patient 14).

SHAW ET AL. 2723



establish whether individuals with MSS have an increased suscep-

tibility to Wilms tumor or other forms of cancer. No screening is

currently warranted. Craniosynostosis occurred in one patient and

is reported in three from the literature. The affected sutures were the

metopic suture in three patients and the posterior segment of

the sagittal suture in one. All patients have a thin build with reduced

muscle bulk.

Adult Phenotype
The general adult phenotype is characterized by moderate to severe

mental retardation, including little or no speech and limited

mobility. Adult height and weight are significantly reduced but

head circumference is normal. The facial features become more

obvious, especially in the proptosis, short nose with anteverted

nares, and thick, everted lips. The mouth is often held open showing

prominent and irregularly placed teeth and thick gingiva. The

tongue may be large and protuberant and drooling is common.

Individuals of both sexes are hirsute, particularly on the limbs

and back. Adults are cheerful and pleasant in nature, although

stubbornness and obsessive traits also occur. Medical problems

identified in adulthood are obstructive sleep apnoea, aspiration

pneumonia, pulmonary hypertension, and early onset osteoarthritis.

Differential Diagnosis
Much debate can be traced in medical literature whether Marshall-

–Smith and Weaver syndromes are distinct entities, in part because

both syndromes were first described around the same time with

advanced skeletal maturation as a principal feature. Careful delin-

eation of the phenotype however, with particular regard to the facial

features, radiological findings and natural history, suggests significant

differences [Fitch, 1980]. Other syndromes with overlapping pheno-

types include Desbuquois chondrodystrophy, Fine–Lubinsky syn-

drome, pyknodysostosis, Antley–Bixler syndrome, Ehlers-Danlos

type VII, galactosyltransferase I deficiency and Lysyl hydroxylase

3 deficiency [Hennekam et al., 2010]. The combination, however, of

the distinctive radiological findings, facial dysmorphism, and upper

airway pathology, make MSS an easily recognisable and unique

entity.

Etiology
All definite cases of MSS have occurred sporadically with, no

familial recurrence or parental consanguinity. The gender ratio of

reported cases is roughly equal, and there is not an increased

prevalence of sub-fertility or miscarriage in the parents of affected

individuals. Although one report in the literature described a

brother and sister with features suggestive of MSS [Jalaguier

et al., 1983], we posit that the clinical features are more suggestive

of Weaver syndrome than MSS. One patient with a phenotype

suggestive of MSS was found to have an inverted duplication of

chromosome 2q [Seidahmed et al., 1999], but other patients with

trisomy for this region did not resemble MSS, and no other

chromosome abnormalities have been reported. In the present

cohort paternal or maternal age at conception was not advanced

beyond that of the general population.

The analysis of 12 patient samples by array-CGH did not identify

any recurrent pathogenic CNVs within this sample set. These results

indicate that at the resolution tested, MSS is not a genomic disorder

caused by a recurrent pathogenic CNV.

Marshall–Smith Syndrome Wiki
The term Wiki is derived from the Hawaiian phrase for quick, and is

used for an online collaborative resource for compiling information

from numerous authors. MSS is an extremely rare condition with

less than 50 cases reported worldwide, and traditional methods of

collating a large series of patients are hampered by geographical

distances, underdeveloped healthcare systems in developing coun-

tries, and language differences. Compiling anonymous phenotype

data on a wiki allowed parents and carers to add comments on

aspects of the phenotype or natural history based on their own

experiences, thus giving a deeper insight into the natural history of

the syndrome and facilitating dialogue between clinicians and

families that were spread across 11 countries in Europe and the

Americas. This technique also aided recognition of common traits,

as sharing experiences allowed families to remember important or

significant facts that they had forgotten to report to their clinician.

Responses from all families were compiled and used as a basis for

re-writing of the final draft of this manuscript. Using the wiki

facilitated the development of a much more complete and consis-

tent data-set than would have been possible using retrospective case

-note review. It may therefore be a useful adjunct if evaluation of all

subjects by a single observer is impractical due to the geographical

spread of the patients. Wikis are starting to be used in many areas of

science, as a way of more efficiently utilizing collective expertise and

sharing information that would otherwise remain hidden in per-

sonal files or memories [Hu et al., 2008]. We recommend this

technique for future studies attempting to describe the phenotype

and natural history of (very) rare diseases.

CONCLUSION

We present a relatively large series of patients with MSS. By

including previously reported cases, adults and information ob-

tained from families using a wiki resource, we could further

delineate this distinctive and severe multisystem disorder, have

gained insight into the natural history of the entity and suggested

recommendations for management. Discovery of the molecular

cause and evaluation of the long-term physical and medical con-

sequences will further aid medical management, lead to potential

treatments and reveal important biological mechanisms in human

development and function.
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